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PREFACE.

Ix the first edition of this Work, in 1836, T remarked that
the structure and functions of the human brain are objects
of comparatively slight interest to the medical student. 1
fear that this is still too much the case in 1847.

According to the plan generally pursued in describing
the brain in systematic works of anatomy, the information
conveyed amounts to little more than a vain catalogue of
names applied to parts, without reference to their struc-
ture, their functions, or even their analogies in the ner-
vous system of the lower orders of animals. Such a
barren prospect as a list of names holds out but little to
attract the most zealous among students, while the dry-
ness of unconnected detail, and the obstacles to clear con- .
ceptions engendered by the absence of everything like
arrangement, almost certainly deter him from attempting
to learn more than is required to prepare him for exa.
mination 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
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conception, and totally inadequate to impart any real
information in regard to the structure of the organ. And
I do not hesitate to affirm that this mode of examination
has contributed essentially to retard the diffusion of sound
knowledge in regard to the anatomy and physiology of the
most important system in the body.

It 1s sad to reflect that medical students, on whom the
duty devolves of tracing the relations which exist between
the structure of organs and their functional manifestations,
with a view to the successful treatment of disease, should
thus neglect the most important part of the whole organism.
No labour should be thought too great which can assist us
in understanding the nature of that mstrument which the
mind employs in its communications with this world.
Every day shows us that consciousness and volition may be
disturbed by the slightest accident to the head, and that
disease seldom invades the brain without dethroning the
mental powers.

When I published the first edition of this Work, I
was not aware that so high an authority as Dr. Craigie
had exposed in the following forcible language the evils 1
then, and have since, deplored. 1 gladly avail myself
of his authority to assist in subduing this evil :—

“To the mind, however, which 1s unfettered by preju-
dices in favour of ancient opinions, it appears singular that
the enlightened physiologists of the eighteenth century
should talk of the medullary and cortical matter of an
organ in which nothing like marrow or bark can be seen ;
and it is more extraordinary still, that the accurate dis-
tinctions which anatomy has introduced since the com-
mencement of the nineteenth century have not demon-
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strated the evil of retaining terms which are improper, as
mere nominal distinetions ; but which are doubly erroneous
as the relics of an unfounded and exploded theory. Is the
error of likening the brain to marrow, obviated by shroud-
ing it under the learned denomination of medulla and
medullary ?  Or i1s the absurdity of supposing the gray
matter of the convoluted surface, a bark, or envelope to
the white pith, diminished in the slightest degree by
calling that gray matter cortical? The common sense of
the present day will not hesitate to answer these ques-
tions in the negative.

“ Should it be said by the ambiguists, that now, when
the absurdity of these names is known, it can do no
harm to retain them as mere names, we answer, it may
do no harm ; but as it can communicate no information
and explain no difficulties, it is, at least, a superfluous
labour to angment the confusion of a department of ana-
tomy not very easy, by useless and antiquated names,
which live only to proclaim their absurdity, and the im-
propriety of finding them there. Knowledge, in the pre-
sent day, fo be worth the labour of acquisition, ought to
be accurate ; the books which are to be the means of con-
veying this knowledge ought to contain no superfluous
or erroneous information.”

Foville, who has devoted so much attention to the
structure of the brain, though he has paid too little at-
tention to the labour of others, thus expresses himself in
regard to the difficulties which attend its study :*— If we

* Traité Complet de I’Anatomie, de la Physiologie et de la Pathologie
du Systéme Nerveau Cerebro-spinal, par M. Foville, p. 41.
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confine ourselves to the examination of its exterior, we
know no more of its organization than we could know of
the human body if we merely looked at the surface of the
carcase : even sections of the brain teach httle more than
sections of the body would.”

Foville gives to Gall the credit of teaching us how to
separate the fibres of the brain without cuéfing them.

[ have been much disappointed with Foville’s work.
The anatomical descriptions are most tediously minute,
without any reference to physiological nferences. For
instance, the shape and outline of a part will be given most
accurately, but not one word regarding the course and
direction and termination of its component fibres; and
still less is any attempt made to classify the component
parts of the brain under the heads of ganglia, commis-
sures and nerves. So that after having waded through a
long description, the pons Varolii for instance, we are left
quite in the dark as to whether this part is a commissure
or a ganglion, or both combined.

Is it not strange that any man who has devoted his
attention to the anatomy of the brain, as Foville has done,
should gravely assert that we might as well deseribe the
optic nerve as an optic bulb, as the olfactory ? No student
who has traced the varied forms and position of the olfac-
tory ganglion in the various classes of animals up to man,
will make such a mistake. His words are, p. 508, “ And
if we ought, in speaking of the word olfactory lobe, to sepa-
rate. its description from that of the nervous cords, we
ought with equal reason to separate the optic nerve, and
present it also as a particular lobe.”

Cuvier, in the report which he made to the Académie
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Royale des Sciences de Paris, upon M. Serres’ work, De
I’ Anatomie Comparée du Cervean, remarked very forcibly on
the inconvenience of dissecting the brain from above down-
wards in the manner generally pursued, and he showed
that in consequence of comparative anatomists adopting
this mode of dissection, their researches mto the constitu-
tion of the nervous system of the lower orders were produc-
tive of very imperfect results, in as much as the chain of re-
semblance between the lower and the higher orders of animals
was soon lost sight of; whilst M. Serres, by commencing
with the dissection of the spinal cord, and tracing it up-
wards, was enabled to throw great light on this interesting
branch of physiology, and to prove that there is a regunlar
gradation in these parts, that the chain is perfect, and that
such differences as do occur simply consist in the abstrac-
tion of parts, and the loss of those powers which have been
proved to be dependent on them.

With regard to the nomenclature which I adopted in the
first edition, I shall continue to adhere to it in most instances,
as I believe it to be simple and correct. I still think it is
an error not to distinguish the ganglionic portion of the
hemispheres from the rest of the mass, as the kemispherical
ganglion, but I would willingly have adopted a different
title if a better one had been proposed.

I have endeavoured, without presuming to arrogate to
myself the credit of discovering any new system, to lay
down a plan for the study of the anatomy of the cercbro-
spinal axis, founded upon the rational basis of investigating
its structure in man by the light of comparative anatomy.

The only philosophical method of simplifying and giving
a character of general interest to the anatomy of the human
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brain, 1s by commencing with the structure and functions
of a nervous system in the lowest and simplest forms of
animal existence, 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 encephalon,
this apparently most complicated organ in the human being,
1s but a gradual development from an extremely simple
fundamental type on one uniform and harmonious plan, and
that the seeming complexity of the cerebro-spinal axis in
man really arises from the great concentration, as opposed
to the extreme diffusion of its component parts in the lower
order of animals ; for in no particular are the higher orders
more strikingly distinguished from the lower than in the
concentration of function within circumseribed spaces. In
following out the plan I have adopted in this work, T shall
strive to avoid, on the one hand, falling 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
incumbrances ; and, carefully arranging whatever is known
upon the anatomy and physiology of the human brain, to
keep in view the prineiple which Herschel has so concisely
stated, that “Science is the knowledge of many, orderly
and methodically arranged and digested, so as to be attain-
able by one.”

Every honest and erudite anatomist must acknowledge
that we are indebted mainly to Gall and Spurzheim for the
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improvements which have been made in our mode of study-
ing the brain. For my own part, I most cheerfully acknow-
ledge, that the interest which I derived from the lectures of
Dr. Spurzheim at St. Thomas’s Hospital, about the years
1822 and 1823, has been the inciting cause of all the
labour which for above twenty years 1 have at intervals
devoted to this subject. I Dbelieve that to Mr. Green, in his
Dissector’s Manual, is due the honour of having first given
to the English student an abstract of Gall and Spurzheim’s
method of dissecting the brain. Mr. South, in his edition,
enlarged it considerably. Believing that, in the first edition
of this work, I had unintentionally neglected to do Gall and
Spurzheim full justice, T got my friend Mr. Streeter, of
Harpur-street, who is well acquainted with this subject, to
give me a short historical account of the order in which
their labours appeared before the world.

20, Harpur-street,
April 1347.

My pEAR SiR,—As you manifested in the Preface to the First Edition
of your Work on the Anatomy of the Brain, what Gall in one of the latest
of his written paragraphs termed * une tendance singuliére que manifes-
tent beancoup de personnes, d’attribuer potres découvertes a d’autres, par
exemple & Reil,” &e., I venture to direct your attention to this error, into
which you have fallen, in common with most of the English writers on
the anatomy and physiology of this most curious and difficult part of the
human frame. [ am the more induced to do so, because Dr. Spurzheim
himself directed my attention to this error when Mr. Herbert Mayo was
engaged in his courses of Lectures on the Nervous System, at the Royal
College of Surgeons, nearly twenty years ago, and fell into the same mistake.
What Gall has written in its refutation, may be found in the 8vo edition
of his work, *“Sur les Fonctions du Cerveau,” Vol. vi. p. 490. What
Spurzheim, in a pamphlet entitled, * Examination of the Objections made
in Britain against the Doctrines of Gall and Spurzheim,” Edinburgh,
1817, p. 50-54 ; in the Preface to his * Anatomy of the Brain,” 1826 ;
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and in his reprint of Chenevix’s article on Phrenology, from the Foreign
Quarterly Review, 1830, Appendix. I would, however, direct your
attention to the earliest notices of the discoveries and proceedings of
these illustrions men in the English medical periodicals—publications
which, as they were not so numerous as in our day, may be fairly
imagined not to have been entirely overlooked by the co-existing genera-
tion of men.

The earliest notice that I am aware of, that appeared in this country,
was that in the Medical and Physical Journal, for 1800 (Vol. iv. p. 50).
It refers, however, exelusively to eraniological ideas :—

“Mr. T. J. Gall, at Vienna, has finished a most elaborate work on the
Exercise of the Brain, and on the possibility of recognising the several
Faculties and Propensities from the Construction and Form of the Head
and Skull. Mr. Geisweiler, of Parliament-street, has in his possession a
part of the manuseript and several :Iruwinga, finished in the most curious
and elegant style, deserving the attention of the curious. The Author
intends to publish the work at the same time, both in England and
Germany.” :

This, you will observe, is before Dr. Spurzheim was associated with him.
The next medical notice appears in the October number of that Journal
for 1805 (Vol. xiv. p. 327). The contributor, Dr. Arneman, one of their
editors, speaks of Dr. Gall as one *“ that may justly be ranked amongst
the most extraordinary men of the present age.” He states that their
Prussian Majesties, the Physicians of the Court, all the medical professors,
and among them the Nestor of the present Anatomists, Dr. Walter, and
almost every body who makes a claim to a liberal education, attended
Dr. Gall's Lectures. He divides the doctrine into two parts—I1st, The
Doctrine of the Brain ; 2ndly, The Doetrine of the Skull—and gives an
abstract of both. In the March number for 1806 (Vol. xv. p. 201),
there is another notice, which states that the craniclogy of Dr. Gall was
the favourite topie of the German literati, during the summer of 1805, at
almost every university and capital of the Northern provinces of Germany;
that Gall employed himself in researches on the conformation and
anatomy of the human brain. The Government of Vienna, however,
forbade his Lectures.  * But this did not stop his inguiries ; students in
physic and men of research came from every part to procure information,
which he never refused, and his docirine was soon spread all over Ger-
many by the writings of some of his pupils. The Doctor himself
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prepared a work, illustrated with copper-plates, in which all his striking
observations on comparative anatomy and the dissection of the brain were
to be laid before the public. Subseriptions for it were opened, and com-
pleted in a short time. But previous to its publication, the Doctor
resolved to make a circuit of all the Northern universities and capitals of
Germany, in order that the Literati and Professors might hear and
scrutinize the Lectures which he intended to deliver in every place wherein
he should make any residence.”

In the July number of the Edinburgh Medical and Surgical Journal for
1806, will be found a very careful but concise abstract of Gall's Examina-
tion of the Brain, abstracted from all the psychical views of its author,
from the pen of Professor Rosenmuller of Leipsic. In the same number,
there is also a review of Professor Bischoff and Hufeland’s Account of
Dr. Gall’s Cranioscopy, which was looked upon as a correet epitome of
Gall's Leetures, and of the objections raised against his demonstrations
of the brain, and opinions, by Professor Walter and others.  Copies of the
abstract by Rosenmuller, and of the review of Bischoff, I inclose, but shall
be glad to have them returned at your convenience. Other notices exist
in the general periodicals of the day, but these are sufficient to show that
Grall and Spurzheim’s public dissections and demonstrations of the brain
preceded those of Reil in Germany, and it is curious to observe the influ-
ence they exerted in leading Reil to publish on this subject in 1807 ;
Baron Cuvier, in France, in 1809 ; and Sir Charles Bell, whose first
pamphlet was circulated only among private friends, and entitled, © Idea
of a New Anatomy of the Brain.” The labours of these eminent men,
and their successors, have indeed only been suceessful in earrying out the
details of Gall and Spurzheim’s leading general principle, that the nervous
system was not an unit but an aggregation of systems, as numerous as the
functions, intellectual, emotional or physical, of which it is the organized
instrument.

Believe me to remain, yours, very truly,
8. Solly, Esg. J. 8. STREETER.

There is one point regarding the physiology of the brain
to which I must here advert. It is Dr. Wigan’s theory of
the duality of the mind. The facts and reasoning he has
brought to bear on the subject are most interesting, and
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his arguments are well worthy of attention. But to do it
justice, and at the same time to criticise it judiciously, would
have occupied more space than I could allot to the subject.

I have but few words to say regarding the pathological
section. I added it, because I believed it would render the
work more useful, and I hope it may prove so, notwith-
standing the narrow limits to which I have been obliged to
confine it.

With regard to the Wood-cuts, I can vouch for their
general accuracy : they are all, unless stated to the con-
trary, from drawings of my own, or made under my imme-
diate inspection. Some of them I drew on the wood. To
Mr. Kearney the artist, and Mr. Branston the engraver,
my thanks are due for the trouble they have taken to exe-
cute them in accordance with my wishes.

1, St. Helen’s Place,
Aug. 25th, 1847.
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THE

HUMAN BEAILN,

PART I.
STRUCTURAL ANATOMY.

Brrore we commence our study of the configuration and
anatomical arrangement of the human brain, we must in-
vestigate the physical, chemical, and microscopical character
of its component matter. The name of this matter is
NEURINE. Neurine is the substance in which the peculiar
powers of the brain and nerves reside. It is never found by
itself, for it is too delicate in texture to retain its properties
if it were unsupported. It is always supported and pro-
tected by the membranous fibre arranged in various ways.

In the eonstruction of the nervous system, the plan is the
same as that which prevails in all the other systems of an
organized being. Membranous matter forms the basis of
each organ, in the interstices of which the peculiar material
of the organ is deposited. The bones consist of a mem-
branous network, in the interstices of which the earthy
matter is deposited, giving them the solidity required for
the performance of their office.

Muscles consist of a membranous nrttmlk, in the tubu-
lar meshes of which fibrinous matter is placed, which is
endowed with the power of contraction, on the application
of its appropriate stimulus. Glands consist of a membra-
nous network, on which blood-vessels ramify, endowed with
the power of separating or secrefing from the blood a pecu-
liar fluid ; the liver forming bile, the salivary glands saliva,
the kidneys urine, &e.

The glands consist of two portions, the secreting portion
and the conducting portion. In the one portion, in addition

B



2 STRUCTURAL ANATOMY.

to the membrane, there are nucleated cells; in the other
there are tubes. By the one portion, the fluid 1s formed ;
by the other, it is conducted to the place where it is re-
quired,

The essential material of the nervous system is deno-
minated Newrine. Some anatomists still persist in calling
it nervous matter, but it appears to me wrong to use fwo
words where one expresses the thing to be deseribed much
better.

There are two kinds of neurine, differing in colour, con-
sistence, and microscopic character. They are easily recog-
nized, and soon known to the anatomist. They are well
seen in the brain of Man, and in the Mammalia generally.
The one is of a grey or ash colour, and pulpy texture, as seen
by the naked eye, and roughly examined ; and hence its title
cineritious, or pulpy neurine. With the microscope it has
been discovered to consist of nucleated cells or vesicles, and
therefore more justly denominated wesicular nenrine. The
other is of a pearly white colour and fibrous texture : this is
medullary or fibrous neurine. The difference in texture
depends in all probability more on the arrangement of the
supporting membrane than upon any physical difference
between their elementary particles.

Under the microscope, the fibrous neurine is found dis-
tinetly to consist of tubes, and hence its present title, Zubu-
lar newrine. A third kind has been deseribed to exist in
those nerves which have been long known to the anatomist
as the sympathetic. To the naked eye, this appears almost
identical with the cineritious neurine of the brain, and has
been generally classed as cineritious neurine; but it has
been lately denominated, from its microscopic character, fila-
mentous or gelatinous neurine.  Its filaments are about half
the diameter of those of the tubular, and without any dis-
tinet cavities. This neurine, as will be shown hereafter, is
merely the tubular neurine without an investing layer.

The revelations of the microscope regarding the ultimate
texture of these different kinds of neurine are most deeply
interesting, and quite determine the correctness of the view
advocated in the first edition of this work, of their relative
function. This view of the subject is now almost universally
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admitted, but in the year 1836 it was by no means an esta-
blished point in physiology. The view to which I refer is
this: that the cineritious neurine is the source of power,
and the medullary neurine merely the conductor of it. The
importance of establishing this position will be best under-
stood when we come to the dissection of the human brain
and spinal cord, and endeavour to discover the office of its
component parts. Until this point was established, (and
even now it is not considered to be so by all,) the study
of the anatomy of the brain was barren and fruitless. Our
predecessors had some glimmering of light on the subject,
but their opinions were various and unsettled.

Lauth considered the grey substance as only a preparing
organ. Treviranus says that it prepares the blood for par-
ticular processes which go on in the medullary substance.
Vieussens, that it prepared and purified lymph as nourish-
ment for the medullary substance. According to Berenger,
1t 1s said to assimilate the living spirits of the blood, and to
metamorphose it into animal spirits.  Sylvius imagines
it evaporates the water from the spirits, as by distillation,
and purifies them. Diemebrouk, Ruysch, Haller, and others,
entertained the same opinion.

Meckel says® that ““ the most probable hypothesis is that
which represents the grey and medullary substances as two
masses, the opposition or contrast 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, however incon-
testable the importance of the grey matter, it does not
authorize us to believe that it 18 more noble than the medul-
lary : that is to say, that in this portion the spiritual
changes corresponding to the material pass into one another,
as Wenzel appeared to believe when he says, ° Cinerea
singularum cerebr1 partinm substantia videtur praecipué id
esse, (uo propriee cuivis istarum partium sensationes effice-
rentur ;" and that the office of the medullary is not simply
that of a conductor.”

Not, however, agreeing with Meckel, but rejoicing to

* Vol. i. p. 256.
T De Penitiori Cerebri St:..ruc’r.m'il, eap. vi. p. 9.
B <
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derive support to my opinions from such aceurate observers
as the Wenzels, I shall quote the whole passage : ““ Ven-
similiter itaque diversor singularum cerebri partium fune-
tiones maxima saltem ex ]ml.'te a cinerca, mutua antum
singularum cerebri partium conjunetio, totiusque nervus a
medullari substantia dependet; sive quod idem est : cinerea
singularum cerebri partium substantia videter praecipue id
€88¢C, l'[ll[l 'l".l]'lf]'l'!-'f'lil culvis 1starum llﬁl'tlunl E(‘“q'ltll'}ﬂﬂﬁ L{'ﬁﬂe-
rentur, et substantia medullaris eadem modo pro reliquo
cerebri ductor impressionum sive sensationum singularum
cerebri partium esse videtur, non secus nervus sensorius id
ipsum suo organo praestat.”

Willis (Anatomy of the Brain, translated by S. Pordage,
1679, p. 59,) says, ““ And what is chief of all, the universal
cortical or shelly substance of the brain, (to wit) in which
the animal spirits are procreated.” A little further on he
says, * The callous body is rather designed for the circulation
than the generation of spirits.” He considered that the
animal spirits which the grey substance secretes, are eireu-
lated by the medullary. Reil, (Mayo, Physiological Commen-
taries, Part IL. p. 117,) speaking of the fornix, says, “ Like
the:ie, the corpus callosum involves mo grey matter, and
with them perhaps forms an apparatus for transmission
only.”

Even Gall and Spurzheim, who have done so much for
the anatomy and physiology of the brain, did not see clearly
the relation of the cineritious neurine and the medullary.
They considered the former as the womb or generator of the
medullary substance.

Tiedemann, as will be seen from the following passage,
does not consider it as the sole agent in the production of
power, but merely as an instrument to exalt and increase
that which is already generated by the nerves.

“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 1magmed it entirely vascular, contributes cer-
tainly, during life, to inerease and exalt the nervous action,
according to this gencm] law, that an organ possesses more
force and ener gy as it receives more arterial blood. M. Gall
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is deceived in saying 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. 1 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. 1 admit, then, an intimate relation between the
volume of the spinal nerves and the enlargementsof 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 nerves produce particular ganglia,
always when the nerves and the organs to which they are
distributed have acquired a greater development, or when
there are particular organs not found in other fishes. The
remarkable and regularly disposed enlargements observed
immediately behind the cerebellum in the flying-fish (7rigla
volitans™) are the origins of the nerves destined to the digi-
tiform prolongations peculiar to these fishes, observed m
front of the ventral fins, and provided with* numerous
muscles, serving at the same time as organs of touch and
progression ; of this I have been convineed for some years.
We find also in the torpedo (Raia Torpedo) two large gan-
glia, sitnated 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 clavata, Raia Batis, Raia Pastinaca, and other spe-
cies 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 origin of the fifth pair of nerves forms a very
voluminous mass, because this pair sends large branches to
the long barbules which cover the superior maxilla, and to
the muscles of these appendages. 'We find similar enlarge-

“#% Samuel Collins has deseribed and represented them,—System of
Anatomy, vol. ii. tab. 70, fig. 3.

“1 This I have demonstrated in a Memoir addressed to the Academy of
Sciences at Berlin,
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ments along the spinal marrow of most fishes.® Thus, for
example, in the carp there are behind the cerebellom two
swellings, united together by a middle tubercle, and repre-
senting in some degree a second cerebellum. We cannot
then doubt that the local augmentation of the mass of the
spinal marrow, by the addition of a greater quantity of this
substance, is to exalt the action or activity of the nerves
which emanate from these ganglia.”’t

One of the first physiologists who decidedly advanced
the opinion that the grey neurine is positively a source of
power, was Dr. Fletcher,{ of Edinburgh. In lis Lectures,
when speaking of the distinction between a plexus and a
ganglion, he says, ““The abundance of grey matter which they
contain, and whick there is good reason to believe is always a
primary source of some distinet facully or power, &e.” § ‘{nrl
again, in another part of the same course of lectures, he says :

“ It 1s probable that no impediment whatever is offered
to the function of a ganglionic nerve by such a division as
entirely paralyzes the cerebro-spinal. Such is the case with
the latter only; because the white matter of the nerve,
being dependent for its energy upon the grey matter of the
central parts of this system, “hecomes of course inert when
separated from it : but no such line of demarcation exists
in the ganglionie system, every point of every nerve of which
contains white and grey matter intimately interwoven to-
gether, and may be considercd, therefore, as a centre of
nervous 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 ifs nerves, is not for some tlme effectual in de-
stroying its ir rlt*abﬂlt_',r

As the student advances m the study of the structure
and physiology of the brain, he will see many reasons for

“# Arsakay, foc. eif. p. 16. De posteriore Gangliorum Encephalum
constituentium Parte.

1 Tiedemann on the Feetal Brain, translated by Bennet.

i It is with great pleasure that I embrace this opportunity of express-
ing 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 mot the very first lecturer in the kingdom who tanght human phy-
siology on the wide and scientific basis of comparative anatomy.

§ Ryan’s Journal, April 18, 1835, page 961, note.
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assenting to this view of the office of the eineritious neurine,
which cannot be fully appreciated without a further know-
ledge of the subject than he is supposed to possess at pre-
sent. We believe then that the peculiar power of the nervous
system resides in the cineritious portion. In short, that
the ecineritious portion of the mervous 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, though
one portion would be useless without the other. The me-
dullary or tubular neurine appears to act simply as a passive
conductor of the power generated by the vesicular neurine,
not possessing any control over that power, not capable of
acting upon it or changing it.

. Thus we find tubular neurine performing various offices :

Ist. As a conductor of an impression from the surface of
the body to the brain,—a nerve of sensation.

2ndly. As a conductor of an order to act, from the brain,
to the voluntary muscles—uerve of volition.

drdly & 4thly. As a conductor of an impression from the
surface of the body to the spinal cord, which is reflected
thence down another set of conductors to the muscles
whereby they are called into action, independently of voli-
tion ;—the excifo-motory nerves of Dr. M. Hall.

othly. As a conducting medium between the centres of
power—ithe commissures.

Further explanation will be given hereafter of the func-
tion of the nerves of sensation, the nerves of motion, the
excito-motory nerves, and the commissures. One simple
pathological fact will now be sufficient to illustrate the di-
stinction between the power of the nervous centres and their
conducting instruments, and show that the central portion
possesses its power independent of the peripheral. A patient
may be paralytic from disease affecting the motor tract;
the individual as perfectly retains the power of willing the
motion of his limbs as previous fo the occurrence of the dis-
ease, though his will is no longer conducted to the point
where 1t would be executed. But this illustration does not
of course afford the slightest explanation of the mode of
action of these fwo parts, nor need it imply a belief in the
necessity of a physical change for the prﬂguction of nervous
action,
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Tubular or medullary newrine, though firmer than the
cineritions neurine, nevertheless, in comparison with the
other tissues of the body, is sott and yielding.

This want of tenacity is principally owing to the large
gquantity of water which enters into its composition ; water
actually constituting from three-fourths up to seven-eighths of
its weight. Vauquelin, whose analysis, though made as long
ago as 15]2 is still referred to by all our best authorities as
most deserving of credit, states that the brain consists of

Albumen . : . : : : 700
Y Stearine 453 .2
Cerebral fat : Elaine 070 523
Phosphorus . ; ; : : 1-50
Osmazome . : : g : Il ¢ Rl
Acids, salts, sulphur ; : : : 515
Water 1 : ; : : . 80-00
10000

M. John* is the only chemist who, in his analysis of the
brain, has hitherto separately examined the grey and white
matter. e 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),
‘Water : : : : ;
Albumen .

White fatty matter
Red fatty matter .
Osmazome, lactie acid, and s:ﬂts

=3

A el
— SRS o

BEarthy plmsphates
White Substance. Grey Subzlance
Water . ; : ; : TS 0
Albumen : : :
White fatty matter . ; R

Red fatty matter
Osmazome, &e. ;
Earthy phosphates .

* Journal de Chimie Médicale, August 1835.
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Foville states that the brain of a fat man contains a much
larger quantity of fatty matter than that of a thin man ; also
that the brain of the Cetacea contains a large quﬂntit{ of oil :
that the brain wastes with the rest of the body; but the
fat of the brain is combined in so intimate a manner with
i1ts substance, that 1t never forms sohid and visible 1solated
masses external to the nervous matter.

“The presence of fat,” says this author,  in proportion
to its amount, gives a more rich form and more rounded
contour to all the surfaces of the nervous centres. Its
absence alters these forms, rendering them poor and sharp.
With 1its absence coincides the merease of free serosity in
the internal cavities, and those which separate the convo-
lutions.”*

He also in some cases attributes to emaciation the
peculiar appearance of the brain of old people, thongh at
the same time warning us from confounding this appearance
with true senile or morbid atrophy.

It has been stated that the relative quantity of phospho-
rus varies at different periods of life, also in healthy and
diseased brains ; that it 1s small n the infant and the idiot ;
but I do not feel satisfied that this assertion is established.

Professor Ehrenberg has shown that the medullary neurine
actually consists of very minute fibres ; and he nforms us that
these fibres can only be discovered by the aid of a magnifying
power of 300 diameters, and that he was sometimes obliged
to have recourse to a much greater mﬂﬁ'mi}mg 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, mnstead of having a regular eylindrical form,
are knotted like a string of beads, “the swelled portions
being situated at some “distance from one another, and
united by narrower parts which are continuous with them,
and are formed apparently of the same material.

It is now believed that this varicose appearance depends

* Traité complet de 'anat® de la phys® et de la path® du systéme ner-
veux cerebe. 8vo, 1844, par Foville, p. 122.
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simply on pressure or other force used in preparing the
objects. Still in some portions of the nervous system this
beaded appearance is much more easily produced than in
others, showing that it depends on some peculiarity of
structure. It is most easily seen in those fibres which are
most centrally situated, and in all probability depends on
the greater delicacy of the protecting portion of the fibre,
and also of the investing membrane. If the fibres which
compose the fibrous neurine are examined with a good
microscope, they will be found to have a peculiar and com-
plicated structure. They are not simply solid fibres. They
' are perfect eylinders, vary-
ing in diameter from 15'55th
to Toegoth of an inch. Their
average width is from5g'55th
to g55oth of an inch. They
are all invested and support-
ed by a distinet elastic ho-
mogeneous membrane, simi-
lar to the sarcolema of the
fibres of the voluntary mus-
cles. The neurine which is
contained within this mem-
brane consists of two por-
tions, a central, which is
probably the active portion
of tubular neurine, and an
outer or investing portion,
which possibly acts merely
as an isolater of the con-
ducting central axis. The
central portion is called b
Rosenthal and Purkinge, the

A. Diagram of tubu’ar fibre of a spinal nerve.
a. Axis cylinder. & Inner border of white sub-
siance. ce. Duter border of white substance. d d.

Tubular membrane. ». Tubular fitres. e Ina
natural state, showing the parts, as in a. f. The
white substange and axis cylinder interrapted hy
pressure, while the tubular membrane remains.

g The same, with varicosities. h. Various appear-
ances aof the white substance and axis cylinder
forced out of the tubular membrane by pressure.
i. Broken end of a tubular fibre, with the white
gubstance closed over it. & Lateral bulging of
white substanee and axis cylinder from prossure.

f. Various fibres of various sizes, from the cere-

llum. ¢, Gelatinous fibres from the selar plexus
treated with ascetie acld to exhibit their cell
nuclei. = and c. magnified 320 diameter. (Todd
and Bowman. )

wherever it 1s met with.

axvis cylinder. The outer
portion 1s the white sub-
stance of Schwann.—(See
fig. 1.)

The tubular membrane
presents the same characters

But the white substance of
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Schwann exhibits much variety as regards its thickness in
different parts of the nervous system. In the nerves it is
more developed than in the centres ; but even in the former
it differs a good deal, as to thickness. We find it most
developed in the ordinary spinal nerves; in those of pure
sense 1t exists in small quantity. The chemical composi-
tion of the white substance, being obviously different from
that of the axis, sufficiently denotes a difference of function
in these two portions of the nerve-tube.

Stadelmann describes the axis-cylinder of the nerve-
fibres as very distinetly visible in transverse sections of
them. Its outline has commonly the same form, and is
nearly half as large as that of the
nerve-fibre itself ; but sometimes it
looks as a mere chinck or a central
point. 1t has been suggested, that
the distinction of these two sub-
stances is merely the result of coagu-
lation or chemical agents, and that it
does not exist in the living organiza-
tion ; but Dr. Todd and Mr. Bowman,
who have paid great attention to the
microscopic anatomy of these parts,
and from whom this account is de-
rived, give the above as their deliberate
opinion. *

There are certain little bodies, called
Pacinian corpuscles, which in the hu-

man subject are found in great num-

Pacinian corpuscle, from the

bers in connection with the nerves of mesentery of a eat, intendged to

the hand and foot. In the meseniery
of the cat, they may be seen with the
naked eye, and under the microscope
it exhibits the appearance of fig. 2,
taken from the above work.—(Fig. 75,
p- 397, Todd and Bowman.)

The discoverer of the Pacinian cor-
puscles states that the nerve filament

show the structure of these bodics,
The stalk and body, the outer and
inner system of eapsules, with the
central cavily, are scen at e Ar-
terial twig, ending in capillaries,
which form loops in some of the
intercapsular spaces, and one pe-
netrates the central capsule. b
The fibrous tissue of the stalk,
prolonged from the nenrilemma.
. Nerve-tube, advancing to the
central capsule, there losing its
white substance, and streiching
along the axis to the opposite cnd,
where it is fixed by a tubercular
enlargement.

has a single contour, like the sympathetic filaments : up to
* Physiological Anatomy of Man, 1845.
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the base of the corpuscle, the contour is double; at its ter-
mination it presents a granular swelling, like the common
ganglion corpuscle. Thus it will be seen that the central
axis alone enters the central capsule. The envelope having,
as it were, conducted the central
portion to the door, leaves it, and
stops outside. Thus we have, as
Dr. Todd says, a natural dissection
made for us. This fact renders
his view of the office of the white
matter still more likely to be cor-
rect.

Nerve-tubes never branch like
blood-vessels, and never inosculate
with one another ; though they form

_ ~ loops at their origin in the nervous
(abe entermes Pacinian corpuscie, o centres, and at their terminations.

i learly the distinetion
Teiween the central axis and theen-  Often as I have traced these

Sotvaann, * % Thiee wbstines 90y opve-tubes under the microscope,
1 have never seen them join or anastomose, as we do the
blood-vessels.

A nerve-tube always performs one and the same office ;
it alwavs conduets in the same direction, and the same kind
of nervous power: mot at one time carrying impressions
which, on reaching the brain, become sensations, and at
another time conveying orders to a muscle to contract.

This last position is thus decidedly asserted, because
I feel not the shadow of a doubt of its correctness ; and
to me it appears that all the important discoveries of Bell
must be abandoned if this be not true, and that we should
then be more in the dark than ever regarding the physio-
logy of the brain. Nevertheless, this position 1s actually
disputed by some anatomists in the present day.

In an admirable article in the Medico-Chirurgical Review
for July 1845, page 1, the writer of it thus forcibly combats
such opinions :—

“We certainly did not anticipate, and least of all in
England, that a time would arrive when it would be neces-
sary to vindicate the great principle announced by Bell,
that principle upon which all accurate knowledge of the
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nervous system must ever repose, the individuality, namely,
and uninterrupted continuity of the primary nervous fila-
ments. Doubts have, however, been thrown upon this
fundamental truth, and principally, as it would appear, on
the faith of certain dissections and experiments of Stilling,
from which it is inferred that the elementary fibres interlace
one with another in the spinal cord, in the several nervous
plexuses, and in other parts of the system; that, in fact, the
disposition of the nervous system is p]‘-:zcmri} mlalﬂm:um to
what is seen in the venous and lymphatic S}'bt(‘lllﬁ. We
believe this to be an entire fallacy, and unhesitatingly ex-
press our conviction, resting on repeated and careful exami-
nation, that no anatomist has ever seen in any of the parts
just mentioned, a true anasfomosis i the sense of that
existing in the vascular system. The only places where the
primary nervous tubules do actually communicate is in their
peripheral extremities, where, both in the muscles and in
the tactile papillee of the skm they unite and form loops.
It has also been asserted by Valentin, that a similar dis-
position prevails in the central ends implanted in the grey
matter of the brain, but, as we shall subsequently stut.e,
this must at present be held to be doubtful.

“'The functions of the blood-channels and nerves are so
totally different, that it is surprising any comparison between
them should have been attempted. It is the office of the
blood-vessels, not merely to carry the nutritive fluds to all
parts of the body, but specially, by overcoming the repeated
obstacles which mmpede the cireulation, to secure in the ex-
treme divisions or capillaries that uniform current which alone
is compatible with healthy nutrition. Now, how is this to be
accomplished ?  Clearly by providing free intercommunica-
tions between all the parts of the vascular system, and more
particularly between its smaller divisions. Thus, as to the
function of the blood-vessels, it matters not how the blood
reaches its destination, provided it does but get there. But in
the case of the nervous system, all is reversed ; here the whole
action of innervation requires in theory w hat is shown by
observation, a disposition of the nervous threads, which will
make them to act as isolated conductors, so as to transmit
ummingled the mandates of the will ceut-rifuga]l}r to special
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muscles, and centripetally the impressions made on the
organs of sense to the brain. In consequence of the un-
satﬂfactm'v results of many of Stilling’s researches, we have

again mutmuf-ﬂ}f examined the thqpﬂmtmn of the primitive
tubes in the spinal cord, with the express object of ascer-
taining if, in any part of the white matter of the white sub-

stance, anastomosis could be detected. All our examina-
tions have shown that the fibres imvariably observe an
isolated course. When viewed with a sufficiently high power,
an objective of one-sixth of an inch focus for exam[}k, the
beaded particles are beautifully and distinetly seen in a per-
fectly recent specimen, and mixed with their branches of
minute blood-vessels and capillaries ; these latter canals, it
1s necessary to state, present appearances so deceptive, that
to an unpractised eye, and especially when low powers are
used, as was done by Stilling, they may very readily be
mistaken for nervous tubes, and herein, we believe, will be
found the source of the errors above noticed. The capil-
lary vessels are seen branching and uniting, but they pre-
sent physical marks, and especially nueclel in their walls,
which are quite distinetive : indeed, we were never more
impressed with the certainty and elucidation which micro-
scopic examination confers on the great questions of phy-
siology, than by thus seeing under the eye the true charac-
teristics of the vascular and nervous systems.

“ The conclusion at which we have ourselves arrived, as
the result of direct inspection, is confirmed by the best
observers. Thus, Valentin, in his Physiology, just com-
pleted, after pointing out and demonstrating the physiolo-
gical necessity of isolated conductors in the peripheral por-
tion of the nervous system, both as relates to sensation and
motion, says, we conclude, as a general anatomical proposi-
tion, that all ramifications, anastomoses, and interlacements
of the nerves, are in reahty only apparent, and therefore
that no true divisions nor communications similar to those in
blood-vessels exist, but merely a corresponding entrance or
exit unbranched, uninterrupted primitive fibrils ; a disposi-
tion which enables us easily to comprehend the laws of
nervous conditions.”

Vesicular or pulpy wnewrine 1s much more vascular than
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tubular. Where its capillaries are well filled with injec-
tion, it appears under the microscope like a minute network
of countless blood-vessels.
The neurine which is depo- Fig. 1.
sited between the masses of this
intricate mass of blood-vessels
consists almost entirely of cells,
with nucler and nucleoli, (see
fig. 4, A,) m various stages of
development. 'The wall of every
vesicle consists of an exceedingly
delicate membrane, containing
a soft but tenacious, finely gra- Sl e :
nular mass. 'They are mostly ﬂll:‘;.ilelf:;;:nnnflgimg. 3. Blood carpuscle
. of the same animal, to show their relative
globular, but not uniformly so. size.
Some are caudate, and the tail prolongations are frequently
long. In point of structure, says Messrs. Todd and Bowman,
the caudate processes are
exceedingly delicate, and
finely granular, like the
interior of the vesicle,
with which they dis-
tinctly seem to be con-
tinuous. Such 1is the
delicacy of these pro-
cesses, that they readily
break off; in general,
very close to the vesicle. :
Sﬂmﬁti‘m&ﬁ, hﬂ“’ﬂ\rﬂr, one {Toddd anid Bowman, p. 212 Nerve vericles from
or more of them may be iuiarone with s atned borer. 5. Tisnusious. " e. 1
traced to a considerable wii i imouns of pgment paricis: 7 Vesicer e
distance, and will be Inied?yitsaheith or cope, of icletedpticls
found to divide into tweo 00 dimeter
or into three branches, which undergo a further subdivision,
and give off some extremely fine transparent fibres (fig. 5.),
the connection of which with the other elements of the
nervous tissue has yet to be ascertained. It is most pro-
bable, however, that they serve either to connect distant
vesicles, or else that they become continuous with the axis
cylinders of the tubular fibres. In the cerebro-spinal centres,

. Fig. 5.
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we have found the tissue in the vieinity of the caundate
vesicles freely traversed in all directions by numerous very
delicate filaments, which seem to be the ramifications of the
caudate processes.  These often exhibit considerable tenacity
and elasticity. The situations from which we may obtain
such caudate vesicles as are best suited for examination are
the * locus niger” in the crus cerebri, and the grey matter of
the cerebellum and spinal cord.

Many of these cells are evidently of quite recent formation;
so much so, that we cannot help observing the analogy in the
niicroscopieal structure of this portion of the nervous system
and the secreting portion of the glandular system.

John Goodsir® has thrown great light on the part which
the nucleated cell plays in the secreting process. It has
been already stated upon other grounds than those now to
be advanced, that the cineritious substance of the brain
stands in the same relation to the nerves that the secreting
portion of a gland does to its duct. This theory appears
to me now most curiously confirmed by the structure and
functions of the intestinal villi.

To understand the part which the vesicles of the villus play
in digestion, it is necessary to be aware of certain of the
functions of the cell with which physiologists are yet un-
acquainted.

Not only are these bodies the germs of all tissues, as
determined by the labours of Schleiden and Schwann, but
they are also the immediate agents of secretion. A primitive
cell absorbs from the blood in the capillaries, the matters
necessary to form, in one set of instances, nerve, muscle,
bone, if nutrition be its funetions ; milk, bile, urine, in
another set of instances, if secretion be the duty assigned to
it. The only difference between the two functions being,
that in the first, the cell dissolves and disappears among the
textures, after having performed its part; in the other it
dissolves, disappears, and throws out its contents on a free
surface,

In another place he says,t “The ultimate secreting

# Anatomical and Pathological Observations, by John Goodsir and
Harry Goodsir, 1843, page 7.
+ P. 25, loc. cit,

|
|
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structure, then, is the primitive cell endowed with a peculiar
organic agency, according to the secretion it is destined to
produce.”

The observations of Henle, quoted by that admirable phy-
siologist, Dr. Carpenter, regarding the difference in the strue-
ture of the cortical substance of the brain, (Zke hemispherical
ganglion,) all support this view. ~ On the surface of the bram,
that is, the portion of the ganglion which is nearest to the
vascular netw ork, the ganglion vesicles seem to be imperfectly
formed. There is a finely granular substance containing
spherical or oval vesicles, with one or two dark granules in
them. Inarather deeper layer these vesicles, instead of being
irregularly scattered through the granular substance, scem
to have appropriated each to itself a portion of the latter for
an independent covering ; and from this condition there
seems to be a regular gradation, till, in the yet deeper layers
of the cortical substmmf the vesldes with their granular
coverings, are replaced by perfect ganglion-like globules
with their filamentous sheaths.

It is, then, most probable that the nucleated cells of vesi-
eular neurine are the active agents in the production of
nervous power ; that they are developed, and perform their
office, in the same way as the nucleated cells.

The enormous quantity of blood which the vesicular
neurine receives, affords strong evidence that this structure,
like the acknowledged secreting organs, employs that blood
m the preparation of a something. Indeed, the effect of
arresting the cerebral circulation shows most clearly that
all the mental operations are dependent on the flow of blood
through the brain, for their production. The experiments
of Sir Astley Cooper on the rabbit are most interesting
and satisfactory.

We have seen that neurine contains about one per cent.
of phosphorus. The excessive exeretion of phosphorus with
the urine, after severe mental exertion—a fact first pointed
out by Dr. Prout—may be cited as supporting this view of
the analogy between the production of nervous power and
ordinary secretion.

Dr. Golding Bird, in his excellent little work on wrinary

C
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deposits, gives a very striking case, illustrative of this con-
nection.*

“ Where the presence of the triple phosphate is only
occasional, its connection may be traced with some cause
which has rendered the system morbidly irritable, at the
same time that its tone or vigour has become depressed.
The simplest examples of this kind that have occurred to
me, have been m cases of individuals of nervous tempera-
ment, who have periodical duties to perform, requiring so
much mental tension and bodily exertion. I have witnessed
this state of things several times in clergymen, especially
in those who, from the nature of their secular engagements,
have been mlnpcllul to lead sedentary lives during the
week, and to perform full duties on Sundays; the best
llustration of this I ever met with, was in the person of a
well-known and deservedly popular clergyman, who, from
his connection with a public school, scarcely used any
exercise during the week, whilst on Sunday he performed
duty thrice in church. This gentleman was a tall thin
person, of dark complexion, lustrous eyes, and almost
phthisical aspect. He was the subject of constant dys-
pepsia. The urine passed on Saturday evening, as well
as on Sunday morning, though repeatedly examined, was
healthy, except in de]mml:mg urate of ammonia, and being
of high speecific gravity. Before his Sunday duties were
completed, he almost invariably became the subject of com-
plete fatigue, with a painful aching sensation across the
loins, in addition to the flatulence and epigastric uneasiness
under which he always laboured. The urine voided before
retiring to rest after the severe exertions of the day, was
almost constantly of a deep amber hue, high specific gravity,
and deposited the triple phosphate in “abundance. The
urine of Monday would contain less of this salt, which
generally disappeared on the following day, and once more
re-appeared on the Sunday evening. I had an opportunity
of observing this state of things for several weeks, and 1t
ultimately disappeared by the putlent relaxing from his duties
and enjoying the amusement of travelling for a few weeks.”

* Urinary Deposits, &c., by Golding Bird, M.D. 1844.

hll-.-:'!-"nlnn-ﬂ =
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I have been frequently consulted by a gentleman in
business, of a highly nervous temperament and excitable
brain, on account of a deposit of phosphorus in his urine.
In the morning this excretion is perfectly clear and healthy,
but after he has been harrassed by business it then becomes
cloudy. If, however, he is in the country, and free from
anxiety of any kind, the water is then bright and natural.
“ Many circumstances,” says Dr. Carpenter, “lead to the
belief, that the nervous tissue, when in a state of functional
activity, undergoes a rapid wasfe or dismtegration, and a
corresponding renewal.”

My readers must not conclude from the above obser-
vations, that I consider mind to be dependent on matter.
I believe that matter is merely the instrument which the
mind employs, and I quite agree with my friend from whom
I have last quoted, where he says, p. 83, “ When we speak
of sensation, thought, emotion, or volition, therefore, as
functions of the nervous system, we mean only that this
system furnishes the conditions under which they take
place in the living body.”

The gelatinous nerve fibre was first described by Henle :
it 1s flattened, soft, and homogeneous in appearance ; con-
taining numerous cell-nuclei, some of which are round,
others oval ; some situated in the centre of the fibre, others
adhering to either edge, their longest diameter being gene-
rally parallel to the longitudinal axis of the nerve. "These
nuclel are arranged at nearly equal distanees, and frequently
exhibit distinet nucleoli. Sometimes these fibres show a
disposition to split into very delicate fibrille.  Acetic acid
dissolves the fibre, leaving the nuclei unchanged. These
fibres, containing nothing analogous to the white substance
of Schwann, are devoid of that whiteness which characterizes
the tubular fibre ; and it would seem that the grey colour of
certain nerves depends chiefly upon the presence of a large
proportion of the gelatinous fibres; hence they are some-
times called “ grey fibres.”

The mode of connection of the gelatinous fibres with the
elements of the nervous centres is, as yet, quite unknown.
They are found in considerable numbers, in what are called
the roots of the sympathetic, or the communications of that

c?
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nerve with the spinal nerves; it has been supposed by

Valentin that they are continuous with certain elements of
the vesicular nervous matter.

These fibres are smaller in general than the tubular
fibres ; their diameter ranges between the gglggth and the
goooth of an inch. They resemble very much the fibre of
unstriped muscle.

When I first read the description of this fibre, I confess
I thought it improbable. We can understand the existence
of one kind of neurine, for the production of power, and
another for the conduction of it.  But I could never quite
understand why there should be a different kind for the
sympathetic nerve, and cerebro-spinal system, when it is
clear that the same kind of vesieular or cineritious neurine
I}Lllﬂllllb twenty offices in different situations—for instance,
m the spinal cord and in the brain; yet the microscope
detects no difference of structure. It did therefore appear
to me contrary to that beautiful simplicity which reigns
throughout the animal organism.

Mr. Paget, in those admirable reports on physiology which
arc published i the British and Foreign Quarterly Medical
Review, gives an excellent summary of the state of the
discussion at present (July 1846).

“ Bidder and Volckmann, on the one hand, have maintained
that there exists in the sympathetic nerve a set of werve-fibres,
characterized by their fineness, (they being only about half
or one-third as large as the L‘i’l‘bhl‘()-‘-«pl]l:il fibres,) their
paleness, the absence of a double confour, their mearly
uniform contents, and their yellwwish grey colour when in
bundles ; Valentin holding that the {-.vmpﬂthutm Sfibres are
neither in structure nor in relations peculiar.”

“The most important contribution,” says Mr. Paget, “to
the physiology of the nervous system this year (1840), 1s
from Kolliker.*®

“In the diseussion of the question, Kolliker states, 1st,
that the fibres described by Remak as peculiar to the
sympathetic nerve, and which are commonly called Remak
fibres, are, as Valentin has always held, not nerve fibres at

* Die Selbstindigkeit und Abkangigkeit des sympathischen Nerven-
system, Zurich, 1844, 4to.
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all, but Neurelemma, consisting of imperfectly-developed
fibro-cellular bundles ; 2nd, he determines that Bidder and
Volckmann are right in their description of the structure
of fine nerve-fibres, or at least of the well-marked examples
of them, and that these are not (as Valentin maintained
that they were) Remak fibres. But he denies that these
fine nerve-fibres are peculiar to the sympathetic system, or
even so different from the common larger cerebro-spinal
nerve-fibres, that they ought to be regarded as of a kind
distinet from them. To justify this denial, he shows that
the characters assigned to these fine nerve-fibres, as distinc-
tive by Bidder and Volckmann, are neither defimtely
marked, nor constant, nor essential ; that there is no real
difference between these fine fibres and those of the brain,
spinal cord, and nerves of special sense ; that commonly the
larger fibres assume near their peripheral end the size and
other characters of the smaller ones; and that many fine
fibres are found in all nerves, though it is generally true
that there 1s a smaller proportion of them in the cerebro-
spinal than in the sympathetic nerves.

“ But although it thus appears to be an error to speak of
sympathetic and cerebro-spinal nerve-fibres as it they were
two different Linds of fibres, yet the differences which do
exist between them, and the various proportions in which
the fine fibres oceur, in different nerves, make it important
to discern their origin and course.  On these points Kolliker
first proves that these fine fibres have their origin, not only
in ganglionic or nerve corpuscles of the sympathetic ganglia,
but in those also of the ganglia on the cerebral and spinal
nerves, and in the corpuseles of the brain and spinal cord.
In this his observations fully confirm those of Helmhotz,
Will, and Hannover,® who, like him, have seen this mode of
origin; and from Bidder and Volckmann, who from another
mode of investigation concluded that fine fibres must thus
arise. Kolliker has seen this mode of origin of nerve-fibres
in the spinal cord and in the spinal and sympathetic gan-
gha of the frog, in the spinal ganglia of the tortoise and
cat, and in the Cassertan ganglion of the cat and guinea-
piz. Hannover has found it in all classes of Vertebrata, and
“ % Recherches Microse surle systéme Nervenx ; Copenhague, 1844, 4to.
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in many Invertebrata, in the brain and spinal cord, and in
all kinds of ganglia; neither has he observed any other
mode of origin besides this. The deseription given by
Kolliker, of the spinal ganglia of the frog, is, that they con-
tain one form of ganglion or nerve mrpuscles, which are of
simple shape and give off no processes, and many other
corpuscles, more or less pyriform, which at their smaller
end are drawn out into a process. This process, like the
corpuscles, is pale and finely granular ; it is from 5555th
to =5555th of an inch in diameter, and after proceeding
about 555th of an inch, it rather sndtlenlv acquires a dark
contour and slightly granular contents : if is, i short, be-
coming a fine nerve-fibre. And in regard to those cases in
which he has not seen this mode of origin of the fine fibres,
Kolliker so far confirms or admits the truth of Bidder and
‘olckmann, respecting the relative number of fine fibres,
which enter and leave the ganglia, that he considers it
proved that a great number of these fibres have their origin
in the ophthalmic ganglion, and in the ganglion of the vagus
of fish, and considers it as highly probable that the ganglia
of the cerebral and spinal nerves of all the higher animals
are also sources for similar fibres.®
*“As to the relative proportions of large and fine fibres
in the nerves, distributed to various parts, Kolliker con-
cludes, from his own and other observations, that—1st, The
nerves of voluntary musecles contain in their trunks a ma-
jority of large fibres, but in their peripheral distribution
either only or a majority of fine fibres. 2nd, The nerves
of the skin contain (for the most part) equal numbers of
both ; but in some of them, one or other size of fibres
greatly preponderates, and in all of them the fine fibres
greatly preponderate in their peripheral distribution.  3rd,
The nerves of sensitive mucous membrane are, in this re-
spect, like those of the skin, except that in the nerves of the
teeth pulps and the gums there is a great majority of large

% The most striking instance in which more fibres leave than enter the
ganglia is seen in the septum of the auricles of a frog’s heart, which is so
transparent that the ganglia and nerve-fibres may be counted in it. Here
Bidder has often seen more fibres in one than m the other two branches
from a ganglion ; e. g. five in one, seven in the other. Volckmann, in Art.
Nerven Physiologie, L e
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fibres. 4th, In the nerves of involuntary muscles, and of
the less sensitive or insensible mueous membranes, there is
a great preponderance of fine fibres.”*

From the above facts, it may be concluded that zerve-
fibres of the sympathetic nerve differ from those of cerebro-
spinal, in the absence of the white substance of Schwann ;
and this substance is found where the nerve is more exposed
to pressure or any kind of injury from external causes.
When the filaments of the cerebro-spinal have nearly
reached their destination, then they cease to require the
profecting material which was necessary in their course
down a limb, and between the bodies of the muscles. The
sympathetic nerve is generally deep-seated and well pro-
tected, and hence the absence of this protecting matter. We
can easily understand what contrivance must be necessary
to protect the delicate neurine when it has to travel, like
the sciatic nerve, for instance, from the pelvis to the toes.
Physically it appears almost as strong as a tendon, and it had
need to be so, exposed as it is in all the movements of the limb.

Its physical strength, then, and its power of resisting
mjury, is due to its investing membrane and the presence
of the matter of Schwann; while the essential .
portion of the nerve, that m which its vital
powers reside, is the axis cylinder.

We all know that even with all this bountiful
provision, the nerves may be easily compressed so
as temporarily to suspend their function. If we
only fall asleep with one leg crossed over the knee
of the other, so as to compress the popliteal
nerve, when we awake we find our leg numb
and powerless, until we have suffered all the
pain of the feeling commonly called pins and
needles, or live blood, as the nerve-fibres recover N
their power, and the nervous current is re-
established. B

Sometimes when you are examining the nerve- cuaginousnerve.
tubes under the microscope, from the spina] "bresisthe frog.
cord of the frog, you will see the two kinds of tubes most
distmet. The accompanying figure represents two of the

* Dritish and Foreign Quarterly Medical Review, p. 273.
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gelatinous fibres, one twisted round the other. They were
exactly the size of the axis cylinder of the ordinary fibres
as seen in the same field. This sketch was taken with Dr.
Carpenter, through whose glass
I observed them.—(Fig. 6.)
The nervous centres, or
ganglion, consist of the vesicu-
lar neurine traversed by the
tubular neurine.—(See fig. 7.)
This represents very well the
appearance exhibited by a gan-
glion or nervous centre. Let
1t then be remembered that
_ vesicular neurine does mot
{Trdd and Bowman, after Valentin.) — A : &
small_picee of the otic ganglion of the sheen, €X1st I the nerves, and that
gllghtly compressed; showing the ‘interlace-
ment of the internal fibres and the vesicular When these cords PT-EEEI]t il
i greyish appearance, as in the
sympathetic, 1t is owing to the deficiency of the white
substance of Schwann.




PART II.
COMPARATIVE ANATOMY.

Tue naturalist who devotes his time to observing the habits
and instincts of animals, their external form and general
appearance, pursues a branch of science which has unfolded
a multitude of facts highly interesting and amusing to him
who delights in the works of nature. But the physiologist
follows in his pursuit of knowledge a more arduous and
elevated path ; for, not satisfied with observing the manners,
actions and outward appearance of animals, he carries for-
ward his researches to their internal organism, with the
view of ascertaining the relation which structure bears to
function.

Researches of this kind afford us the most important and
valuable proofs which we possess, of the office of a nervous
system in the execution of those acts which are exhibited
to us by living beings. By such investigations the physio-
logist, discovering that the development of their internal
organs corresponds with an increased capacity of enjoyment,
the existence of which is demonstrated by thewr habits and
instinets, obtains the only evidence which a science of ob-
servation like physiology is capable of affording, that they
stand in the relation of cause and effect.

On this principle, 1 consider that the study of the ana-
tomy and physiology of the human brain could not be intro-
duced 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 system of the lower
orders of animals. T 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, becanse
I merely wish to use comparative anatomy as an ull*.r in my
attempt to simplify the qtudy of the human brain, without
regarding 1t, as it really is, as an object of extreme interest,
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independent of the serviee which it thus is capable of ren-
dering to the student in medicine.

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

All physiologists of the present day agree in considering
the nervous system as the medium by which animals are
connected with the external world. And when, in our dis-
section of some of the inferior orders of animals in whom
there 1s 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 come to the conclusion that the sentient matter which
we call neurine is not absent, but developed in such minute
quantity and so transparent that it escapes our observation.

The presence of a mnervous system is not necessarily a
proof of consciousness on the part of the anmimal in whom 1t
1s found. The invaluable and philosophic researches of Dr.
Marshall Hall have quite established this most important
fact, that all the actions which take place in man and ani-
mals in general, independent of volition, are as much excited
and qmded by ‘the nervous power as those which are di-
rected by the will. For instance, all the complicated acts
of swallowing are as much dependent on the nervous system
as the act of raising the food to our mouths. These im-
portant discoveries of Dr. Hall will of course be more fully
considered in relation to the cerebro-spinal system of man ;
but I cannot mention his name without expressing the re-
gret 1 feel, that the most important contribution to physical
science since the discovery of Bell, should have been passed
by unnoticed and unknown by that scientific society, whose
object 1s to promote science and reward real merit. These
researches of Dr. Hall have been rendered still more valua-
ble by those of Mr. Grainger, Dr. Carpenter, Mr. Newport,
and others, who have shown that one of the most important
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functions of a nervous system, as regards the vital existence
of an animal, is to receive impressions, and to re-act on such
impressions, independent of the consciousness or the will of
the individual. This fact will be found universal in its ap-
plication. Wherever the wants of an animal require a con-
sent in the action of its organs, such actions are called into
play, and superintended and controlled by a nervous system.
If we examine the organization of the simplest animals, we
find that it consists of little more than a stomach for digest-
ing food, and arms for the collection of it. There must,
however, be a consent between these organs of digestion
and collection, and we find in them a nervous system to
effect it. As we ascend in the animal kingdom, we find
other organs added to those of mere digestion and collection,
or prehension, and with them a more complicated nervous
system ; so that, in fact, the size and complexity of the
nervous system are a good criterion of the endowments of
the animal, and its relative position in the scale of animated
existence. And the nervous system is now unmversally
allowed to afford the best principle for the classification of
anmimals. The animal kingdom has been divided into five
grand divisions, or subkingdoms, and named in accordance
with the form and arrangement of the nervous system.

1st. The Cryptoneura of Rudolphi, or the Acrita of
MacLeay.

2nd. The Nematoneura of Owen, Cycloneurose of Grant,
Radiata of Cuvier.

3rd. Homo-Gangliata of Owen, Diploneurose of Grant,
Articulata of Cuvier.

4th. Hetero-Gangliata of Owen, Cyclo-Gangliata of
Grant, Mollusca of Cuvier.

oth. Myelencephala of Owen, Spini-cercbrata of Grant,
Vertebrata of Cuvier.

In the first of these divisions the nervous system is in-
discernible, and neurine, if existing at all, is so minute
in quantity, and so transparent, that it cannot be demon-
strated as forming a separate system. In the second, the
Nematoneura, the ganglia are so extremely minute that
the whole presents a mere thread-like appearance. But the
term is applicable only as designating the appearance, and
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not the actual structure; for in these anmmals, Ganglia,
Commissures, and Nerves, the three elementary portions of
every nervous system, though scarcely visible, exist as per-
fectly formed as in the highest animals. Tllit'd]}r In the
Homo-Ganghata the g'mgln are generally of nearly equal
size; none decidedly exceeding any of the rest. Fourthly. The
Hetero- Gangliata are so named from the singular manner
in which the ganglia are scattered throu frh the body.
Fifthly. The Myelencephala include all animals with a per-
fect brain and spinal cord.

It will generally be found that the Nematoneura are
the most simple ; the Homo-Gangliata 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 Homo-Ganglate
division. But it is not improbable that the simplicity m
this instance arises solely from its being mmperfectly de-
veloped or in a rudimentary state, and may perhaps there-
fore be considered as affording an imperfect type of a ner-
vous system.

As my present object in alluding to the nervous organi-
zation of the lower orders is not, as I have said, to carry
my readers minutely into the subject, but solely to make
the study of the human brain more simple and interesting,
I shall confine myself to the deseription of the most promi-
nent features in each division.

The most simple form in which we find the nervous
matter arranged so completely as to constitute a distinet
nervous s}*atc,m is in the Ascaris, a species of intestinal
worm ; we can scarcely conceive an animal having its rela-
tions to the external world more limited than this ; ; it has
not even to seck its food beyond the narrow spot to which
1ts existence 1s confined, and can therefore have httle neces-
sity 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 were derived. Two white
cords, r'ltlmr thicker in the middle of the body than at the ex-
tremities, composed of a series of small lines united at angles,
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or, as 1t were, broken and slightly swollen at each angle, send-

ing to the right and left, filaments so thin
the eye, except when seen through a magni-
fying lens, constitute their nervous system.
These cords are situated within the plane of
the musecular fibres, and descend, the one
on the abdominal, the other on the dorsal,
surface of the alimentary canal. The abdo-
minal nerve forms a cirele around the vulva
of the female, as will be seen by reference
to the diagram ; the slight enlargements
Cloquet regards as ganglionic.

Laennee, Otto, Lamarck and Cuvier all
agree with Cloquet in considering the lines
above described as the mnervous system.
Nevertheless 1t appears to me extremely
probable that these cords do not represent
a perfect type of a nervous system, even in
its most simple form, but that in this indi-
vidual it has been arrested in its develop-
ment at a period corresponding to one of
the regular stages through which the ner-
vous system passes in the higher orders, in
whom we know that the nerves are deve-
loped first, and the centres or ganglia
afterwards ; and in this animal, where the
ganglia scarcely exist, 1s 1t not possible that
the organization is incomplete ; that the
animal, in fact, is not perfect; that the
conducting portion of the nervous appara-
tus has been formed, but not the point
from which the power emanates, requiring
to be conducted ?

The above simple arrangement perfectly
corresponds with the first appearance of the
cerebro-spinal axis during development of
the vertebrated class of animals, and affords
a beautiful illustration of the law, that the
higher classes of animals, during

that they escape

Fig. 8.

1* Female Ascarisseen
on its abdominal sur=
face. a Mouth surround-
el by three tubercles. &,
The anus. e. Contracted
portion found at the onion
of the anterior third of the
body, with the two poste-
rior thirds. 1. Abdomi-
nal nerve. 2. Vulva,

2% An enlarged view of
a fransverse section of the
samme worm. A.Theskin.
B, Two muscular layvers.
. Cavity of the stomach.
1. Dorsal nerve. 2. Ab-
dominal nerve.

their development, go

through some of those forms which are permanently re-
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tained by the lower orders. About the twenty-fourth hour
after incubation has commenced in the egg of the common
Fig. 9. fowl, the rudiment of the spinal cord may be
seen in the form of two white lines (see fig. 9),
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
ovum o me SIMple, and not the less mstructive; for whether
chick, 2iih hour. e pegard the motions of this animal as the result

{After Dr. Allen Lz A
Thomson) The of yolition or not, they are evidently regulated,

white line repre-

sents the rudi- and not aceidental. It has the power of locomo-
vous system-— tion, and will adapt the position of its rays, one
after the other, to the crevices of the rocks, where it seeks and
obtains its food; and when in accordance with this power
of apparently commanding the execution of certain offices
in different portions of its frame, we detect nervous cords
Fig. 10. emanating from nervous

Lo 2 modules, we sre induced to

regard them as instruments
employed in the produc-
tion of these phenomena.—
Tiedemann was the first to
prove decidedly the exist-
ence of a nervous system in
the star-fish. His account
was published in 1816,*
accompanied with a beauti-
ful drawing of it, repre-
senting a ring surrounding
the aesophagus, giving offa
filament to each ray, besides
ten smaller ones, which he
Nervuus. system of the stax-ah, drawn from & believes to descend to the
Nerves distributed to threc of the saye. 4. Oné o StOIACh 5 at the same time
the twelve ganglia, 5. One of the commissures. hE ﬂbﬁﬁr\'Es thﬂt he Cﬂlﬂd
not discover anything like ganglia. Their existence has
however been since distinetly proved ; and in an excellent

Lff-'

* Anatomie der Réhren-Holothurie des Pomeranzfarbigen Seesterns
und Stein.
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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. 10 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 1 mistake not, exactly the
same number of elements; and the distinet 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. 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 together appearing to do
away with this fundamental simplicity, of being lost in the
labyrinth of perplexing obscurity, which seldom fails to dis-
gust those who attempt to learn the structure of the brain
m the ordinary method.

The three portions may be designated, ganglia or nervous
centres, commissures, and nerves,

The small swellings or nodules of neurine, are the gan-
glia.

The cords which pass between the different ganglia, and
thus connect them together, are the commissures, or appa-
ratuses of union.

The cords which are connected to the ganglia by one
extremity, and the textures of the different organs by the
other, are the werves.

The term ganglion is not the best that might be devised
for the designation of this portion of the nervous system,
as merely signifying a knot : it only characterizes its exter-
nal appearance, without in the slightest degree implying its
function as distinguished from the nerves and commis-
sures.

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

Human anatomists have been too much in the habit of
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considering a peculiar rounded form essential to the consti-
tution of a true ganglion, not usually, therefore, applying
the term ganglion 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 of animals, merely because it differs from them
so much in its outward appearance.

But the fact really is, that if the term ganglion be cor-
rect as applied to the nodules of neurine or centres of
power in the lowest animals, it is equally correct to apply
it to those of the highest ; and it therefore follows that the
human brain is but a series of large ganglia. Their close
connection, 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 thmuﬂfh all the various additions made to its funda-
mental sunpllut.}, up to the perfect but complex organiza-
tion in the human being.

That a peculiar form is not indispensable to the consti-
tution 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 neurine of a semilunar form, lymg between
the dura mater and skull in the temporo- qphennuhl fossa,
through which the posterior root of the fifth pair of nerves
passes, 1s deseribed 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. 1 think, there-
fore, that we are justified in extending the term ganglion ;
and I am quite sure that it would enable us very consider-
ably to simplify the anatomy of the human brain, if we
were to apply it thus to any collection of cineritious neurine
into a circumseribed mass, whatever form or arrangement
it may assume : for instance, the cineritions neurine which
forms the convoluted surface of the hemispheres of the
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human brain, I should denominate the Hemispherical Gan-
glia; for the convoluted appearance arises solely from the
circumstance, that it was necessary a contrivance should be
adopted to pack a very extensive surface into a small space,
on the same prineiple, (and I trust that the homeliness of
my simile will be excused for its simplicity,) that when we
put a handkerchief 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 hemispherical ganglia of the
human brain from their analogous ganglia in the lower
animals, and designating them by a term which gives a
mystery to their character they do not deserve.

It is a great pity that anatomists cannot agree upon some
generic title for the corfical substance of the human brain,
so as to distinguish it from the tubular neurine which, with it,
forms the Aemispheres of the drain. 1t is a distinet ganglion,
and as such ought to have a name ; I gave it that of hemi-
spherical, because it appeared to me the best that could be
adopted: and I think so still; but if any other anatomist had
re-named 1t well, I would have followed him in this edition,
sooner than leave it without a name. There would be just
as much sense in calling the oceipifo frontalis muscle the
cortical substance of the crawium, as there is in calling the
hemispherical ganglion the cortical substance of the brain.

When the physiologist is engaged in the difficult 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, convineing us that
they are intended to carry fluids, and the valves in the
interior, proving to us that those 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 nervous 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

D
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circulating system. The grey or pulpy neurine 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. This cireumstance,
independent of all that has been already advanced, to prove
that the nervous power is generated by the vesicular neurine,
would be almost conclusive,

If it be true, that the cineritious matter alone is endowed
with the faculty of generating or producing power, while
the medullary 1s simply calmhle of cmldmtmg it, we must
conclude that the nerves are not only the instr umﬂnts of
conduction, but that those portions of the human brain
which are formed of medullary neurine must perform exactly
the same funetion, and that the great transverse commissure
or corpus callosum, the longitudinal commissure or fornix,
and in fact all those commissures into whose texture the
medullary neurine alone enters, must necessarily be con-
ductors and not originators of the peculiar powers by which
the nervous system is distinguished from every other. Isit
not then extremely probable that the office of the commis-
sures is to enable the individual to compare those impressions
which are conducted by the nerves of sensation, from the
especial organs of sense in which they originate, as the eye
and the ear, to the hemispherical ganglia, the seat of judg-
ment, memory, &e.?

The vital phenomena which living beings present 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 re-production of their spe-
cies ; while the other elass of phenomena bring them into re-
lation with the external world, informs them of the existence
of smrrounding objects, and, manifested in the activity of the
intellectual idcultles 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 re-
El‘ﬂ{luctiﬂ]l of species are effected, are common to all living

eings, vegetables as well as animals, and there can be no life
without them ; but the second order of functions, the mani-
festation of which proves to us that the individual is capable
of receiving impressions from external nature, and of re-
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acting upon these impressions, showing thereby a conscious-
ness of their existence, is peculiar to animals.

All true physiologists, even from the time of Anristotle,
have observed more or less accurately the distinetion between
these two classes of phenomena, and arranged them accord-
ingly. Aristptle conceived that they might be classified
under three heads,—wvital, natural, and ammal; 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 con-
trolled 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 wital principle, whose
office it is to effect all the various vital phenomena which
are presented to our observation by living beings.

Bichat arranged the functions, like many of his predeces-
sors, under two heads; but instead of referring 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 organie, perhaps
better called vegetative life, and the other of animal life.

The first of these systems in man was formerly designated
the sympathetic nerve, from a belief that it arose from the
brain in a similar manner to the cerebral nerves in general.
Its title of sympathetic was owing to the idea that the
sympathy which exists between all the vital organs was
dependent for its existence on this nerve. The idea that it
arises from the brain is erroncous; for it differs from the
cerebral nerves as completely as the brain and spinal cord
themselves do from the nerves which arise from them. And
the notion being rejected, it has since been called the gan-
glionic system,—a name which I think objectionable, in as
much as it might lead the student to imagine that those
nodules of neurine 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

D 2
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the nervous system in man, it would be better to designate
it the Cyclo-ganglionic or hetero-ganglionic system, as cor-
responding in its mere anatomical arrangement with the
nervous system of the cyclo-gangliated or molluscous divi-
sion of the animal kingdom.

Physiologists were divided in opinion as to which of the
two systems, the sympathetic or the cerebro-spinal, the
nervous apparatuses of the lower orders ought to be referred.
Before the sympathetic system had been acknowledged in
man and the lower animals as distinet from the cerebro-
spinal system, every appearance of a nervous system was very
naturally considered as corresponding to the cerebro-spinal.

But after the sympathetic system was admitted to be
independent in its powers in man and the higher animals,
physiologists, looking only to resemblance in outward ap-
pearance, and not to analogy of funetion, began to maintain
that the nervous system of the lower orders corresponded
exactly to this, the system of vegetative life of the upper.

It 1s now, however, generally believed that where a dis-
tinct nervous system 1is present, and there 1s an evident
separation of the animal from the organic or vegetative
functions, in all probability there are three presiding ner-
vous systems :

1st. The cercbral or brain system.

Hai;lndp The true spinal or excito-motory system of Dr. M.
grd. The sympathetic or cyclo-ganglionic system, the
system of organic life of Bichat.

And though 1t 18 difficult, most probably on account of
its minuteness, in many of the lower animals to demonstrate
the existence of the nervous system of vegetative life, as
distinet from that of animal life, there is very little doubt
that it always exists; and it has in fact lately been demon-
strated in many of the lower orders where its presence was
not previously even suspected.

Dr. Grant, in speaking of the nervous system as deve-
loped 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-spmal
axis ; but the sympathetic nerves, appropriated to the more
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slow and regular movements of organic life, form a more
isolated system, and these three systems are developed
together, almost from the lowest animals.”*

The following Literary history, from Dr. Fletcher's Lec-
tures, of the opinions held concerning the uses of the gan-
ghﬂmc nerves from Galen to Brachet, is so excellent and
comprehensive, that I think its introduction in this place
will be acceptable to my readers. * Before the time of
Galen the ganglionic system of nerves was entirely unknown;
and although by him and his followers, the Arabians, the
existence of this system, as well as its supposed origin from
the superior mamﬁmy branch of the trigemmal nerve, was
pointed out, as well as its other supposed origin from the
abductor nerve was subsequently by Eustaﬂhius, it was not
till the time of Willis that the ganglionic nerves were gene-
rally considered as a part of the nervous system at all.

“ Willis, however, still looked upon them as merely an
appendage to the cerebro-spinal system, and represented
them, both in verbal descriptions 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
Omma, 1745), Meckel semior (Mémoires de Berlin, 1745),
Zinm (ditto, 1753), Hoare (De Ganglia Nervorum, 1772),
Scarpa (De Nerv. Gangl. 1779), Monro (On the Structure
and Function of Nervous Ganglia, 1783), Blumenbach (Inst.
Physiol. 1786), Chaussier (Exposition, &c. 1807), Legallois
(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 nume-
rous other writers, both before and sinee the time that their
independence was insisted on by Winslow, it has become a
very prevalent custom to regard these nerves as of very
secundmy 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 ;

* Outlines of Comparative Anatomy, Part II.
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by Willis as a kind of diverticula to the animal 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.

“ Lancisi looked upon them as forcing-pumps adapted to

ropel the animal spirits along the nerves.

“The doctrine of the mdependence of the ganglionic
system was espoused by Cuvier (Legons d’Anat. Comp.
1799), and particularly insisted on, with his accustomed
eloquence, by Bichat (Sur la Vie et la Mort, 1802), who
repr ESETltB[l all the ganglions of this system as  des centres
particnliérs de vie organique, analogues au grand et unique
centre de la vie animale qui est le cerveau; and who
further demonstrated, not only that all these ganglions
were collectively 1mlepemh,nt of the cerebro-spinal system,
but that each ganglion was independent of every other ;
nay, that cach nerve proceeding from such a ganglion 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 distinet focus of nervous
influence.

“ Richerand (Phys. 1804) and Gall (Anat. et Phys. du
Syst. Nerv. 1810) adopted similar tenets; and they are
further inculcated by Wutzer (De Corp. Hum. Gangl. 1817)
and Broussais (Journal Univ. des Sec. 1818), the latter in
particular deseribing 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, seeretion, and the other organic functions,
and, by means of its repeated connections with the cerebro-
spinal system, all organs of the body.

“ Brachet in an especial manner (Sur les Fonctions du
Syst. Nerv. Gangl. 1823) distincﬂy represents the gﬂngliunic
system of nerves as the seat of * mmperceptible sensation,’
and as presiding in an especial manner over the several
viscera of the body.”

In directing our attention to the relation which the de-
velopment of the nervous system bears to the manifestations
of consciousness in each individual of the animal kingdom,
it is interesting to observe the relative position which the
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nervous system, in its simplest form, holds to the alimentary
canal : we must not, however, attempt to account for this
circnmstance by supposing that the presence of a nervous
system 1s necessary to the solution, digestion, and assimila-
tion 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 existence of the lowest order of animals
appears devoted to the ucquiremr-nt of food and the repro-
duction of their species ; apparently they answer no other
end in creation than that of elaborating 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 construeted for its fulfilment should be sur-
rounded by, and thus mtimately connected with, that sys-
tem (the wervows) by which the anmimal is informed of the
existence of surrounding things, and is fitted to act upon
these to the extent of its limited necessities.

In the animal whichwe have last described, the star-fish,
it is evident that one of the earliest forms of nervous system
which is cognizable to our senses presides over the motive
apparatus of the animal. But, let it be remembered, it
does not follow that such motions necessarily indicate any
volition or consciousness on the part of the animal execut-
ing them. 'The nerves of the star-fish, like the spinal nerves
mm man, may most probably be divided into two classes,
the exzcifo and the motory, or the incident and the reflex ;
the motor nerves arising in the gangha, and distributed to
the arms,—the excitor arising round the mouth, and
terminating in the ganglia. In this individual all the gan-
glia are of equal dimensions, none predominating in size
over, or differing in function from, the rest; there is no
concentration of power : all is equnll}r diffused. The office
performed by the nervous system, even of this simple animal,
cannot be understood without a further knowledge of Dr.
M. Hall’s view. Our readers will then be better prepared
to understand the function of the various ganglia of the
Articulate and Molluscous divisions of the animal kingdom.
They will also, after seeing these ganglia scattered about the
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bodies of the lower animals, again recognize them in a more
concentrated form in the human being, and thus receive a
clue to their analogies in the human being, when they are
presented in a more concentrated form.  Dr. Marshall Hall,
in the preface to his first work on this subject, thus states
his views : ¢ First, That thereis a source of muscular action
equally distinet from voluntary motion, and from motion
resulting from the irritability of the muscular fibre. Second,
That there is a series of incident ewcifor merves, and of
reflex motor nerves, which, with the true spinal marrow as
their centre or axis, constitute the frwe spinal system, as
distinguished from the cerebral, through which that mus-
cular action is exeited. Third, That the ingestion and eges-
tion of air and of food, and the action of the orifices and
sphincters of the body, are dependent upon this system.
No physiologist has observed that the action of the laryna
and pharyne \n deglutition and vomiting, and in respiration,
and that of the sphincters, continnally depends upon the
spinal marrow and certain exeifor and mofor nerves.®

“The eyelids close when the eyelash is touched, through
the same agency of excifor and mofor nerves, and of the
spinal marrow.”

Respiration has been shown to depend upon the medulla
oblongata. But this part of the spinal marrow has been
erroneously supposed to be the sowrce and primum mobile of
this function ; whereas Dr. M. Hall believes he has ascer-
tained that the pneumo-gastric is that primum mobile, as
the principal ezcifor nerve of respiration :

“The action of the ejaculators obviously depends upon
the same excito-motory or true spinal system.”

The fourth of Dr. Hall’s views is, *“ That the true spinal
system is the exclusive seat of convulsive diseases.”

The fifth 1s, ¢ That the same system is the seat of action
of certain causes of disease and of certain remedial agents.”

Legalloist and Mr. Mayo} have shown *that distinet

“% Tn order to see the proofs of this remark, the reader need only turn
to the justly popular works of Mayo, * Physiology,” ed. 3. pp. 113, 114,
361, &c.; and of Magendie, ed. 3. & 11. pp. 65—68, 132, &ec.

T (Euvres, Paris, 1824, p. 62, &e.

1 On Human Physiology, pp. 230, 231.
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portions of the spinal marrow have distinet functions ; but
these functions have been confounded with sensafion and
with voluntary and instinctive motion, and have remained
both unexplained, and without any application to physiology
or pathology.”

Dr. Hall left to others the task of applying his principle
to the elucidation of the physiology of the nervous system of
the lower animals. Mr. Grainger was the first who pointed
out the instruments by which these excito-motory actions
are performed in man, and their analogues in the lower
animals. ;

In his admirable work on the spinal cord he thus ex-
presses himself : ““The anatomical characters of the in-
vertebrated amimals afford, however, the most striking
evidence of the true formation of the spinal cord, and
corroborate, In a manner not to be mistaken, the account
that has been given in the preceding pages, of the anato-
mical arrangement of the spinal nerves.  In the immense
division of thc Articulata, 1t 1s found that the nerves of the
body are attached to masses of a granular grey substance,
but hitherto the true relations existing on the one hand
between the nerves and these masses, and on the other
hand between the latter and what is considered as the
brain, have not been determined. A ecareful examination
however of that descending and, as it were, graduated
scale which is formed by the nervous system in the animal
kingdom, consequently demonstrates that the Articulata
possess parts which are the exact analogues of the strue-
tures that exist in the Vertebrata. It was surmised by Sir
C. Bell, that there exists, from the worm up to man, a
series of nerves subordinate to sensation and volition, con-
stituting what that profound physiologist called the 1egn]m'
or s}rmmetucﬂl nerves,—a supposition which has been in
part realized by the beautiful discovery of Newport, who
has proved the identity of the gangliated thread of the
Articulata with the spinal cord of the vertebral animals.
This writer has not, it is true, referred to any division of the
motor and sentient nerves into two orders of fibres, similar
to those which are capable of demonstration in the Verte-
brata, nor have T been hitherto able to detect such an
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arrangement ; but, when we consider the remarkable in-
tricacy and minuteness of the whole structure in these
animals, and recollect how lately even the two roots them-
selves have been discovered, it may be well permitted us to
doubt if the entire anatomy of these nerves 1s yet known.

It is seen on inspection that the nerves are attached, as
has already been stated, to the ganglions, which bodies are
themselves connected by a few delicate longitudinal threads,
which also extend from the uppermost ganglion to the
brain. Now from the analogy of the vertebrated animals,
it may be assumed that these threads consist in part of
longitudinal commissures, by which the ganglia are com-
bined in their functions, and in part of true sensiferous and
volition filaments, which terminate in the brain. In de-
scending the scale, from the most perfect animal to the
lowest classes in which a symmetrical nervous system
exists, it is seen that exactly as the motions of the body
become independent of the brain, the nerves contain a
larger proportion of those fibres (the true spinal) which
terminate in the substance of the spinal cord, and fewer cere-
bral. But it is most erroneous to assert, as some authors
have done,® that in the invert¢brated animals the spinal
cord is not directly continuous either with the brain or
with itself: on the contrary, wherever there is a grey mass
in the head, however minute, which corresponds in office
with the brain, a connection with the nerves through the
medium of the spinal cord is indispensable to the exercise
of that voluntary control over the motions of the body
which in these instances always exists.

In the invertebrate animals thus endowed, there is in fact
no difference in the type of the cerebro-spinal axis, when
contrasted with that of the Vertebrata ; there are innume-
rable varieties of form, but in every instance the essential
structures have a real existence.t

Dr. William Carpenter followed Grainger in this path,
and in the fullest and in the most philosophical manner
has brought the anatomy of the Mollusca to elucidate this

# TFletcher’s Rudiments of Physiology, PL. 2 b. p 87.
+ Observations on the Structure and Functions of the Spinal Cord, by
R. D. Grainger. 1837.
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subject. Dr. Carpenter enunciated his views in his inau-
gural Thesis, printed in 1839.%

I shall avail myself largely of its contents in the follow-
ing observations on this subject. In his Introductory Re-
marks he says, “ One of the principal objects which the
author has kept in view, has been to ascertain how far
Dr. M. Hall’s doctrine, regarding the distinetness of the
excito-mofor from the seasori volitional system of nerves,
accords with the data furnished by comparative anatomy.”

One great advantage to be gaimed by studymg the ner-
vous system of the invertebrate class of animals 1s, that the
centres are so completely isolated, and the merves which
they distribute so easily traced, and the organs they supply,
that it is much easier to discover the probable office of each
individual ganghon than it is in man, where they are so
closely packed, and the connections of all so numerous, that
it is not easy to decide so accurately over what organs, or
sets of organs, each nervous centre presides.

Our next illustration shall be selected from the Mollus-
cous division of the animal kingdom, not because it comes
next in the ascending scale of animal life, but because,
from its simplicity, it is best suited to our purpose. It is
from the class Tuxtcara ; in external appearance they seem
but little raised above the Sponges, the greater part of them
pass their whole lives in one situation, attached, like the
Corals, to the rocks—many of them are associated on one
stalk, like the Polypes.

These animals are enveloped in a tough elastic tunie
(the analogue of the valves of the Conchifera), and within
this 1s found a muscular coat, consisting of fibres Crossing
each other in various directions, by which compression may
be exercised on the contents of the cavity it surrounds.
Two openings penetrate these sacs ; one, termed the bran-
chial, admits water to the general cavity, partly for the
purpose of aerating the blood, and partly to bring food to
the digestive orifice ; the other, termed the anal, gives exit
to the current which has passed over the respiratory surface,
and also to the contents of the intestine and ovaria. These

* Physiological Inferences to be deduced from the Nervous System of
the Invertebrated class of Animals.
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openings are bounded by distinet circular sphincters, with
which radiating muscular filaments are intermixed, that
extend in longitudinal bands over the surface of the sac.

By means of this apparatus, the animal is capable of
diminishing the capacity of the branchial sac, and thus of
ejecting, with considerable force, a part of the water it
contains ; whilst the elasticity of the external tunic spon-
tanmuasl_', restores its usual dimensions when the contract-
ing power is inactive. No movements of this kind, how-
ever, are commonly employed either for the respiratory pro-
cess or for the prehension of food.

A continuous and equable current of fluid enters the
branchial orifice, and is propelled by the anal, without any
other visible phjrsn:al agency than the movement of the
cilia, which cover the aerating surfaces. The mouth, or
entrance to the stomach, 1s situated at the entrance of the
branchial sac, and is unprovided with any special sensory
apparatus ; it seems to derive its supplies from the respira-
tory cwrrent alone, and not to depend upon any prehensile
movements ; but particles unfit to enter it are probably
stopped at the branchial orifice. Moreover, as each animal
possesses within itself all the organs necessary for the pro-
pagation of its race, and as these appear contrived simply
for the passive evolution of germs, no powers of active mo-
tion are called into exercise by the performance of this fune-
tion.

So far as the regular vital operations are concerned,
therefore, we see indications of voluntary actions in these
animals, or even of that kind of respondence to impressions
which would lead us to suspect the existence of a connected
nervous system. But in the simultaneous contraction of the
whole muscular sac, which is oceasionally witnessed, we can
scarcely fail to acknowledge the operation of nervous agency.

If one of these amimals be touched when its cavity 1s
full of water, a jet of fluid 1s thrown out to some distance,
and sometimes a number are so closcly impacted togct]m
on the rocks, that the impression given to one, causes it
suddenly to retract, which acts also on the one next to i
and so on throughout several of them, and each in con-
tracting throws out a quantity of water. We find accord-
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ingly, on examining into the characters of the nervous
system, that it is most simple in its structure and distribu-
tion. We have here no repetition of parts, as in the Radiata,
and one ganglion serves as the centre of all the actions to
which this system ministers. This ganglion lies between the
two orifices, and sends filaments towards each, as well as
others that ramify upon the muscular sae, to which they
seem almost exclusively confined.

In fig. 11 are seen the position of the Fig. 11.
ganglia and the distribution of its filaments
in Ascidia mammillata. The nervous filaments
which pass to the branchial orifice, diverge to
enclose it, and meet again beyond, so as to
form a complete ring.

The only organs of special sensation that
this animal can be regarded as possessing, are
the tentacular filaments which fringe the in-
terior of the branchial orifice. Although no- —
thing is absolutely known of their funetion, it asctismammiae,
would not seem improbable that they are (Cuvier) a. brancn:
susceptible of impressions from substances = Ganin, with ra:
entering with the respiratory current, which ™"
being propagated at the ganglion may excite the closure of
the sphineters by means of the motor nerves, and thus
prevent the admission of mjurious bodies. Should this be
the case, we can hardly regard the action as of more than a
sympathetic character, since the closure of the sphincters in
the higher animals is, in like manner, independent of the
impulse of volition, although capable of being influenced by
it. It would seem probable, too, that by the same sphine-
ters 1s regulated the quantity of water which shall enter for
the supply of the respiratory and digestive organs, in accord-
ance with their requirements, communicated m like manner
through the ganglion, and the ciliary movements would ap-
pear to be under the same control (although not so in
the higher animals), since mm those beings which make use
of them in the acquirement of food, such as the common
wheel animalcule, they stop and re-commence in such a
manner as to prevent the observer from assigning any other
cause to their variations.
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Passing from this polype-like Mollusk to one a little ad-
vanced in the scale of existence, and which, though still
chained to the rocks during its whole existence, has some
slight power of taking cognizance—we refer to the oyster.
It has no locomotive power; almost the only muscular
power it enjoys is that by which it closes its shell, its open-
ing being accomplished by the elasticity of a ligamentous
hinge. Garner® has stated that distinet, though very
simple, organs of vision may be observed on the margin of
the mantle. It has long been known to fishermen that the
shadow of a hoat passing over a bed of oysters will cause
them to close their shells: this we can hardly suppose
would occur, if they were not supplied with some form of
the apparatus of vision.

The sensitive tentacula which guard the alimentary canal
are now developed from the true mouth, and two pairs of
long flexible tentacula, or palpi,
with which the mouth is furnished,
f seem &usigzleﬂ to guard _it-s orifice.

F =y The prineipal ganglion in the
oyster (fig. 12, B) 1s situated by the
adductor muscle, between the
;,, ! branchi ; it may be called the pos-

1 terior ganglion ; it is the analogue

— = of the ganglion in the creature we
: l N 2 have just been examining, (the
2 i \ , . Ascidia,) and, like it, receives its

Fig. 12.

command from the respiratory sur-

)i T~ face and the mouth, by the excito,
/ By 4-‘;_\__. or afferent nerves, which arise
\ there, and terminate in the ganglion.

Like it, it stimulates to contraction

Nervous system of oyster. (Garner.)

A A. Anterior ganglia. 8. Posterior thl.'-'} ﬂdd“ﬂtﬂr n]us-l}le ﬂf thﬂ Bhel].
or branchial ganglion inlobed. @ a. .

Branches to month. o Ditto o gills. ItS ﬂllﬂl[}gllﬂ 111 1an ﬂﬂd t-hﬁ vﬂl‘-
d d. Connecting trunks. & Transverse .

;ITrE’cs, 11nilinr anterlor ganglia. tE:h].‘ﬂ.ta. gﬂnﬂ]‘ﬂ“y, 13 t-}'le mEdunﬂr
it oblongata, in which the ganglia of
the pneumogastric nerves are situated. In addition to

this ganglion, there are two small ganglia (a) situated near

# Linnean Transactions, vol. xvii. part iv. p. 485.
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to the mouth, and the rudimentary organs of sense which
guard the alimentary canal. Whatever consciousness this
animal enjoys of external nature, is most probably depen-
dent on these ganglia—they are the analogues of the cerebral
ganglia in man. The oyster, as we have seen, has no
power of locomotion, no instroments of progression ; but
in the same class, the Conchifere, or shell-bearing Mol-
lusks, we find some endowed with the power of moving
from place to place.

The organ, which is a single one, and is called the foot,
is a firm muscular structure ; sometimes it is employed in
burrowing in mud and sand, and sometimes in executing
sudden and rapid motions—true leaps—by which the
animal is enabled to change its place with great celerity.
The interesting point to us is not the existence of the
contractile muscular organ, the foot, by which the mo-
tion is effected, as the piston of the steam-engine is by
the expansive power of the steam, but the existence of a
little bit of vesicular neurine, from which this muscle derives
its order to contract and move the anmimal, and without
which neurine the muscle would be powerless, paralyzed
and flabby.

“Wherever the foot exists in the Conchiferee,” says Dr.
Carpenter, “ we find an additional ganglion in close rela-
tion with it, being usually situated at its base, and following
its changes of position, as well as corresponding with it
in degree of development,”—the pedal ganglion.

In these Mollusks we have here, then, the ecephalic
ganglia, or brain, the instrument of consciousness and
director of all voluntary movements; the posterior re-
spiratory ganglion, or medulla oblongata, belonging to
the excito-motory system, directing the respiratory move-
ments; the pedal ganglion, exeiting all the mstinetive
motions of the foot, the analogue of one segment of the
spinal cord in man, or one of the ganglia composing the
jointed cord in inseets. It is important to remark,” says
Dr. Carpenter, “ that whilst the pedal ganglion and the re-
spiratory ganglion are always connected with the anterior
ganglia, or cerebral ganglia, they are never immediately
connected with each other. This would seem to indicate
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that their functions are distinet, though partly dependent
on the influence of the anterior ganglia.

The next class of Mollusca, the Gasteropoda, are known
to us in the familiar forms of the snail, the slug and the
limpet. The creatures are much advanced, in their rela-
tions to the external world, above the oyster and the
conchiferous Mollusks we have just been considering. They
enjoy the sense of sight and smell, and having thus the
power of distinguishing their food, have a more perfect
organ of locomotion to enable them to seek and select it.
The union of two individuals is necessary for the re-produc-
tion of their species, and we find, in accordance with higher
powers, larger and more numerous ganglia for their executing
their motions. In some of the species, as in the limpet,
for instance, we find these centres of power very distinet,
while in others, as in the common slug, there is no
anatomical line of distinction, and they are so united, that
we can only demonstrate their individuality by referring
to the nerves connected with them. This fact has an im-
portant bearing on the anatomy of the human body, and
teaches us that we must not there look for an anatomical
line of demarcation as necessary to decide on the individu-
ality of the gangha.

We shall find, when we come to the dissection of the
medulla oblongata, that there are two ganglia imbedded in

Fig. 13, its substance, so closely connected, that we
can scarcely distinguish them except by
observing the connection of their nerves.
The anditory and pneumo-gastric ganglia
are here referred to. In the patella, or
limpet, (see fig. 13,) we observe at the
fel base of the tentacula, and rather anterior
Nervous system of me ti€Yefore to the cesophagus, a pair of

patella, or limpet. (Gar-

Por) s, Cemnaiic wn. ganglia (A A), which evidently correspond
e peast. . Phannges. 10 the anterior ganglia in the Conclifera,
s which are connected by a commissural band
passing over the cesophagus. These, however, not only
send nerves to the tentacula, but are also connected with
their eyes, which are situated at their base. Beneath the

esophagus, and connected by fwo trunks with each of the
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cephalic ganglia, we find a broad mass, which, on examina-
tion, appears fo consist of four lobes placed in a line.

The two inner ones (¢ ¢) send nerves to the foot, and are
thus analogous to the pedal ganglia of Conchifera. These
are connected with the cephalic ganglia by one of the trunks
which we observe on each side. Externally to them are the
branchial ganglia (B B), which are also connected to the
cephalic ganglia by a separate frunk, and with each other by
a filament, which may be distinetly traced through the
pedal ganglia.®

“ Besides these nerves, we find in the patella, as well as
among the Gasteropoda in general, a separate system con-
nected with a very important set of organs, the gustatory
and the mandicatory, which are but slightly shadowed out
among the Conchifera. In these animals we find the ceso-
phagus dilated at its commencement info a muscular cavity,
with a curious rasp-like tongue, which
serves to reduce the food, often sup-

rted upon cartilages, and sometimes

u-nmhc-c} with horny maxillee. The
nerves which supply these do not pro-
ceed directly from the cephalic gan-
glia, but are part of a distinet sys-
tem, which sends its ramifications
a,lrmn- the cesophagus and stomach, and
which is occasionally connected with
the first by inosculating filaments.
In the Limax afer, or common slug,
we find the cephalic ganglia (A A)
united into one large bilobed mass,
lying completely above the cesopha-
gus. Another large mass or sub- f |
csophageal ganglion forms the lower -
part of the ring, and is connected i
with the first by two trunks on each  Nervous system of the common
side. A little examination will show ;::L';h“f'lj E!r:nﬁaui‘f’mé"'ﬁ'ﬂi
that this ganglion, like the similar ~
mass in the patella, is composed of two pairs of nerves,
having distinet functions. The branches from the outer

* Garner, log. cif.
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ortion (8) are principally distributed to the respiratory sac,
and this will, therefore, be analogous to the outer or bran-
chial portion of the ganglionic mass in the patella, being,
like it, connected immediately with the cephalic by a trunk
of its own. The inner portion (c) does not send its branches
to the foof in particular, but to the general muscular sur-
face in which this organ is, as it were, lost, and of which

Fig.15.  Fig. 16.

the whole body is concerned, in the
progressive movement of the body.
Hence we may fairly regard this as a
locomotive ganglion. Two small pha-
ryngeal ganglia are found within the
principal ring, connected as usual
with the cephalic.”*

The next specimen of a nervous
system to which we shall direct our
attention is taken from the third sub-
kingdom, the Homo-Gangliata, or Ar-
ticulated 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. Tig. 15, taken from Dr.
Grant’s Outlines of Comparative
Anatomy, represents the nervous sys-

15, From Grant's ountines or tem of the common sandhopper, or

Comparative Anatomy. Nervous
system of the Falitrus Locusia, or
commen  sandhopper.  All the
ganglia, eleven in number, are of
nearly equal size; the two first,
which are tha aupra—cnsnph:am‘al.
searcely excreding in dimonsions
any of the others. The azophagus
rins between the two first pairs
af Fanglin

i6. Alzo from Grant's Outlines,
&¢., presents the nervous system
of the Cymothma. The @sopha-
geal ring very distinet, but the
supra~ezophageal ganglin scarcel
developed. The two longitudin
cords with the paira of ganglia
united so0 as to form a uniform
cord.

Talitrus Locusta ; and 1t will be seen
that here, likewise, all the ganglia are
of nearly equal size, and nearly at
equal distances. The cephalic gan-
gla are the most anterior, and are a
little larger than the rest; the respi-
ratory ganglia are on the side, and
detached; and the pedal ganglia,
which are numerouns, are situated in
the separate segments of this jointed

body. It will be seen that the cerebral and spinal ganglia
placed on the same side the mesial line are connected together
# Dr. Carpenter, op. cit.
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by two sets of longitudinal fibres, cercbral columns of voli-
tion and sensation. The fibres which connect corresponding
ganglia on opposite sides of the mesial line are analogous to
the corpus callosum in the human brain and transverse
fibres in the spinal cord. This form of nervous system is
seen in the embryos of the higher orders of the Crustacea.

The next step onwards in the evolution of the nervous
system consists in the approach and close connection of the
two longitudinal cords, and their accompanying ganglia, or
to the concentration of these into apparently a single cord
as well as single ganglia. This form 1s beautifully illustrated
by that of the Cymothea (fig. 16).

We have already seen how much the arrangement of the
ganglia of the Mollusca confirms Dr. M. Hall’s theory of an
excito-motory system of nerves. But the recent resecarches
of Mr. Newport into the anatomy of the nervous system of
the Myriapoda completes more perfectly the chain of evi-
dence. Indeed, so satisfactory to my mind are his dis-
coveries of the existence of a distinet set of nerves for the
execution of the mstinctive movements, that I have no doubt
whatever that there is exactly the same simple arrangement
in the structure of the spinal cord of all vertebrate animals,
not excepting man, though at present we have not been
able to unravel it with our dissecting knives, or trace all its
component fibres with the microscope.

The Myriapoda, of which the common eentipede is a fami-
liar example, have several cephalic ganglia sitnated at the
anterior extremity of the body, and connected with the organs
of sense, the eyes, antenna, &e. Mr. Newport states,® that
in the embryo of Necroph. leophagus (Geophilus), longicorais
(Leach), at the moment of bursting its shell, the brain is
composed of four double ganglia, the centres of a correspond-
ing number of segments, which are then becoming aggregated
together, so as to form this single moveable portion of the
head of the perfect animal; so that the brain of the Myria-
poda, and probably of all the higher Articulata, is in reality
composed of at least four pairs of ganglia. The first gan-
glia being devoted to the nerves of the antenna, may, I
think, be regarded as analogous to those which we shall see

* Phil. Trans. 1843, p. 248,
E 2
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i the Vertebrata devoted to the olfactory nerves. The next
mass in the perfect insect, as in the embryo, I conclude con-
sists of two pairs, composed of the hemispherical or volitional
ganglion, and the optic ganglion. This view of the homology
of the second pair of ganglia will be better understood by the
student when we come to the brain of the Fish. Tt is very
clear that it is not solely the optic ganglion, in as much as it
exists even when the organs of vision are entirely wanting, as
in the whole of an extensive family of Chilognatha,—the
Polydesmide. The next pair supply the mandibles and
maxille. Emanating from these ganglia, there are nervous
cords, like the crura cerebri in man, which run down and
enter into the composition of the spuml cord, similar to
those we have just observed in the Zalitrus. These, he con-
siders,are the conductors of volition and sensation,and give off
minute branches at each segment of the body to each of the
spinal nerves: as the powers of volition and perception are
VEry ]ﬂ“ 50 are t]lﬂ"iE l]'l"'-tl uments \’[‘ﬂ l'l].'l:E'“.ltf.’I J.hﬂ Srﬂﬂ'l].
cord, as a whole, is very large in proportion to the brain,
because its g'mgln and their own especial nerves, consti-
tuting the exeito-motory system, or system of instinctive
and unconscious movements, are large and predominant.

The ganglia of organic life, the analogues of the so-called
sympathetic nerve in man, are also very fully developed ;
distributed in a great part to the salivary glands.

The visceral ganglia in Iulus are of most extraordinary size,
being nearly half as large as the brain itself. 'There are
four on each side the cesophagus, closely conneeted in one
series, extended along the cesophagus as far as the mddle
of the first or pro-thoracic segments, giving off branches
of nerves to the immense salivary glands, to the cesophagus
itself, and smrrounding structures. They exhibit the appear-
ance of grey nervous matter inclosed in a distinet theea.

They communicate with the vagus nerve, which, after
passing beneath the brain, forms a minute ganglion imme-
diately behind it, which is also connected to the lateral gan-
glia by a very minute branch on either side. It then passes
along the cesophagus, and forms the second larger rounded
ganglion first mentioned as connected to the last of the
lateral ganglia. After this it continues its course backwards,
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half way along the cesophagus, and then divides into two
branches, which are given off, as in insects, to the posterior
part of this or gan, and to the cardiac extremity of the stomach.

One of the most interesting circumstances connected
with the development of the nervous system i lulus 1s the
relative size of the brain as compared with that of these
ganglia of the viscera. *“ In these inferior Myriapoda,” says
Mr. Newport, “in which the power of locomotion is distri-
buted qum]h to every segment of the body, the brain itself
forms but a small proportion of the whole nervous system,
and the faculties of sense are less perfect than in insects ;
while the nerves of organic life, and their ganglia, are nearly
equal in volume (as in Iulus) to the whole brain, the organ
of volition. The very reverse of this is the case in insects.”

“In those in which the faculties of sense, more especially
of vision and smell, and the power of voluntary motion, are
carried to their greatest extent—as in Volant insects, the
gregarious Hymenoptera, Neuroptera, and Lepidoptera—
the volume of brain bears a much larger proportion to the
rest of the nervous system, and the ganglia of organic life
a smaller. This is more especially the case in the perfect
insect, in which the volume of the brain is not merely rela-
tively, but actually, increased in size during the changes
from the larva to the perfect state ; thus leading to the in-
ference, that the importance of the visceral nerves is gra-
dually diminished in proportion as those of active volition
and active existence become augmented.” *

“ The spinal cord in the Myriapoda is extended from its
commencement in the erura of the brain, and medulla ob-
longata, or first subesophageal ganglion, to the antepenul-
timate segment of the body, and 1s almost uniform in size
throughout its whole length. Tt is slightly larger than
its m]tel'mr and smaller at its posterior Ehtlﬂl‘ﬂlt}, than in
the middle part of its course. In Julus ferrestris it has
ninety-six very minute ganglionic enlargements situated
entirely on the under surface of the cord, and so closely ap-
proximated together as not to be observable except on very
close inspection. Each of these enlargements gives off two
pairs of nerves, one of which, on the under surface, 1s given

¥ Op. cif.
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to the legs, and the other, on the lateral and superior surface,

to the sides of the body ; so that the whole number of ner-
vous trunks from the cord, including those from the me-
dulla oblongata, is ninety- four pairs to the head and sides of
the body, and ninety-two pairs to the legs, making in the
whole 186 pairs, or 372 nervous trunks from the cord, ex-
clusive of those which belong more immediately to the brain.
Bach enlargement of the cord gives off at its upper and
lateral swrface a single nervous trunk, which passes out-
wards some distance as a single nerve, but which in reality in-
cludes two distinet sets of nerves, that separate as principal
trunks at the inner side of the great longitudinal series of
abdominal muscles.”

The anterior of these trunks is the analogue of the re-
spuﬁtm}r nerves of insects, and passes across the upper
layer of these muscles, on their visceral surface, giving off
to them many minute branches.

The Structure of the Cord is thus described by Mr. New-
port : < The formation of the great abdominal cord in the
Iulidze, by the lateral approximation of two distinct por-
tions, 1s indicated on its upper surface by a slight median
sulcus, and on 1ts under surface by a slight longitudinal di-
vision between the two approximate gangha that form each
of its enlargements. Each of these lateral divisions of the
cord in Iulus, as formerly shown in the Scolopendra and
other Articulata, is a compound structure, formed of two
distinet series of longitudinal series or colomns of fibres,
which, notwithstanding the different explanation that has
been given of their function since 1 had the honour of first
describing them to the Royal Society, are quite distinet
from each other, although closely approximated together.
By the aid of means superior to those formerly employed in
my investigations, I now find that the abdominal cord con-
tains other structures besides those already described.”

“In my former communication to the Royal Society I in-
dicated the existence of fibres that run transversely through
the ganglia of the cord in the larva of the common butterfly,
and similar structures have since been shown by Dr. Car-
penter in other Articulata, and applied to explam some of
the reflex phenomena of the nervous system, in accordance

h---.--
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with the theory promulgated by Dr. M. Iall. But besides
these two sets of longitudinal fibres, and the series that pass
transversely through the ganglia, there are other structures
in the cord that have hitherto been Fig. 1.

entirely overlooked. These are the

fibres that run longitudinally, in part _JJ [ lm o]
of their course, at the sides of the =
cord, and enter into composition of m ,

all the nerves from the ganglia. These I s
fibres I shall designate the fibres of re- vpper surtace of the cora i
inforcement of the cord.”—(Fig. 17, f.) g of the cord. "o v, Superior
““ The superior longitudinal set of moiriiact. / Fiores of remmorcer
fibres of the cord, which I formerly ™ s Commissural.
described as the motor tract, and to which the function of
volition seems still to be accorded by Valentin, Carpenter,
and Baly, is extended in Iulus, as m other Articulata, as a
separate fasciculus along the upper surface of the cord; but
in these Myriapoda it is much narrower in proportion to
the whole width of the cord than in insects. The fact is
interesting in reference to its presumed function. On a cur-
sory inspection it does not appear to give off any branches,
but seems to pursue its course uninterruptedly along the
whole length of the cord.
It does not indeed give off
filaments to the nerves from
a ganglion immediately op-
posite their origin, while
passing over that ganglion,
but immediately it has
passed one ganglion it gives
off the filaments that pro-
ceed to the nerves from the
next ganglion. These fila-
ments seem almost imme-
diately to join with others
that be]gng to the sides of Under surface of the esrd in Spiro strepfus.

i I!hi.“n']_mrtil a. Inferior longitudinal fibres—sen-
ﬂlﬂ Cl}l"d, ﬂl'l{]. ]_]EES 'Ul'l.t- “r]th d' tract, b, Iinilimgca nfrnmfnrcemeut o. Nerves.
. . Commissural fibres.
them into the nerve from
the next ganglion along its anterior surface.”

“T'lus 1s almost precisely the manner in which the filaments
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from the aganglionic column in the Crustacea are united
with those from the ganglionic, as formerly shown in my
description of the nerves in that class, when the existence of
the lateral fibres of the cord was unknown to me. The in-
ferior longitudinal or ganglionic set of fibres (fig. 18, a) of
the cord affords many interesting considerations. It is
placed, exactly as in insects, on the under surface, but, like
the upper series, it is narrower than the whole cord, of which
it forms a part. It is formed of a longitudinal series of
fibres, like the upper track, beneath which it is placed, and
from which it is divided by some of the fibres that pass
transversely through the cord, and which enter into the
composition of the nerves from the ganglion on either side.
It appears also to receive filaments from the upper series,
and perhaps others are sent from it to the upper, thus de-
cussating each other m the middle substance of the cord
when these two longitudinal series are in close apposition ;
since it is almost impossible, even in the large nervous cord
of Scolopendra, to separate the two tracts from each other,
although their distinetness is evinced in their relative size
and longitudinal lines of separation.”

“ But there is one fact of great interest in regard to these
ganglionic series of fibres. Almost the whole of the fibres
of which it is composed are traceable in the Iulide directly
through each enlargement of the cord, which they mainly
assist to form. At the anterior part of each enlargement,
the diameter of each fibre, or fasciculus of fibres, appears to
be slightly increased, and ifs structure becomes more soft and
delicate. While passing through these ganglionic enlarge-
ments, occasioned chiefly by their own inereased diameter,
the fibres take a slightly-curved direction outwards, and then
inwards, but are reduced to their original size, aml assume
the longitudinal direction, on again forming the ganglionic
portion of this tract of the cord. This structure of the fibres
15 well seen in Iulide and Polydesmidee, as 1 shall here-
after again have occasion to refer to more especially, with
reference to the true structure of ganglia. 'The fibres are
traceable most distinctly in the Inlide (fig. 19, 7).

“These are the structures to which I formerly assigned the
function of voluntary motion and sensation, and to which I
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am still inclined to believe they minister, since the fibres of
which both are composed are traceable to the erura of the
brain. Whether these functions are restricted separately to
the two structures as I first imagined, the one to the upper,
the other to the inferior series, or whether they are admi-
nistered to conjointly by both, through an interchange of
fibres, it is almost impossible to determine by any decisive
experiment on these amimals, although the structures them-
selves are distinet. But in the absence of experimental
proof, there are circumstances connected with the distribu-
tion of the nerves to the extremities which seem to indicate
that these low forms of Articulata are endowed with a
power of sensation and feeling far beyond what has of late
been adjudged to them by some physiologists.”

“1In some of the gigantic Spirostrepti and Spiroboli the
legs are adapted for climbing up the trunks and branches
of trees, by the under surface of the first and second basilar
joints of the tarsi being developed into a soft cushion or
pad, as in some insects; and to these limbs, I have found
the nervous fibres more extensively cistributed than to any
other,—a fact most strictly analogous to that of the distribu-
tion of nerves in the tactile parts of the limbs of Vertebrata.”

“Those fibres of the cord which seem to be independent of
the sets just deseribed, and which do not appear to have any
direct communication with the great seat of sensation and
volition—the brain—are of two kinds, which may justly be
regarded as involuntary in their functions. The first of
these are the commissural fibres, (figs. 17, #; 18, d,) which
pass through the ganglia; and the second are those which
have hitherto been undeseribed, and form the sides of the
cord (/) in the interspace between the ganglia or between
certam nerves distributed from them—the fibres of reinforce-
ment of the cord.”

“The fibres of reinforcement of the cord form the lateral
portions of the whole nervous cord of the body, and enter
mto the composition of all the nerves. They constitute, as
it were, circles of nervous communication between two
nerves that originate from the cord at a greater or less dis-
tance; and form part of the cord in the interval between
these nerves, and bear the same relation to the segments,
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mdividually, which the cord itself does to the whole body.

They form a part of the nervous trunks which come off
from its upper, or aganglionic tract, as well as of those
which proceed from the ganglionic Ellldl‘gEl’l'lEIltS in the
lower, and in each instance they bound the posterior side of
one nerve and the anterior of amother, to which they pro-
ceed along the side of the cord, forming in the interspace a
part of its structure. Each fibre may thus be traced from
its peripheral distributions, in the structures of the external
surface of the body, inwards along the course of the nerves,
on their posterior surface to the cord, where its direction 1s
altered from that of the nerve transversely inwards, to that
of the cord on which it is reflected, and passes longitudinally
backward ; thus forming a part of its external surface until
it arrives at the root of the nerve, to which it 1s to be dis-
tributed, and along which it again passes transversely out-
wards, bounding the anterior surface of the nerve to its dis-
tribution on the lateral surface of the body. These fibres
of reiforcement form a large proportion of the whole cord,
and enter into the composition of the upper anterior, and
part of the inferior, surface of the root of every nerve in
their course inwards to the cord; and of its posterior and
inferior surface on their again pr uceedmg outwards. In this
manner these fibres of remforcement connect all the nerves
of the cord on one side of the body, as the corresponding
fibres do those on the opposite side. They form, as it were,
double, triple, or quadruple cireles, one within the other.
Thus the fibres that pass inwards along one nerve may pro-
ceed along the cord to pass outwards again on the front of
a second, a third, or a fourth, linking the segments in one
continued series of nervous communications independent
of the braim. But these communications exist only between
nerves on the same side of the body, and not between
those on the opposite. The commissure nerves connect the
opposite sides of each individual segment, as those of re-
inforcement do the same sides of two separate segments.”

“ Every nerve from a ganglionic enlargement of the cord
is thus composed of four sets of fibres, an upper and an
under one, which communicate with the cephalic ganglia; a
transverse or commissural, that communicate only with the
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corresponding nerves on the opposite side of the body ; and
a lateral set that communicate only with nerves from a
ganglionic enlargement on the same side of the body, and
form part of the cord in the interspace between the roots
of the nerves. It is by the successive additions of these
lateral portions of the cord that its size is maintained
almost uniformly throughout its whole length in the elon-
gated bodies of the Myriapoda. On examining the cord
very closely, I have reason to believe that the upper and
inferior sets of longitudinal fibres, the ganglionic and the
aganglionic, are somewhat smaller at their posterior than at
their anterior extremity, a circumstance readily understood
in the fact that successive series of filaments are given off
from them at each distribution of nerves from the ganglionic
enlargements, while the relative size of the lateral portions
of the cord appears to be greater in the posterior than in
the anterior. On this account I
have named these lateral fibres,
fibres of reinforeement of the cord.
In regard to the identification of
these fibres, it may be well further
to state that their separate exist-
ence is indicated chiefly at the
postero-lateral margin of the gan-
gha, (fig. 19, /,) where they are
seen to form part of the nerves and
cord without passing upwards to
the brain. In other parts of their

Ganglion and nerves of the spinal
cond of Pelydeonus maculafus. [New-
rart. ) b, Covering of the eond.

course they are not distinguishable
by colour, and very rurel}: by any

longitudinal line of separation, from i

the fibres which form the inferior

¢. Nerves to muscles. d . Posterior
nerves.  f. Fibres of reinforeement.
gg. Commissural fitres. 4. Fibres of the
nferior or ganglionic tract passing
between the ganglionic vesicles (k).

longitudinal series, or portion of the cord to which they
are approximated ; but from which they are believed to be
distinet, from the fact that they do not descend with them
to the brain.”

“Their function must be regarded only as reflex, entirely
independent of sensation, but capable of being excited into
action by external causes. The existence of these lateral
fibres in the cord may now fully explain the reflected move-
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ment of parts anterior or posterior to an irritated limb on
the same side of the body, as the commissural ones do the
movements of the parts on the side opposite to that which
is irritated. The presence of these fibres in the cord of
insects I had long suspected from the curved direction of
the fibres that formed the gangla, and from that of the
origin of the nerves, from the aganglionic tract, as figured
in my former paper; and although I had communicated
this opinion to a friend several years ago, I have never until
recently been able to satisfy myself of its correctness.”

“This uncertainty of the existence of any structure in the
cord that seemed sufficient to explain the reflected move-
ments on the same side of the body, independent of the
brain and the nerves of volition and sensation, long obliged
me to withhold my assent now received respecting these
phenomena.  Although the fibres that pass transversely
throngh ganglia might explain the fact produced on one
side of the body, by the irritation of a corresponding part
on the other, there seemed mno anatomical structure to
account for the movements of distant parts, anterior or
posterior to a given point, if the doctrine long received, that
each fibre was endowed with but one special funetion,
were correct.”’

““ Now therefore that we find an anatomical strueture in
the cord that seems to account for these phenomena, I
ought in justice to state that Dr. Hall,—to whom is due the
high credit of collecting, comparing and arranging in one
system numerous facts connected with the reflected move-
ments of animals, as observed by Whytt, Blane, and others,
and also by himself, —adopting the principle established by
our distinguished countryman, Sir Charles Bell, that every
nervous fibre is continued unbroken, from its origin to its
termination, and 1s capable only of administering to one
special function,—conceived the necessity of the “existence
of special nerves for the reflected movements, and that at
the period when I was engaged with Dr. Hall in his experi-
ments on this subject, in 1833, he requested me to examine
the cord in the hedgehog, to ascertain the correctness of his
opinion. This examination was not made, because at that
period I differed from him in attributing the reflected
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movements to the agency of another part of the nervous
system.”

“Now that the views of Dr. Hall seem proved to be
correct, I am desirous of adding this testimony of the
acuteness and perception of one who has done much for
physiological science.”

Professor Owen’s testimm]}r on this subject is most im-
portant and satisfactory.®  After describing the nervous
system of the Crustacea, he says, “ Three principal divisions
of the nervous system may be defined, according to the views
which I entertain of their functions. Thus ml:mttmg from
analogy, that the supra-cesophageal ganglionic centre is that
in which true sensation and volition reside, then those
nervous filaments which are exclusively connected therew ith,
and some of which would seem to extend the whole length of
the animal along the dorsal aspeet of the ganglionie columns,
would form with their ganglionic centre the true sensori
volitional system, whilst any other ganglions superadded to
the abdominal columns, with the nervous filaments ter-
minating in or originating from them, would constitute
the system for the automatic reception and reflection of
stimuli. The stomato-gastric nerves, connected partly with
the brain and partly w ith the n:snplnfrcal columns, will form
a third system, analogous to the great sympathetic or organic
nerves of the Vertebrata. In these views I coincide with
that ingenions physiologist, Dr. Carpenter, and shall feel
happy if their accuracy and soundness have received any
additional proof from the facts of Comparative Anatomy,
which in the Hunterian Lectures of 1842 were for the first
time brought to bear upon this interesting problem.”

From these most interesting discoveries of Mr. Newport,
and the important physiological deductions which are
drawn so justly from them, let us turn to a form of nervous
system 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 outlne of the component parts of a nervous system
m the lower animals will guide us very imperfectly to its

* Owen’s Lectures, vol. i. p. 173.
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analogues in man, and that we must search deeper for a clue
to unravel the structure of the human bram. Instead of
simply directing our attention to the shape of the ganglia,
we must rather consider 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 spe-
cimens we select for illustration.  Guided by this prineiple,
we can always discriminate the masses of neurine or optic
ganglia in which the optic nerves terminate in each indivi-
dual where 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 prin-
ciple, in the specimen 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 dotted spmal cord of the Myria-
poda and the smooth cord of the Vertebrata. 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 supra-esophageal or
brain, is small as compared with the posterior; for the

Fig 1h: organs of sense, whose nerves terminate

& in this centre of power, are as yet but im-

T perfectly developed, while the muscular

system, deriving its supply almost entirely

from the posterior or thoracie ganglion, is
large and powerful.

The anterior ganglion is connected with
the posterior bytwo slender nervous threads,
volitional and sensory filaments which, pass-
g on cach side of the cesophagus, form

Nervous system of me With the ganglia the same eesophageal ring
erab. i Corebral kvl we have before observed.
pond. Advancing from this, one of the most
simple forms of the nervous system in the Crustacea,
we next meef, in some of the insect tribe, with a very de-
cided step towards the concentration of the higher orders;
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for the nervous ring round the commencement of the
alimentary canal receives additional ganglia on ifs superior
surface until the whole mass formed by the union of these
nervous centres, or mstruments of consciousness, assumes
the appearance, and seems entitled to the appellation, of a
brain.

The intimate connection and apparent dependence 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 impres-
sions of light, &e., received on their peripheral expansions
transmitted in order to become perceived by the animal, is
beautifully illustrated by the various alterations which takc
place in the nervous system of the moth as it advances from
the caterpillar to the perfect insect, or imago.

It would be mconsistent with my purpose if I were to
expect the student to follow the deseription of the various
nerves connected with these ganglia in the present state of
his knowledge ; nor do I conceive that such a proceeding
would diminish his difficulties in reference to the study of
the human brain. It is however an important fact in re-
lation to the function of neurine, that the brain of the perfect
msect or imago is very much larger than that of the cater-
pillar. The butterfly is endowed with very perfect organs
of sense and locomotive powers, which enable it to roam
from flower to flower, and perform the important office
of reproduction: its organs of vision are large and com-
plicated. The poor caterpillar has comparatively imperfect
organs of sense, and has but one office to fulfii, namely, to

rocure food and convert it into nourishment for the deve-
opment of larger nervous centres and a more highly-
endmvcd animal. By reference to these wood-cuts, the stu-
dent will observe in fig. 21 the two little cerebral ganglia («),
scarcely larger than the infra-cesophageal or respiratory (1).

Without following out each different stage in the gra-
dually progressive change which the nervous system of the
larva and pupa undergoes previous to its attaning its full
development in the imago, he may, after observing the
relative size in the larva (fig. 14), and the gradual concen-
tration and aggregation of the spinal or locomotive ganglia
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in the pupa (fig. 22), turn to fig. 23, when he will see it in
the imago or perfect insect.

Fig. 21. Fig. 22, Fig. 23.
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Fig. 21.—Nervonus system of the larva of Sphine Ligustri after it has acquired its full
growth, and about two days previously to itz change to the pupa state. {Newport.) a. The
supposed brain, or anterior nodules of the eord. 1. The first genglion situated in the head,
or first segment beneath the nodules. 2, 3, 4, 5. Ganglia of the trunk supplying nerves
to the legs and wings. 6 7, 8, 9, 10, 11. Ganglia of the abdomen. & Nerves to the mandibles.
g. Second pair from the second ganglion, given to the muscles of the neck. d. Thinl pair,
given to the first pair of legs. 7. Nerves for the first pair of wings, with two roots; one Ftom
the cord, and ene from the thind ganglion, and connected also with the transverse plexus.
g Second pair of nerves from the third ganglion, given to the second pair of lege. & Transverse

exus from the thind ganglion. 4. Nerves for the second pair of wings, originating, like the first,
rom two roots, one from the cord, and oue from the fourth ganglion, and connected also with

branches from the transverse plexus from the third., & Sccond pair from the fourth ganglion,
given to third pairof legs. [ Nerves from the fifth ganglion, which, in the pupa are those given
to the posterior muscles of the trunk. m. Nerves from the sixth ganglion, which, in the pupa
are thoseof the anterior muscles of the abdwmen. w». The last pair of nerves from the termin
gln[;llfun, given to the rectum and organs of generation.

Fig. 32, —Nervous system of the Sphine Ligustri, thirty days after changing to the pupa state.

From Newport.) This drawing exhibits the abdominal cords in their shortened state, with only
ive instead of seven ganglia, the filth and sixth having passed onwards and become eontinueus
with the fourth. The cords in the trunk and thé nerves to the wings are enlarged ; and those
nerves which in the larva arcse in the second ganglion, are also enlarged, and now originate
from the cords, while the first ganglion has advanced very near to the superior lobes of the brain.
The terminal ganglion exhibits a very uliar structnre.

Fig, 23 —Nervous system of the perfect insect Sphing Ligusiri. A. Cercbral ganglia, B, Oplic
nerves. The figures refer to the number of the ganglia. o o ¢ 0. Respicatory nerves,

The cerebral ganglia are now extended transversely, and
form, with the first sub-cesophageal ganglion, and the en-
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larged crura which connect them, one continuous mass
around the cesophagus and anterior part of the dorsal vessel.
The second ganglion has entirely shifted its position, 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 1s
situated in the middle of the thorax, and supplies all the
museles in that part of the body. The longitudinal cords
are continued from the hinder part of the fifth ganglion, and
just before leaving the thorax to enter the abdomen, they
give off the nerves which formerly belonged to the sixth
gangliﬂn, which is now entirely obliterated. The cords then

escend into the abdomen, and immediately give off the
nerves that belong to the seventh ganglion, which, with part
of the cord that existed between the sixth and seventh gan-
glia, is also obliterated. The cords are then continued
in a direct line along the abdomen, the Sth, 9th, 10th and
11th ganglia being situated as in the previous stages.
Such 1s the state of the nervous system of the perfect
insect.

The centre of the nervous system of the sphinx in its
perfect condition is covered in by a new structure, and
does not lie, as in the larva, in the open cavity of the
thorax. '

Our attention having been directed, in the instance of
the moth, to the progressive development of the encephalon
from the larva to the imago, and to the striking increase in
the size and greater complexity in the form of the nervous
system when the animal becomes fitted to receive impres-
sions from the objects which surround it, which it does
through the medium of especial organs of sense, and not by
the whole surface of the body, as in the Medusz and lowest
forms of animal existence, we are prepared to appreciate
similar changes in some of the higher Mollusea, and to
inquire how far the nervous organization of these creatures
will conntenance the opinion that there is an intimate rela-
tion between the bulk of cineritious neurine in which each
individual nerve of sense terminates, and the perfection of
the organ of sense from which that nerve arises.

F
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Nervous system of the Pearly Nautilus, (Owen.) The head and anterior mugcular part of the
body of the Pearly Nautilus (Nawlilus Pompiling, Linn), laid open from above or behind, and the
nervous systemn displayed. a. The cut edges of the musculo-ligamentous dise which covers the
head. ®®. The open ends of the digitations, ©. Foor of the digital tentacles expozed by laying
open the canals in which they are lodged. dd. The anterior ophthalmis tentacles similarly
exposed at theit origins. e The left external labial process. (The corresponding one on the
right side has been removed.) £ The external labial tentacles. ©. The internal labial tentacles.
4. The olfactory lamins. & The internal labial tentacles of the left gide similarly cxposed.
k. The origin, on the left side, of the muselé which protrudes the jaws. £ The inner concawve
surface of the great shell-muscles. . The termination of the right muscle. n. Orifices by
which the vena cava communicates with the abdominal cavity. o The eve laid open. p. The
pedicle. . 'The pupil seen from within. . The cut-edge of the sclerotic. & The retina.
f. The dark pisment déposited on ils anterior surface, and lining the caviiy of the globe. 1. The
m?m-wmp]mgm.l ganglion or brain, It is in the nautilus in the form of a simple eord or com-
missnre, to the cxtremities of which are connected (2 2) the anterior subcesophageal ganglia,
% 5. The optic ganglia. 4 4. The posterior subtesophageal ganglia. 5. Buccal and pharyngeal
nerves. 6 6. The nerves which supply the digital tentacles, and in the euttle-fish the acetaluli-
ferous arms. 7 7. The nerves passing to 8 8, the internal labial panglions. 4§ 9. The branchoes to
the internal labial tentacles. 10 10. The nerves sugplying the olfactory laminse. 11 11. The
netves which supply the infundibulum. 12 12, The nerves of the external labial fentacula.
13. The nervis a;pme great muscles of attachment. 14, The neives corresponding to the par
vapum. 15. The branchial nerves. 16. The ganglions communicating with the wisceral or
sympathetic norves, and supplying the beart, venous follicles, and abdonunal viscera.
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However much we may have had reason to be gratified
with the evidence which our investigations into the deve-
lopment of the moth has afforded 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 admirable Memoir of Mr. Owen on the
Pearly Nantilus,® and to his account of the structure of the
cuttle-fish, published a few months ago;t and whilst I do
so, 1 gladly express my thanks to this philosophical ana-
tomist, for several kind and valuable hints during the pro-
gress 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 portions of the nervous system in
the Pearly Nautilus, and afterwards in the Cuttle-fish, in
which they will be found to be still more strikingly dis-
played than in the former.

“ The brain or supra-cesophageal mass m the Nautilus
(fig. 24) consists of a transverse cord-like ganglion, from
the ends of which three nervous trunks are continued on
each side. The anterior pair pass downwards and forwards
by the sides of the wsophagus to unite below it, forming a
ganglion on either side, which supply the digital processes
and tentacles, and give off nerves to the organ of smell and
the funnel. The middle and superior trunks dilate into
the optic ganglia; the retina, which terminates that of the
left side, is shown. The posterior cords surround the wso-
phagus in a manner analogous to the anterior pair, forming
also two ganglionic swellings, from which the nerves of the
great shell-muscle and those of the viscera are given off;
the latter nerves are of small size, and are continued down

®* Memoir on the Pearly Nautilus (Nawfilus Pompilivs, Linn.), by
Richard Owen, Esq.; puhhslmd by direction of the Royal College of
Surgeons in London, IE 32.

t Descriptive and Illustrated Catalogue of the Physiological Series of
Cnm[:ﬂmtwa Anatomy contained in the Museum of the Royal College of
Surgeons in London ; Vol. IIL. Part I. Nervous System and Organs of
Sense, 1835. From one or other of these publications the fullowm par=
tlmllars and the figures 24 & 235, are entirely derived.
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by the side of the great perforated vein, and are analogous
i their distribution to the sympathetic nerves and par
vagum.”

Fig. 25,

1|n- i &

The brain and origins of the principal nerves of a Cuttle-fish (Sfepia afficinalis, Linn.). ** The
bristle {10) iz placed in the situation of the eesophagus, around which the nervous masses are
aggregaied. The brain and optic or reniform ganglions are here developed in accordance with the
more complex organ of vision, and the more extensive locomotive faculties of this higher-organized
Cepha'opod. A small spherical body, probably analogous to the corpus geniculatum, is appended
1o the peduncle of the optic ganglion on either side.

“Azthe supra-msuphﬂgv:afterenra'l mass is principally incommunication with, and is developed
to reccive the impressions 1r: naferred by, the optic nerves, it must be eonsidered as analagous to
the bigeminal bodies in-the brain of Vertebrata, which parts are first developed in all the higher
classes. and from their constaney and magnitude in the cold-bloosded Vertebrata, are evidently
among the most lmportant parts of the cerebral organ. The medulla oblongata, from which the
auditory and respiratery nerves are given off, is in the euttle-fish sitaated below the @sophagus =
. The ent surface of the cartilaginous eranfum.  The ganglion stellatum from which the nerves
pass to the soft vascular and sensitive external covering of the Sepia.”™

1. The brain, correspording to the central commissure of the Nautilus, 2 2. The anterior sub-
cegaphageal mass, or pes anserines, giving off (5 5) the nerves to the arms. 23, The great reni-
form, or ophthalmic gangHons, 4 4. The posterior subesophageal mass giving off (6 6) the
neryes to the eloak ; and (8) the nerves to the viseera. F 7. The ganglion stellstum. 9 9. Two
amall aptesical bodies attached to the pedicles of the ganglions. 10, Bristle.

The organization of the Sepia officinalis, or cuttle-fish
(fig. 25), 1s peculiarly interesting, not only from the fact
that it offers to our notice the first appearance of an inter-
nal skeleton, an apparatus, which in the Vertebrata is con-
structed in intimate relationship with the nervous system,
and is often entirely appropriated to its protection ; but we
find this rudimentary skeleton supporting a central ganglion
of unusual dimensions, and a nervous system very highly de-
veloped in many of its parts. In its general arrangement,
however, the nervous system differs but lhittle except in the
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quantity of neurine composing the cerebral ganglia from that
of the Nautilus, as will be apparent by turning to fig. 18, in
which the differences between them are exhibited and made
apparent to the eye. In fig. 18 the bristle is placed in
the situation 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 deve-
loped to receive the impressions transferred by, the optic
nerves, it must be considered as analogous to the bigeminal
bodies in the brain of Vertebrata; which parts are first de-
veloped in all the higher classes, and from their constancy
and magnitude in the cold-blooded Vertebrata, are evi-
dently among the most important parts of the cerebral
organ.”” A small spherical body, considered by Mr. Owen
as probably analogous to the corpus geniculatum, is ap-
pended to the peduncle of the optic ganglion on either
side.

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

“The anterior subcesophageal ganglia give off nerves to
the brachial and labial processes ; the posterior subesopha-
geal ganglia send off laterally the large nerves which pass
outward to the mantle, and then form on either side the
great ganglion, which, from the radiated distribution of its
filaments, is termed ganglion stellatum.” In addition te
these there are a pair of nerves which, like those in the
Aplysia, descend to the region of the heart, and there form
a plexus for the supply of the organs of digestion and cir-
culation, and exhibit a very perfect analogy to the cardiac
and solar plexuses of the sympathetic nerve in man.

This very general review of the nervous system in these
two members of the cephalopodous class of Mollusca shows
us, in the first place, that the supra-cesophageal ganglion in
the Nautilus has no cranial cavity constructed for its protec-
tion, and that instead of being a distinet rounded mass, as
in the Cuttle-fish, it seems little more than a rounded cord
or commissure connecting the ophthalmic ganglia, and
placed transversely to the cesophagus. These facts by them-
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selves would be of little value as affording data for reasoning
on the offices and relations of the nervous system, did we
not discover this comparative imperfection in the struc-
ture of their brain corresponding with mmperfect develop-
ment of the organs of locomotion and sensation generally.
The pmuhmﬂwa in the structure of the Nautilus are in com-
plete correspondence with this principle. “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 I
to the simplest condition that the organ of vision can assume, |
without departing altogether from the type which prevails
thronghout the Ingher classes. For although the hght isad- |
mitted by a single orifice into a globular cavity or camera
obseura, 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 perfect 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 cor-
respondence with the simplicity of the brain. If, as T be-
lieve, a distinet organ for the latter sense is altogether want-
ing, the Pearly Nauntilus exhibits, in this respect, an obvious
approximation to the inferior Mollusks.

“ As the Pearly Nantilus, like the latter group of Mollusks,
1s also attached to a heavy shell, and participates with them
in the deprivation of the locomotive instruments of the
Cephalopods, we may thence deduce the more immediate
principle of their reciprocal inferiority with respect to the
visual organ ; for what would it avail an animal to discern
distant ﬂb_]LLfS, which could neither overtake them if
necessary for food, nor avoid them if inimical to its exist-
ence?

The following difference in the distribution of the nerves

!
&
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of the Nautilus Pompilius and Sepia oficinalis is also highly

mstructive.
“In those Cephalopods, whose shells are rudimentary

and internal, and whose bodies are enveloped in a naked,
and, as we may suppose, sensible mantle, the nerves which
supply that part radiate from a ganglion, which, as in the
posterior roots of the spinal nerves in the Vertebrata, is m-
terposed on the cord which brings them into communica-
tion with the central mass. In the Nautilus, on the con-
trary, whose body is incased in an insensible calcareous
covering, the analogous nerves are wholly expanded on the
largely-developed muscles which attach the shell to the
body; and these nerves, like the motor filaments of the
spinal nerves, pass into the muscles directly frum the brain
without the iterposition of any such ganglion.”

The mervous system in the Myeloncephala, or verte-
brated class of animals, which derive their name from that
beautiful piece of mechanism constructed expressly for the
purpose of protecting the central portions of this system,
will next engage our attention. This subkingdom includes
Fishes, Amphibious animals, Birds, Reptiles, and the Mam-
malia.

In these animals the whole skeleton is developed in rela-
tion to the nervous system; and we find, as might be
expected, the axis or central portions become, by an increase
of bulk and gradual coneentration of parts, more decidedly
elevated above the peripheral. The supra-cesophageal gan-
g]mn now having an appropriate organ, the cranium or skull,
for its protection, uniformly passes by the name of brain ;
while the remaming 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 relation to the skeleton, namely, within
thedspinal column, is called the medulla spinalis, or spinal
cord.

We have already observed in some of the Articulata how
the gradual union of several ganglia constitutes a tolerably
uniform cord, and how also the addition of ganglia to the

* Memoir, &c. p. 51.
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single pair above the cesophagus which we saw in the sand-
hopper, so far increased the entire mass of neurine in that
situation as to procure for it the title of cerebrum or bram;
so also, even in the Vertebrata, whose organs of sense, the
instruments by which the individual is brought into relation
with the external world, are so much more perfectly developed,
we do not find that the brain is separated from the spinal
cord by any other line of demarcation than that of a greater
disproportion in the size of the ganglia composing it. The
further we advance, indeed, we meet with fresh proofs that
the brain, even of the highest order of animals, 1s no more
than a series of ganglia or collections of cineritious neurine,
thongh without any peculiar uniformity of size in which the
nerves from the different organs of sense terminate, and
from which the nerves of volition originate. That these
ganglia are larger and more numerous at the anterior than
at the posterior extremity of the spinal cord, 1s simply in
accordance with the evident marks of consummate design
upon which every living being has been constructed ; for
all the organs of especial sensation, as sight, smell, hearing
and taste, are placed in that situation in the body where
they have the greatest range for the exercise of their
powers,—either in that portion which is in advance of the
rest of the animal as he moves over the face of the globe, or,
as in man, placed so completely above the rest of his frame,
that they receive no impediment from it in the performance
of their functions. These organs, from the high office they
have to fulfil in the sphere of animal life, appear to require
a large quantity of cineritious matter to accomplish 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 arbitrary, it is nevertheless
convenient to retain. The two portions in fact exhibit but
a slight disproportion in general dimensions, although the
mass of the spinal cord, as a whole, is very much more con-
siderable than that of the brain or cerebral ganglia. Leuret
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states that the proportion of the weight of the brain of the
fish to its body is as 1 to 566 1b.”"*

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 1t 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
dilatation of it. In the interior of the cord there is vesi-
cular neurine, as in the higher animals, but there is so
little difference of colour that it easily escapes observa-
tion. Under the microscope it may be detected, and also
some white fibres running through it at a right angle,
These, 1 suppose, are the excito-motory roots of the spinal
nerves.

The spinal nerves arise from the cord in fishes, by an-
terior and posterior filaments; an arrangement similar to
that which 1s found in man, the posterior roots having in
like manner a small ganglion connected with them. Mr.
Holmes Coote, in his prize essay, states that these ganglia
are only found in the cartilaginous fishes.

The form of the cord varies in the different kinds of fish
very much in correspondence with the shape of their bodies.
In the Zefodron Mola, a short, thick fish, the spinal cord
is not longer than the encephalon ; in the eel it is long and
thin ; in the skate it is shightly enlarged opposite the large
pectc-ral fins.

The eineritious neurine in which the nerves of sense, as
the optie, anditory, &c., in the Butterfly and Sepia, terminate,
and which in these animals, when fully developed, is col-
lected into one rounded mass, the supra-ecesophageal ganglion,
in the fish is divided into several separate masses, so that
almost every nerve terminates in a distinet and appropriate
ganglion ; hence the peculiar appearance, as compared with
that of man, which the brain of the fish presents.

* Anatomie comparée de systéme nerveux considerée dans ses rapports
avec intelligence par Fr. Leuret, tom i. p. 164. (1839.)
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There is in fact no set of organs in the human being
which have less resemblance to the corresponding ones of
the fish, in mere external appearance, than the masses of
neurine contammed within the cramium ; and I will venture
to assert that there are few circumstances more startling to
the anatomist who has confined his attention solely to the
examination of the human brain, than the first appearance
which the brain of a large fish presents to his view on re-
moving the upper surface of the skull.  Its minuteness as
compared with the great size of the body, the number of
its component parts, and their want of that concentration
which 1s so peculiarly striking in the human brain,—a con-
centration, let it be remembered, deeply interesting, but
which can only be duly appreciated by him who traces with
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 sup-
ort.

1 Among these facts there are none more important 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 1 strict accordance with
physiology ought to be called its termination ; for the term
origin is not merely incorrect 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 connection with the brain and spinal cord,
in conformity with the law of concentric development, or
development from the circumference fo the centre. 1In the
human embryo, for example, we find that when the nerves
first engraft themselves upon the spinal cord, the external
layer of medullary matter i1s extremely thin, and the nerves
appear to be simply in contact with the cord, but that in
proportion as new fibrous layers are deposited, the nerve is

S —
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enveloped by them, and becomes, as it were, dovetailed into
the fissures of the fibres.

But the brain of fishes does not consist simply of ganglia,
in which the nerves of sensation terminate ; there are other
parts which must, I think, be viewed as a decided advance-
ment, in accordance with their manifestation of higher
instinet and an approach to the intellectual faculties of
memory and judgment. These parts are therefore, in all
probability, the instruments by which some further process
1s effected, approaching m its nature to the mental opera-
tions of man, such as judgment, of course extremely limited
in its nature, remembrance of sensations, &e. If this view
be correct, these parts must be analogous to the hemispheres
of the hnman brain, for most physiologists of the present
day agree with the opinion given by M. Cuvier in his re-
port to the Academy of Sciences at Paris on M. Flourens’
work, namely, that the cerebral lobes or hemispheres are
the organic parts in which the impressions made on the
organs of sight and hearing become perceptible to the
animal, and that probably there too all the sensations assume
a distinct form, and leave durable impressions; that the
hemispheres, in short, are the abode of memory, and from
this circumstance, therefore, a source to the animal of the
materials for judgment.

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 men-
tioned hereafter, there can be little doubt that it is in some
way or other connected with the production of that com-
bined action of the muscles which is essential to progressive
motion, and which would seem to require appropriate ner-
vous parts forits 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 obscurit
in which all writers on comparative anatomy have left this
subject, and be content 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 ani-
mals, instead of assisting us in unravelling the structure
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of the human brain, would only plunge us into fresh diffi-
culties.®

Serrest was well aware of the backward state of informa-
tion in regard to the anatomy of the brain of fishes. He
thus expresses himself .—

“ Considered as a whole, the encephalon of the fish is
the most simple in nature: it is the most complicated in
our writings; it is an inextricable labyrinth in our books.
Why this contradiction between nature and our writings ?
There exists many reasons for it; the principal one, that
from which all the others flow, is the infinite variety which
the brain of the fish presents to our notice. Nature seems
to have employed all her riches on these animals. Their
bram varies not only from family to family, but essen-
tially differs from genus to genus ; and even from species to
species there 1s continued metamorphosis going on. These
variations do not consist solely in changes of form of posi-
tion, or of relation in the same elements; some entire parts
are transformed, left out, and again reproduced.”

Notwithstanding these prefatory observations of Serres, I
confess that he does not appear to me to have considered
the structure of the brain from that simple point of view
from which I consider it may very readily and very advan-
tageously be regarded.

One reason for this is, that in most of his deseriptions
and illustrations he omits altogether the olfactory tubercles,
unless they are very large, as in the skates and sharks, or
close to the hemispherical ganglia, as in the eel; conse-
quently, repeatedly confounds the two.

Leuret enumerates eight cerebral g.mfrha 1. Olfactory;
2. Cerebral; 3. Optic; 4. Quadrigeminal ; 5. Cerebellum ;
6. Ganglia of the trifacial ; 7. Gmagliﬂ, of the seventh and
eighth; °8. Those which exist at the base of the brain between
the decussation of the optic nerves. Leuret has fallen into
the same error as Serres : for instance, he states that in the

* Tt is gratifying to the author to find that this view of the homology
and physiology of the cerebral ganglia of the fish, which was first enunci-
ated in the first edition of this work in 1836, is now almost universally
adopted.

+ Anatomie Comparée du Cerveau, tom. i. p. 184.
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brain of the cod-fish, the olfactory ganglion and the ce-
rebral are united so as to form only one, and in Plate IL
he gives the brain of the cod-fish, omitting the olfactory
ganglion altogether, and calling the lmnus]]hm ical gan-
glion, * Tubercle ethmoidal, or cerebral ;” and in the ﬁfruu,
of the brain of the eel, where the nlihctnr}' tuberele is 80
close that it cannot be omitted, he then designates it,
“Tuberele ethmoidal ;”” and the hemispherical ganglion,
“ Tubercle cerebral.” The difference in the position of the
olfactory ganglion is interesting, but it does not deprive it
of its title to be considered as a portion of the cerebral
mass.

In order to prove the correctness of this view, let us direct
our attention to a few specimens of the brain of fishes,
commencing with the more simple forms, and proceeding
gradually to the more complicated. For this purpose I
have intentionally selected the brains of those species which
are most easily obtained.

But before proceeding to the deseription of the brain of
any particular fish, let me remark, that there 1s a striking
peculiarity in the brain-case or eraninm of fishes as regards
its relation to the dimensions of the cerebral mass. In
most species 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 1is
particularly obvious: 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 contaiing a quantity of
gelatinous fluid, and evidently answers the same purpose

as the arachnoid in those mstances where the brain is
[:lﬂSLl'v surrounded by the bones of the skull. In the
sturgeml again there is no such vacancy,—a circumstance
which it is important to bear in mind in order to avoid
mjuring the brain when opening the skull of this cartilagi-
nous fish.

The brain of the whiting, haddock, and the cod, are
exactly alike. 'The whiting has been selected becanse its skull
15 soft and easily opened. 'The skull of the cod-fish which
are brought to London are almost always fractured and the
brain injured. The fishermen always stun them by a blow on
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the head. The student, before he removes the brain, had

better study fig. 26, else he will commit the same error

which Serres and Leuret have done, and some physiological

pig.2e.  Writers who have copied their plates without

dissecting the fish, and describe the termination

of the olfactory commissures in the hemispheres

as the olfactory ganglia; as they either leave

them i the skull when they remove the brain,

or if they examine the brain iz sifu, they neglect

¢ to uncover the ganglia.

The whiting—1f m this fish we view the

e cerebral mass from above, proceeding from before

backwards, we observe three rounded masses or

| nodules of neurine and a triangular-shaped me-

wrain or me (Ullary leaflet which overlaps that fissure of the
ot e e 2 cord called the fourth ventricle.

of life, seen on

x Ofsetrvgan.  Lhe first pair are the olfactory ganglia, lying

Eica 1o on the eribriform plate of the ethmoid bone,

spherical  pan-

ngion. = ¢e. Where they are joined by the olfactory nerves,
realam as they are in man. They are about the size
of large pins’ heads, and their being situated at some
distance from the rest of the cerebral mass, 1s, T sup-
pose, the reason they have escaped the observation of
most anatomists, and are not included by Serres in his
deseription of the component parts of the brain in this
fish. To me they nevertheless appear to be as decidedly
a portion of the cerebral mass as the optic tubercles or
ganglia, in which the optic nerves terminate, and which are
always included in the deseription of the fish’s brain.
The commissure or apparatus of union which connects this
ganglion with the rest of the encephalon is thin and thread-
like, resembling a nerve in its appearance, and about an
inch in length. Some authors have stated that the olfac-
tory tubereles in the osseous fishes are generally in contact
with the cerebral mass; but the brain of the whiting, as
well as of many others, forms an exception to the rule.
The next masses, about the size of a small pea, are ana-
logous to the human hemispheres, and may be designated the
hemispherical ganglia: they are connected together by a
transverse commissure, the anterior commissure. It is parti-

T e T——
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cularly interesting to observe how closely these hemispherical
ganglia of the whiting correspond with the cerebral hemi-
spheres of the human embryo at the seventh week. These
bodies, however, are described by Tiedemann® as 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 optic thalami in
man and the Mammalia, are structures formed so entirely
of fibres intermingled with cineritious neurine, either ter-
minating in, or arising from, the hemispheres, that I cannot
conceive how they should exist if the hemispheres them-
selves, from which they derive their origin, and in which
they terminate, were altogether absent.

Nevertheless it 1s not true, as some authors have stated,
that these ganglia always hold an exact relative size to the
hemispherical ganglia.

The next pair of nodules are the optic ganglia or tuber-
cles, analogous to the tubercula quadrigemina i man.+

* Tiedemann on the Feetal Brain; translated by Bennet, p. 230.

+ 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 pro-
gress of formation of the same parts in the fwetus of man and other Mam-
malia. In the early periods of the existence of the human feetus, the cor-
pora quadrigemina contain a capacious ventricle, subsequently filled up by
the deposition of nervous matter, so as to leave only the narrow passage
known as the aqueduct of Sylvius. This ventricle is covered over by two
thin medullary ?uminu:, in contact with each other, though not umited,
along the mesial line, and contains elevations or ganglia similar to those
here described. (Tiedemann, I ¢, 186.) According to him, however,
they represent not merely the ant-::rmi but rather both pairs of the cor-
pora quadrigemina.  Their size is direc tly proportioned to that of the
eyes and optic nerves, being small in the conger eel and burbot, of mode-
rate size in rays and sharks, and considerably larger than the first cerebral
mass in the trout, pike, garpike, salmon, carp, uranoscopus, sparus, seor-
peene, perch, &e. In the genera Sparus, Scorpena, Clupea, Mugil, Scomber,
Zens, Trigla, &e., the optic nerve, arising on each side from the middle
cerebral mass or optic tubercles, consists of a membranous expansion, dis-
posed in longitudinal folds like the leaves of a closed fan, though inclosed
within a eylindrical neurilema, which, however, adheres so loosely as to
allow the folds to glide one npon another. 1In the Trachinns Draco, where
the diameter of the nerve is about a line, there are nine or ten folds, which,
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Leuret does not employ the term optic lobes as synony-
mous with tubercula quadrigemina, which most anatomists
of the present day agree in considering the true optic
tubercles.

These are his words: * Optic Ganglia.—Haller, Vie d’ Azyr
and Carus, have called them thalami optici; Camper, cere-
bral hemispheres ; Scarpa, great tubercles of the brain ; Tre-
viranus, posterior hemispheres ; Cuvier, hollow lobes ; M.
Serres, M. Desmoulins, M. Gottsche, optic lobes. Insome
fish, in which the optic ganglia are the largest, there is
always that white appearance which belongs to a medullary
substance. In osseous fishes they are always uncovered ;
in the skate and the shark there is a portion concealed by
a prolongation of the cerebellum. At first sight, and
especially if examined after being in spirit, their appearance
is throughout the same, but in a fresh state we can trace,
upon the internal and superior surface, one of the roots of
the optic nerve; and upon the external inferior surface a
second root of the same nerve. They are in exact propor-
tion to the size of the eyes : Gottsche has observed in those
which have the eyes of unequal size, in the Plenronectes, for
example, sole, turbot, &c., that the optic lobes are unequally

when expanded, form a membrane eighteen or twenty lines wide. In the
pleuroneetes, murene, rays, sturgeons, &e., the optic nerve is almost in a
rudimentary state, its length and the thickness of the neurilema being pro-
portionally very considerable. 1In a sturgeon four feet long, the diameter
of the nerve was not above three fourths of a line, and the medullary
matter eontained within it less than one fourth of the whole, the rest being
formed by neurilema. In the Ammocetus the nerve is wanting, though
there is a rudiment of the eye. (Desmoulins, . e., p. 325, &e.) In the
Cyelopterus Luwmprs, the nerve on each side consists of from twenty-five or
thirty parallel filaments, each covered by a separate neurilema, and collec-
tively inclosed within a common 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 continuous 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 con-
nected with the brain merely by very fine cellular tissue, without the inter-
position of any medullary matter, and so loosely as to admit of being
separated by the least effort. (Demoulins, I. e., 330, FPlate IX. fig. 3.)
The nerves in this case do not decussate.
* Op. cit. p. 140,

—
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developed. If we divide these lobes, we see that they do
not constitute really a ganglion, but that they are formed
by a very fine fibrous lamina. The optic laminz on one
side is adherent on the internal surface to the corresponding
laming on the opposite side, and at the point of this adhe-
rence it consists of fibres which run from right to left : these
fibres form there a true commissure, and represent the
corpus callosum, as we shall see presently. The optic laminee
form the walls of a double ventricle, separated, the right
from the left, by a small lamina analogous to the interven-
tricular lamina or septum lucidum of superior animals.
The interior of these ventricles presents different appear-
ances, according to whether it belongs to an osseous or
cartilaginous fish. In the former, we perceive first a white
commissure which unites the anterior portion of the two
optic lobes ; behind this commissure, the anterior prolonga-
tions of the spinal cord, which is found below all the cere-
bral ganglia, to which they serve as the base, leaving between
them the infundibulum or lower part of the third ventricle
of the mammiferse ; behind the infundibulum, another or
posterior commissure, analogous to the preceding ; at length,
above this commissure, a tubercle, flattened, bilobed, furnish-
ed with two long appendages of a medullary substance of
a whitish grey. The bilobed tubercle represents the tuber-
cula quadrigemina, and below is the aqueduct of Sylvius,
which forms a communication between the cavity of the
optic ventricles and another ventricle placed under the cere-
bellum. On each side, the ventricle of the optic lobe pre-
sents a small tubercle (tor1 semicirculares of Haller, the
semicircular collar of Cuvier, the anterior internal ganglions
of Carus), which is analogous to the corpus striatum.”

“In cartilaginous fish, the cavity formed by the optic
lamina does not present any commissure, nor the tubercula
quadrigemina very distinctly, but only the infnn{libu]um
and the commencement of the aqueduct of Sylvius.”

M. Serres thus describes the optic tubercles in ﬁsh con-
sidering them analogous to the tubercula qlmdrlgmuua in
man. His words are,—* Thus we see the tubercula quadri-
gemina exist in osseous fish: theyare in direct communication

* P. 142, op. cif.
G
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by their posterior extremity with the cerebellum, and there
is a true processus é cerebello ad tesfes: by their anterior
part they are continued into a long lamina, which curves
upon itself, and covers a large portion. When we examine
the brain of the carp, we see behind and within these optic
ganglia two oblong bodies, which are nothing but the folded
extremity of these laminae.”

The next division of the whiting’s brain is the triangular
leaflet, the analogue of the cerebellum or little brain in man.
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 \':hltlllg ; 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 projec-
tions, which appear to be merely continuous portions of the
same ganglia, bearing some resemblance 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 ;
i 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
particnlar portions of the human brain, it is not
easy to discover in the whiting ; but, as will be
seen afterwards by reference to other fishes, it

Brain of the =

whiting; the co- 18 highly probable that they correspond to the

rebellum  being

wmed up, and POsterior pyramidal bodies or auditory ganglia,

the branchiogasz-

wic gangtia - together with the ganglia of the pneumogastric

P Cerbellum. MEI'VEs in man, the branchiogastric nerve in the

ganglion. © 1 fish taking its rise from, or being in direct com-
munication with, them.

If the whole encephalic mass of the whiting, having
been removed from the skull, be reversed, and the under
surface exposed, two oval-shaped cineritious bodies may
be observed. These bodies,” says Spurzheim,* pro-
bably correspond to the grey tubercle (tuber cinereum)
of Mammalia. This tubercle, in the higher classes of animals,

* Anatomy of the Brain, 1826, p. 38.

Fig. 27,
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always sends fibres to the optic nerves, which after this
accession advance in their course of increased size.” Carus
entertained the same opinion, while Cuvier regarded them
as the true optic tubercles. The use of the tuber cinereum
in man certainly has not yet been ascertained; but it is
much more probable that these oval-shaped cineritions
bodies of the fish are analogous to them, than to the
corpora mammillaria, as conjectured by Serres; for the
corpora mammillaria being portions of the fornix in man,
cannot be supposed to exist where that structure is wanting,
as it 1s in the fish.

The brain of the cod so closely resembles that of the
whiting that it will not require any particular description ;
but I have introduced a drawing (after Serres), to show the
optic gangha turned back (fig. 28), exhibiting the connection
of the olfactory nerves with the hemispherical ganglia, and
with the continuous fibres of the spinal cord.

Fig. 28. Fig. 29.

Fig. 28.—(From Serres’ Anafomic Comparde du Cerveqs.) The brain of the cod-fish, unfolded
to expose the continuation of the spinal cord and its connection with olfactory nerves. n. Hemi-
spheneal ganglion. ¢. Optic ganglion. B, Cercbellum. w Spinal cord. m. Corpus striatum.

Fig. 29.—lirain of the carp, removed from the skull, and seen from above. A. Olfactory gan-
glion. n Hemispherical ganglion. <. Optic ganglion. . Testes, or posterior optic ganglion.
E- Cerebellum. F. Auditory ganglion. ¢. Pneumogastric ganglion. m. Spinal cord. ». Pituitary
gland. wm, Corpus striatum.

The Carp (fig. 29).—On first exposing the brain of the
carp, we are struck with the great dissimilarity which it
G 2
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presents to that of the species of fish last described.
Instead of only four divisions, we here distinetly 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 unifor mity 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 an mch long.
The second pair are the cerebral hemispheres, but extremely
small as compared with the same parts in the cartilaginous
fishes. The third and fourth divisions evidently belong to the
optic ganglia, and not to the hemispherical, for we find the
pineal gland situated between the two. The optic ganglia
are hollow 1n all fish, as we have seen in the cod, but in the
carp the covering is imperfect, as we see in fig. 29, repre-
senting the brain as seen from above: letter ¢ runs to this
lamina, and o to the internal portion. At the base of the
brain may be observed a large pituitary gland and infundi-
bulum. The cerebellum 1s the next mass, and immediately
behind it are the anditory ganglia, analogous to the posterior
pyramidal bodies in man. On each side of these ganglia
are placed those bodies from which the
branchiogastric nerves arise, analogous to
the pneumogastric ganglia, which are
placed to the inner side of the restiform
bodies in the human subject. These bo-
dies are stated by Cruveilhier * to be of
enormous size in the Electric Ray, in whom
the branchiogastric nerve is so amazingly
developed.  The hemispheres, though
The brain of the ecl, S0lid, consist of two portions, the exterior

seen from above. a. (-

fuctory ganglion. ». Te- or cortical substance, the hemispherical
mispherical gangl.on. ¢
Optic ganglion. . Core- oranglia, and a bed of vesicular neurine in
bellum. u. Spinal cord.

the centre, through which white fibres of
the cord may be seen spreading towards the circumference,
separated from each other by grey neurine.—(See fig. 30.)

® Op. eil.
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It is identical with the corpus striatum of the human
brain.

In the common eel we have an appearance of variety,
which simply arises from the circumstance of the offactory
tubercles (which in the whiting, carp, &e.,
are situated on the cribriform p]ate of the
ethmoid bone, at the distance of nearly an
mnch 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 number of essential parts is, however,
in reality the same, and the analogy be-
tween them pm‘fcct; the only real differ-
ence consists in their relative size and the
distance at which tlm}f are situated from
one another.—(Fig. 30.)

In the pike also, the olfactory ganglia
are placed clnsc to the hemispherical, and
if the olfactory nerves are fraced to the
nose they will be seen dividing into several 3
branches, but without forming any bulbous  pram of tme pike. a.
enlargement, passing through a mem- Risiheint mngion
brane which corresponds to the cribriform &.abi. " spini
plate of the ethmoid.—(Sce fig. 31.) stk o bl

In the cartilaginous fishes the form of i wbae o o
the brain approaches so much more nearly **#me*
to that of the higher orders of animals, that at first sight
the cerebral mass in one of the Rays, as the common
skate (figs. 32 and 33), 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, no essential distinction ; the difference arising
solely from the greater concentration of similar or ncarl}f
similar parts.

Fig. 31.
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The olfactory ganglia in the skate are extremely large, as
will be seen by referring to the diagram (fig. 32). The
Fig. 84, peduncles are long, and the ce-
3 rebral hemispheres form amore
considerable mass, slightly ir-
regular upon its surface, and
thus assuming an approach to
a convoluted arrangement of
the superficies. These hemi-
spheres are solid, as we have
seen in the carp; the white
fibres may be seen entering at
the posterior extremity, and
separated by grey neurine in
like manner. The optic tuber-
cles have also increased in size,
| and are connected with the
ALY hemispheres by distinet me-
The brain of the skate, remaved from the skull, du]]m'}r bands.
and seen from above. a. (Mfactory ganglion. .
5. Hemispherical ganglion. ¢. D_pt:ic gang]iun. ]':{.]_:[‘tI ﬂf[g cembﬂ]]um 15 fﬂund
E. Cerebellum. . Preumogastric ganglion.
to have undergone the great-
est alteration of any part; for it is no longer a mere
triangular leaflet, but 1s divided into lobes, and partly over-
laps the optic tubercles. But the hemispherical ganglia
are not yet separated from the corpora striata by any inter-
space or ventricle. This covering is first found in the
sharks. The transverse commissure is very distinet (see
fig. 32).

In the sharks, the cerebellum is much larger and more
complicated than in any other fish. It very much resem-
bles that of the bird, consisting of transverse laminz.

The advance in the size and complexity of the cerebellum
is interesting when we remember the great locomotive
powers of these fish; and the fact that they are entirely de-
pendent on these powers, not merely for locomotion, but for
their buoyancy, for they do not possess any air-bag, like the
osseous fishes.

On each side of the cerebellum in the skate there is an
extensive layer of folded neurine, from which a considerable
portion of the branchiogastric nerve arises. It is the ana-
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logue of the respiratory ganglia in the Mollusca, &c., and
the pneumogastric or restiform ganglia in man ; we ‘shall
also find a portion of the nerve corre-
sponding to the fifth nerve of Mam-
malia connected with it (¢). Leuret
describes it as partly the branchio-
gastric ganglion and partly a ganglion
of the fifth pair. Serres considers
this structure as forming a portion of
the cerebellum. Spur zheim does not
agree with him, though he does not
form the same conclusion which I
have done.

On reversing the position of the
brain (fig. 33), we observe the two
small tubercles (1) of medullary neun-
rine, believed to be analogous to the
tuber cinereum in man, a part whose
character, as before stated, has not
vet been ascertained. I am glad to
find that Leuret agrees with the view umte s o T s
of the homology of these ganglia, ™" * T shnd
which I enunciated in my first edition. The pituitary
gland () is large in this fish, and seen distinctly in fig. 33.

From the Fish, let us direct our attention to some specimens
of the cerebro-spinal axis in Amphibia. The most familiar
example of this class 1s our common frog.

Fig 33.

Side view of the brain of the frog. A. Olfactory ganglion. ®. Hemispherical ganglion.
¢ & n. Optic ganglion.—When ¢ and n oceur inthe same fgure, © signifies anterior optic ganglion.
E. Cercbellum. #=. Spinal cord. =n. Pineéal gland.

In this animal the olfactory ganglia are brought close up
to the hemispheres, as in the eel (see fig. 30), instead of
being at some distance, and connected by long peduncles, as
m most other fish. The hemispheres (8), larger in proportion
than in fish, are nearly double the size of the optic ganglia.
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They are hollow, and contain within, a distinet corpus stri-
atum, or anterior cerebral ganglion, which will be better
seen and better understood in the classes above the Am-
phibia. The optic ganglia (c and ) are distinct, and co-
vered with a dark membrane. The pineal gland is small
but distinct. The cerebellum is peculiarly small, forming
only a narrow tongue across the posterior surface of the
cord. This simple form of cerebellum, according to Leuret,
exists also in the toad, lizard, terrestrial salamander, snake,
and newt.

The pneumogastric and auditory ganglia do not project
on the surface, but ganglionic neurine may be seen i their
usual situation, when a transverse section is made of the
medulla nblmlgata

Reptilia.—From this class we may select the turtle:
specimens are easily procured, and its brain is extremely
simple (fig. 35). The olfactory ganglia, instead of being
sitnated on the eribriform plate of the ethmoid bone, are
placed, as in the eel, almost close to the hemispheres, and
the commissures connecting them are therefore extremely
short : they communicate internally with the ventricles.
The olfactory nerves pass towards the cribriform plate of
the ethmoid, but there is no bulbous enlargement at that
spot. They split into small filaments, which pass through
separate foramina. The cerebral lobes or hemispheres are
larger and more perfectly developed than in the Amphibia
or in any of the finny tribes.

Side view of the brain of the turtle. a. Olfactory ganglion. 8. Hemispherical 5‘&
c. Opiie ganglion. . Cerebellum. o. Pneumogasirie ganglion. @, Spinal cord. 7. Pituitary
gland.

anglian.

These ganglia are hollowed, and when opened (see fig. 36)
the corpus striatum or anterior cerebral ganglion (a) may
be seen: it is of large size. A section of this ganglion ex-
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hibits a striated appearance very similar to that in the
human being; posterior and external to the ventricle is
another enlargement (k), which I sup-

pose is the analogue of the thalamus Fipi 58

or posterior cerebral ganglion.

Leuret designates this enlargement
in the ventricle of the turtle the corpus
striatum, but he says nothing of the
smaller projection just exterior to it,
and anterior to the optic ganglia.

The optic tubercles are placed im-
mediately behind the optic thalamus.
The hemispheres are joined to the
cerebellum by two medullary pro-
cesses, the analogues of which in the
human brain are called the processus
& cerebello ad testes; and as these
parts form a commissure between the
anterior portion of the cerebral mass
and cerebellum, I have, in my de-
seription of it in the human brain,
called it the infer-cerebral commis-
sure. It is from this part that the
fourth pair of nerves arise bothin man ;.. . 1 torte scen rom
and the Vertebrata generally. Be- above, lateral ventricle opened.

a. Olfactory nerve, A. Olfactory

b 5 3 " lon. .IE Iﬁ.hi.l.il—
tween the opticle tubercles and the ggnetion. = Hemispherieal gan-

i ¢ 1 1 Cercbellum, v, 'Audi an-
hemisphere is the pineal gland, of an ferebellum, = v Auditory gan-

elongated form, soft, consisting only [mus nervi sptici, . Corpus
of blood-vessels.

The cerebellum (&) of the turtle, thongh distinetly formed,
1s small, and consisting of a single lamina. 1t is smooth and
convex above, and hollowed below, and, with a slightly
pointed extremity, covers in the pusterim fissure of the
cord. The auditory ganglia and respiratory ganglia are
scarcely perceptible. The first circumstance is accounted
for by the sense of hearing in these animals not being acute ;
m fact, all their sensations are pEﬂllllmljf dull, and, n the
second place, the “ besoin de respirer,” as the French ex-
press it, 1s not the violent, uncontrollable sensation which
1s evidently experienced by fishes and the higher order of
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animals when the access of air is by any accident impeded.
Now I have shown elsewhere that this peculiar sensibility
1s entirely annihilated if the pneumogastric nerve be di-
vided ; and it 1s therefore very evident that on this nerve,
as a nerve of sensation, the lngh degree of sensibility pecu-
liar to the respiratory organs in the higher animals depends.
The deficiency in these animals of that perfectly-developed
system of respiratory muscles found in most of the Verte-
brata, viewed in connection with the diminutive size of these
respiratory ganglia, supports the opinion advanced elsewhere,
that from these bodies issue the orders for the respiratory
muscles to act.

It is worthy of remark, in confirmation of the views re-
carding the office of the cineritious neurine, which I have
laid before the reader elsewhere, that the spinal cord of the
turtle is immensely enlarged opposite to the anterior and
posterior extremities, the muscles of which are supplied by
it, whilst between these points it is contracted to a mere
thread ; the intercostal system of muscles being entirely
deficient, and instead of an extensive surface of skin requir-
ing a supply of nerves of sensation, as in man and the Mam-
malia generally, there is a hard, insensible carapace.

In all the Reptilia the hemispheres are much alike in
their smallness and simplicity. They vary a little in shape.
—In the crocodiles they are wide posteriorly and narrow in
front—something of a heart shape. In serpents they are
wider from side to side. In all the saurians, crocodiles,
lizards, &c., and in the serpents, the cerebellum 1s very
small and very simple.

Birds—The brain and spinal cord in birds are developed
after one uniform type, notwithstanding the amazing diver-
sity of external form, habits and instinets of the different
species of these creatures.

The evident advancement in intellectual powers which
this interesting tribe of the animal kingdom exhibits to us,
is found to correspond with a greater development of the
hemispheres of the brain. The proportion of these to the
size of the body, to the other cerebral ganglia, and, lastly, to

the spinal cord, is far superior to any thing we have met -

with in the preceding classes. The different ganglia com-
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posing the encephalic mass are not placed one after another,
as in the skull of fishes and reptiles, but, on the contrary,
are rather placed under one another, and the hemispheres
or cerebral lobes are so much inereased in size that they
cover all the different ganglia of the nerves of sensation ;
so that on viewing the cerebral mass of birds from above,
we observe only two divisions,—the hemispheres or cere-
brum, and the cerebellum ; in some instances the cerebrum
is so large as even partly to overlap the cerebellum (fig. 37).

Fig. 31.

Side view of the brain of the bird, showing its position in the skull. a. Olfactory ganglion.
B. Hemispherical ganglien. c¢. Optic gangiion. E. Cerebellum. B. Spinal cord.

The cerebral lobes in most birds still present a smooth
surface, but in some birds there is a slight furrow, which is

the first trace we meet with of that
folded or convoluted appearance which
1s so characteristic of the brain of the
highest order of animals. The brain
of*the common fowl, pigeon, magpie,
blackbird, loriat and crow, is perfectly
smooth (see fig. 37); but that of the
buzzard and cuckoo is slightly fur-
rowed. In the duck and woodpecker
this is distinet (fig. 38); and “in the
parroquet it is more distinet (says
Leuret) than in any bird I have ex-
amined.”* 'The cerebral hemispheres

Fig. 88,

Upper surface of the brain of
the woodpecker (Leuret), showing
the first eommencement of the con-
voluticns. ®. Hemispherieal gan-
gmn. E. Cerebellum. m. Spinal
C .

are not hollow, as in fish and reptiles. And let it be re-
membered, that this convoluted arrangement is adopted
simply for the purpose of obtaining a larger surface of

* Leuret, p. 277.
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cineritious neurine in a smaller space. The amount of sur-
face 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 correspond-
ing 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 the
brain arranged mm man and the Mammalia generally, it
takes up but little room, and 1s packed into a comparatively
small box, which does not then interfere with the active
powers of locomotion, so important to all the higher animals
in maintaining their relations with the external world.

The cerebellum in birds is peeuliarly large—a fact which
tends to confirm the views of many mtelligent physiologists
of the present day, that it presides over and combines the
action of separate muscles so as to produce an harmonious
result ; for the perfection which the organs of locomotion
attain in this. class very far surpasses all that we have yet
observed among fishes and reptiles, and equals at least the
degree of development exhibited by the same organs in any
other species or class of living beings ; the cerebellum is
divided by transverse furrows into laming varying in number
from 10 to 20. Leuret names 12 in the partridge, 15 in
the duck, 16 in the parroquet, 20 in the male magpie.

Nevertheless the cerebellum of the Bird differs from the
same organ In the Mammalia in one important particular ;
the lateral lobes of the cerebellum are almost wholly defi-
cient in birds ; in man they are so much developed that the
cenfral portion, consisting of the superior and inferior ver-
miform processes, has even been described by Reil as con-
stituting a mere commissure. The cerebellum of the Bird
consists, iIn many species, of little more than the middle lobe,
which, corresponding to the vermiform processes of the
Mammalia, proves that these processes, instead of constitut-
ing a commissure, form the fundamental, and consequently,
we magr suppose, the most essential portion of a cerebellum.
Serres™ remarks, that this analogy, which was first observed
by Haller, was rejected by Malacarne, and neglected by
most subsequent anatomists.  The lateral hemispheres,

# Anatomie Comparée du Cerveau, vol. ii. p. 372.
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observes the same author, in some birds are so small as
scarcely to be visible ; for instance, in the common fowl, the
duck, the goose, the wren, canary-bird, and sparrow : but
they are very distinet in partridges, pigeons, swallows, birds
of prey, the ostrich, the cassowary and the storks. In
general, in birds which elevate and sustain themselves a
long time in the air, as the stork, and those whose wings
or feet have great power, as the emm, 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 peduncles
as they are sometimes called,
are pecuharly 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 Thebrain ofthe goose 1aid open. (From Spura-

AVES.

Fig., 39,

and depth; the corpora pyra- the nternal surface of the hemisphere without
midalia, the olivary bodies and
pons Varolii are absent.

The hemispheres of the
brain are connected together
by a small transverse commis-
sure, consisting of cineritious
matter on the exterior, of fila-

the internal surface of the hemisphere witluat
any sectivn. The white fibres on the surface
belong to the fornix or longitudinal commis-
sure. On the left side, a zection of the hemi-
sphere hag been made, below that ealled the
antriem otale In the human Lrain; it lays epen
the lateral ventricle, exposing the corpus stria-
tum (M) and the thalomus (&) The small
transverse eommissure, analogous to the an-
terfor commissure in man, s divided (7).
There iz no corpus cailosum. <, Olfactery
nerve. & Optie nerve. B, Hemispherical
ganglion. c. Optic ganglion. €. Cerebellum,
¥. Auditory panglion. =x. Longitudinal com-
missure, or fornix. P r. Great transverse

COTTTSETE.

ments of medullary matter, of
the size of a thread, in the interior ; the analogue of the
anterior transverse commissure in man, (see fig. 39, p,)
which- represents the two divided ends of it. It has been
cut in separating the hemispheres.  On the internal surface
of the hemispheres (those two surfaces which are opposed
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to each other, and in the human brain are separated by the
falx major) we observe some diverging fibres of medullary
neurine, which present themselves as a sort of footstalk at
the under part of the hemispheres, but really commence by
two portions, the one from the outer edge of the tractus
opticus, the other from the inner. That which takes its
course to the outer side is connected with the tractus op-
ticus, while the internal appears to terminate in the tuber
cinereum. This structure appears to me analogous to the
fornix in man.—(See letter x, fig. 39.)

In the brain of the Bird we again distinetly observe those
collections of cineritious neurine through which the fibres of
the anterior and posterior columns of “the spinal cord pro-
ceed in their passage towards their termination in the hemi-
sphere. These nodules or tubercles, which in the human
subject are called the corpora striata ‘and thalami nervorum
opticorum (ﬁi. 39), may be seen in the Bird by se-
parating the hemispheres and breaking down the commis-
sure which connects them. They will then be observed
partly covered by the optic tubercles. Inbirds the corpora
striata are very large, the thalami small. As they are more
perfeetly developed in all the genera of the succeeding class,
I shall not at present dwell longer upon the character they
exhibit.

Brain and Spinal Cord in the Mammalia.—The division
of this class into two sub-classes, the Placentalia and Impla-
centalia, by Professor Owen, and the philosophical researches
of this admirable anatomist, into the organization of the
Implacentalia, necessitates our considering them separately.
It is found that the brain of the lowest mammal is but
little in advance of the Bird ; and that assertion of Cuvier,
that the pons Varolii and corpus callosum are peculiar to
the Mammalia, is not applicable to the Mammalia as a whole,
but only to the Placentalia. (The Implacentalia are divided
into Monotremata and Marsupiata.)

The Monotremata derive their name from their having a
common opening for fwcal evacuation and the generative
function, like the birds : the ornithorhynchus, or duck-billed
platypus, is our most familiar example. The bram of this
animal is extremely simple; the hemispheres are small and
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smooth like the bird, the whole brain only bearing a propor-
tion to the body of 1 to 130.

The optic tubercles are covered more completely than in
the Bird, and they are partially divided, shadowing forth the
complete division into four bodies, which we meet with in the
placental Mammalia. “The posterior bigeminal body,” says
Owen, (Art. Monotremata, Cye. Anat. vol. 1ii. p. 383,) “1
much smaller than the anterior, and the transverse depression
which divides them is very feebly marked ; the longitudinal
groove is equally feeble on the nates, and 1s altogether absent
in the testes, which thus form a single tubercle.”

The commissural apparatus presents the same peculiarity
and deficiency as in the Marsupiata to be described presently.
Thus 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.

Mr. Owen, in his interesting paper on the brain of Marsu-
piate Animals, published in the Philosophical T'ransactions,
Part I., 1837, has shown that the link between birds and
Mammalia is more perfect than was previously believed.

The commissural apparatus in birds we have already seen
is extremely simple, consisting of a mere cord-like transverse
commissure and a ruczllu'nuentf.ln_',r fornix.—In the rodent, or
gnawing Mammalia, as the rat, mouse, squirrel, ral}blt
beaver, the hemispheres are almost as smooth as in l:-ildq
but the commissural apparatus is nearly as perfect as in man,
as the student will perceive when he reads the description of
the brain of the rabbit, given a little further on.

In the marsupiate animals, however, it is very different,
for the great transverse commissure, or corpus callosum, is
scarcely larger than the anterior anm]ssu_m in the Bird, and
the fornix is quite rudimentary.®

The brain bears a smaller proportion to the body in the
marsupials than in any other order of mammals : thus in the
Ursine Dasyure it is as 1 to 820, in the Wombat as 1 to 614,
in the Kangaroo as 1 to 800. Mr. Owen thus states how
he was led to the discovery of this mmportant distinetion
between the structure of the brain in the placental and
marsupial Mammalia.

#* Eneyel. of Anatomy, p. 89.
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“From the fact that the cerebral organ is that which ex-
hibits the most marked degradation of structure in the class
of warm-blooded vertebrate animals, which are characterized
by an oviparous generation, I was induced to suspect, after
having ascertained how closely the Marsupiata approached
birds in their mode of generation, that the brain might pre-
sent in them some corresponding inferiority of structure, as
compared with the placental Mammalia.

Fig. 41.

Fig. 40.—Upper surface of the brain of the beaver, reduced one Gall. (Ower.) A. Cerebral
hemilspheres., . Olletory ganglion. . Cerebellum.

Fig. 41.—Upper surface of the brain of the wombat, reduced one-half. {Owen.) a. Cerebral
hemispheres. a. Olfactory ganglion. ». Optic ganglion. e. Cerchellpm.

“ An attentive study of the manners of different marsupials
m confinement, and an inspection of the exterior forms of
the brain in some of the species, induced me to allude, in my
paper on the Kangaroo, to an inferiority of intelligence, and
a low development of the cerebral organ, as being the cir-
cumstances n the habits and structure of these singular
animals which were most constantly associated with the
peculiarities of their generative economy. I have since the
most satisfactory confirmation of this coincidence, from re-
peated dissections of the brains of marsupials belonging to
different genera, and although unable to explain how a brief
uterine existence, and the absence of a placental connection
between the mother and feetus, can operate (if it be reall
effective) in arresting the development of the brain, yet it
is a coincidence which has been so little suspected, and is
so interesting in various points of view, that I believe the
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evidence of it will be acceptable both to the physiologist and
the naturalist.”

Mr. Owen compared, step by step, the brain of the Mar-
supial Wombat and the Rodent Beaver ; and though these
creatures are so alike in outward form and habits of life,
that they have been classed in the same Order by some
naturalists, he discovered this most important difference of
organization—on the outward surface, the brain of the
wombat appears more highly organized than that of the
beaver, as 1t presents some appearance of convolutions,
while the brain of the beaver is quite smooth (see figs.
40 and 41). But in the beaver the hemispheres of the
brain are longer, and extend backwards further, so as to
cover the optic tubercles, which they do not completely in
the wombat.

Fig. 42.—Brain of the beaver, with the substance of the hemispheres removed to the level of
the corpus callosum: reduced one-half. (Owen.) ». Optic ganglia. c. Cerebellum. I Corpus
callosum. w. Pineal gland.

Fig. 43.—Brain of the wombat, with the substance of the hemispheres removed to the level of
the tornix, except on the right side, where part of the thin internal wall of the lateral ventricle is
leit; reduced one-halll (Owen.) ». Optic ganglia. a. Olfactory ganglia. m. Fornix. n. Hippo-
HM?B mnjlnr, o. Anferior fibres of the tenia hippocampi connected with the anterior lobes of
the hemispheres. p. Plexus choroides. g Septum lueidum. r. Corpus strinfum. #¢& Optic
thalami. w. Pineal gland.

On separating the hemispheres of the brain in the beaver,
we bring into view a broad and distinctly fibrous commis-
sure—the great transverse commissure or corpus callosum,
This may be traced into the hemispheres on each side, as in

the human brain (see fig. 42). On separating the cerebral
H
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hemispheres of the wombat, there is no such commissure :
not only are optic tubercles and pineal glands uncovered as
in the beaver, but the optic thalami also. Instead of a
broad corpus callosnm, we perceive, sitnated deeply at the
bottom of the hemispheric fissure, a small commissural
medullary band (see fig. 43, #), passing in an arched form
over the anterior extremity of the thalami, and extending
beneath the overlapping interior or mesial surfaces of the
hemispheres, which thus appear, as in the bird, to be wholly
disunited. This band of fibres (#) is the analogue of the
fornix. “As the great commissure is wanting,” says
Mr. Owen, “in the brain of the Great and Bush Kangaroos,
the Vulpine Phalanger, the Ursine and Mangles Dasyures,
and the Virginian Opossum, it is most probably characteristic
of the marsupial division of Mammalia.” |

It is stated in the last edition (1845) of Cuvier’s Lecons,
in reference to the commissural apparatus in the Mar-
supiata, that at the same fime that the great transverse
commissure diminishes, the anterior eommissure increases
to an enormous size ; 1t 1s, in the bramn of the kangaroo,
four times larger than the anterior commissure in the brain
of the ox, while the size of the brain itself 1s four times
smaller.

Mr. Owen also gives drawings of two species of herbivo-
rous and two of carnivorous Marsupiata, to show the indica-
tions of superior development which distinguish the brain
of the herbivora, in the greater proportional %evelﬂpmcnt of
the cerebrum, its convoluted surface, and the smaller pro-
portional size of the olfactory tubercles. In all species, but
especially the carnivorous marsupials, the greater relative
size of the vermiform process is deserving of notice, as mndi-
cating the approach to the oviparous type of cerebral struc-
ture. It is associated with a corresponding diminution of
the pons Varolii.

Mammalia Placentalia—"The lowest animals of the true
Mammalia are the Rodent, or gnawing animals, such as the
rat, rabbit, squirrel, &c., and to them we will now direct
our attention.

The following description of the brain of the rabbit has
been minutely given, because this animal is always easily to
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- be procured, and because I am sure that whoever will take
the trouble to dissect it, before attempting that of the
human bram, will find his path much Fig. 44
facilitated by the knowledge and the -
manual dexterity he will have ac-
quired.

He will be prepared, too, to take a
more correct view of the human brain,
and his mind will be divested of many
of those feelings of awe and mystery,
which have unfortunately been hitherto
so constantly associated with its struc-
ture.

When the upper part of the skull of

the rabbit 1s removed, we observe that
the cerebral mass consists of three
grand divisions : the first and smallest a0 of me ravbit, upper sur-
of these comprises the olfactory tuber- Hiimiherica sangtion =, co-
cles; the second, the hemispheres; b = Spinslcord
the third, the cerebellum ; the other ganglia remain entirely
concealed. The hemispheres are slightly marked on the
surface, but not at all convoluted.— Fig. 45.
(See fig. 44.) On separating the
hemispheres we find them con-
necting together by a band of me-
dullary neurine, called in the human ¢
subject the great transverse com- ¢
missure or corpus callosum.

If the great transverse commis-
sure be now divided, and the hemi-
spheres separated from each other,
several parts of importance beneath hE
it ‘W'ﬂl he EXPDSEd (EEE ﬁg 45} Brain of the rablit; hemispheres
Commencing from the posterior fim it sy b o ey
part, we observe just in front of the G fmix o longitudinal commissure
EEI'EbE“um fﬂ'l.ﬂ" Iﬂundﬂd ]Jl]{liE'E, t]lﬂ A. Olfactory ganglion ®. Hemispheri-

cal ganglion. c. Optie ganglion. n,
posterior (p) of which are small, I Gt % Tl pomi
not being more than a fourth part i, ™ Bincsl stand, . Corpus
as large as the anterior (c). These v orfomix.
four bodies are analogous to the single pair of optic

H 2
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tubercles in the bird, and in man are called the fubercula
quadrigemina, or the posterior the testes, and the anterior
the nates. Immediately anterior to these bodies we find
two other rounded projections, the anterior of which is the
larger. The posterior (k) is formed by a body which in
the human brain is known by the name of the fhalamus
nervi optici, but this 1s not the true optic ganglion,
though it does receive some fibres from the optic nerve.
This projection, though principally formed by the optic
thalamus, is not solely formed by it; for covering the
thalamus, we find a thin layer of medullary neurine, the
outer edge of which corresponds to that of the thalamus, so
that in this stage of the dissection the thalamus is not really
exposed. This band of medullary neurine, inferior longitu-
dinal commissure, consists of two sets of fibres: one set ap-
pears to cl}rrcspm]d to the fenia semicircularis in man, lying
between the thalamus and corpus striatum; the other
comes from the under and back part of the brain. It rises
up from this part, covering in its course a large internal
convolution, the lkippocampal lobe—hippocampus major.
From this part, we find it passing forwards and inwards,
and winding over the surface of the thalamus, and, running
in front of it, dips down to the under part of the brain, form-
ing the anterior pillars of the fornix, and terminates partly
in that portion of the spinal cord which in the human sub-
ject is known by the name of the erus cerebri, and partly in
the thalamus. The beautiful structure just described forms
a communication between the anterior and posterior por-
tions of the hemisphere of the same side, and runs aln::n% the
course of the mesial line. In the brain of man this
has hitherto gone by the name of fornix, but I have
named it inferior longitudinal commissure, as being more
in accordance with its structure and probable function. If
an incision extending in a direction forwards and outwards,
be made, commencing at the optic ganglion, completely
throggh this commissure, the optic thalamus waill Ee ex-
pose

The projection which is 1mmcdmte1}r anterior to the tha-
lamus is analogous to the corpus striatum of the human
brain, a part that has received its name from the striated
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appearance it presents on a section being made of its sub-
stance ; the cineritious neurine being deposited in strize
between the white fibres which are passing from the hemi-
spheres to the anterior columns of the spinal cord. The
corpus striatum and thalamus are, therefore, 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 characterised,
I think advisedly, by Spurzheim, as ganglia. The corpus
striatum should be entitled the anterior, and the thalamus
the posterior, cerebral ganglion of the cord. Running near
the edge of the thalami, towards the nates, are two white
lines, which, turning off at a right angle to cross the mesial
line, mmt with a very small cineritious body, about the size
of a pin’s head. This little body is the pineal gland () ;
the whole structure forms a commissure between the two
opposite thalami, and may be called the pincal commissure,
Situated immediately beneath the pineal gland, and between
the thalami, is a transverse band, which in the rabbit is
not much thicker than a thread, called the posterior commis-
sure, immediately in front of which is a middle band of
cineritious neurine, and still further forward is another;
these are respectively called the anferior and middle com-
missures of the brain, in distinction to the posterior commis-
sure.

The hemispheres having been completely turned back in
the performance of this dissection, the student cannot fail
to observe that they form a sort of cap to the anterior
and posterior cerebral ganglia of the cord, covering them
something in the same way that the head of a mushroom
does the footstalk; the space left is the lateral ventricle.
The admirable contrivance by which the immense quan-
tity of neurine composing the large cerebral ganglia in
these animals is lodged in such a circumseribed space as
the cramial cavity, must be interesting to the reflecting
student.

If the brain be now removed from the skull, reversed so
as to expose the under surface (sce fig. 46), and the eye
carried along the spinal cord, it will be observed that the
cord becomes of nearly double the thickness it possessed
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within the vertebral canal. This thickened portion of the
cord is called the wedulla oblongata, and contains within its
iy 6. substance the olivary bodies, the pneu-

5 mogastric ganglia, and the posterior
pmmldai oranditory ganglia. Cross-
ing the medulla oblongata transversely
1s a band of medullary neurine, which,
running from one side of the cere-
bellum to the opposite, forms the
commissure of that part, and is usually
known by the name of the pons Va-
rolii or tuber annulare (pv). The spinal
cord beyond this commissure splits
into two portions, which, running to
the two corresponding llemmpherﬂa
3 are called the crura, or legs of the
Brain of the rabbit, under sur- hlﬂiﬂ (_23 (-']. BctWﬁEn th(.‘:m 15 thﬂ {H}l-
ftion. 1 "ne inferior part ot ehe lection of cineritious neurine called

internal convolution or lobe of the

hippocampus, to which phrenolo- the fwber cinerewm, and immediately

ists have ap inted il . - L
BE alimentativencss. . omie anterior to it the commissure of the

L ML 2y i = -
of the eyes, or motores ocutorum. Optic nerves. The hemispheres ap-

. 0 illare. £ LT x
Crus corcor, pe. Pons varoti. pear divided into two lobes on each

terior pyramidat vody. & ¢or- side, and the fissure of separation is
Sl e called the fissura Sylvii. The commis-
sure between the olfactory ganglia and the hemispheres is of
considerable width, consisting of cineritious and mecdull
neurine, but 1t is short when compared with that of the
| carp and whiting.

T The under part
of the hippocampal
lobes are now dis-
tinctlyseen,andthe
great size should
be observed.

In the porcupine
and agouti the au-
gunghion. " 5. Hemispherival sangion. a. Corotenan . ditory ganglia are
e of great size. In
the squirrel the hemispheres are smooth (fig. 47), the olfac-

tory ganglia large, as also the cerebellum, so that on a lateral
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view, the whole encephalon bears much resemblance to that
of the bird : when this brain is dissected (fig. 48), the
small size of the hemispherical ganglia, in proportion to the
other cerebral ganglia, 1s well seen.

Next to the Rodentia, in the class
Mammalia, 1s the order Edentata, or
toothless animals. This order includes
the sloths and the extinet genera of gi-
gantic sloths,such as the megatherium.
The brain is simple, and affords no pe-
culiarities of  physiological interest.

We next come to the order Rwmni-
nantia, of which the Sheep 1s a familiar
illustration.

The facility of procuring the brain
of the sheep, and the slight cost at g o the squirrel: hemi-
which multiplied dissections of it may S “meita of Tthe “cord.
be made, induce me to bring it under §,i gmphon. . o testes, of
the notice of the student, as affording P ¥ i nervi op-
another characteristic link in the chain te- . Corpus striatum.
of cerebral complication, from the lower to the higher tribes
of creation and its termination in man. Investigations of
this kind, indeed, ounght to be pursued through as exten-
sive and varied a series of animals as can be procured ; each
offers some peculiarity well worthy of attention, and all
confirm the important truth in the science of zoological
anatomy, without which human anatomy is but a limited
and unsatisfactory pursuit, that every one of the organs
through the whole of the animal kingdom is constructed
on one uniform and simple plan. The brain of man
which had so long been, and even now remains, an ob-
stacle in the path of the teacher and student who restrict
themselves to the limits of human dissection, may be shown
to have been formed with the same attention to the beautiful
simplicity which distinguishes all the varied forms of or-
ganized existence. The minute description which has been
given of the anatomy of the brain of the rabbit, makes it
unnecessary to dwell with the same attention to detail on
each point in that of the sheep ; so that I shall merely men-
tion those particulars in which they differ, and thus point

Fig. 48.
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out some others in which the brain of the sheep approaches
more in its structure to that of man.,

Fig. 49.

Braln of the sheep, natural size. (Leuret.) a. Olfactoryganglion. ®. Hemispherical ganglion.
E. Cerebellum.

The upper surface of the cerebral mass of the sheep pre-
sents, on each side, three divisions,—the olfactory ganglion,
the hemispherical ganglion, and the cerebellum (see fig. 49).
The olfactory ganglia may be seen in front of the hemi-
spheres, as in the rabbit ; for although the hemispheres have
increased so much in size, still they do not yet completely
cover or conceal them—the olfactory ganglia being also very
large. 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

-M
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have assumed more of the oval form which they possess in
the human being. Their surface, instead of being smooth,
is much convoluted, looking exactly as if it were formed b_',r
the folding up of a soft but tenacious substance. The cere-
bellum is not mueh changed in appearance ; it is only some-
what larger in propor tion to the cerebrum.

The great transverse commissure has increased in accord-
ance with the greater development of the hemispheres ; and
when we divide it in the middle, and turn either half back,
in order to expose the optic tubercles, the thalami and
corpora striata, we find the latter appearing as if they were
placed within a circumseribed cavity, so much have the
hemispheres increased in size in every direction. The space
which is left between the corpora striata and thalami, and
the under surface of the hemispheres, has been described
in the human brain, under the name of laferal ventricle,
as if it were a cavity or chamber scooped out of the sub-
stance of the brain. But it must be evident to every one
who has followed the gradual development of the hemi-
spheres from before backwards, that this space is merely a
fissure analogous to those fissures which are met with on
the surface of the brain between opposing convolutions, the
Josse digitate. We find, in fact, that the spaces deno-
minated Jateral ventricles are the necessary effect of the
drawing back, if I may so express it, of these extensive
surfaces of neurine covering the crura cerebri or anterior
productions of the medulla oblongata. By the addition of
the anterior and posterior cerebral ganglia of the cord (the
corpus striatum and thalamus), the structure comes to bear
a considerable resemblance to a head of cauliffower included
within its capsule of leaves, or, as I have said elsewhere, to
the nodulated head of a walking-stick, over and around
which a piece of cloth has been tied, and then reflected for-
wards upon itself.

The edge of the fornix or longitudinal commissure may
be seen lymg in the groove between the anterior and pos-
terior cerebral ganglia ; the posterior ganglion, or thalamus,
being however so completely covered that it cannot be seen
until the commissure is completely divided and reflected
outwards. If the hemispheres be now twrned forward, the
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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.

Fig. 50.

Brain of the sheep, removed from the skull; and lying on its upper surface, size of life. . Ol-
factory ganglion. ». Hemispherical ganglion. E. Cerebellum. 1. Tuber cinerewm. a. Olfactory
commissure. & Dptur |u:1'v{= ¢. Third nerve. d. Fourth nerve. e Fifth Ilrﬂ': . Sixth nerve.

. Beventh, facial. ﬁth audutnr}- i. Ninth, glesso-pharyngeal. j. Tenth, par vagum.

t]

. Eleventh, I1ngunl x. Pons Varolii.

On the base or under surface of the brain we observe
that the u]factm;ly ganglia or tubercles (see fig. 50) are very
highly developed ; they are, in fact, nearly three times as
large as those of the human subject, 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 tu-
bercle and the point where they are united to the under
surface of the hemispheres. These commissures extend
backwards to the hippocampal lobes, which 1s some way
further than the point where they are first attached to the
surface of the cerebrum. We need go no further to prove
the absurdity of s#ill denominating analogous parts in the
hwman being, nerves. The olfactory ganglia themselves are
composed of medullary and cineritious neurine.

The pons Varolii (a:) or tuber annulare of Willis, is small
in the sheep compared with the same part in man : here it
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is not more than three lines in breadth. The corpora mam-
millaria are united so as to appear like a single body. The
tuber cinerewm is not particularly distinet; through its
centre we find a sort of funnel-shaped tube passing, called
the @nfundibulum, 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 com-
parison with the spinal cord.
The anatomy of the medulla
oblongata presents many points
of interest. But in order to .
understand them it is necessary _Medula oblongata and pons Varolii of

the sheep. Nos. 1, 2, and 3, with the lines,

t,ﬂ ﬂntiﬂipﬂt-ﬂ a litt]_e If t-]lt'- mark the sections, the surfaces of which

are exhibited in the next Ggure (52.) The

reader will refer to my descrip- lincs are not drawn at right angles to the
tion of the part in man, he will ; Tenth, par vagum. k. Eloventh, lingual,
find that the surface, viewed an- = o
teriorly and externally, presents those projections named,
from their shape, the corpus pyramidale, the corpus olivare,
and corpus restiforme. The corpus pyramidale is part
of the anterior column of the cord, which must not be
considered an isolated body or ganglion, but mercly an
appearance caused by the decussation which the fibres of
the column take at this part. They do not descend perpen-
dicularly on the same side, but they cross over to the
opposite side, decussating with their fellows ; the corpora
pyramidalia mn the sheep are small. The corpus olivare
i1s a true ganglion—a collection of cineritious neurine. The
corpus restiforme contains a ganglion which is connected
with the pnenmogastric nerve; it is the homologue of the
branchiogastric ganglion in fish. It may be called the
preumogastrie or restiforme ganglion.

If the posterior surface of the medulla is examined, a
fourth ganglion may be seen projecting on each side of the

Fig. 51.
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mesial line, of a pyramidal form—the posterior pyramidal
bodies, or auditory ganglia (¥ ¥).

Thus it will be found that the medulla oblongata contains
on each side four ganglia, while each vertebral section of the
spinal cord only contains fwo, the anterior and posterior
peaks of grey matter. ]

The distinction between these last-named ganglia is better
seen in some of the lower Mammalia, after making a trans-
verse section, than in man. I believe that in all the Mam-
malia, except the monkey, the elephant, and the porpoise,
the corpora olivaria do not project on the surface, and hence
the assertion by some anatomists, that they are wanting in
most of the Mammalia.

Longet says, p. 390,* “The olivary bodies attain their
highest development in the human species ; it is often im-
possible to perceive these eminences in other Mammalia.”

“ Having carefully examined,” says Rolando, ** the place
where these eminences ought to be, I can assert that they
are not to be met with in the ox, pig, sheep or goat.”

Carus affirms “ that they are wholly absent in most Mam-
malia, or at least that they do not present the arborescent
appearance of white and grey neurine which they do in
man.

I have found these ganglia in the sheep, horse, calf and cat,
and I have no doubt but that they exist in all Mammalia.

“ Gall,” says Longet, ““has certainly exaggerated their
volume in the calf; they are sufficiently apparent in the
apes, but especially in porpoises and in the dolphins.”

In the sheep the corpora olivaria do not project on the
surface. They are best detected by a transverse section ;
and they will be found, not on the side of the pyrammdal
bodies, but behind (see fig. 52); s represents the appear-
ance they exhibit. It is taken from a drawing which
I made with Mr. Grainger. We afterwards examined it
under the microscope, and found the ganglionic corpuscles
very beautifully distinct. Its exact longitudinal extent I

* Anatomie et Physiologie du systéme Nerveux de 'homme et des
animaux Vertébrés, par F. A. Longet, Lauréat de I'Institute de France,
Academic des Seiences, Doct. en Medecine de la Faculté de Paris, Prof.
d’Anatomie et de Physiologie, Chirurgeon de la Maison Royale de Saint
Dennis, &e., 1842,
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cannot assert, but there was no appearance of it in a section
made just above s, No. 3 ; fig. 52 exhibits what I believe
is its inferior extremity. In the human g 58,

subject they are mmch larger, though W
the neurine is folded into a small
space, but if extended it would occupy

' ' The au- ,

nearly one inch in breadth.
ditory and pnenmogastric ganglia are
also very distinet (same fig., rand ). =

Finally ; There is an appearance on

the surface of the medulla to which ,f,»
there is nothing analogous in the hu- s/ % | &
man brain. This is produced by a b

transverse fibrous band running just G

Three sections of the medulla

below, and parallel to, the pons Va- sionsia af the sheen e s
rolii, from the restiform bodies to the 5:'..m,’;.:m;'::i“"g.,‘gz.“‘:ﬂ"'“ S
edge of the anterior columns (see fig, @' ™

51): ¥ is called the corpus trapezoidum. Tt is met with in all
Mammalia, except the ourang-outang, chimpanzee, and man.

The cerebral nerves take precisely the same origin in the
sheep as in the human subject, 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 discrimi-
nating several of the particular pairs of nerves.

We have now seen enough of the anatomy of the brain
of the lower animals to understand how we ought to study
it in man ; we have traced it from a most simple form up
to what would have appeared a very complex one if we had
not seen all the connecting links. The study of these links
must assist us in the study of the human brain. In a mere
anatomical point of view we might abandon our compara-
tive anatomy and proceed at once to man; but in a physio-
logical and philosophical point of view we shall find it in-
teresting to glance at the characteristic features of the brains
of those Mammalia which remain undescribed between the
Ruminantia and the human race.

The Pachydermata or thick-skinned animals are the next
in order, of which the Horse is our most familiar example ;
fig. 53 is taken from Leuret. At one glance the student
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will perceive that the brain is of a high character. (The
drawing is reduced one half.) The cerebrum is large, and

Fiy. 53,

External surface of the brain of the horse, reduced one-half. (Leuret.) s. Fissura Sylvii, which
iz bifurcated. I. II. T1I. Those fipures which are placed before the fissura Sylvii indicate each
of the anterior convolutions ; and [ I1. TIL IV, behind, indicate the fn-urﬁmﬂ.erir:r: convolutions.
4. Point of re-union of the posterior convolutions I. and II. behind the FAssure of Sylvius.
o. Supra-orbital convolution. 1A Hippocampal lobe, or inferior projection of the internal con-
volution. cg. Corpus gepiculatum. 1,2, 3, indicate the three lobes of the cercbellum. e 0Ol-
factory ganglion. o. Optic nerve. m. Third pair. p. Fourth ditte. £ Fifih ditto. =, Sixth
ditto. f. Seventh, facial. {. Eighth, auditory. g. Ninth, glosso-pharyngeal. e. Tenth, par vagum.
k. Eleventh, linguai. s Twelfth, spinal accessory. x. Ions Varelii.

Fig. 54.

Longitudinal seetlon of the brain of the horse, through its centre, showing its internal surface,
reduced one-hall. (Leuret.) &. Anterior convolution. p. Posterior ditte. 1. Imternal ditto,
surrounding the corpus callosum, united to the anterior eonvolution before, and posteriorly and
inferiorly to the hippocampal lobe. ¢ Olfactory ganglion. ce. Corpus callosum divided in the
centre. oo, Commissura mollis.  gp. The letters are on the optic thalamus, the line leads to

the pineal gland. ¢ g. Optio tubercles; behind these iz the divided cerchbellum, exhibiting the
arbor vite.

the convolntions are numerons. It is rounder and more
elevated than that of the ox, though in both there is more
brain anterior to the corpus callosum than behind it. It
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covers the tubercula quadrigemina and a part of the cere-
bellum. The internal parts are the same as in the sheep. The

Fig 55.—Medulla oblongata of the horse. Fignres the same. The lines are numbered to
indicate the sectionz exhibited in fig. 536. No. 2 impinges on the bifurcation of the anterior
pillars. T. Corpus pyramidale. w. Corpus restiforme. wv. Crus cerebri. ¢. Third pair of nerves.
e. Fiith ditto. f. Sixth ditto, The line crossing the medulla transversely below the root of
thiz nerve marks the lower edge of the corpus trapemoidum. g. Seventh, facial. k. Eighth, auditory
J- Tenth, par vafu.m. k. Eleventh, lingual, :

Fig. 58.—Sections of the medulla oblongata of the horse. For position, see fig. 55. Nos. 1
4, and 5 have been placed by misiake with the inner or mesial cage of the section to the righ
instead of to the left,as in Nos. 2 and 3. 6. Pneumogastric ganglion. r. Auditory ganglion

g. Qlivary body.

arrangement of cineritious and medullary neurine in the
cerebellum is the same as in man. A perpendicular section
exhibits the appearance called the arbor vitae, and shows an
immense surface of cineritions neurine.  The olfactory gan-
glia are of great size, as also their commissures and the hip-
pocampal convolutions. The medulla oblongata is large
(see fig. 55). The pyramidal eminences are distinet ; there
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18 no appearance of corpora olivaria on the surface, but a
section reveals them clearly. This position, as compared
with those in the human being, is curiously altered (see
fig. 56, Nos. 2 and 3). This fact 1s to me a convincing proof
that they are imbedded in the motor tract, and that they do
not form any line of physiological demarcation. 1 have
taken a great deal of pains to work this matter out, and
ascertain what is the homology of these bodies. The con-
clusion I have arrived at is, that they are the ganglia of the
lingual nerves, and that the great extent of cineritious
neurine which exists in them in man has relation to the
multiplied movements of the organ of speech.

There are objections to this theory, and among others
their great external size in the elephant (see fig. 57). In
this figure, the great projection they form on the surface of
the medulla is very well shown; and it 1s most likely that
this projection is caused by a grcut quantity of ganglionic
neurine within: but without a section this cannot be posi-
tively asserted. Again, their large size in an animal whose
intelligence approaches nearer to that of the human being
than that of any of the lower animals, is curious and in-
teresting. 'The olivary bodies are very distinct in the apes ;
but in some Carnivora, as the bears, they are not so well
formed ; in others, as the lynx, badger, and seal, the in-
ternal border is confounded in their whole length with the
pyramidal bodies, and only distinguishable by the origin of
the twelfth pair of nerves. (Cuvier, Legons.)

There is a preparation of the brain of the elephant in
the Museum of the College of Surgeons, 1331, but it 1s
not sufficiently dissected to render its internal anatomy
distinet. Mr Owen gives an account of it, and from that
the following 1s taken. It is an interesting account, and
confirms an opinion 1 advanced many years ago, that the
hemispherical ganglion is pesifively not relatively larger in
man than in any other animal.

The absolute size of this organ in the Asiatic elephant
exceeds that of man. But the proportion which the cere-
brum bears to the rest of the brain, and especially that part
of the hemisphere which forms the roof and sides of the
lateral ventricle, is much less.
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“ The hemispheres are broad and short, with a considerable
development of the natiform protuberance. The convolu-
tions are comparatively small and numerous. The anfrac-
tuosities are also deep, extending in some cases more than

Fig, 57.

a x =t =g ] 411

.-I 'Illlll!.‘"

.
=
5
E

Medulla oblongata of the elephant; sketched from a preparation in the Coll
8 Corpus olivare. 7. Corpus pyramidale.  w. Corpus T]:-T!l forme. x. Ponz ?Egligf 3:r hir:j'
pair of nerves, e Fifth ditto. g. Seventh, facial, &. Eighth, auditory. 4. Ninth, glosso-pharyn-

geal. §. Tenth, par vagum. & Eleventh, lingual,
t?n-thirds of an inch into the substance of the brain. The
hippocampus is comparatively smaller than in the ass, and

the corpus striatum larger. The ventricle is continued into
I
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the olfactory bulb. The cerebellum is of considerable width,
and its surface increased by numerous and complex anfrac-
tuosifies. The tuber annulare corresponds in size to the
development of the lateral lobes of the cerebellum. The
corpora olivaria are remarkably prominent. 'The olfactory
nerves and the fifth pair, which supply the proboscis, are
remarkable for their prodigious size : whilst the optic nerves,
and those which supply the muscles of the eye, are as re-
markable for their small size.”

The brain of the Cetacea, which form the next group in the
animal kingdom, must now engage attention. Of this class
the porpoise affords the most convenient illustration. This
creature, which to the vulgar is no more than a large fish,
the enllghtuwd physiologist admits into the same grand
division of the animal kingdom to which man himself be-
longs. Bringing forth its young in a state requiring, long
after birth, the protecting care of the mother, higher intel-
lectual endowment is 111111]1{3{[ 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 cerebral mass
developed upon the same plan, and presenting nearly the
same appearances and arrangement of parts, as some of the
most perfect of the terrestrial Mammalia, and even as the
brain of man himself.

Looking at the superior part of the cerebral mass of the
porpoise, as represented in fig. 58, we observe two divisions,
the cerebrum (1) and cerebellum (7); the whole surface is
convoluted as in the human brain, and although the convo-
lutions are smaller, the sulel between them are of consider-
able depth ; its shape is peculiar from its great lateral width
as compared with that of the human being or sheep, for the
cerebral hemispheres taken together are even longer from
side to side than from before to behind. The dimensions
of the cerebellum are great in comparison with those of the
cerebrum, the whole cerebellum bearing a proportion to one
hemisphere of the cerebrum as two to twoand ahalf. This
is owing to the great size of the lateral lobes: the middle
lobe or processus vermiformis is small, as will be seen by
fig. 58. 'The posterior lobes appear to be wanting, as
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in the sheep, by which the cerebellum is left partly un-
covered.

The great transverse commissure or corpus callosum (6) is
strikinglyshort from before backwards, measuring a little more
than one fourth Fig. 8.
of the whole
length of the
hemisphere, if we
except that por-
tion which curves
downwards in
front, and which
1s about a third
of the length of
the horizontal
portion, so that
the tubercula
quadrigemina or
optic tubercles _

(A and 5 are en-- 5t i mie tiiile 1 Bestion uf the b Henpbors
farely uncovered e carion, the Tine betsen this sad the mext & et
Dy il and on Tes I'Tie mtcior coudigemisel todlt: s tbaaies o Bates

o= E 5. The posterior gquadrigeminal bodies, optic tubercles, or testes.
mov lngthﬂ ar ﬂﬂh- f. Gireat transverse commissure, or corpus eallosum. 7. E:m:lu:llum.

n[}id a]lfl Iliﬂ. ma- 8. Spinal cord. 9. Pineal gland.

ter are to be observed between its posterior edge and the
cerebellum, nearly a third larger than those in the human
brain ; the posterior pair, or testes (5), are nearly double the
size of the anterior or nates (4).

In the brains of the Mammalia we have already examined,
the Rodentia, Ruminantia, Pachydermata, we found the rela-
tive size of the optic tubercles the same as in man, viz. the
anterior larger than the posterior ; but generally in the Ceta-
cea and Carnivora the posterior are the largest. The kan-

aroos resemble the herbivorous Mammalia in this respect.

The pineal gland (9) is small but distinet, 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 horizontal one carried through one of
the hemispheres on a level with if, the thalamus nervi optici
(3) and corpus striatnm (2) are exposed, the latter scarcely

12

e ———
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a fourth part as large as the former. The fornix, which 1s
small, has been divided, and with the exception of its an-
terior pillars and the septum lucidum, removed in making
the above section. There is no posterior cornu to the lateral
ventricle.

The plexus choroides is very peculiar, being transversely
folded, like the branchie of a bivalve (see Preparation 1332,
College Museum).

Has this arrangement of blood-vessels special relation to
the brain, or is it merely a part of those arterial plexuses
which are found so large in the thorax, and exist in the
spinal canal and about the head, as reservoirs of arterial
blood for the animal when diving ? A similar arrangement
exists in the whale. :

Base of the Brain (see fig. 59).—The fissura Sylvii (s) is
deep ; the middle lobe very large, and projecting more than
in the sheep. But the hippocampal convolutions are much
smaller, and do not present the same distinctness.

The pons Varolii or commissure of the cerebellum (p v)
is large in proportion to the whole cerebral mass, and is
about the same size as this part in man, according with the
great development of the lateral lobes of the cerebellum.

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 cirenmstance
which partly depends on the large size of the corpora olivaria,
and partly on the magnitude of the posterior pyramidal
bodies.

The corpora olivaria (1) are so amazingly developed, that
instead of being separated from each other, as in the human
being, by the corpora pyramidalia, they overlap and cover
these so completely as even to come into contact with each
other in the median line (see fig. 59). The lingual nerves
are not of proportional size, but the pneumogastric nerves
are about double the size of those of man. If the corpora
olivaria be carefully elevated, the anterior eolumns of the
spinal cord will be seen decussating beneath and posterior
to them.

The arrangement of the fibres of the anterior and poste-
rior columns, as regards their course towards the cerebellum,
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and the share they take in the formation of the corpora
restiformia, is perfeetly identical with the disposition of the
same parts in the human brain, which will be found de-
seribed so fully further on, that it will be unnecessary to dwell
upon it here. The
accordance 1is,
nevertheless, ex-
tremely interest-
ing as confirming
those views 1
have advanced on
the subject of the
communications
between certain
parts of the me-
dulla oblongata
and the cerebel-
lum.

Origin of the

Nerves in the

Porpoise. — The
Baze of the brain of the nise. (Learet.) This figure exhibiis

ﬂlfﬂﬂtﬂl:}f NETVES  the absence of olfactory numg. the large size of the ’!Em::ﬁ Varolii,
- also the olivary bodies, and their juxtaposition on the mesial line,

are Eﬂtl.'['ﬁl}? a'b" oo, Orbital convolution. e, Crus cercbri. ¢ v. Pons Varalii.
t &. Fissura Sylvii. =L a. Anterior portion of the antero-posterior
sent. convolutions. 1p. Poesterior ditto. m. Olivary bodies. o. Optic

The optic are "™
smaller than those of man ; their origin is the same.

The 3rd, 4th, 5th, and 6th, are also exactly similar.

The 7th, or facial, is the same both in size and origin.

The Sth, or auditory, is nearly double the size of that in
the human being.

The 9th, or glosso-pharyngeal, is large. /

The 10th, or par vagum, is at least double the size it
presents in man.

The spinal accessory is rather small. Its origin is the
same as in man.

'The 11th, or lingual, is rather large. Its origin 1s from
the anterior columns of the cord close to the corpora oli-
varia.

In the different genera of Wiales, John Hunter tells us
that the brain differs much in size. The thalami are large,

Fip. 59,
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but the corpora striata are small. The fibrous neurine of
the hemispheres may be distinctly traced through the mmer
layers of the hemispherical ganglion.

In the piked whale the whole brain was found to weigh
four pounds and ten ounces.

The Carnivora form the next group in the animal king-
dom, consisting of the bears, martens, dogs, cats, and seals.
The number of ganglia and commissures constituting the
encephalon of these animals is the same in all. Thereis no
great peculiarity as regards their relative size. In the
common cat (see fig. 60) the olfactory ganglia (¢), as we

Fiy. 60.

Bide view of the brain of the common cat. (Leuret.) e. Olfactory ganglia- ¢, Optic nerve.
A & a. Anterior portion of longitudinal convolutions. 7 r. Posterior of Jditto. = is opposite
the fissura Sylvii; a line from & divides these two sets of convolutions. <. Union of the two.
o. Orbital convalution.

might expect, are enormous. The hippocampal lobes are
also large. The hemispheres cover the optic tubercles and
partly overlap the cerebellum. The hemispherical ganglion
1s much convoluted. The convolutions are described further
on. The anterior and posterior quadrigeminal bodies are
of nearly equal size, the anterior being rather the longest
from before backwards. “ In the lion the posterior, though
smaller in longitudinal diameter, are broader, and rise above
the level of the anterior pair.”—(Owen.) In the seal the
olfactory ganglia are small, but not absent, as in the Cetacea,
though the form of the brain resembles in its roundness
that of these creatures. The hemispheres do not entirely
cover the cerebellum, which is large, especially its lateral
lobes. The corpora olivaria maintain the same central po-
sition as in the porpoise, but they do not project on the
surface. The corpus trapezoidum, that oblong portion of
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the medulla oblongata running transversely inferior and
parallel to the pons Varolii, between the fibres of which
facial and anditory nerves emerge, is of remarkable size in
all the genus Felis.—(Owen.)

In the group JZusectivora, hedgehogs, moles, &c., the
brain retrogrades, as will be seen by referring to fig. 61,
which represents the brain of the Fig. 6.
hedgehog. 'The olfactory ganglia (a)
are enormous compared with the he-
mispheres. The hippocampal lobes
are very large, corresponding with the
olfactory ganglia. The hemispherical giae view of the brain of the
ganglia are quite smooth and free from }e{fnee. A, Ojfictory ganglion.
convolutions ; the cerebellum is large v« * Spinalcord.
and well developed.

The Cheiroptera, or hand-winged animals, the bats, come
next. The brain of the bat (fig. 62) closely resembles in
outward appearance that of the bird. The olfactory ganglia
(o) are larger, but the hemispheres () Fig. 62.
are very small and smooth ; the cere-
bellum is peculiarly large.

Next to the Cheiroptera below, and
to Man above, we have the Quadru- . ,icw of the brain of the
mana, the lemurs, baboons, apes, and & Olaety eanelion, ».
monkeys. No general observations; Wium. . Spial cun.
will describe the characteristics of the brain m this class
beyond what apply to the Mammalia generally : for the
brain of the highest, namely, the chimpanzee, approaches
nearly to that of man ; while some of the lowest appear to
be little raised above those of the rodents and insectivora,
as regards the convolution of its surface.

Mr. Owen, in his paper on the Marsupiata, already re-
ferred to, gives a drawing of the brain of a monkey (Midas
-rz._sﬁmanw} ; the surface of whose brain is smooth, with the
exception of one short longitudinal fissure extending but a
short distance on the hemisphere from before backwards : at
the same time it must be stated that this brain is above
that of the rodents, &c., inasmuch as it covers the cere-
bellum.

The outline of the brain of Mammalia, as viewed from
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above, presents three principal varieties. In one it is almost
circular—this includes the ourang outang, the seal, and the
porpoise. In another it is oval, more or less elongated, as in
the lion, beaver, and sheep. While in a third it is almost
triangular or heart-shaped, the anterior lobes being remark-
ably narrow, as in the ferret, in the opossum, and in the
rabbit. The forms have no relation to the different orders
of the Mammalia, as the examples which have been men-
tioned show.®

There are a few parts of the encephalon on which I have
thought it well not to say much in the description of the
brain individually, but which it may be well to consider
collectively.

Corpora geniculata.—The tubercles which will be pointed -
out in man as forming a third pair, under the name of the
corpora geniculata interna, become in monkeys, in dogs, and
m other Carnivora, as large as those of the other pairs; but
they are small or scarcely visible in the Ruminantia. They
are very large in the horse, and always joined to the testes
by a strong fibrous faseiculus, which appears to pass under
the optic nerve and terminate in the optic thalami. In the
monkeys, especially in the ourang ontang and the baboon, we
find the corpora geniculata interna also receiving a fasciculus
from the nates, and giving out a root which runs low enough
to unite itself with the pl'inci[ml cord of the optic nerve.

The corpora geniculata externa are much less constant
than the interna, and their projection, already much effaced
m the monkey, is no longer distinguished in the other
classes from the projection of the optic thalamus under the
ribbon of the nerve which conceals it.

Optic thalami—The size of these ganglia, the optic tha-
lami, appears to be in direct relation with the size of the
folds of the hemispheres. This is especially observable in
the dolphin, where the hemispheres are of considerable size
and thickness.

The pineal gland does not present any remarkable dif-
ference. It is sometimes elongated into a cylinder, as in
the ox and the seal; sometimes triangular, prismatic, or
cordiform, as in the shccp and the horse; or conical, as In

* Cuvier, Lecons, 2nd 1d. 1845,
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the monkey: it is generally small in the Carnivora. Its
fasciculi, from their origin on the upper surface of the optic
thalami to the anterior commissure, may be distinetly traced.
In the opossum, the fasciculi at the origin of the gland are
large, and form a projection on the superior edge of the optic
thalami. Many anatomists affirm to never having met with
earthy coneretions in any animal, analogous to those which
are seen in the pineal gland in man.

Corpora striata—These bodies scarcely differ, in all the
Mammalia, except insize ; they are separated from the optic
thalami by a very marked, and sometimes by a very deep,
furrow, in which is lodged the fenia semicircularis and the
pillar of the fornix, and their size is in general very similar
to that of the optic thalami. 1In the dolphin, however, the
cisproportion is considerable ; the corpus striatum is much
less prominent and less voluminous than the optic tha-
lamus.

Corpus callosum, forniz, and hippocampal lobe.—The
corpus callosum and the fornix, like the striated bodies,
do not differ much in size. The hippocampal lobes are
generally larger in proportion in Mammalia, but their
surface does not present the same swollen appearance as in
man. The corpus callosum, in some instances, seems to
be developed, as regards its size, m relation to the corpus
striatum; as we have already seen in the brain of the porpoise,
which has large hemispheres, a proportionally small and
thin corpus callosum, and a very moderately-sized corpus
striatum.,

Veantricles.—There is no digital cavity in the lateral or
anterior ventricles, except in man and the apes. Its presence
depends on that of the posterior lobes; but in the scals
and dolphins, where the posterior part of the hemisphere
is considerable, it descends into the temporal fossa, thus
exhibiting a rudiment of the digital cavity in the bram of
man.

This ventricle, in most Mammalia, is continued anteriorly
mto the hollow tube of the olfactory commissure, the
third and fourth ventricles not presenting any remarkable
difference.

The mammary tubercles are often very distinet, as in the
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Callitrix, one of the squirrel-monkeys, the lion and the
lynx : ‘lllﬂ}’ are more fﬁ.qm]’ﬂ:]gf blended into one, as in
the hyrax, stag and lama.*

It has been already explained that the convoluted hemi-
spherical ganglia are the parts with which the mtellectual
powers are more immediately connected; and as the ganglia
increase in size, they become altered from mere rounded
points, like peas, to folded swfaces. The principal change
which we have to observe in tracing the form of the bramn
from the Rodentia up to Man, is in the relative proportion of
the hemispherical to the rest of the cerebral ganglia, and
in the size, number and direction of the convolutions. It
is stated by Leuret, that the cerebral convolutions of the
Mammalia are alike in the same animal, and that the
Mammalia may be classified by the similitude of their cere-
bral convolutions,

The classification which is founded upon these convolutions
differs in many essential points from that which is based npon
the form of their organs of prehension; it associates animals
of corresponding faculties, and separates those which differ
m this respect. The cerebral convolutions have many well-
marked types, which may easily be traced one into the
other.

No portion of the study of the brain is at first sight so
unpromising, unsatisfactory and puzzling, as that of the con-
volutions ; they appear so complicated, indefinite, confused,
and countless, that few can be induced even to consider the
subject. If, however, they will take the trouble to mvesti-
gate it a little, they will be rewarded, by finding it much
more simple than it at first sight appears.

In order to understand the various forms which the con-
voluted surface of the brain assumes in different animals,
we will suppose the hemispheres to be a flat layer of soft
material, such as a piece of putty ; but as this 1s not always
at hand for the purposes of illustration, take a piece of
cloth, and a small lozenge-box. In the lowest animals the
brain is smooth : to imitate this, the cloth may be cut the
size of the box, and it will go in without folding, and be

* Cuvier, Legons, vol. iii. p. 99, 2nd Ed. 1845.
t Op. eil., vol. i. p. 451,
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smooth, like the brain of the rat or hedgehog. But a little
higher in the scale of animals, as in the agouti, for instance,
the surface is not quite smooth ; there is one slight longitu-
dinal furrow (fig. 63). We may now cut the cloth a little
larger than the box, and one very slight fold is sufficient to
get it in. A little higher in the animal scale, and we find
two or three folds, but all still in the longitudinal direction :
in the same way then to imitate these, the cloth must be
cut still larger, and folded longitudinally. Still rising in the
scale, the brain goes on increasing; we must now, there-
fore, as the additional size is given by additional length,
make transverse as well as longitudinal folds. Suppose a
surface to have been folded thus,
like the upper figure, but which
cannot be packed in the box be-
cause it is a little too long for it ;
we then bend it a little in the op-
posite direction: the effect would
thus be to produce a transverse € "y
furrow, as in the lower figure; and &
this, in fact, is the next step in the i )
complication of the convolutions. i mis
At first, these folds are very short,
and only connect the longitudinal =
folds together ; but in the higher animals, elephants, apes,
and man, they are so large that they divide the longitudinal
convolutions.

We may now turn to the anatomical facts, and see if we
can realize and digest them ; and we do so the easier for the
above most homely illustration ; I trust it will be forgiven,
even by those who, unlike the author, could have under-
stood them without some such clue to their meaning,.

These explanations will, I think, be easily understood as
we proceed, by referring to the following figures, taken from
Leuret. 'To assist in remembering the course of the con-
volutions and their variety in different species, we may con-
sider the longitudinal foldings as the result of pressure from
%Eved&nd below ; the transverse foldings, from before and

11001,

It is a curious coincidence, to say the least of it, that as
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the longest heads in the human species contain the most
active and intellectual brains, so is the greatest advance
from the lower form of brain to the higher made by length-
ening the brain, as shown by the transverse foldings. 1t is
an old saying, and a true one, in speaking of a clever man,
“ He is a long-headed fellow.”

Professor Owen, in a paper communicated to the Zoolo-
gical Society as far back as 1833, began a classification of
the convolutions of the brain. His paper was simply en-
titled, < The Anatomy of the Cheetah, 7etis jubala.” He
confined his observations to the feline and canine race.
They are very clear, and point out the same longitudinal
furrowing which was afterwards described by Leuret, as
will be shown further on. 1 have thought it better to follow
the latter, as his descriptions are more extended, and quite
confirm the observation of Professor Owen, who observes,
that the constancy manifested in the disposition of the con-
volutions, as to their form, extent, and symmetrical arrange-
ment, argues strongly in favour of the conclusion that the
folding of the hemispherical substance in the progress of
development follows a determinate law.

A classification of animals in relation to their convolu-
tions will be found to accord with the extent of their in-
telligence ; animals may be divided info groups, in ac-
cordance with the form of their convolutions.

The first group mcludes ammals taken from different
families, viz. the Cheiroptera or Bats (fig. 62), the Insecti-
vora (61), the Marsupiata (fig. 40), the Monotremata, and
especially the Rodentia (41, 47). They correspond, as re-
gards the absence of convolutions, to those birds which have
but little intelligence.

In the second group there are still no convolutions, but
there are depressions which announce, as it were, their ap-
proach. The animals which compose this group are from
the Rodentia, the Insectivora, and the Marsupiata. Besides
the fissura Sylvii, which is here more prominent than in the
first group, there are depressions upon the cerebral lobe
which have a certain regularity, as may be seen in the
examination of the brain of the hare and agouti.

On each side of the median furrow, which extends from
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before to behind, we see a parallel furrow which circum-
scribes a portion of cerebral substance, having almost the
aspect of a convolution: this is well seen in the agouti
(fig. 63). In the beaver (see fig. 40) we see some furrows
less prolonged but more deep, having
the same direction as those in the
hare and agouti. Gall and Spurzheim
were 1n error when they stated that
the number of convolutions is in rela-
tion to the volume of the brain; for
mstance, in the brain of the ferret
there are five convolutions very dis-
tinct, three external, one internal, an
anterior or supra-orbital ; yet the
brain is not equal to that of the
squirrel, which is without convolutions
or furrows, and it 1s much mferior to
that of the hare, of the porcupine, of
the paca, agouti, beaver, &c. These upper surace of the brain of

" = | i. Leuret, irh
latter have a brain more voluminous toacing of ihe Laeiudinal 1o

than the ferret and the polecat. Never- 3. Humispheriesl sangiia x o
theless, it is generally true that those ™™ - Srinalcord.
species of animals which have the most voluminous brains,
have also the convolutions and undulations most numerous
and varied.

M. Leuret illustrates his views regarding the cerebral
convolutions by a demonstration of the convolutions of the
brain of the fox (see fig. 64), exhibiting the external face of
the right hemisphere of the brain: s, marks a deep furrow,
passing obliquelyupwards and backwards—the fissura Sylvii.
There 1s a rounded body surrounding this fissure—this is the
first convolution; a second, third, and fourth, are placed
one above the other, making four convolutions ; before these,
placed in front, there is a fifth (o), the supra-orbital. The
sixth, and last (1), forms at the under part of the middle
lobe the hippocampal convolution.  If we eompare this brain
with that of the bear, we find that the fissura Sylvii is larger,
but there is the same proportion to the rest of the brain.
Instead of there being four lateral convolutions, as in the fox,
there are only three, though at first sight the brain appears

Fig. 63.
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more complicated. Fig. 65, representing the upper surface of

the brain of the fox, shows the completion of the fourth

convolution, of which fig. 64 shows the internal and pos-
Fig. 64, terior part.

The third group
contains the fox,
wolf, &e. The con-
volutions of the
brain of the wolf are
the same in number
as those of the fox,
only there are more
numerous  depres-
sions, and a very
Dot o o, Uewt) & Gkcwyivoms. s, 0e xalon et o
Pusterior ditte. & 8. Fissura Sylvii. 1 2. Cerebellum. upon the third ex-
ternal convolution, in the spot where in the fox there is
only a rudiment of a depression. Leuret states that he has
compared the brains of
dogs of different species,
and he has always found
the same type, the same
convolutions, without
any difference but in the
number of the depres-
sions, and extent of the
undulations ; this differ-
ence corresponds to the
volume of the brain.

Fourth group. — All
animals of the genus Cat
and Hyena are comprised
in this group. As in the
preceding group, the
smaller the brain, the

Upper surface of the brain of the fox. (Leuret.) fewer the convolutions
s 8. Fissura Sylvii. -

and depressions. There

are many essential differences with regard to the cerebral

convolutions between the fox tribe, which includes the

dogs, and wolfs, and the cats. In these latter (fig. 60) we
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find four external longitudinal convolutions, one internal, and
one supra-orbital. DBut, contrary to the arrangement in the
brain of the foxes, these convolutions have many points of
union, which, I believe, arises from the greater length of the
ganglion requiring it to be pushed up together in its long
axis : at the place marked s in fig. 60 there is a furrow,
which represents the fissura Sylvii; this furrow is very
much developed in the panther, in the lion, and all the
large species of this genus.

Fifth group.—They are varied, but they have this com-
mon point of resemblance—that the number is only five,
three external, one supra-orbital, and the fifth internal.

The civet forms a very natural and easy transition between
the bears and the foxes. The genet forms a transition
between the brain of the civet and that of the marten.

In the coati there are but three external convolutions ;
the first is of unequal size in different parts of its extent:
behind the fissura Sylvii it is very much enlarged, above
that fissure it recedes npon itself, and remains partly below
the anterior portion of the second convolution. The same
disposition is met with in the weazel, the marten, the otter,
and the bear.

The second convolution is in an inverse ratio to the first,
being larger before than behind.

The third convelution, simple and regular in the ferret,
has in the polecat a fissure behind, which is replaced on the
two sides. The coati has more depressions. Viewing the
brain of the ferret, weazel, coati, badger, and polecat, above,
a transverse fissure may be seen to cut the mesial fissure, like
the letter V. The convolution in front of this fissure, which
forms the anterior point of the brain, is a portion of the in-
ternal convolution, which, cmnmcncing at the hippocampal
lobe, runs backwards, embraces the corpus callosum, and
rising anteriorly to unite with the superior convolution.
Above the orbit is the last convolution, the supra-orbital ;
it 1s forrowed for the olfactory commissure.

The brains of the fifth group form a sort of transition
between the foxes and the sheep.

The sixth group ineludes only the ichneumons.

The seventh group includes the two-toed sloth, the ai or
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three-toed sloth, the African anteater, phascolomys or
wombat, and the hyrax or coney. In none of the amimals
composing this group do we meet with a single transverse
furrow.

The eighth group includes the pteropus, or fox-like bat,
kangaroo, orycteropus.

Ninth group.—The brain of the genus Sheep, including
the Ruminantia (figs. 49 and 50), which forms the ninth
group, have in reality only four convolutions ; one internal,
one infra-orbital, two external, which have numerous divi-
sions, some depressions, and a form very undulating. It is
a sort of amplification of the brain of the oryeteropus.

The convolutions of this group, in their general aspect,
do not resemble those of the foxes, cats, or bears; they
have more analogy to the convolutions in the human brain.
Viewed above, we observe the longitudinal foldings much
doubled np, so as to produce many transverse folds.

We cannot attempt to follow out all the minute varieties
in the convolutions of the tenth, eleventh, and twelfth groups
of M. Leuret, which includes the pigs, the seals, and the
Cetacea, but proceed to the thirteenth group. With the ex-
ception of suborbital convolutions, the convolutions of the
brain of animals below this group are all directed from
before to behind—they traverse the brain longitudinally.
Between these convolutions in many brains there are points
of union, a sort of soldering or joint ; they are found in the
cat, bears, otter, sheep (fig. 49), &c.; but all are parallel,
none are placed transversely to the brain, entting the lon-
gitudinal convolutions into two parts, and dividing them
into aaferior and posterior convolutions. 'This division of
the longitudinal convolutions, this addition of new convolu-
tions, is found only in the elephant, the apes, and in man
(see figs. GG and 67, and the descriptions).

Fourteenth group.—In the apes, and especially the mon-
kies, the convolutions are not so undulating and voluminous,
as in the elephant and whale ; thus they appear at first sight
to be further from man than the latter ; but a little attentive
observation soon dispels this illusion. The general form of
the brain of the monkey, its development behind, the ex-
tent and degree of inclination of the fissura Sylvii, form a
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brain as an embryonic perfectioning of the brain of man,
whilst the brain of the elephant, and especially that of the
whale, considered in their different relations, descend to-
wards the form of the brain of other Mammalia.

Internal sorface of the right hemisphere of the Tndian elephant. (Leuret.) ¢ c. Corpus
callosum. ¥z 1 1. Internal convolution. ‘This convelution, abowe and behind the eorpus callpsum,
sends a prolongation; 4, which is united to the superior convelutions, =53 &. uret states
that he hag never met with this disposition of the convolutions, except in man, the ape, and in
the elephant. This portion cuts the antero-posterior convoelutions into two portiong, of which
some are anterior and the others posterior  111.9, 110.P Third posterier convolution. 1v.p, iv.e.
Fourth posterior convolution.  11n.a. Third anterior convolution. 1v. Fourth anterior eonvolu-
tion. *° Suppoese,” says Leorvet, ** that all the superior convoluiions, 5 8 5 5, and the prolongation,
<4, of the internal convoluiion are obliterated, the fourth anterior convolution might be united to
the fourth posterior convoelution, the thind to the third, and we should have one of the groups of
eonvolutions of the brain of the Huminams and Solipedes.” Reduced one half,

The ape has three anterior convolutions (1. A, 1. 4, T1II. 4,
fig. 65), three posterior (1. p, 11. P, 111. P, fig. GS), two supe-
rior (s s, s s,), one internal, and the supra-orbital convo-
lutions, also corresponding to those in man (figs. 73-4-5).
The orbital convolutions always exist; they are larger and

K
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better divided than in the inferior animals, but they do not
show the same regularity as the others.

Fig. 67,

The cercbral surface of the right lobe of the brain of the Indian elephant. (Leuret.) ss. Fis-
sura Sylvii. T.a, 11 A&, 111, A. Three anterior convelutions. They all have a common origin from
the convolutions, s 88, which is the most anterior of the superior convolutions. Behind the
superior convolutions, s 5 s, there is a fissure, the analogue of which exists in man and the ape,
and which Leoret calls the fissure of Rolande. Below this fissure are seen some voluminous
superior convolutions, 5" 5" 5" 8%, which, like the convolutions, 55 s, intercept the continuity of
the anterior with the posterior convolutions, 1.2, 1.P. First posterior convolution siiuated behind
the figsura Sylvii, amd which is reunited to the eonvelution, 1.4, if the superior convolutions do
not exist. 15.p, 11.7. Second posterior comvolution. 111.P. Third terior  convolution.
o n. Supra-orhital convolution. Leuret states that he has taken great pains to have the size of
the drawing accurate. The cut is reduced one-half.

“The brain of the chimpanzee,” says Mr. Owen, “ in the
relative proportions of the different parts, and the disposi-
tion of the convolutions, especially those of the posterior
lobes, approaches nearvest to the human brain; it differs
chiefly in the flatness of the hemispheres, in the compara-
tive shortness of the posterior, and in the narrowness of the
anterior lobes.”

It also approaches nearer to the human brain than that
of the other Mammalia, in the absence of the corpus trape-
zoidum (see College preparation 1335), which, 1 observe,
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exists in the brain of many of the apes, thongh I cannot
affirm that the chimpanzee is the only exception.

Fig. 68,

Left side of the brain of the baboon [Singe Papio). (Leurct.) =8, Fissure of Sylving, running
ohliquely from before, backwards. s®. Fissure of Holando, ®s8, 55° 8% The two superior
convolutions. I.a, 11.&, 110.4. First, second, and thind anterior eonvolutionz, arising all three
from the same superior convolution. r.r, 1i.e. 1ne. First, second, and third pesterior convolu-
tions. The first, long, isolated, and turned round above the fissura Sylvil, and directed towards
the first anterior convolution,” from which it is scparated by the lowest part of the superior con-
volutivns. The second and third convelutions are carried above and behind the cerebellom, and
are in part confounded one with the other. <. Foint of re-unionand prolongation of the superior
convolution, ' &' &', with the longation of the internal convolution. 2. Lateral lobe of the
eerebellum. 3. Third lobe of the cerebellum, or focous.

“The number, form, arrangement, and relations of the
cerebral convolutions,” says Leuret,® “are not formed at
hazard : every family of animals has a brain formed in a de-
terminate manner, and the difference of opinions on this
subject arise from the want of attentive examination of a
sufficient number of brains. Observation has thus shown
what strict induction had led us to conclude. How, indeed,
can we believe, that the most important organ of the
economy, that by which the manifestations of intelligence
operate, to which is attributed the instinets and passions,
has not a fixed organization, and as ivariable as that of
other parts. Each group of brains has a type which is

* Op. cil,, p. 399,
K 2
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proper to if, and this type is especially manifested hy the
form of its convolutions.™

“In the foxes the divisions are clear and well marked ; m
the cats the divisions are less, but still the forms are fixed
and very simple; i the bears and martens there i1s a ten-
dency to another form, complete preservation of some con-
volutions, which 1 have called primitive, on account of their
Sll'llpl]["lf} and disposition of some of the others to unite
and present undulations. In the next type, the funda-
mental separations are less numerous and of greater va-
riety in their details for the different groups to which the
wombat, kangaroo, roebuck, pig, seal, and whale belong.
Next, as in the elephant, an entire addition to the general
fnrms, with an infinite development of details. In the.
ape a still more perfect type, nearer to man, but incom-
plete and rudimentary.”

“In each family, as a general rule, the more the brain

increases, the more it divides, the more also it acquires
undulations. The fox, the domestic cat, the weazel, the
ferret, the roebuck, the peccary, each represent the first
step of a scale, at the summit of which is the dog, the lion,
the ofter, the hyrax, and the boar. In its class the ele-
phant is at the summit; but I know of no animal which
can be placed at the ﬂpposlte end. In its own class the
lemur is very low, the ape very high, and man very far
above the ape. Hm‘.um there are some large brains
which do not represent a pf.-rfect type of some small brains
of the same class. Thus, that of the ox is not more perfect
than that of the shmp, that of the whale is not above that
of the porpoise.” “Are there intermediate degrees,”
modestly says Leuret, ©“ between all these brains ? are there
any forms of brain different from those that 1 have de-
seribed?  Observations more extended can alone resolve
these questions, which are of the deepest interest for anatomy
and psychology.”

Cerebral Vessels—In the Mammalia, below the human
subject, the brain is not supplied by the same set of blood-
vessels. In man, we find the two internal carotid and two
vertebral arteries, distributing their branches almost entirely
to the brain; but it is by no means invariably the case
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throughout the class of mammals.  Without pretending to
give a minute account of these varietics, I shall briefly refer
to some of the most interesting.

When we have advanced to the study of the cerebral
vessels in man, we shall .meet with a beautiful contrivance
to avert the force of the heart’s action on the brain. The
carotid and vertebral arteries, instead of running dirveetly
in a straight line from the heart into the skull, are bent
twice nearly at a right angle, thus twice changing a per-
pendicular to an horizontal course. In some of the lower
animals,—the cat, for instance,—the vertebral artery is
turned as m man. But, in addition to this arrangement
of these vessels, we meet with another of great p]i}-'siulo-
gical interest, and evidently mtended to serve the same pur-
pose. This is formed by the division of the carotid artery
within the skull mto numberless small vessels, which,
meeting again, form a most wonderful net-work,—aefe mira-
bile,—and well has it been thus named. It was first dis-
covered and deseribed by Galen. A trunk is formed by
the union of these vessels, which supplies the brain. We
shall have occasion to consider the formation of this rete
again, when we have turned our attention to some of the
peculiarities regarding the relative size and distribution of
the carotid and vertebral arteries. The carotid arteries are
subject also to much variety.

Sometimes the eommon ecarotid arteries bifurcate, as in
man, into external and internal carotids, the latter maintain-
ing a large calibre. Sometimes, as in some of the bahboons,
the common carotid, after having given off’ the usual branches
of the external carotid, enters the eranium as the internal,
which in other instances appears like a subordinate branch
of the external carotid. In the common porpoise, the large
size of whose brain we have already observed, the earotid
divides nearly as in man, with merely the exception that it
gives oft the superior thyroid and a cervieal branch first.

In the tiger, the internal carvotid is not given off until
the common carotid has distributed the usual branches of
the external *

The internal earotid does not give off the ophthalmie artery

* Cuvier, Legons, Ed. 1839, T. vi.



134 COMPARATIVE ANATOMY.

in the Carnivora, Rodentia, Ruminantia, or Pachydermata.
This vessel ascends into the orbit through the foramen
lacerum orbitare inferius, which is very large.

In those ruminants in whom the rete mirabile exists, a
true internal carotid can scarcely be said to be present, but
its place is supplied by two vessels on each side, one of
which enters the skull by a foramen which corresponds
to the foramen rotundum and foramen orbitare superius,
the other through the foramen ovale. 1In the pig, the
largest of the two vessels passes through the foramen
lacerum basis cranii, and a smaller one through an anterior
portion of the same foramen. The carotid canal is absent
in all cases where the plexus is present ; but its absence
does not necessarily indicate the presence of a plexus.

The vertebral artery is subject to much variety both in re-
gard to its origin, distribution and size; in some animals,
as the hedgehog, it arises from the commeon carotid.

In this animal, and in the hybernating Rodentia, it is
much larger than the carotid ; also in some other of the
Rodentia, as the rabbit. In these cases, the basilar artery
forms nearly the whole of the circle of Willis, furnishing the
anterior as well as the posterior arteries of the brain.* This
fact is important in reference to experiments made with
ligatures on the internal carotids and the deductions from
them in relation to the physiology of the brain.

Professor Rapp, of Tubingen,t states, that ¢ the verte-
bral arteries do not reach the brain in all those animals
that possess a rete mirabile.” In Ruminants, the verte-
bral arteries usmally enter the spinal canal, between the
second and third cervical vertebree, without piercing the
dura mater of the cord; they then join, but separate again
almost immediately : in the calf and goat, these arteries
are connected by transverse branches ; this union seems to
mdicate a basilar artery, although it s not take place in
the skull, nor mternal to the dura mater. FEach artery,
after having given off twigs to the various museles, joins on
the atlas the condyloid artery, a branch of the external
carotid, which comes through the condyloid foramen into

% Cuvier, Ed. 1839. Vol. vi. p. 118,
+ Meckel’s Archives for 1827, p. 5.

-
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the skull; then, without piercing the dura mater, turns
backwards, receives the vertebral arteries, then passes
through a foramen in the atlas, anastomoses with a branch
of the external carotid, and is distributed to the muscles at
the back of the neck. This union of the vertebral arteries,
with a twig of the external carotid, i1s remarkable, and ex-
plains why, in an animal in whom no blood is carried to the
brain by the vertebral arteries, both common carotids may
be tied without causing the death of the .-.muml This
operation has been performed by Parry on sheep.”

In the stags and chamois there is a considerable anasto-
mosis between the rete mirabile, the condyloid artery, and
a vessel in which the anterior spinal artery terminates ;
the anastomosing branch passing through the jugular fora-
men into the skull.

In the calf, also, there is an anastomosis between branches
of the vertebral artery and rete mirabile (see fig. 69, ).

The rete mirabile may be exposed in the skull of the
sheep and calf, which are convenient for the purpose, by
raising the dura mater on each side of the sella turcica,
and then opening the cavernous sinus. If the vessels are
filled with red wax, they present the beautiful appearance
represented in fig. 69. This plexus is surrounded by the
venous blood of the sinus, the sixth pair of nerves running
through it. The vessels of the rete anastomose freely : in
the swine, beneath the pituitary gland ; posterior to it in
the goat, stag, sheep, and roe.

This rete mirabile has a different appearance in different
animals, so that when separated from the skull it cannot be
recognised as coming from any particular animal. In the
calf the vessels forming the plexus are comparatively thick,
and make numerous abrupt curves. In the goat and cha-
mois they are in this respect most like the calf; in all these
the net is very close. In the stag it is more open. In the
sheep the vessels are thin, and very numerous and straight.
We have a good preparation of it, from this animal, in the
Museum of St. Thomas’s IIﬂﬁpltal made by Sir Astley
Cooper. In the fectus it is comparatively larger than in
?lle‘fungmwn animal, corresponding with the size of the

rain,
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Professor Rapp found the vessels slightly atrophied in
cases of partial destruction of the brain by the cenurus
cerebralis, The cerebral carotid is formed by a union of all
the twigs of this plexus. The artery always penetrates the
dura mater on the side of the pituitary gland, and then
forms the circle of Willis, and gives ofl branches perfectly
similar to those in man. From the posterior portion of the
circle arises a vessel, which has erroneously been called
the basilary, but is really the anterior artery of the spinal
cord.

Rete mirabile of the calf. (Rapp.) The cavity of the skull and the spinal canal are opened ; the
brain, spinal cord, and dura mater have been removed. &, The cerebral earotid arteries arisin
from the rete mirsbile. ». The vertebral arteries in the spinal canal. ¢ c. The verteb
arterics passing through the foramen in the atlag. n. Branches of the vertebral arteries pazsing
forwards under the dura mater to anastomose with the arteria comdyloides, forming thus a
plexus which is connected to the rete mirabile. . Arteria condyloidea.

Rapp found this plexus in the stag, roe, the fallow-deer,
chamois, the goat, sheep, and calf, and oxen. e considers

e et e e et e R R s e i e S e e
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that the arrangement of the foramina in the base of the skull
in the eamel indicates its existence in this animal, but he
has not had the opportunity of seeing the parts in a recent
state. It exists also in swine, but it does not occur in
other Mammalia besides the Ruminantia and swine.
Cuvier’s statement certainly differs from this: he says that
this vascular arrangement appears to ocenr in most of the
Carnmivora, but is absent in the elephant and beaver. Ac-
cording to Carus it is present in most Mammalia, and
Willis says it exists in the dog, the fox, cat, &e.; but thisis
a mistake, for it does wof occur in the ﬂﬂ”‘ fn'{ badger,
weazel, otter, or hedgehog, or in the domestic cat. But it
has been found by Mr. Quekett in the leopard. Neither is
it found in man, the apes, horse, elephant, or the Rodentia.
In the domestic cat there is an arterial plexus beneath the
orbit, anterior to the articulation of the lower jaw, which
sends anastomoses through the supra-orbitar fissure to the
carotis cerebralis in the cranium, which is thus enlarged
immediately after entering the skull at the anterior and
internal extremity of the petrous bone. Rapp found a
similar rete mirabile of the ophthalmic in all Runinants, but
not in swine ; this ophthalmic rete mirabile is formed ont
of the arteria ophthalmica, a branch of the external carotid :
it lies between the musculus suspensorius and the rectus
superior ; out of this net arise the ciliary arteries; it is
peculiarly beautiful in the sheep, and smaller in the goat.
In the horse the carotids do not enter through a carotid
canal, but through a foramen lacerum, and are then united
by a thick transverse branch before penetrating the dura
mater.

Harwood suggested that the office of this plexus was to
moderate the pressure of the blood against the brain in those
animals in whom the position of the head was constantly
depending. - But Rapp does not agree with him, though he
allows that it will moderate pressure ; but that it has no
relation to position.

In the horse this result is obtained by the strong bend-
ings of the cerebral carotid and by the vertebral arteries
which also supply the brain.

It was supposed to be absent in the giraffe, and this, in
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connection with the mode in which this animal obtains its
food from the branches of trees, mstead of stooping to crop
it from the ground, was considered an additional argument
in favour of Harwood's opinion. Mr. Quekett, of the
College of Surgeons, has however succeeded in injecting
and clearly demonstrating its existence,
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PART III.
PROTECTIVE APPARATUS OF THE HUMAN BRAIN.

Fron what has been alr eady said regarding the important
office of the cerebro-spinal axis, our reader will be prepared
to find in man some special and beautiful provision for its
protection.

The materials which form the protective apparatus may
be classed under three heads: 1. The osseous or bony.
2. The membranous. 3. The aqueous or fluid. The bony
apparatus of protection in the lower animals, as, for in-
stance, in many insects, in the lobster and crab trlbcs &e.,
is formed by a simple hardening of the general cmrering or
integument of the body; and the skeleton which is thus
formed is called a dermal or skin skeleton. The incon-
venience of such an arrangement must be evident, when
we consider that this skeleton must be cast off periodically
in order to allow the animal to increase in size. The lob-
ster throws off its shell and draws its limbs out of their
calcareous coverings, as we do our legs out of our boots.
But during the period while the new skeleton is growing,
the animal is left in a mmserably weak and helpless condi-
tion, an easy prey to its enemies.

In the higher animals the skeleton is as much a part of
the living creature as the soft skin, muscles, or other living
tissues, and is placed within the body, increasing as the
organs which 1t protects increase in size.

The osseons framework which in man appears so com-
plicated, and performs, with its connecting ligaments and
attendant muscles, so many and such various offices, as pre-
hension, mastication, locomotion, &c., in the simple form
in which it first appears in the anmmal kingdom, 1s first a
cube of cartilage, or a jointed column enclosing the spinal
tord, without appendages or limbs for other functions.
This is called the vertebral column. Its presence in the
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animal kingdom is so clear a mark of a comparatively
high development of the nervous system, that physiologists,
as we have already seen, divide animals into two great
groups, the Invertebrata, or creatures without vertebra:;
and the Vertebrata, or animals possessing a vertebral
columm. It would not be consistent with the plan of this
work to enter into a description of the mechanisin of the
vertecbral column in the different classes of animals. If
we once entered on this subject, the abundance of matter,
and the interest attaching to it, would render it very diffi-
cult to us to abandon it. We shall, therefore, merely
remark that the cerebro-spinal axis in man is situated in a
long bony canal, which is expanded superiorly into a cavity
of considerable size. The difference in the dimensions of
the two portions of this canal has led anatomists to divide
it in their deseriptions, the upper portion being called the
skull or eranium, the lower the vertebral or spinal canal.
Now, though in man this division seems even natural, the
two portions differing so entirely in size and general ap-
pearance, still if we observe the same parts in the lower
orders of animals, and trace their alterations of form and
capacity as the organs which they contain increase in size,
and require a clmnﬂr{, in the shape and extent of the cavity
which contains them, we shall find that the bones com-
posing the human skull are simply vertebree in a more
expanded form, and exhibit those alterations in shape
which adapt them to the inereased size of the organ they
are formed to protect.®

# This opinion, that the cranium is formed by a series of verfebrm,
originated with Peter Frank (see Edinb. Med. Surgical Journal, vol. xliii.
p- 288), (Epit. de Curand. Hom. Morb., lib. 11. p. 42), and Burdin (Cours
d’Etudes Médicales, Paris, 1803, tome i. p. 16); and was afterwards
espoused by htc’lmum (U Irie h, Annotationes quzedam de Sensu ac Signi-
ficatione Ossium Lupltjs Buhn 1816, p. 4), Dumeril (Magazine Eneyclo-
pédique, tome iii. 1808), and Goethe (Zur Naturwissense haft, Band i.
p. 250), and more or less fully illustrated by Oken (Ueber tli:"- Beden-
tung der Schidelknocken, Jena, 1807; Isis, 1820, No. VL. p. 552), Spix
(Cephalogenesis, Munich, 1815), De Blainv ille {Hullutln de la Soe. Philom,
1816, p. 111, and 1817), Geoffroy St. Hilaire (Philosophie Anatomique,
Paris, 1818-22), Carus [T.L]uhu{il der Zootomie, T.up?l 1818, p. 164),
Meckel (Beytriize zur Vergleichenden Anatomie, Band ii. Stiick i[.} Sehuliz
(De Primordiis Systematis Ossium, &c., Halle, 1818, p. 13,) Bojanus (Isis,
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The student, in considering the relation of this osseous
envelope to the brain, must bear in mind its vital proper-
tie 2 skull, which so beautifully protects this
delicate organ by its physical hardness, 1s modelled m its
form and shape by a soft substance like the bram. The
facts which have been accumulated of late years, showing
that the form of the skull alters at different periods of
life, are extremely interesting and important. As illus-
trating the physiology of the brain, they will be referred to
hereafter. If the brain were not protected by an internal
skeleton, this, of course, could not take place; and, even
in the present day, it i1s not uncommon to hear the oppo-
nents of pllruml{:-rr_', ridicule the idea of the soft brain pro-
ducing any mmpression on the hard skull.

As the following deseription of the anatomy of the cere-
bro-spinal mass in the human being is intended to assist
those who are commencing their studies, the best mode of
opening the skull and vertebral canal so as to reach
without injury and to expose the structure of the nervous
masses contained within them, shall next be explained.

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

An incision must then be made through the scalp, ex-
tending across the vertex from ear to ear. The anterior
part of the scalp may then be forcibly torn, instead of
being dissected, from the skuil over the face, and the poste-
rior over the occiput, which will save much time ; but some
force is required to effect this reflection of the integuments.

A deep groove must be made with the saw through
the ounter table and diploé, commencing half an inch above
the superciliary ridges anteriorly, 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
1818, p. 301; 1819, p. 1364), and Buwrdach (Vierter Berieht von der
i"s.'llilfﬂlllﬁﬁhﬁﬂ :\n%l-ﬂt zn  Koenigsherg, Leipzig, 1‘%2]] Arnold also
adopts this principle, but confines himself to the views given by Oken,
Cuvier, Carns, Spix, and Meckel, considering that the cranium con-
sists of three vertebrme only; not, there 1um agrecing with Geoffroy

St. Hilaire, who believes that he can there :lcnmnstmtc the parts of nine
vertebra.
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table, which 1s much better than sawing it entirely through,
as being less likely to injure the dura mater and bram, 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 on its surface 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 connected at the edges of the several
bones with the external periosteum, adheres to the bones
so closely that they are with difficulty separated. The
glistening membrane thus exposed is called the dura mater,
from the density and firmness of its texture, and from an
idea that it was the origin or mother of all the other fibrous
membranes of the body.*

On the surface of this membrane are some small rounded
bodies, which certainly were undeserving of notice if they
had not received the grand title of glandule Pacchioni.t
These are scarcely observable in the young subject, and m
the old are most probably a morbid appearance. The dura
mater should next be cut through carefully all round with a

* Portal, iv. 2. The membranes of the brain, by the Greeks, were
called meninges, the Greek word pheeé simply signifying a membrane.
The term mafer, 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 continuous with it, is due to Ludwig.

T So called after Pacchionus, who first deseribed them as glandular
structures destined to secrete a peculiar lymph : he even went so far as to
state that their secretory ducts terminate in the longitudinal sinus,
Cruveilhier (Anat. Descript., tome iv.) acknowledges our ignorance of their
nature, but scarcely regards them as a morbid production : their seat is in
the subarachnoid cellular tissue.

Wengel, (De penitiori structura cerebri hominis et brutorum,) p. 17,
1812, says, after detailing the opinion of Malacarne in support of that of
Pacchionus, *“ Eorum ortus absque dubio a morboso statu, inconstans
incertus, ex oectate aliisque fortuito accidentibus cireumstantiis est.” En.
Anat. vol. iii. 345.

Dr. Todd considers them as morbid produets. * That they are,” says
this writer, “ the produet of a chronie, very gradual irritation, due to more
or less frequent functional excitement of the brain itself.”—* They are
peculiar to the human subject. Nothing similar to them has been found
in any of the inferior classes of animals.”
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pair of scissors, 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
tunica arachnoidea, which, like all serons membranes, is a
thin diaphanous web, covering the contained viscus, and
reflected from thence on to the internal surface of the walls
of the containing cavity. The next membrane, therefore,
which we observe covering the brain when the dura mater
is raised, 1s that portion of the arachnoid® which, from its
ivesting the brain, may be called the funica arachnoidea
cerebralis or investiens, in contradistinction to that portion
which lines the dura mater and is called the fwnica arach-
noidea refleva. The further description of this membrane
will be postponed until we have completed that of the dura
mater. The dura mater forms several processes in the
interior of the skull, some of which are best seen after the
removal of the brain as directed further on, but which it
will be in order to deseribe at once.

The dura mater consists of two layers united by cellular
tissue, the external of which forms, as deseribed, the inter-
nal periosteum of the bones of the skull. The separation
between these two portions is perfect in the vertebral canal,
though at the internal surface of the atlas the spinal dura
mater and periosteum of the vertebral canal meet together
and adhere so as to exhibit in the skull the appearance of
one membrane. Dr. Knox, in the ZLancef of the 19th
October 1839, remarks, that in some animals the vascu-
larity of the external layer is very striking, as in certain
Cetacea—the Rorqual, for example—where there is a per-
fectly distinct vasemlar layer between the dura mater,
properly so called, and the Calvarium. This is not sur-
prising, when we consider the vast thickness of the bones
of the skull in these creatures.

* Portal, iv. 2. The arachnoid derives its name from its extreme
delicacy and its resemblance to a cobweb; it was first deseribed as a
special membrane in 1565, by the Dutch Society, among the members of
which was Swammerdam, the celebrated naturalist.
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Processes of the dura mater.—The internal layer is in-
flected downwards between the two symmetrical halves of the
brain, forming what has been called, from its sickle-like ap-
pearance, the fale wajor of the dura mater (v », figs. 70 and
71). This structure may be said to commence from the crista
galli of the ethimoid bone, where it is generally about half an
mch i width, though it varies m different subjects ; from
this point it extends backwards, gradually becoming wider
m its passage, and being connected through the medium of
the periosteal portion to the frontal, parietal, and oceipital
bones. On reaching the transverse ridge of the occipital it
splits into two lateral portions, which are attached poste-
riorly and laterally to the transverse ridge of the oceipital
bone, while ﬂ]]tbllnll} 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 sphenoid, leaving a space between its under surface
and that portion which covers the superior angles of the
temporal bone, through which passes the fifth pair of
nerves.

This portion of the dura mater is called the Zentorium
(r, fig. 70), and forms an extended surface on which the
posterior lobes of the hemispheres rest; and by which the
cercbellum, which is situated beneath, is protected from the
superineumbent pressure of the brain (fig. 71): consequently,
the tentorinm so far resembles i its office the falx major,
which prevents one hemisphere from pressmg on the other
when the head is inclined to either side.

Extending down along the mesial line of the oceipital
bone beneath the tentorium, there is another process analo-
gous to, but much smaller than, the falx major; it separates
the two lobes of the Lcmhf-llum and has received the name
of the falr minor; it commences on the internal surface of
the occipital bone at the point where the transverse and
longitudinal ridges meet, and extends to the edge of the
foramen magnum.

The veins which return the blood from the substance of the
brain are protected from the pressure of that organ, by the
stretching of the dura mater over deep grooves in the bone,
and by the mechanism of the faleiform processes and tento-
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rium 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 arrange-
ment of the dura mater are called sizuses, and require the
attention of the student. There are fifteen siuses in all.

Vertical section of the human head and cervieal portion of the spinal
column. (Breschet.) This drawing shows almost all the various sinuses
of the brain, the falx major, and the tentorium of the dura mater. 1. Su-
perior longitudinal sinus. 2. Inferior ditto. 3. Siraight sinus. 4. La-
teral ditto. 5. Inferior petrosal sinus. 6. Superior ditto. 7. Circular
sinus. 8. Venous plexus at the commencement of the spinal eanal upon
the anterior surface of the posterior arch of the atlas. This plexus com-
municates externally with the external vertebral veins, and with the venous
plexuses which these vessels form on the transverse processes, and below
with the large spinal veins or anterior longitudinal vertebral sinuses ; be-
fore with the transverse sinuses on the basilary process of the occipital
bone ; posteriorly with the posterior oecipital sinuses ; lastly, they termi-
nate in the lateral sinuses, close to the jugular foramen. 9. Communica-
tion of this plexus with the jugular vein throngh the anterior condyloid
foramen. 10. Torcular Herophili. 11. Vena magna Galeni. 12. An-
terior longitudinal sinus of the vertebral canal. 13. Ptervgoid venous
plexus. rm. Falx major. 1. Tentorium.

L
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The superior longitudinal (1, fig. 70), which is the largest,
commences at the foramen caeeum of the frontal bone, and,
passing back along the upper edge of the falx major, reaches
the transverse ridge of the os oceipitis, 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 in-
terior. Surrounding these openings are small fibrous
cords (the corde Willisii), adapted to keep the openings
permanently free for the regular passage of the venous
blood, any obstruction to the normal circulation of which
enrlangvrs the life of the individual, by producing con-
gestion of the brain. Running parallel with the supe-

rior longitudinal sinus, but ﬂlDllﬂ' the inferior edge of the

falx, we find a much smaller sinus, called the inferior longi-
tudinal (2, fig. 70). This also terminates generally in the
left laferal smus (4, fig. 70); previously, however, to its
reaching this sinus, and when it is passing between the two
layers of the tentorium, it receives the name of the straight
sinus (3, fig. 70).

The course and extent of the /aferal simuses are distinetly
marked in the dry skull; for they groove the transverse
ridge of the occipital bone, and then crossing the posterior
inferior angle of the parietal, reach the internal surface of
the mastoid portion of the temporal bones, in which they
are deeply imbedded, and thus effectually protected from
the pressure of the cerebellum ; they again cross a small
portion of the occipital bone, and finally terminate at the
foramina jugularia, beyond which they form the internal
jugular 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 bone, called the caver-
nows sinus ; this cavity is not, however, constructed solely
for the protection of the venous circulation. It contains
the carotid artery, and guards, from the pressure of the
brain, some of the cerebral nerves, in their passage to the
orbit. The nerves which are thus protected, are the third,
fourth, first division of the fifth, and the sixth pairs.
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The blood of the cavernous sinus, separated from the
nerves by the lining membrane which is common to the
whole venous system, flows into a sinus, called the znferior
petrosal (5, fig. 70), a name derived from  its proximity to
the petrous portion of the temporal bone. The inferior
petrosal sinus takes its course along the edge of the basilary
process of the os oceipitis, and terminates in the internal
jugular vein. This sinus i1s connected with its fellow by a
short sinus, the fransverse. The superior petrosal sinus
(6, fig. 70) deeply grooves the posterior edge of the superior
angle of the temporal bone, and terminates in the lateral
sinus.

Surrounding the pituitary gland in the sella turcica there
is a circular sinus mmmumcahng with the cavernous sinus,
called the circular sinus of Ridley (7, fig. 70).

The occipital sinuses, the last we have to mention, are
situated on each side of the foramen magnum, and ter-
minate at the point where the straight sinus and lateral
sinus become conjoined; the triangular space left just
before their junction is called the forcwlar Herophili (10,
fig. 70).

Arteries—These are derived from numerous sources ;
anteriorly there is a small branch from the ethmoidal,
and another larger branch from the ophthalmie, just as it
enters the orbit. In the centre of the skull there are also
two branches, the smallest coming through the foramen
lacerum medium, and derived from the ascending pharyn-
geal artery. The larger branch, which is the principal
artery of the dura mater, called the middle meningeal, 1s
given off by the internal maxillary, and penetrates the skull
at the foramen spinosum of the sphenoid bone: this
winds through a deep groove in the sphenoid and parietal
bones up to the top of the skull. The posterior division
derives its supply from the vertebral oceipital and posterior
aural arteries.

Nerves of the dura mater.—Cruveilhier (tome iv. p. 539),
Haller, Wrisberg, and Lobstein, denied the existence of any
nerves to the dura mater, while Vieussens, Winslow, Lieu-
taud, Portal, Valsalva, and others, say that they observed
some, but without giving a very satisfactory deseription,

L2
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Croveilhier states he recognised on each side of the me-
sial line two mnervous filaments, extending from the fifth
pair up to the vieinity of the superior longitudinal sinus;
a third nervous filament occupying the thickness of the
tentorium cerebelli, but whose origin could not be demon-
strated.

Arnold has also described and delineated, and Pappen-
hein (Valentin, Repertorium, vol. v. p. 87) states, that this
membrane is supplied by branches from the fourth pair,
the frontal branch of the ophthalmie, the superior maxil-
lary division of the fifth, and the Vidian.

The arachnoid membrane lines the dura mater, and
covers the convoluted surface of the brain without dipping
between the convolutions. It also covers the figurate
surface™ at the point where these two portions are conti-
nuous, as at the foramen of Bichat, as it is called, after 3
the justly-celebrated man who first deseribed it. The
situation of this opening is between the anterior and
superior portion of the cerebellum, and the under and

posterior part of the cerebrum, as will be better understood ?
when these parts have been deseribed and the relations of |
the arachnoid explained. i

F. Arnold, in a paper translated by R. Knox, with
commentaries, Joc. cif., after quoting various opinions on
this subject, says— _] entirely assent to the accuracy of
Bichat's description, and think that the arachnoid proceeds
to join the epithelium of the ventricles, as the amnion is in
distinet continuation with the epidermis of the feetus. In
the dog, sheep, pig, calf, I have always found the foramen
of Bichat to be a rounded opening, as described by him,
and in which lies the vena magna of Galen. Burdach’s
idea 1s readily refuted by an appeal to the universal
arrangement of serous membranes. But I cannot venture
to affirm with Bichat that the investing membrane of the
ventricles is a serons membrane. It seems to hold the
same relation to the substanee of the brain as the epidermis
does to the corium ; the serous membrane, or arachnoid,

¥ The difference between the two surfaces of the brain will be
thoronghly explained hereafter.
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merely unites with the epithelium of the ventricles. This
union of different membranes happens in woman, in respect
to the peritoneum, and in birds and fishes. The nature
of the ventricular epithelium is ever opposed to that of
serous membranes, as being perforated by numerous blood-
vessels.” And Dr. Knox, eodem locd, says:—*“'The con-
nection of the cerebral arachnoid with the great cerebral
fissure of Vieq d’Azyr and Bichat may be described in
this way :—Commencing with the base of the brain, where
the fissure commences, and tracing it upwards towards the
upper surface, the arachnoid will be found to pass directly
over the fissure, without in the slightest degree dipping
into it ; and this is a fact just as evident, and as easily
made out, as that other fact, viz., that the arachnoid does
not descend between the cerebral convolutions. But on
tracing it quite up to the part of the fissure which is
situated between the corpora quadrigemina and back part
of the fornix and corpus callosum united, it is evident that
the arachnoid does form a short canal, precisely in the
situation of, and around, the vena magna Galeni. How far
this canal penetrates it is somewhat difficult to determine ;
in some of the brains I have examined, it scarcely proceeded
an inch, in others less; but, however this may be, it is, |
think, unquestionable that Bichat committed a great error
in supposing that this canal proceeded into the mterior of
the ventricles, and that thus a passage was established
between the ventricular cavities and the general serous
cavity of the arachnoid. If we now return again to the
commencement of the fissure at the base of the brain, and
raise up the arachnoid from off the pia mater, which here,
as elsewhere, lies directly beneath it, it will be found, 1
think, that the arrangement of this membrane (the pia
mater) is very similar, in respect to the fissure, as with the
common cerebral convolutions and anfractuosities. For
first, a portion of it passes directly across the fissure ;
secondly, a process is sent inwards, to form the choroid
plexuses and velum interpositum ; and, thirdly, at the
edges of the fissure the pia mater, besides adhering very
closely at the edge, transmits a perfectly transparent and
extremely dehcate layer, filamentous and cellular, but
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not vascular, which, investing the opposing surfaces of the
ventricular walls, constitutes the proper ventricular mem-
brane ; i short, the processes of the pia mater, which dip
in between the convolutions, might almost be considered as
analogous to the choroid plexuses, so similar are they in
their arrangement, and perhaps, also, in their functions.
A similar analogy subsists between the ventricular lining
membrane and that investing the opposing surfaces of the
convolutions.”

With this account by Dr. Knox I perfectly agree.

Cruveilhier® denies the continuity of the arachnoid
membrane with the ventricular membrane, and the exist-
ence of the foramen of Bichat.

Burdacht deseribes the arachnoid as not entering into
the ventricles; that the epithelinm which covers them is
too delicate to be continuous with it, and that which ap-
pears to be so, 1s rather to be considered as a sheath
(Gefasscheide) derived from it.§

The reflected or parietal portion of the arachnoid is
closely attached to the dura mater, but the tissue cellulo-
vasculaire or sub-arachnoid is interposed between the visceral
or investing portion, and the pia mater of the spinal cord.
The two internal surfaces of the arachnoid are closely in
contact, and the bag which is between them is generally
empty. But not so the sub-arachnoideal cavity, for this
contains the important cerebro-spinal fluid. The cerebral
portion of the arachnoid adheres very intimately to the pia
mater at certain points, leaving in the intervals a consider-
able space for the accumulation of the liquid. It sinks into
the great longitudinal fissure of the brain, lining the surfaces
which bound it on either side, and passing across from right
to left beneath the inferior margin of the falx, and above
the great transverse commissure. In the same way, at the
base of the brain, it passes over the fissura Sylvii, and
diamond-shaped space.

* Op. cit. t. iv. p. 700.
-I‘ Page 24, vol. 1i. op. cif.
‘-Jr Rame; has demonstrated the existence of a very abundant supply
of branches from the sympathetic nerve to the arachnoid; his paper is
well worthy of perusal : Med.-Chir. Trans. vol. xxix. p. 8§5.
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Beneath the arachnoid 1s situated the pia mater, a mem-
brane which is constructed solely for the purpose of sup-
porting the vessels distributed to the superficies of the cen-
tral 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 external surface; it passes
also over those surfaces which, from the old method of
slicing the brain from above downwards, appear as if they
formed the walls of cavities in the interior, and in some of
these situations it has received peculiar names ; among the
most remarkable of its portions thus indicated we may
mention the plexus choroides in the lateral ventricles. Dr.
Todd* informs us “ that very numerous and tortuous blood-
vessels are contained in these processes, forming a plexus
which has given name to the folds themselves. 'The surface
of each choroid plexus presents many slight projections or
folds, resembling villi, in which are contained loops and
pleufurm anastomoses of minute vessels, very similar to the
arrangement of the vessels of the villous processes of the
chorion of the ovum, or those of the tufts of the placenta.
These vessels are surrounded by an epithelium which has
much the appearance of that of serons membranes. TFrom
the great number of these vessels, and from the delicate
nature of the epithelial covering which surrounds them, it is
plain that the choroid plexuses are well suited, either for
the purpose of pouring out fluid, or of absorbing it. The
epithelium may be best seen by examining the edge of a
fold. It becomes very distinet when acted upon by acetic
acid. As its particles are very delicate, and consist only of
a single layer, they are easily detached. The cells of the
epithelium are most of them six-sided, and contain a clear
nucleus, or several minute granules. Valentin states that
cilia may be seen playing upon this surface, especially in the
embryo. I have observed the peculiar punctiform or spini-
form fnrmatmns to which he alludes, which look like the
remains of former vibratile cilia.”

Otto, in his Compendium of Pathological Anatomy,t states

* Loe. cit.
T Translated by M. 1. F. South, p. 375, note 1.
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m 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 connection throughout by means of
fibro-mucous tissue of various length.

It will be instructive to dwell for a few moments upon
the admirable adaptation of these three cerebral membranes
to the ends of thewr formation. The dura mater forms a
support which is sufficiently firm and unyielding to retain
the brain accurately in its normal position, while its pro-
cesses are still capable of yielding to a certain extent, like
the strong springs of a carriage, under any violent con-
cussion.

The arachnoid, lining the dura mater and covering 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 lubri-
cating secretion in the various joints of the body, for the
brain 1s never in a quiescent state, but is constantly rising
and falling with a slight pulsating motion.

The immediate agents in the production of these move-
ments appear to be the cir culating and respiratory systems,
and the motions are therefore twofold ; the one occasioned
by the pulsations of the heart, the other by the movements
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 1s temporarily impeded ; and, on the
other hand, when the chest begins to be expanded during
mspiration, its flow is in a corresponding degree accelerated.
This subject has been much and carefully investigated, as a
reference to the following catalogue of authors, who have
written expressly on it, given by Meckel, in vol. ni. p. 722,
of his Anatomy, will prove. Schlichting, De Motu Cerebri,
in the Mém. Prés. tom. i. p. 113; Lorry, Sur les Mouve-
ments du Cervean et de la Dure-mére, same collection,
tom. mi., Mém. 1. p. 277, Mém. 1. p. 344 ; Haller, Ex-
perim. ad Motum Cerebri & Refluxu Sanguinis natum, in
his Opuse. Phys. tom. i. p. 231 ; Lamure, Sur la Cause
des Mouvements du Cerveau, in the Mém. de Paris, 1753 ;
Richard, in the Jour. de Méd. tom. xxix., 1768, Aoiit,

e i
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p. 140; Ravina, De Motu Cerebr, in the Mém. de Turin,
1811 ; Portal, Mém. sur un Mouvement qu'on peut ob-
server dans la Moélle épimére, in s 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 1s of just sufficient thickness
to support the vessels without interfering with the motions
of the brain: but in the vertebral canal it 1s much denser,
affording a better support to the cord, and thus performing
the same office that the neurilema, or investing membrane
of the nerves, does to these organs in their extended course
through all parts of the body.

The cerebro-spinal fluid mnext deserves our attention.
The existence and situation of the flmd was first discovered
by Haller ;* it was more clearly described by Cotunnius,
in a memoir entitled, “ De Ischiade Nervosi Commenta-
rium,” and published subsequently by Sandifort, among
other theses. This anatomist was struck with the dispro-
portion of the spinal canal and its contents, and revolved
m his own mind how the space was occupied. These
statements must have been almost forgotten. Magendie
has, however, entered more minutely into the whole phy-
siology of the matter. Ie first published his discoveries
in 1827, in his Journal de Physiologie, and more fully
subsequently in 1842, as a separate quarto treatise, with
plates. He has shown that if during life the arches of the
vertebrae are removed in a horse, dog, or other animal, and
the dura mater of the spinal cord punctured, there are jets
of a fluid, which previously had made the sheath tense.
Immediately after death the same may be observed, but in
a few hours the greater part of the fluid is imbibed by the
surrounding tissues.

The student must have already seen that the brain does
not completely fill the cranium, that the spinal cord is very
far from occupying the whole vertebral canal. In old
}c_)lersuns, particularly in such as have sunk into a state of

ementia, the condition of brain is very striking ; the con-
volutions are narrow, and shrunk. The digital fossa are

* Element Physiolog. vol. iv. p. 87.
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large, and contain fluid. The seat of this fluid 1s zof in the
cavity of the arachnoid; there are two distinet localities :
First—in the interspace between the arachnoid and pia
mater. Second—in the cavities of the eerebrum and cere-
bellum in the human subject; and likewise in those of
the olfactory nerves, optic lobes, and spinal cord, of some
animals.

Thus it will be seen that closely as the arachnoid in
many points resembles the other serous membranes, it
differs in this important point—that instead of adhering
closely to the organ it invests, as the pericardium does to
the heart, it 1s separated from the brain by a tolerably
wide interspace, in which the flnid is situated.®* The
whole spinal cord is bathed in this fluid, forming a layer,
wider in some parts, narrower in others, according to the
shape of the canal and size of the cord in different places.
One result of its presence, even in those situations where
it is least abundant, is, that the werves floaf in it, and are
thus kept separate from each other, instead of being in
close contact, as they appear in the dead subject. In the
skull the disposition of the fluid is similar, and the nerves
are bathed in it in their exit from the cranium, as in the
spinal canal.

There are some situations where it accumulates in such
large quantities that they may be called confluences.

Ist. The /argest and most posterior, situated below and
behind the cerebellum.

2nd. The ¢uferior—Between the crura cerebri.

3rd. Superior—Above and on the sides of the pineal
gland.

4th. dnterior—Between the decussation of the optic
nerves.

5th. Laferal—This bathes the semilunar ganglion of
the fifth pair,

It is still a question whether there is any communication
between the fluid of the ventricles and the sub-arachnoid.
Magendie states ““ that there is an opening of communica-
tion at the calamus scriptorius.” Dr. Todd does not
believe in the existence of this opening : he says, ““ It is not

# British and Foreign Medical Quarterly Review, October, 1842,
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necessary to have recourse to such a supposition to account
for the transmissibility of fluid from one cavity to another,
for the pia mater is evidently hygrometric, and will readily
admit of the passage of the fluid through it by endosmose
and exosmose.”

There is no reason for doubting that this fluid can change
its position during life. This fact has not escaped the
observation of Dr. Burrowes, who remarks, (p. 50, on Dis-
orders of the Cerebral Crrmlatmu &c., 1846,) * Patholo-
gical states of the spinal column n chiklr-:m and experiments
upon animals, afford opportumties for t}l}sﬁ‘rﬂng the changes
in the site of the cerebro-spinal fluid under various modifi-
cations of pressure. In spina bifida it may be remarked
that the spinal tumour swells and becomes tense during
prolonged expiration, as also during fits of coughing and
crying. If a graduated pressure be made upon the tnmour
with one hand, and the fontanelles of the child be examined
with the other, in proportion as the spinal swelling de-
creases, so is a swellimg of the brain perceived, accompanied
by symptoms which usually result from pressure on the
brain and spinal cord.”

Magendie, in his estimate of the quantity of this fluid,
agrees pretty closely with Cotunnius. It varies according to
the age and size of the patient, and usually bears an inverse
proportion to the volume of the encephalon; seldom less
than two ounces, and often amounting to five. 1In old age,
with atrophy of the brain, to eight, ten, and twelve ounces.
Magendie regards the pia mater as the source of the fluid.
When this fluid has been removed, the renewal is rapid, as
in the case of the humours of the eye, being completely
secreted again in twenty-four hours.

The use of this fluid must be obvious to every thoughtful
mind. It is a mechanical protection to the brain and spinal
cord against the violent shocks and vibrations to which it is
occasionally exposed. How different would be the condition
of the brain without this soft cushion, or the cord if it
hung within the spinal canal, without such a yielding and
protecting wall. The poor invalid, whose bones from
emaciation are nearly through his skin, will bear his testi-
mony to the value of a fluid couch, if he has had the ad-
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vantage of being removed from an ordinary bed to Dr.
Arnott’s water bed. Again, let the medical student enter
an anatomical museum, and observe how beautifully the
preparations of the spinal cord float in the spirit, unexposed
to the shocks and blows to which they would be subject if
the fluid were drawn off the bottles, and they were left
hanging surrounded merely by the air.

Chemical Analysis of the Cerebro-spinal Fluid,
by Lassaigne.

Water . : ; ; : . 98-564
Albumen . g . g . . 0088
Osmazome : : : : . 0474
Hydrochlorate of soda and potass . . 0-801

Animal matter and phosphate of soda . 0036
Carbonate of soda and phosphate of lime 0017

99-980

Removal of the brain.—The next step is to remove the
brain from the skull, which must be done with 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 insinuated under
the anterior lobes, and the cerebral mass raised with great
care; the firsf pair of nerves which he will observe are the
olfactory, rumning forward to the cribriform plate of the
ethmoid bone, from which they must be carefully detached.
The next pair are the opfic, which are observed gliding
under the anterior clinoid processes, and quitting the skull
at the optic foramina, 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 #hird or
common oculo-muscular nerves; these penetrate the dura
mater midway between the anterior and posterior clinoid

rocesses. Immediately after their division, a structure,
called the infundibulum, which runs directly down to the
pituitary gland in the sella turcica, must be eut through.

e
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The next pair are the fourth ; these will be best seen by
gently raising the edge of the tentorium ; and bemng 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 fosse of the skull
under it will be discovered in the following rotation, namely,
the fift#, to the outer side of the posterior clinoid 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 fifth, 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 fifth,
through the foramen auditivum internum.

The ninth and tenth, or glosso-pharyngeal, and par vagum,
with the spinal accessory, are immediately below the last ;
and the eleventh, or lingual, lie rather lower down, but to
the inner side. These being divided, the spinal cord and
vertebral arteries must be cut through by pushing 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 bramn) must then be placed beneath the
cerebellum, leaving the spinal cord between his middle and
ring finger, and the whole encephalon be removed.*

Removal of the spinal cord —LFor the purpose of removing
the spinal cord, the student had better make an inecision
through the skin directly over the spinous processes of the
whole vertebral column ; and next dissecting the muscles
from them and the surfaces of the arches, he will he 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 divide
the remainder of the arches by means of a strong pair of
bone seissors made expressly for the purpose.

Having thus opened the whole of the vertebral canal, he

* These last directions only apply in those cases where the pupil is
unavoidably prevented removing the spinal cord in connection with the
brain.
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will observe the dura mater completely investing the cord,
but not in contact with the arches of the vertebra, from
which 1t is separated by a layer of soft reddish fat, which is
most abundant in the sacral region. 'Lhe spinal plexus of
veins is lodged in this soft bed.

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 perfmm-
ing to the whole the office of ligaments, which retain the
cord accurately in its normal situation. At the lower ex-
tremity of the vertebral canal in the sacrum, it ends in a
bluntish point by fibrous processes which are attached to
the os coccygis. These, like the stay-ropes of the mast of
a vessel, steady the cord in the interior of its bony case.

The Arteries, which are very numerous, are derived
from the vertebral, the oceipital, deep cervical, intercostal,
lumbar and sacral arteries, and supply not merely the
membranes, but the substance of the cord. The veins are
very numerous and large, forming intricate plexuses, which
are more numerous in the cervical and lumbar than in the
dorsal region. They have been accurately described and
beautifully figured by Breschet ; anteriorly they form on
the bodies of the vertebra large sinuses, long known as the
longitudinal spinal sinuses. The cross branches opposite
the centres of the bodies of the vertebree communicate with
long venous canals which traverse the spongy texture of
these bones (see fig. 70, 12).

They differ from the sinuses of the brain, in not being
enclosed in two layers of the dura mater.

The cord may next be removed in connection with the
brain by cntting through the dura mater and each spinal
nerve as it quits the canal, commencing with the lowest
sacral and then drawing it throngh the foramen magnum.

Having removed the cerebro-spinal axis from its canal,
the dissector must proceed carefully to divide the dura
mater along the mesial line, and he will then observe the
arachnoid loosely investing the cords, and forming, by the
addition of some tendinous fibres, a tooth-like ligament
between the anterior and posterior roots of each of the spinal
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nerves, called, from its appearance, the ligamentum denti-
culatum. This structure 1s considered by F. Arnold to be
formed by processes of the dura mater, similar to those
which are met with in the skull. By Dr. Knox it 1s con-
sidered as analogous to certain tendinous shining cords
connecting the cercbral arachnoid to the pia mater. Tome
it appears evidently a continuation of the arachnoid with
some superadded fibres, and serves the purpose of hanging
the cord to the interior of the canal of the dura mater. It
also affords additional protection to the soft and yielding
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 cavefully removed, the dissector
will find a tolerably firm membrane underneath it; this is
the pia mater, which is so much less vascular than that in-
vesting the cortical structure of the brain, that some anato-
mists 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, neurine, which is so
much more vascular, we can understand the reason of the
vessels being fewer in number, and thus account for the
existence of a pia mater altered in its general appearance.

The pia mater sends processes with the nerves, which,
forming their material and investing membrane, constitutes
what 1s called the neurilema of the nerve. At the inferior
extremity of the cord, the pia mater tapers off to a point,
and is prolonged as a fibrous string to be nserted nto the
dura mater, It is called the filiform prolongation of the
pia mater. “The late Dr. Macartney,” says Dr. Todd,*
“used to regard it as highly elastic, but my friend Mr.
Bowman has called my attention to the fact, that it consists
almost entirely of white fibrous tissue, which cannot confer
elasticity ; and if a portion removed from the cord be
stretched, it will be found to possess very little elasticity ;
but if the cord be held up by the filiform prolongation, and
a slight jerking movement be communieated to it, it may
be made to dance about as if by the elastic reaction of the
filiform process. The movements which may be thus pro-

* Loc. cit.
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duced are very well caleulated to deceive, and Dr. Macartney
must have founded his opinion upon that experiment alone,
omitting to try the effect of stretching a detached portion
of the process. The fact is, that when the cord is sus-
pended in this way, the pia mater becomes stretched, and
its anterior and posterior portions are approximated and the
cord flattened. When it is raised with a jerk, this tension
of the pia mater is diminished, and the cord returns to its
previous state until it again stretches the pia mater and
becomes once more flattened, producing a degree of reaction
which favours its elevation, but which alone would be in-
sufficient for that purpose.”

Thus, it appeared that the elastic reaction which Dr.
Macartney attributed to the filiform process, is in realit
due to the compression and consequent flattening of the
cord by the tension of the pia mater. It should be stated
further, that this process is not formed of pia mater alone,
but also of a continuation of the ligamentum denticulatum
on each side.
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PART “I¥.
WEIGHT OF THE HUMAN BRAIN.

Ix tracing the gradual development of the nervous system
of the animal kingdom up to man, the student will have
observed, in all the specimens ordinarily within his reach,
the actual inferiority as regards size and weight of the
brain, even of the higher animals, as compared with man.
The bram of the horse, for instance, 1s not merely smaller
relatively to the body than that of the human being, but
actually so. Indeed, the only exception to this rule is met
with in the brain of the elephant and the whale,—the brain
of the elephant weighing from 8 to 10 Ibs. ; and, accord-
ing to Rudolphi, that of a whale, 75 feet long, (Balena
mysticetus,) weighed 5 lbs, 10} oz., but that of a narwhal,
17 to 18 feet long, (Monodon inonoceros,) only 2 lbs. 3 oz,

It 1s to be remembered that these observations apply to
the encephalon, the whole brain, and not to the hemisphe-
rical ganglia, which we believe to be the portion imme-
diately connected with the intellectual powers.

Agreeing with Professor Miiller, that all the primitive
fibres of the nerves of volition and of sensation are ac-
tually continued into the brain, I believe that the great
bulk of the brain of brutes is made up of the fibrous
neurine which traverses their body in the form of nerves.
At the same time it is to be remembered that the great
bulk of the nerves of animals is composed of strong mem-
branous envelopes to each fibre, and not solely of neurine.
The increase of size which is thus given to a nerve is well
seen 1n the portio dura or facial nerve of the human subject.
Compare this nerve at its origin in the medulla oblongata,
before it can receive a covering from the pia mater, and the
same nerve after it has quitted the skull by the stylo-mas-
toid foramen.

Many observations have been made on the weight of the

M
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human brain from the time of Haller to the present period ;
the latest and most extensive are by that indefatigable and
excellent physiologist, Dr. John Reid, published in the
London and Edinburgh Monthly Journal of Medical Science
for April 1843. Dr. Sims, who has an excellent paper on
Atrophy and Hypertrophy of the Brain, in Vol. xix. of the
Medico-Chirurgical Transactions, after giving the conclusions
of Haller, Soemmerring, and Sir Wm. Hamnlton, gives tables
of his own. From these sources we learn that the average
weight of the adult human male brain is about 3 lbs.
That it increases from 1 year old up to 20. Between 20
and 30 there is a slight decrease on the average ; afterwards
it inereases, and arrives at its maximum between 40 and 50 ;
after 50 to old age the brain gradnally decreases in weight.
Tiedemann, in his paper on the brain of the negro,* states
that the brain of the adult male varies between 3 lbs. 2 oz.
and 4 lbs. 6 oz. The brain of men who have distinguished
themselves by their talents is often large; the brain of
Cuvier weighed 4 Ibs. 11 oz. 4 dr. 30 gr. troy weight ;
that of Dupuytren 4 Ibs. 10 oz. troy weight. The bram of
an idiot, 50 years of age, weighed only 11b. 6 oz. 4 dr.; and
another, 40 years of age, uu{Ju*{l but 1 1b. 11 0z. 4dr.
The female brain usually is lighter than the male. It varies
hetween 2 Ibs. 6 oz. and 3 1bs. 11 oz. Tiedemann never met
with a female brain that weighed 4 lbs. The female brain
weighs on an average from 4 to 6 ounces less than that of
the male; and this difference is already perceptible in the
new-horn child.

It 1s curious that Rudolph Wagner, whose name as a
physiologist stands deservedly high, should make the fol-
lowing statement regarding the growth of the brain :f— .
“With the second dentition in the course of the seventh :
and eighth years, the brain seems to attain its complete
development in point both of form and weight, and its
several parts mow represent the relations which they pre-
serve through the whole of after-life.” Dr. Willis has the
following excellent observations on this passage :—* This is
surely a physiological error; on taking measurements of
the heads of fifteen children, between 7 and 8 years of age,

#* Phil. Trans. 1836. + Op. cit., p. 616.
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I find the mean circumference to be 203 inches; but the
mean circumference of the head in ten children between 13
and 14 years of age in the same school, taken as they
stood, and without selection, is 213 inches. If the size of
the skull represent the size of the brain, therefore, the brain
1s not so large at 8 years of age as it is at 14 ; neither is it
so large at 14 or 15 as it is at 20 and 25. On making the
mquiry at several of the large hat shops of the metropolis,
whether or not there was any difference in the sizes of
hats required for boys of between 7 and 8 years of age,
and full-grown men, I was assured there was a very consi-
derable difference, that the sizes of youths of 7, 8, and 9,
were what are designated the 6%, 6§, and 6% sizes, whlst
for grown men the mean average size is about 7, or from
that to 74. The numbers here represent the mean between
the long and the lateral diameters of the head. A London
hatter says: ‘ The head 1 have always found to attain its
full dimensions in accordance with the bodily frame. T fix
the utmost limit my experience will allow at 25 years.
The more general period of full attaimment of size is
between 17 and 23. Many heads are at their full size at
the age of 16.””
The Tables which follow over leaf are from Dr. Reid.

M2



164 HUMAN BRAIN.

TABLE 1.
WelsHT vsED AVOIRDUPOIS.

Exhibiting the Heaviest, Lightest, and the Average Weight of Encephalon, Cere-
bellum, and Cerebellum with Pons Varolii and Medulla Oblongata, at different
ages, in 253 Brains. Though individual female brains are not unfrequently
found to be heavier than individual male brains, yet as the average male brain
is several ounces heavier than the average female brain, it is necessary that these
be ranged in separate tables ;—the more especially when the number of brains
at different ages, weighed in the two cases, do not correspond.
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TABLE II.

Relative Weight of Encephalon to Cerebellum, and to Cerebellum with Pons
Varolii and Medulla Oblongata, at different ages, in 172 bodies.*

MALES. FEMALES,

Cerchel= Cerebels
Number | lum with | Number | Cerebel- | Number | lum with | Number
Ages, Cerchellum. | welghed. ps:{?il::;u- welghed lum. | welghed ﬁ:ﬁ;;lﬂi walghed.

mgdilla. ablongaia.
1to 5years 1t010¢ | 5 [1to8ig] 5 [1eo9] 4 [1to8re 5
B2 mce o sg|l s hios] e szl 3
7 10 , |1 9% &6-1 8% &6 I 9 8.|l 8 3
i el asiisankss = il | =
T e T SR e R | R | S T T
20 80 ., |1 onl 13 |1 83 13 b oal 12 1 8 | 12
30 40 ,, |1 94§ 11 |1 8% 11 1 9al 15 1 8] 15
0 50 ,, |1 o9& 25 1 8 | 23 h 93| o |1 73y o
90 60 ,, (1 844 17 |1 84| 17 N 10 4 |1 8% 4
& 70 1 oAl & (1 8y g L 9.2 11 (1 723 11
70 &upwards| 1 93 &5 |1 8y 7T N 83| 2 |1 85 2
21 vears —— — —_ — |1 10y, 4 (1 B8} 44
4 months 1 11 1 1 9% 1 — — -— —
1 year 1 93§ 1 |1 84§ 1 — — — -_—

An examination of Table I. does not afford any support to the supposition of some; that the
cerebellum attaing its maximum weight at seven years of age, and the cerebrum s maximuom
weight nearly at the same perind, or only a little later. There appears to be little doubt,
however, from all the facis which have been coileeted on this sabject, that the brain arrives at
its maximum weight sooner than the other organs of the body, and to judge from a few mea-
surements we have made of the length of the corpus callosum, the depth of the grey maiter,
the length, breadth, and depth of the corpus striatum and thalamus, we would be inclined to
conclude that the relative size of these parts is the same in the young person as in the adult.
We believe that there can be little doubt that the relative size of the brain to the other organs,
and to the entire body, is much greater in the child than in the adult. In Table ITI. will be
found the results we have obtalned on thiz point. In Table II. we find less difference between
the relative weight of the encephalon and cerebellum, at different periods of life, than we
had been led to expect from some statements which have been made upon this question. The
data we have collected do mot entitle us to speak positively, but as the other statements to
which I refer seem principally to rest wpon the vague and uncertain measurements of the eye,
we may reasonably request to be allowed to suspend our opinion of their aceuracy, until we have
a sufficient amount of materials brought befere us to justify us in giving a decided judgment.
In looking over the column of the average weights of the encephalon, at different ages, in Table L.,
we cannet fail to experience some surprise at the difference between the average weight of
that organ in the male, between 16 and 20 years of ape and between 40 and 50, but we cannot
for a moment have any hesitation in deciding that this must arise from sources of fallacy inei-
dent to insufficient data. In the group between 40 and 50 years of age some brains much
below the average weight are found, and there can be no doubt that it is (o this accidental cir-
cumstance that we must atiribute the diminution in the average weight of the brain in that
group. Among the females, we find a decided diminution in the average weight of the brain
above 60 years of age, while, among the males, this is not apparent until a later pericd. We
certainly gid expect alsoto find a similar diminution in the average weight of the male brain
above GO vears of age, for we are perfectly satisfied, as the tables containing the individual facts
will show, that we more frequently meet with a greater quantity of sevum under the arachnoeid
and in the lateral ventricles in old people, than in those in the prime of life. We are also sat's-
fied, from an examination of the notes we have taken at the time the brains were examined,
that a certain degree of atrophy of the convelutions of the brain over the anterior lobes, marked
by the greater widih of the sulci, was more common in old than in young persons. We have,
however, frequently remarked these appearances in the brains of people in the prime of life,
who had been for some time addicted to excessive indulgenee in ardent spirits.

* In ascertaining the relative weight of the cerebellum to the enesphalon, those encephala only
were gelected in which the cerebells were also weighed. The same plan was also followed in as-
certaining the relative weight of the cerebellum with pous and medulla oblongata to the ence-
phalon. ]

t Three of the youngest cases included in the above Table given scparately.
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TABLE IV,

Average weight of the Encephalon, &ec., between 25 and 55 years of age, in the two
sexes, and the average difference between them.
Males, 53 brains weighed.—Females, 34 brains weighed,
Male, Female. Differenes In favour

of the Mnple,
dr. oz, dr

or. oz, dr.
3 50 3%, or 44 83, 0r a 11
Average weight of Encephalon, { 31bs. 20z, 34 dr. f 21bs. 120z, 84 dr.

.. Cerehrum, = - 43 153 38 12 & 43
«« «+ Cerebellum, - - & 4% + 12} 0 7%
s EE '::Erebﬂlhlm with lea
and medulla oblongata, } 6 33 512} 0 7% nearly.

TABLE V.

Relative weight of Encephalon to Cerehellum, and to Cerebellum with Pons Varolii
and MMedulla Dblongata, between 25 and 55 years of age, in the two sexcs.
53 male, and 34 female brains weighed.
Male. Female,
Relative weight of Encephalon to cerebellum, = - aslto®f aslto9}
T Encephalon to cerebellum with pons and medulla 1 8 1 T

From this Table it would appear that, in the female, the average cerebellum is
relative to the encephalon, a little heavier than in the male.

TABLE VL

Relative Weight of the entire Body to the Encephalon, the Heart, and Liver, in the
two sexes between 25 and 55 years of age.

Number, Humber Number

Encephalon.  welghed, Heart, weighed, Liver, welghed,
hale, - - as 1 to 874 33 las 1 to 160% a7 as 1 to 35} a1
Female, - - i 385 14 1 176 1%&:1 1 a0 T

As far as this Table enables us to judge, it would appear that though the average
male brain is absolutely heavier than that of the female, yet that the average female
brain, relative to the weight of the whole body, is somewhat heavier than the average
male brain.

TABLE VII.

In 9 Males, between 27 and 50 years of age, who died either immediately, or within
a few hours after aceidents and other external eauses of sudden death, and who
had been previously in good health, the following results were obtained :

Average welght of |Avorage of encepha-'Average of cerehel] Average of cerebellam with (Avoeage of heart
hady (8 woighed). lon (& weighed]. lum (& weighed). |pons and medolle (5 welghed),| (9 weighed).
oE, idr. o, dr. ox. dr. oE, ir.

Ost. Blhs, 3foz.,0 52 44, or a 7 i 6 12 6

1341bs. 3oz, (3lbs. doz. 43dr. or taking tho average of the

cerohollom was taken,

Goz. 7§dr i
Relative weight of body to encephalon (6 weighed) - - = aslto 404
i . toheart (9 weighed) . - - - 1 173}
: encephalon to eerebellum (4 weighed) - - 1 o2
; .. to cerebellum with pons and medulla (5 weighed) 1 84

Though the data from which the ahove Table is constructed are very limited, yet
we may be allowed to remark, that the greater relative weight of the encephalon to
the body, in those emaciated by disease than in those cut off while in possession of
health and musecular vigour, which it indicates, is what we would expect from other
considerations. There is little difference in the relative weight of the cerebellum to
the encephalon in the two classes of eases.



168 HUMAN BRAIN,

My friend and colleague, Dr. T. B. Peacock, has also
published some admirable tables in the Monthly Journal of
Medical Science for 1846, from which he draws the follow-
g conclusions :—

“1st, The encephalon in the aduIt male weighs, on an
average, 50 oz. 325 dr., or 3 Ib. 2 oz. and 3%% drachms
m-‘nirdupnis, and exceeds in weight thﬂ.t of the female by
5 oz. 4°95 dr., the latter weighing on an average 44 oz.
and 14-3 dr., or 2 Ib. 12 oz. 143% dr.

“Of 131 male brains weighed, the heaviest was 62 oz.
12 dr., or 12 oz. 875 dr. above the mean ; the lightest
was 34 oz., or 16 oz. 3-25 dr. below it.

“ Of 74 female brains, the extremes were 54 oz., or 9 oz.
17 dr. above the average, and 36 oz. 12 dr., or 8 oz. 2:3 dr.
below it.

“ Of the male encephala, 8-3 per cent. were under 45 oz.
m weight, 74-04 per cent. weighed between 45 and 55 oz.,
and 175 per cent. exceeded 55 oz. in weight.

“Of the female encephala, 54 per cent. w e1glled under
45 oz., 459 per cent. were between 45 and 55 oz. in
W ught and none exceeded 55 oz.

“ Note—A comparison of these averages with those
deduced by Dr. Reid, will show that they correspond very
closely, though the numbers on which the calculations are
based are considerably extended. They do not differ, also,
very greatly from the conclusions of Sir William Hamilton,
Dr. Sims, and Dr. Clendenning. Sir W. Hamilton esti-
mated the weight of the adult male encephalon at 3 Ib.
8 oz. troy, and the female at 3 Ib. 4 oz., which are nearly
48 oz. 5 dr., and 43 oz 15 dr. ﬁwmlup—ms On calcu-
lating the weights of the brain in the two sexes separately,
frﬂlll the observations published by Dr. Sims, T find the
male brain, in 54 persons between 20 and 60 years of age,
to average 47 oz. 13 dr., and the female brain in 58 per-
sons, 44 oz. and 10 dr. Dr. Clendenning states the male
brain in persons between 21 and 60 years of age to average
4585 oz., and the female 4125 oz.  These several averages,
together with those deduced by Professor Reid and myself,
range between 453 oz. and 507 oz. for the male, and 413
oz. and nearly 45 oz. for the female.

B
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“MTiedemann,* whose actual observations amount to onl
52 (35 males and 17 females), states the weight of the
adult European encephalon to vary in the male between
3 lb. 2 oz. and 4 Ib. 6 oz. troy, or 41 oz. 12 dr. and 59 oz,
5 dr. avoirdupois, and in the female, between 2 Ib. 8 oz,
and 3 Ib. 11 oz. troy, or 35 oz. 2 dr. and 51 oz. 11 dr.
avoirdupois.

““The want of accurate information as to the number of
observations on which their caleulations are based, of the
weights employed, and of the ages of the persons, render
the statements of the older anatomists, as to the weight of
the encephalon, of little value. Soemmerring states,—
¢ Cerebrum et cerebellum, resecta medulla spinali statim
pone nervum lingualem medium pondo sunt librarum
duaram ad tres libras; sunt enmim alia cerebra pondere
librarum duarum et unciarum quinque cum dimidia, alia
librarum trium et unciarum frium cum tribus quartis.
Aliis (referring to the weights of brain assigned by Ialler,
Elementa Physiologiz, t. 4, p. 10) observata sunt cerebra
libree unius cum dimidia, aliis pondus librarum quinque
superantia, quod posterius vero haud verisumile udetur
nisi forte diverso hexagio res rite interpretar pcrsslt {DB
corporis humani fabrica, t. 4, f. 38.) He adds, in a note,
“In universum quidcm Hallerus cerebrum ptmdc:re esse
librarum quinque antumat, rectins certe quatuor, si de
pondere pharmaceutico Germanico sermo est. Certe enim
inter plura quam ducenta cercbra a me disquisita nullum
inveni quod quatuor sit librarum.” From this it appears
that Soemmerring employed the German or Nuremberg
pound of 5524 8 grains, and the weights which he gives
consequently vary between 31 oz. and 41 oz. 14 dr. avoir-
dupois, much below the estimates of more recent observers ;
but as he imagined the brain to attain its full development
at 3 years of age, and has not specified that the weights
referred to were those only of adults, we may infer that he
included in his calculation the brains of persons in early
life. The estimate of the Wenzels seems more nearly
correct :—¢ Pondus encephali humani, quale id de quinto
vitee anno ad summam usque hominis senectutem plerum-

“* Phil. Trans. vol. 127, p. 497.
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que invenitur, pondus viginti ¢uatuor millium granorum
non superat. * ¥ * Totins cerebri pondus inter
viginti et viginti duo millia; cerebri strictius dicti inter
octodecem et viginti millia granorum plerumque variat.’
—(De penitiori structura Cerebri Hominis et Brutorum,
f. 267.) 'The weight of the encephalon thus given is from
45 oz. 12 dr. to 50 oz. 5 dr. avoirdupois ; and, as including
persons in early and advanced life, and of both sexes, is
sufficiently exact. The weight of the encephalon is esti-
mated by Portal at 48 oz. 3% dr. avoirdupois; and by
Meckel, if his weight be the German lb., at 43 oz. and
11 dr. avoirdupois. M. Lélut® estimates the weight of the
encephalon of the male adult at 1320 grammes, or 46 oz.
10 dr. avoirdupois ; and M. Parchappét at 1323 grammes,
or 46 oz. 11 dr., and that of the female at 1210 grammes,
or 42 oz. 11 dr. avoirdupois.

““ 2nd, The human encephalon appears ordinarily to attain
its maximum of development at from the 20th to the 25th
year ; throughout the middle Eﬂriud of life it displays little
variation, but a very marked decrease in weight obtains in
advanced age. This conclusion is uniformly borne out by
the weights of the encephalon at different ages in both
sexes ; nor do the tables afford any support to the opinions
of Soemmerring, the Wenzels, and Sir W. Hamilton, that
the brain arrives at perfection in or before the 7th year.
Though it may occasionally happen that the brain of a
person in early life shall be “found as heavy as are ordina-
rily the brains of adults, yet the average of the weights of
several brains between 10 and 20 years of age, 1s uniformly
less than that afforded by the brains of persons between 25
and 55 years of age.}

“ Note.—The gradual increase in the weight of the ence-
phalon up to adult age, accords with the conclusions of Dr.
Sims, and with the views of Gall and Spurzheim. Soem-

“ #* Gazette Médicale de Paris, 2™ serie, t. v., 1837, p. 146.

“+ Ibid. BSeealso M. Parchappé’s Memoir, t. x., 1842, p. 650, where
he gives the weight of the encephalon in males, 1352 grammes; and in
females, 1229,

““§ These results accord with Dr. Reid's previous inferences. The

decrease in the weight of the encephalon in advanced life, is, it will be
observed, much more marked in females than in males.
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merring, however, from one observation, inferred that the
brain attained its full weight at 3 years of age, and the
Wenzels at 7. The latter age has also been regarded by
Sir W. Hamilton as the probable term of growth of the
brain. The present observations further confirm the in-
ference, that contrary to the supposition of the Wenzels
and Sir W. Hamilton, the encephalon decreases in weight
in advanced life. In reference to Sir W. Hamilton’s
observations, it may be remarked that the actual weights
of human brains can alone form just data for cmmlusmus
and that it seems scarcely possible that any method of
ascertaining the size of the brain from examination of the
skull can be free from fallacy®*—an objection especially
applicable to estimates so formed of the weight of the brain
mn advanced age, when, as is well known, the ventricular
cavities and subarachnoidal cellular tissue often contain
much fluid.

“3rd, The excess of weight of the male over the female
encephalon, is observed at an early age, and continues
throughout the course of life. This inference is applicable
after the commencement of the second year; before that
period the data are too imperfect to allow of any conclu-
sions being founded upon them.

“4th, The average weight of the cerebrum in adult males,
i1s 44 oz. 3-4 dr., and in females, 39 oz. 33 dr.; the cere-
brum of the male therefore exceeds in weight that of the
female by 5 oz. 0°1 dr.

““ 5th, The cerebellum, with the pons Varolii, and medulla
oblongata, averages in adult males, 6 oz. 40'5 dr.; in
females, 5 oz. 10'5 dr.—the excess in the male being
9-55 dr.

“6th, The cerebellum alone, calculated from Professor
Reid’ subser\ratmns averages in the adult male 5 oz. 26 dr.,
and in the female 4 oz 124 dr—the difference bemg
6-2 dr.

“% Bir W. Hamilton states his observations to have been founded ¢on
inductions from above 60 human brains, and from nearly 300 human
skulls of determined sex, the capacity of which, by a method I devised,
was taken in sand, and the original weights of the brain thus recovered.’
—Monro’s Anatomy of the Brain, 1831.
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“7Tth, It has been seen that the encephalon may be
regarded as attaining its maximum of development at from
the 20th to the 25th year, and declines in weight in ad-
vanced life. The same law obtains in reference to the
development and decline of its several portions. It would,
however, appear probable that the cerebellum, with the
pons Varolii and medulla oblongata, arrive at their full
growth somewhat earlier than the cerebral hemispheres.
This surmise is supported by the weights of the former
portions of the brain between 10 and 20 years of age,
E—‘{GEM]IH" i females their weight in the .;ulult, and being
in males - very slightly less than their weight in the adult.
The results givcn iu the tables are, lluwm-'er, unfavourable
to the 1dea of Sir W. Hamilton, that the eerebellum attains
its maximum of development at about the 7th year—an
opinion opposed also by the weights of the cerebellum
alone, as given by Professor Reid.

“8th, The excess which obtains in the weight of the
encephalon of the male over that of the female, exists also
in each of the several portions of the brain,—the cerebrum,
the cerebellum, with the pons Varolii and medulla oblon-
gata, and the cerebellum alone, being uniformly heavier in
the male than in the female. The excess in the weight of
each of these portions of the brain in the male over " their
weight in the female, maintains a very similar ratio, a fact
opposed to the conclusion of Sir W. Hamilton, ©that
almost the whole difference in the weight of the male and
female encephali lies in the brain proper, the cerebella of the
two sexes aﬂsnlutr:l}' being nearly equal ; the preponderance
being rather in favour of the female.’

“9Oth, The relative proportion of the encephalon to the
whole body undergoes a gradual decrease from infancy to
adult age; and averages in males, at from 25 to 55 years
of age, 1 to 37°2, presenting during this period a range of
from 1 to 79-98 to 1 to 252, according to the state of
emaciation or corpulence of the body weighed.

“In females the average during adult life 1s 1 to 335,
and the extremes 1 to 448 and 1 to 24-1. Tt will be
seen that, as before remarked by the Wenzels and Tiede-
mann, the female brain, though absolutely lighter than that
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of the male, maintains a higher proportion relatively to the
weight of the body.

“10th, The proportions, relatively to the whole body, of
the cerebellum with the pons Varolii mul medulla oblongata,
and of the eerebellum alone (as shown by Dr. Reid’s obser-
vations), also gradually decrease from infancy, and at adult
age the former averaged in males 1 to 2771, presenting
the extremes of 1 to 4247 and 1 to 244-5.

“The proportion in adult females is 1 to 290°7, and the
extremes 1 to 326° and 1 to 213°3.

“Tiedemann found the relative proportion of the ence-
phalon to the 'Imﬂy in adults as 1 to 35 and 1 to 45, and
the extremes 1 to 22 and 1 to 50 to 100.

“11th, The pmpt}rtmn which, in the adult, the cere-
bellum with the pons Varoli and medulla oblongata bear
to the whole encephalon is 1 to 7°8, and is nearly the same
in the two sexes, being as 1 to §:057 in the male and 1 to
7°87 m the female.

“Dr. Reid had been led to infer that the cerebellum with
the pons Varoli and medulla oblongata was relatively to
the encephalon heavier, in a somewhat higher proportion,
in the female than in the male, being as 1 to 7°9 and 1 to
8:6 respectively. His calculations are, however, founded
on the weights of 53 male and 34 female brains, while the
present tables mnclude 96 and 58 weights. From my own
observations separately, the proportions are as 1 to 798 in
females, and 1 to 7-93 in males.

- ]Zth The ratio of the weight of the cerebellum alone
to that of the whole encephalon, is, in the male, between
25 and 55 years of age, 1 to 9°68, and in the female 1
to 9-34.

“13th, The relative proportion of the cerebellum to the
cerebrum in adults of the two sexes, as caleulated from Dr.
Reid’s data, is in males 1 to 8:37; in females 1 to 8-28.
Sir W, Hamilton states, ° that the cerebellum in the female
1s in general l:mmdmah]:,r larger in proportion to the brain
proper than in the male; in the female it is as 1 to 7°6, in
the male as 1 to 84” The calculations now given show
the weights of the cerebellum with the pons Varolii and
medulla oblongata, and of the cerchellum alone, to be, rela-
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tively to that of the whole encephalon, somewhat higher in
females than in males. This inference is not, however,
confirmed by the observations of M. Parchappe; and the
difference which, from the present data, appears to exist, is
much less than was supposed by Sir W. Hamilton. It is,
therefore, very questionable how far the excess of weight in
females can be regarded as constituting a general rule.

“14th, Though the data now published are defective in
weights of the whole encephalon and its several portions, in
infants and young persons, they render it most probable
that the ratio of the cerebellum alone, or with the pons
Varolii and medulla oblongata, to the cerebrum and ence-
phalon, undergoes but little change during the whole period
of life, after the expiration of the first year. Further
observations are required on this point ;—the facts at pre-
sent recorded are, however, opposed to the surmise, that
the cerebellum aftains its complete state of development at
a period much anterior to that of the rest of the bram.”

i o -




PART Y.
CONFIGURATION OF THE ENCEPHALON.

Berork the student begins to trace the medullary fibres of
the cerebro-spinal axis, in order to ascertain the connections
and relations of one part with another, as well as those of
the cineritious with the medullary neurine, it will be de-
sirable to take a general view of the external form and
appearance of the entire brain and spinal cord. He will thus
become acquainted with the different elevations and depres-
sions observable on its surface. Our predecessors, till lately,
confined their attention almost entirely to external appear-
ances, and to such as are produced by section, and obtained
but an imperfect idea of the real structure of the organ ;
but we must not fall into the opposite error, and neglect the
observation of outward form as wholly unnecessary or un-
philosophical. We must only be on our gnard at the same
time not to confound the study of mere outward configura-
tion with a knowledge of internal structure.

In studying the configuration of the cerebral mass, we
shall find 1t advantageous to divide its surface info two por-
tions, the one external and comvoluled, the other internal,
which presents appearances of so precise a form that it ma
be called the figurate; the convoluted, as will be explained
afterwards, forming a sort of envelope or wrapper to the
figurate. :

The relative position of the different portions of the
brain within the human skull are well seen by making a
perpendicular section of the skull and brain from before
to behind. Fig. 71 represents such a section ; and although
the student is not supposed to be acquainted with all the
ganglia shown in this drawing, it will be found instructive
to study it generally, and refer to it again hereafter.

After removing the brain and spinal cord from the skull
and vertebral canal, by dividing the nerves as they pass
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throngh their appropriate foramina, the student should
place the brain upon its upper surface, which will expose
what is usually called the base of the brain (fig. 72), and
the anterior surface of the spinal cord. By the term spinal
cord we mean all that portion of the cerebro-spmal 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

Fig. 71.

Side view of a mesial seetion of the human skull, nasal, oral, and laryn-
geal cavities, the vertebral canal and brain. B. Hemispherical ganglion,
or convoluted surface of the brain. E. Cerebellum, showing the arbor
vite. FM. Falx major of the dura mater. 1. This letter is placed on
the sphenoid bone, just in front of the sella turcica and pituitary gland.
From this body, which is represented as a white rounded knot, there is a
white tubular-looking body, extending up to the brain—the infundibulum ;
this is large. The rounded body behind, is the corpus mammillare.
i. Spinal cord. K. Thalamus nervi optici; above the letter is the com-
missura mollis. N. Septum lucidum, which conceals the corpus striatum ;
the white line behind the letter is the anterior pillar of fornix. ». Corpus
callosum. X. Pons Varolii.
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lumbar, its place in the canal is occupied by the nerves sup-
plying the lower part of the trunk and the inferior extremi-
ties. The appearance produced by the collection of the
large nerves i the interior of the canal, from its resem-
blance to a horse’s tail, is called the cawda equina (see fig.
81). The size of the cord varies : in the cervical region it 1s
widest, and in the middle of the dorsal narrowest, widen-
g again at the lower part of the dorsal, and then gradu-
ally tapering off to a point opposite the second lumbar
vertebra, where it appears to terminate in a single nerve,
the ligamentum filaforme, just deseribed. Anatomists have
rather differed in opinion as to the exact limits of the cord
superiorly : physiologically speaking, it extends to the he-
mispheres ; but guided by its external configuration we
may describe its superior boundary as formed by the cor-
pus 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 (figs. 72, 85). At
the upper edge of the medulla oblongata a large knot
or thick band of medullary fibres of about an inch in
width will be observed passing over and bounding it;
this structure is the commissure of the cerebellum, or pons
Varoli (x). The cerebellum (g), or little brain, is the oval-
shaped body to which this structure is attached laterally,
d]]d which lies beneath the tentorium when in its normal
situation in the skull (see fig. 71).

At the upper edge of the commissure of the cerebellum
we observe two rounded bands, about half an inch in
thickness, emerging from behind the commissure, and
spreading as they pass forwards and outwards to be lost
beneath the convolutions of the hemispheres; these are
called the crura cerebri (uww, fig. 72). At the point where the
crura are first covered by the convolutions, we observe on
either side a thin band of medullary neurine, about three
lines in width, crossing them; these two bands gradually
approach each other, and, apparently joining, form what is
called the commissure of the optic nerves; the bands them-
selves go by the name of the #fractus optici. 'The line from
e crosses this band on the left side. A space is thus left

N
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between the divergence of the erura cerebri and the con-
vergence of the tractus optici, of a diamond shape, within
which we observe two white rounded bodies, called, from
their appearance, the corpora mammillaria sew albicantia
(¢), anterior to which bodies, and partly surrounding them,
we observe a layer of cineritious neurine, the fuber cinereum
or pons Tarini (a), n the centre of which is a funnel-shaped
body, the infundibulum, or pituitary process, by which it is
attached to the pituitary gland (see fig. 71, 7).

Behind the corpora mammillaria is a layer of medullary

Base of the human brain. A portion of the middle lobe on the left side
has been removed to show the tractus opticus and crus cerebri. ar. Three
roots of olfactory nerve. &. Optic nerve. [¢. Locus quadratus. e, Cor-
Enra albicantia ; the white, funnel-like body in front of these is the infundi-

ulum. @ Tuber cinereum. ¢. Third pair of nerves. . Fourth ditto,
e. Fifthditto. f. Sixth ditto. g. Seventh ditto, facial. £. Eighth ditto,
anditory. . Ninth ditto, glosso-pharyngeal. j. Tenth ditto, pneumogastrie.
k. Eleventh ditto, lingual. 1. Twelfth ditto, spinal accessory. a. Olfactory

nglion. B. Hemispherical ditto. ». Orbitar convolution. E. Cerebel-
lum. w. Spinal cord. 8. Olivary body. 7. Pyramidal ditte. #. Crus
cerebri. X. Pons Varolii. a/. Anterior lobe. m . Middle lobe. p . Pos-
terior lobe. Fs. Fissura Sylvii

il i
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neurine, called the substantia perforata posterior, from its
being perforated for the passage of vessels, and posterior to
another similar spot ; it cannot be seen in this figure. On
either side of the diamond-shaped space described, we ob-
serve the mass of convoluted eineritious nenrine, denominated
the hemispheres of the brain. These are considered as
divided into three lobes on each side ; the division between
the anterior lobe (« /) and the middle lobe (i /) 15 well
marked by a fissure, called the fissura Sylvii (¢ s), which cor-
responds to the lesser wings of the sphenoid bone. This
fissure may be traced to the outer surface of the hemi-
spheres, where its depth is considerable. The fissura Sylvii
commences near the mesial line, under the tractus opticus,
in a broad, quadrilateral, perforated space, to which the
student will be frequently directed in the description of the
convolutions. This spot is called the locus perforalus ante-
rior, or locus quadrilateralis ([ ¢). The division between
the middle and posterior lobe (p /) is more arbitrary, and
corresponds to the superior angle of the petrous portion of
the temporal bone in the interior of the skull.

The description of the arteries, though seen in this view
of the brain, will be given after the whole account of the
configuration and dissection of the brain is completed.

The different pairs of cerebral nerves may also be seen in
this view, but as their exact connections will be minutely
described after the student has become accurately acquainted
with the real structure of the cerebral mass, it 1s unneces-

to dwell upon them now.

The dissector may now reverse the position of the brain by
placing it upon the base ; he will then observe the upper sur-
face of the hemispheres divided by a deep fissure, into which
the falx major of the dura mater passes (fig. 71), and by
separating the hemispheres he will perceive at the bottom of
the fissure a white band of medullary matter, called the great
commissure of the cerebrum, or corpus callosum (fig. 77, »).

Let us next direct our attention to the convoluted surface of
the brain, which is formed by the folding of the hemispherical
ganglion. In the following account I shall follow Leuret
and Foville ; though I cannot attempt the minuteness of

this latter author, who devotes forty pages to his description.
N
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All the convolutions may be said to spring from that spot
at the base of the brain which, situated in the fissura Sylvii,
is called the quadrilateral spot, or substantia perforata ante-
rior. 'This fact is interesting when we revert to the deve-
lopment of the hemispherical ganglion ; whether we trace the
permanent forms it assumes n the varions genera of animals,
or in its transient forms during the evolution of the human
embryo. At this spot we first observe this ganglion as a mere
point ; see the brain of the fish (figs. 26, 29, 30, 31) and
the brain of the embryo of pine weeks: and from these
small beginnings it gradually assumes its enormous size and
convoluted form. See also the explanation of the formation
of the lateral ventricles (figs. 79 and 80).

In attempting to classify the convolutions of the human
brain, it 1s not pretended that they will be found alike in
all brains, but as regards their main form and direction
there is considerable uniformity. The variety will be found
not so much in the longitudinal foldings, which in the human
brain assume a crescentic figure, but in the transverse or
anastomosing foldings.

The convolutions are not even exactly alike on both sides
of the bram. Curously enough, we find them almost n
exact correspondence in the brain of the monkey and the
idiot, and even in some of the lowest of the negroes.

There are four orders of convolutions. The first order
of convolutions contain only one ; this is seen in a lateral
view of the brain, looking from within outwards, after a
section has been made through the mesial (see fig. 72).

It may be described as commencing anter lm]:,r from the
substantia perforata anterior, or the guadrilateral perforated
spot—locus perforatus gquadrilateralis ; A B the commence-
ment of this convolution, and p” its termination. It will be
seen to spring from the base of the brain at the posterior
extremity of the anterior lobe. It then runs upwards and
turns (/) round the corpus callosum (1), runs (6 4) along its
upper surface, winds down behind its posterior margin,
descends to the base of the brain, terminating close to where
it began, namely, at the opposite border of the fissura Sylvii,
and therefore without crossing it.
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e e e e

Internal surface of the left hemisphere of the brain. The great trans-
verse commissure divided in the mesial line. (Foville) /1. Corpus
callosum. ®. Septum lucidum. v. Anterior pillar of the fornix. #. An-
terior commissure divided. T. Convex surface of the optic thalamus.
w. Aqueeductus Sylvii. s. Pineal gland. x. Peduncle of pineal gland.
¥. Section of crus cerebri. M. Corpus mammillare. &/, Tuber cinereum.
K. Bection of the chiasma of the optic nerves. 1. Optic nerve. 1. Ol-
factory nerve. a. Quadrilateral perforated space. «. Internal part of
the quadrilateral space, where the septum Iucidum is united to if.
B, 8447, B, ', Vertical section of the convolution de l'onrlet (superior
longitudinal commissure). ». Beginning of this convelution. »/. Its
termination, named the temporal tuberosity. B/, Crotchet of this tubero-
sity. D/, ppvDD, dd, D, D', First convolution of the second order,
forming the eccentric circumference of the internal surface of the hemi-
sphere, of which the convolution de Uourlet forms the concentrie cireum-
ference. ®''. The origin of the great convolution of the second order.
. Indicates the termination of this convolution in the summit of the
temporal lobe.  © ¢ e . Convolutional branches of the third order crossing
the internal surface of the hemisphere, uniting the convolution de I'ourlet
to the great convolution of the second order. EE. Branch of the third
order, uniting the convolution de I'ourlet to the great convolution of the
second order in the quadrilateral group. rr. Branch of the third order,
forming the pedunecle of the triangular group, extending from the convolu-
tion de Pourlet to the great convolution of the second order. 6 y. Last
branch of the third order, uniting the convolution de U'ourlet to the great
convolution of the second order in the cerebello temporal zone of the
hemisphere. ®. Anfractuosity of the internal surface running up to the
eceentric border of the hemisphere. ®’. Anfractuosity of the same kind,
forming a fissure between the crossing group and the quadrilateral group.
P. Fissure posterior to the quadrilateral group.
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In following this convolution, the student will find that
its course 1s exactly similar to that which the whole hemi-
spheres take, as will be deseribed in my explanation of the
formation of the ventricles of the brain (see figs. 79 and
80, p. 195). This convolution contains within it the superior
longitudinal commissure, and marks its direction. It is
the hem or owrlet of Foville. This convolution he calls /e
circonvolution de I ourlet.

We have already seen this as one of the primary convo-
lutions of the brain of the fox.

The second order of convolutions comprehends two.
They arise, like the last, from the quadrilateral space and
also from the last convolution, from which they spring like
buds from a branch. The convolution pp D, P, D, dd,
(fig. 73,) forms the external margin of the circle of the he-
misphere, just as the first convolutions form the internal
margin of the circle ; this is the great convolution. Tt may
be said to run from the fissura Sylvii to the anterior ex-
tremity of the hemisphere, and then mounting up, forms
the upper part of the hemisphere; and the edge of the median
fissure running forwards terminates at the extremity of the
temporal lobe (sw hn' 4, A, 0, 0'l, DG, BG, DG, gg,0
fig. 16, aaaad, v, 6 G a).

In the brain ni ‘new-born infants, and particularly in
fretuses of seven months, this line of convolution is without
any sinuosity. In this respect it resembles the simple lon-
gitudinal convolutions of the lower animals.  Tts complexity
15 DLLHSlUnLd hv 'lt‘i CIIOT IO S ][‘llgth 1'3(]_1111 mg to be llg-ﬂln
and again folded transy ersely to get it into its allotted space
(see figures at page 123).

The second convolution of the second order forms the
circumference of the fissura Sylvii (see fig. 74, ¥, K, 1, P P,
p, v, E). It presents m its course two divisions, whmh
again subdivide into three. The first forms the anterior lip
of the fissure of the external border of the orbitar triangle
delineated horizontally ; it is moderately winding, and ter-
minates at the junction of the horizontal orbitar region
with the convex vertical region of the outer part of the
frontal lobe. This convolution we have seen also in the
lower animals (see figs. 60 and 64).
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This convolution in man, like the last-mentioned, is so
long, that in its many transverse foldings we lose sight of
its original simplicity.

The convolutions of the third order may be divided into
two sets; the first are situated without exception on the
internal surface of the hemisphere, and in the internal por-
tion of the fissura Sylvii. They form a sort of anasto-
mosis between the convolutions of the first and second
order (fig. V3, ccc, E, F, 6, Y, EE, FF). These vary in
numbers from five up to eight; Foville says they never
exceed nine. These numerous, tooth-like processes from
the convolution of the superior longitudinal commissure in-
duced Rolando to call it processo eristato. 'The second set
are within the fissura Sylvii, and oceupy the space called
by Reil lusula.

Few of those who dissect the human brain in the old way
are aware of the depth, breadth, and riches, if I may so
express it, of the fissura Sylvii: they know it only as a
slight fissure at the base of the brain, separating the anterior
and middle lobes. But those who remove the pia mater
from the brain previous to immersing it in alcohol are well
aware that this fissure extends upwards from the base of
the brain, on the side of it, nearly to the posterior extremity
of the vertex.

The sides of this fissure are not smooth ; and as if every
chink and eranny should be occupied, to get this enor-
mous convoluted ganglion into the skull, the whole of
this fissure is occupied with a distinet set of convolutions.
These are pyramidal in form, with their apices towards the
fissure, and their bases radiating outwards, as fo a circum-
ference of a circle. They may be partly seen in fig. 74
(cce); but better seen in fig. 75 (cccc).

Convolutions of the fourth order.—The distinctive charac-
ter of the convolutions of the fourth order is, that they
have no direet connection with the convolutions of the
first order, that they are employed to fill the space left
between the two great lines of the second order.
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Fig. 4.

This figzure represents the external surface of a cerebral hemisphere.
(Foville.) This hemisphere is remarkable for the rich development of its
comvolutions. E, Y, K, 1, P, V, E, indicate the convolution encircling the
fissura Sylvii—second convolution of the second order. e, ¢, e. The con-
volutionary folds of the insula seen between the lips of this fissure, which
are slightly separated. x, v, A, 0", I/, », 6, B, D/, ¥, 6, ¢ ¢, 0, indicate the
great convolution encireling the hemisphere—first convolution of the se-
cond order. All the convolutions on the convexity of the hemisphere
run from the convolution around the fissura Sylvii to that convolution
which encireles the hemisphere. The convolutions which join the second
with the first convolution belong to the fourth order. Independently of
their connection with the two convolutions of the seeond order they anas-
tomose sometimes together. ¥,2", m, o. Transverse supraciliary convolu-
tion running from the anterior angle of the fissura Sylvii to the internal
part of the posterior extremity of the hemispheres. 1, 1. Transverse me-
dio-parietal convolution extending from the second enrve of the comvolu-
tion around the fissure of Sylvius to the twist in the great convolution of
the second order, corresponding to the anfractuosity which on the internal
surface of the hemisphere separates those erossing from the quadrilateral
gronp. P, P, 7, 0. Transverse occipital convolution extending from the
sharp angle of the fissure of Sylvius to the posterior extremity of the he-
misphere. K, K, K. Anterior transverse parietal convolution situated im-
mediately in front of the transverse medio-parietal. s, s,/, . A branch
extending anterior from K, K, K, and anastomosing, a, /, , with the great
convolutionary band—first convolution of the second order. ©’,8,4". A
branch which, running from K, K, K, anastomose with the transverse supra-
ciliary convolution. +. A small branch joining the two above-named
branches. k, r. Posterior transverse parietal. o,0,0. Short convolu-
tions uniting the extremity of the second convolution of the second order
to G, ¢ g, 0—the last portion of the great convolution of the second order.
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In order to understand these convolutions it is neces-
sary to consider them as prolongations of the convolu-
tions of the third order, below the two convolutions of the
second order (see figs. 74 and 76, NN, 11, KK, L1); and
in fig. 76, running directly across the upper surface of the
brain (1 1), also x, which is more irregular and uncertain
than the last.

This figure represents the external surface of the cerebrum, the central
part of which is covered by the insula. (Foville.) 3. Lower part of the fissura
Sylvii. ¢, ¢, ¢,c,c,c. Insula. B, B, B, B. Direction of the great layer of
converging fibres of the hemisphere. a, A, A, 7,7, A, A, b. Layer of eccentrie
fibres of the lateral surface of the cerebrum. . Temporal tuberosity of the
convolution de I'owrdet. . Cut end of a bend in the eonvolution around
the fissure of Sylvius.

The first region in which these are found is the orbitar
triangle, at the base of the brain (seefig. 74, x n).

The second is the great convex space bounded before b
the anterior border of the above triangle (see fig. 74, /7, u a),
and behind by a line extending from the posterior angle of
the fissure of Sylvius to the posterior point of the hemi-
sphere (see fig. 74, prP D).

Lastly, the third region, also slightly convex, extends
from this line to the extremity of the temporal lobe (see
fig. 74, v’, v, 0").

This fourth order is especially characteristic of the hu-
man brain, from their transverse direction, and their being
supplementary to the longitudinal foldings.
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(i & (/4

Superior surface of the left cerebral hemisphere. ». Anterior extre-
mity. D" Posterior extremity. D,a,a, a’. Superior segment or middle
of the great convolution of the second order. e, 1, 6. Small frazment of
the convolution which encircles the fissura Sylvii—seeond convolution of
the second order. 1, 1. Tranverse medio-parietal convolution. b, u, &, &.
Transverse supraciliary convolution. 6, ¢, 6. Transverse ocecipital. All
these transverse convolutions come from the encircling convolution of the
fissura Sylvii to the great convolution of the second order. x. Anterior
incomplete transverse convolution. s. Posterior ditte. f, /', f". Simple
convolutional line on the side of {he fissure divided by its course from
without to within, and joining by its branch ¥, the great convolution of
the second order; and by its branch ¥, the transverse supraciliary convo-
lution. g, g. Line of union of the transverse cecipital convolution to the
great convolution of the second order. This cerebral hemisphere has been
fizured as an example of moderate development of the convolutions on the
convexity of the brain.—(Foville.)

Figurate surface of the brain.—'To study this surface, the
student should now make a section with a large knife, of
one of the hemispheres of the brain, on a level with the
corpus callosum, (say the right hemisphere,) cutting from
the mesial fissure horizontally outwards: the portion re-
moved must not be thrown away. This section exhibits
what is called the centrum ovale, and exhibits the dis-

osition of ecineritious and medullary neurine in this por-
tion of the brain. The cineritious forms a sort of bark
round the white substance ; and hence it has been called
the cortical substance of the brain (see fig. 77, BBBB).
This cortical substance is, in fact, the hemispherical gan-
glion, the analogue of which the student will remember as
a mere rounded pomt in the fish, in man enormously deve-

loped.
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View of the lateral ventricles of the brain. A section has been made of
the hemispheres of the brain on a level with the great transverse commis-
sure, showing the centrum ovale. The great transverse commissure, P P,
has been left in the mesial line, and extending a little on the right side.
On this side the centre of the lateral ventricle, L v, is opened, and the
anterior cornu, ac. On the left side, the posterior cornu, pv, and the
commencement of the descending cornu, de, are also exposed. In the
body of the lateral ventricle, on the left side, may be seen on the outside the
eorpus striatum, M M ; next to it, teenia semicireularis, ¢ ¢, partly covering
the vena Galeni, vg ; next to this is the thalamus nervi optici, k, from the
surface of which the plexus choroides has been removed, but still partly
covered by the central portion or Jdody of the fornix, N. A piece of flat
black whalebone runs under the fornix from one ventricle into the other,
oceupying the natural position of the plexus choroides; on the right side
the ventricle is partially covered by the corpus eallosum, and the body of
the fornix is concealed, but the plexus choroides, pe, has been left. The

vena Galeni, » g, is uncovered by the partial removal of the tenia semi-
cireularis,
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In making an examination of the brain for pathological
observation, this section is one of great importance, ex-
hibiting clearly the colour of this ganglion; and it is
hoped that, for the future, medical men will not omit, in
their accounts of post-mortem appearances, a detail of the
condition of this ganglion. It is, indeed, extraordinary,
that in almost all the accounts published in this country, of
the condition of the brain in insanity, not one word is
said of the general condition or colour of this ganglion,
though all physiological evidence proves that it is the por-
tion of the brain with which the intellect is immediately
connected.

The next step i the dissection 1s to make a longitudinal -
incision, as represented on the right side of the mesial
line in fig. 77, commencing a little posterior to the ante-
rior edge of the corpus callosum, and extending backwards
in a line parallel to the mesial line as far as the posterior
edge of this commissure. This great transverse commis-
sure may be seen in fig. 99, partly dissected. This incision
must be made carefully, and not extend deeper than a line
or two. It will open what appears to be a ecircumscribed
cavity : it 1s a fissure, called the laleral ventricle (fig. 77,
L v). This space must not, however, be viewed by the
student in the light of a cell or cavity, situated in the inte-
rior of the bran, the walls of w hich are formed by the
cerebral mass ; he must consider it resulting merely from
the contact of the different surfaces of the brain. And
this fissure is analogous, in fact, to the fissure between the
two hemispheres which contains the falx major of the dura
mater, or the space between the cerebrum and cerebellum ;
the only difference being, that the last-mentioned spaces
are between the external or convoluted surfaces of the
brain, instead of between the under part of the great
transverse commissure and the upper part of what has
been called, in distinction to the convoluted, the figurate or
figured surface of the brain.

It 1s 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
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power of containing fluid arises simply from the mode in
which the arachnoid membrane is reflected from the figu-
rate surface on to the convoluted surface. It is in this
way that we have a circumseribed cavity, formed from a
mere accident in structure, which m the constitution of
the brain amounts to no more than an irregular but exten-
sive fissure, analogous, in all respects, to the fissures be-
tween the different convolutions of the cerebrum. Though
it may not, perhaps, be possible 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 advisable to arrest,
in the very first instance, any ideas that might arise in his
mind as to the ventricles of the brain being perfect cavi-
ties, whose walls are wholly formed by the substance of
the organ itself. The term wvenfricle alone is sufficient to
mislead any one who dissects these parts for the first time.

The figurate surface of the brain is so named, in contra-
distinction to the convoluted surface, from the projections
which compose it presenting regular forms and having
received individual names, generally derived from some
trifling pecularity of appearance, some fancied resemblance
to another part, or erronecous views of their functions ;
nevertheless, however incorrect these titles may really be,
it would not be advisable to attempt any sudden and total
rejection of them; all we shall do will be to couple with
them other appellations which have relation to the struc-
ture and function of the part they are used to indicate.

A portion of the figurate surface, and what is usually
called the body of the lateral ventricle, having been ex-
posed by the removal of a portion of the transverse com-
missure, we will consider these parts in order (see figs. 77
and 78).

Commencing anteriorly, the first of the component parts
of the figurate surface which presents itself to our observa-
tion is the anferior cerebral ganglion, ov ganglion of the
anterior or motor columns, the corpus striafuimn (M M), whose
under surface we have to examine. It is pear-shaped,
the base of the pear being forwards and inwards, and the
apex or small end lying backwards.  Anterior to this gan-
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glion 1s a deeper portion of the ventricle, the anterior
cornu (z ¢): 1t 1s separated from its fellow on the opposite
side by a portion of the longitudinal commissure called the
septum lucidum (s/, fig. 77—No. 1, fig. 78). Between the
two layers of the septum lucidum is the fifth ventricle (5v).
Posterior to this anterior cerebral or motory ganglion 1s a
vascular membrane, the plexus choroides (p ¢); this mem-
brane, notwithstanding its grand name, is merely the con-
tinuation of the pia llhltt‘l as will be seen a little further
on; 1if this membrane 1s raised (see the left side of fig.
77), another large ganglion may be seen (the posterior cere-
bral), presenting a white surface, and rounded from the tha-
lamus nervi optiei (x), through which the posterior or
sensory columns pass previously to their expansion in the
hemisphere and termination in the hemispherical ganglion
(fig. 77, B).

The whole of the thalamus is not yet exposed, the pos-
terior portion being covered by the fornix (sece the left side).
The thalamus nervi optici is larger in man than in any
other amimal, and as we have traced it upwards we have
found it In many of the higher Mammalia, as in the horse,
sheep, &e., assuming a triangular form, at first so narrow
that we find it in the mole almost of the form of a seythe.
These two ganglia are not so closely united in some of the
lower animals as in man : in the cat the separation 1s very
evident, and still more so in the mole.

Between these two ganglia is situated a narrow band of
medullary neurine, called, from its appearance, the teenia
semicircularis (fig. 77, te, fig. 78, 4) ; the fibres composing
the band are connected with the superior longitudinal com-
missure, and are considered by Spurzheim as the media
connecting the conveying fibres, or fibres of communication,
between the two hemispheres and anterior and posterior
cerebral ganglia (see fig. 101, 5).  Beneath the teenia semi-
circularis is a large vein, the vena Galeni, so called after
Galen (fig. 77, v g; 78, 3) At the posterior extremity of
the thalamus, and ﬂxtcnding rather beneath this ganglion,
are two rounded bodies, which are called the external and
internal geniculate bodies ; at first sight they appear as if
they were a portion of this ganglion, but I believe that they
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are merely in opposition. They will be better seen in a
further stage of the dissection.

Overlapping the internal and posterior part of the pos-
terior cerebral ganglion or thalamus, there 1s a sharp band
of medullary neurine ; this structure is a portion of the infe-
rior longitudinal commissure ov forniz (figs. 77, 78,5, 101, E).
The connections and precise character of this commissure
I shall not describe at present, being anxious to give a
connected and uninterrupted view of the figurate surface,
merely remarking that the width and extent of the superior
portion of the fornix or mferior longitudinal commissure
may be observed by dividing the remainder of the trans-
verse about one-third from its posterior edge in the direc-
tion of the cerebellum. Before doing this, the student may
consider that he has now seen the contents of the body of
the lateral ventricle—corpus striatum, vena Galeni, teenia
semicircularis, thalamus nervi uptici, plexus chumi{lesJ
and fornix. On removing the rest of the transverse com-
missure, the fornix will be found to extend on each side
nearly an inch from the mesial line, narrowing considerably
towards its anterior extremity. It will also be found
extending downwards and outwards into a narrow curved
chamber, continuous with the lateral ventricle, called the
descending cornu (fig. 77, 7). The descending cornu
extends first backwards, then outwards, forwards, and
imwards, thus forming a curve, the convexity of which is
backwards and outwards, the concavity forwards and in-
wards. As the student is still required to deseribe, at his
examinations, the contents of this cavity, they may be thus
enumerated as also six in number (see fig. 78). Their
anatomical and physiological relations will be explained
with the commissures. The contents of this cornu all take
the curve of the cavity, and may be deseribed from within
outwards :—A slight projection ; 1st. Emminentia collate-
ralis (9); 2ndly. Hippocampus major (6), terminating
below in—3rdl_',r A club-hke extremity of the body—DPes
hippocampi ; 4thly. Twnia hippocampi (7), a continuation
of the fornix, on raising which the grey neurine of the con-
voluted surface at the base of the brain may be seen
serrated by the entrance of blood-vessels; 5thly. Fascia



192 HUMAN BRAIN.

dentata (9); Gthly. Plexus choroides, lying over all these.
The lateral ventricle also extends backwards, the posterior
cornu forming a curve, convex outwardly, concave internally ;
the projection on its inner wall is called the Hippocampus
minor (10),

Fig. 78.

In this drawing may be seen all the ventricles of the brain. The upper
part of both hemispheres have been removed with the eorpus eallosum on
a plane a litile below that commissure, and the section exhibited in the last
drawing. The posterior lobe of the left hemisphere of the cerebrum has
also been removed. The cerebellum has been entirely removed, in order
to show the posterior surface of the medulla oblongata. On the right
side the hemisphere has been cut away still lower, to expose the posterior
and descending cornue of the lateral ventricle. A piece of bristle is
passed from the fourth ventricle through the iter a quarto ad tertium ven-
triculum. Thus is shown the posterior fissure of the cord, ¥, suddenly
dilated, 1st, into the fourth ventricle, 4% v, or calamus scriptorius ;
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2ndly, into the iter a quarto ad tertium ventriculum ; 3rdly, into the third
ventricle, 37 v; and 4thly, into the fifth ventricle, 5v. In the fourth
ventricle may be seen two pyramidal bodies, the auditory ganglia, r; the
white Lines crossing them are the roots of the auditory nerves. The iter a
quarto ad tertium ventriculum is first bounded above by the inter-cerebral
commissure, T & ¢ ; 2ndly, by the optie tubercles, » ¢, carrying the pineal
gland, . The bristle emerges in the third ventricle, bounded above by
the fornix, which is removed, and laterally by the optic thalami, k, on the
edges of which may be seen the peduncles of the pineal gland. Anteriorly
the third ventricle is bounded by two rounded cords, ¥ w, the anterior
pillars of the inferior longitudinal commissure—fornix. In front of these
15 another narrow chink or fissure, 5, the fifth ventricle. The white lines
which bound this eavity are the cut edges of that portion of the longitu-
dinal commissure which is ealled the septum lueidum. Oun either side of
the mesial fissure are the lateral ventricles, 2 2, with their cornua, anterior,
A n, middle descending, D e, and posterior, » 0. B B. Hemispherical gan-
glion, or cortical substance of the brain.  ¢. Anterior optic ganglion, nates ;
. Posterior ditto, testes—covering the iter a tertio ad quartum ventrienlum.
F. Auditory ganglion in the fourth ventricle, 4 v. mn. Spinal cord.
K. Thalamus nervi optici, anterior cerebral ganglion. » . Corpus stri-
atum, posterior cerebral ganglion. 0. Pineal commissure. &. Pineal
gland. 1 & c. Inter-cerebral commissure, or processus e cerebello ad
testes, covering the iter a tertio. #e. Soft commissure, commissura
mollis. L v. Lateral ventricles. 3rdv. Third ventricle; 4% v. Fourth
ditto; 5 v. Fifth ditto. These three are all dilatations of » ¥, posterior
fissure of the spinal cord. 1. Septum lueidum, a portion of the inferior
longitudinal commissure or fornix. This is represented much too thick.
2. Anterior pillars of fornix divided. 3. Vena Galeni. 4. Tewenia semi-
cireularis. 5. Corpus striatum divided. 6. Hippocampal lobe, or hippo-
campus major. 7. Teenia hippocampi, or descending pillar of the fornix.
8. Corpus dentatum. 9. Emminentia collateralis.  All these last are situ-
ated in the descending cornu of the lateral ventricle. 10. Hippocampus
minor in the posterior cornu of the lateral ventricles. . Fourth pair of
nerves, pathetic. #. Eighth pair, or auditory.

The right side of the longitudinal commissure must
next be completely divided, entting towards the upper
surface of the cerebellum, and the divided portions turned
to either side, separating them about half an inch. The
consequence of this seetion will, in the first instance, be
the further exposure of the pia mater, and a view of the
exact point where it quits the convoluted 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, is called the foramen of Bichat, and the

L]
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pia mater in this situation is known by the name of velum
wnterposifuim. This membrane, the velwm interpositum, must
now be very carefully raised, and immediately underneath
and connected with 1t will be found a small rounded body
about the size of a pea, consisting of cineritious neurine,
the pineal gland R, and frequently containing in its interior
some gritty matter called the acervulus cerebri; it forms,
together with two white bands, hitherto known by the title
of the peduncles (0) of the pineal gland, connected to it, a
commissure between the optie thalami. The whole struc-
ture may be called the pineal commissure. Beneath this
commissure are situated the optic tubercles, which in man,
as we have seen in the Mammalia generally, are four in

number, instead of being simply binary, as in fishes; these

tubercles are usually known by the term corpora guadri-
gemina. The anterior of these are the largest, and are
called the nafes (c), the posterior the fesfes (v).

The geniculate bodies may now be seen more distinetly,
the external the smallest, the internal the largest. A band
of medullary neurine may be seen running from the testes
to the external, and from the nates to the internal. The
optic nerves send fibres into their substance, to be deseribed
elsewhere (fig. 106.)

By gently raising the anterior edge of the cerebellum
with his knife, (and this must be done with great care, to
avoid injuring the fourth pair of nerves (), which lie imme-
diately beneath,) the student will observe, passing from the
optic tubercles backwards and downwards to the cerebellum,
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 Vieussens; the direction of the com-
ponent fibres is, however, the same in both. This structure
in the aggregate must be regarded as a commissure, con-
necting the cerebrum and cerebellum, and I have desig-
nated 1it, therefore, the inter-cerebral commissure (1 & c, see
fig. 78). A more minute description of its fibres will be
found under the head of commissures. This view of the
figurate surface of the brain will remind the student of the
tubercular form of the brain of the fish, to which it bears

it

i Tl i
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some resemblance, exhibiting—1st. Corpus striatum, the
anterior—the motor ganglion of the spinal cord. 2nd. Tha-
lamus nervi optici—the posterior or sensory ganglion of the
spinal cord. 3rd. The inter-cerchral commissure and cere-
bellum. The olfactory tubercles which in the fish are
exposed, the hemispheres being too small to cover them,
are concealed in this view of the human brain, as indeed
were the rest, until the hemispheres were divided and turned
back. The relation of the hemispheres to the ganglia of
the cord, or corpora striata and optic thalami, will be easily
understood by referring to the accompanying diagram,
where the convoluted surface is represented as commencing
at the fissura Sylvii, from which it is traced, first forwards
then upwards, then backwards to the posterior extremity,
and then forwards again under the striated bodies to the

fissura Sylvii.

Fig. 79. Fig. 80.

Fig. 79.—a. Medulla oblongata. . Pons Varolii. ¢. Tubercula
quadrigemina, with the fibres of the posterior eolumns passing in front.
n. Crus cerebri, fibres of the anterior columns. E. Thalamus, or poste-
rior striated body. ¥. Anterior striated body. . Substance of the he-
misphere, springing out from the front of the anterior corpus striatum.
H. Space between the striated bodies and the hemispheres caused by the
introduction of a small piece of wood. 1. The two surfaces, being in
contact in the natural state. K. Fissura Sylvii.

Fig. 80. represents the same parts shown by a transverse section
through the centre of one side of the brain.

We may thus compare the corpus striatum and thalamus
nervi optici, or anterior and posterior cerebral ganglia, to
o2
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the head of a stick, to the neck of which, just below the
knob, is attached a piece of folded linen (represented by the
hemispheres, in the human subject an immense surface),
which is first drawn forwards, next turned backwards, and
again brought forwards so as to form a complete covering

to the head.




PART VI
DISSECTION OF THE HUMAN BRAIN AND SPINAL CORD.

Seivar  cord, or wmedulla spinalis—The student should
not attempt the dissection of the brain and spinal cord
until he has prepared it, by hardening it in alcohol, dilute
muriatic and nitric acids, or salt and water. Cruveilhier
recommends, instead of hardening the brain by artificial
methods, to expose its structure by ]rta of cold water thrown
upon it; though he allows that results obtained by this
method confirm those furnished by the study of its strue-
ture when hardened by alcohol.®

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 in some of the simplest
animals, 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 component parts of the cord,
no one can ever comprehend the intricate structure and
mode of composition of the other portion of the system,
which, ineluded within the cranium, is therefore entitled
the encephalon, or brain.

The spinal cord consists of two halves or corresponding
portions, placed, as regards the mesial line of the body,
laterally to each other, and united anteriorly by a central
commissure composed of medullary neurine (fig. 82, No. 1).
The fissures separating these two halves of the cord are

* Cruveilhier, t. iv. 560, op. cit., states, that the earliest deseription
of the spinal cord worthy of mention is that of IHuber (J. Huber de
medulla spinali : Goéttingen, 1741), and that it served as the basis of the
labours of Haller.
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designated the anferior and posterior fissures of the spinal
cord.

The anterior fissure differs from the posterior in being
wider, more distinet, and therefore more easily demon-
strated, though it 1s not so deep at the upper part of the
spinal cord as the posterior; it deepens, however, as we
descend, mdiis 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 nevertheless requires
to be carefully dissected off before the cleft can be dis-
tinctly 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
posterior fissure w ithout i injuring the medullary substance.
It is curious that so much difference of opinion should have
existed among anatomists as to the character of these fis-
sures, Haller almost doubting the existence of the anterior
one, whilst Chaussier states that it is deeper than the pos-
terior; and Gordon and others, again, stating that in point
of depth there is searcely any difference between them.
Connected with the spinal cord, there are thirty-one
pairs of nerves, each nerve 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 roofs
of the spinal nerves (see

81). But viewing the
connection of these nerves
with the cord in striet accord-
ance with the functions which
they severally perform, it
would be more correct to
say that the anterior fila-
ments alone arise from the
cord, and that the posterior  Section opposite the rootof thefifth

terminate there; for the an- spinal nerve. A. Anterior or motor
root of the spinal nerves. ». Pos-

terior ﬁlamc!lts have been terior or sensory root of the spinal
proved by Sir Charles Bell nerves, with its ganglion.

and Magendie to be the

conductors of the will to the voluntary muscles : they are,

Fig 51
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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 continua-
tion as nerves is transmitted becomes perfectly paralytic as
regards voluntary motion.

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

The anterior roots are much smaller than the posterior.
The posterior are further distinguished from the anterior in
the circumstance of their passing through a distinct ganglion
previous to their connection with the cord (see fig. 81).
The spinal nerves, however, have been lately proved to be
not merely continuous with the constituent fibres of the
medullary or fibrous neurine of the cord, but with the grey
neurine which is contained in its interior, as will be de-
scribed a little further on.

Transverse section.—A transverse section of the cord de-
monstrates clearly that, with the exception of the anterior
and posterior fissures, it is solid throughout. Nevertheless
different anatomists have maintained that there was a canal
in the interior of it, some not giving it any precise sitna-
tion, and others, as Portal and Morgagni, describing it as
being situated in the middle of the cord, lined by a delicate
membrane. Gall and Spurzheim, in their folio work, de-
seribed two canals running through the whole length of the
cord, not communicating with each other, nor with the
ventricles, but terminating in a cul de sac about the size of
an almond in the optic thalami. Spurzheim has since
stated® that such canals were produced by the action of the
blow-pipe. The canal which exists in the feetal state is
but a dilatation of the posterior fissure, and is gradually
diminished by the deposition of neurine; for the pia mater
by which it 1s secreted forms a deep fold posteriorly, the
secretion first commencing from the concave internal sur-
face anteriorly, and being continued till this surface becomes
level and the whole cord solid.

I am glad to find that, notwithstanding the opinions of

5 1;]1 In the Anatomy of the Brain, 8vo, London, 1820, translated by Dr,
8.
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Drs. Stilling and Wallach regarding the existence of a canal,
and this in the grey substance, my denial of its existence
18 supported by the observations of Dr. Todd, who says,
“1I have never, after numberless experiments, been able
to see it.”—P. 635, op. cit.

The transverse section shows that the cord which exter-
nally seems composed alone of fibrous neurine, contains in
its interior a considerable deposit of the pulpy matter.

The quantity of grey matter included d]}lﬂl‘ﬂ very much
m different portions of the cord, as may be seen in fig. 82,
Nos. 1, 2,8 4,05, 6.%9,8: 8 circamstance which I have
before adverted to as throwing some light on the different
offices of each kind of neurine. The arrangement of the
cineritious 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 (see fig. 82, No. 1).

This cineritious neurine must be regarded as constituting
a chain of ganglia, and not as one continuous ganglion ;
each set of spinal nerves having its own individual nervous
centre corresponding to its osseous centre or vertebra. It
is only by thus regarding the composition of the cord that
we can account for the uniformity in the number of the
cervical vertebra in Mammalia ; the number of the bones
being regulated by the number of nervous centres requiring
protection. The reason that these are uniform in Mam-
malia is, that in this class only is there a perfect muscular
diaphragm, with a phrenic nerve, having its specific number
of roots and corresponding number of ganglia. The ana-
tomical continuity of this grey matter, and ifs physiological
or functional stamuun into distinet ganglm or centres, 18
another fact of importance to show that we must not look
for anatomical lines of separation in order to establish dis-
tinction of function.

If we attempt to divide the medullary neurine of each
half of the cord into two portions or columns, the separa-
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tion may be easily made without the slightest division of
its fibrous neurine ; and in order to facilitate the descrip-
tion of the ultimate course of the fibres of the cord n
that portion, to be spoken of hereafter under the title of
medulla oblongata, we may consider them as separate parts
under the name of anfero-lateral and posterior columns, as
these names seem calculated to excite attention to the exact
relative position of these two tracts of medullary neurine.

Fig. 82,

i
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Sections of the spinal cord. 1. Opposite the third cervical vertebra,
with the anterior and posterior roots of the spinal nerves, and the white
transverse commissure. 2. Opposite the fourth ditto. 3. Opposite the
seventh ditto. 4. Opposite the fifth dorsal vertebra. 5. Opposite the
eighth ditto. 6. Opposite the tenth ditte. 7. Opposite the eleventh
ditto. 8. Opposite the first lnmbar vertebra. A. Corda equina. This
last section exhibits very clearly the great diminution in the quantity of
fibrous neurine in this part of the cord, as compared with the cervieal re-
gion; the bulk of the cord being maintained by the large quantity of
vesicular neurine.  The diminution in the quantity of fibrous neurine is, of
course, the result of its having been gradually distributed by the nerves;
each nerve from the first cervical downwards carrying off a few filaments.
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The antero-lateral is so much larger than the posterior, that
it not merely constitutes almost the whole of the anterior
portion, but also the side of the cord. The relative propor-
tion 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.

By a transverse section of the cord we are also enabled
to observe a set of medullary fibres, which, ranning hori-
zontally across the cord from one side to the other, connect

the corresponding halves together. This is the commissure

of the cord before 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
(fig. 82, No. 1).

The student must next become acquainted with the con-
nection of the anterior and posterior roots of the spimal
nerves with the grey matter of the cord; but he must not
expect to dissect this easily himself, as it can only be dis-
covered when the animal has not been dead more than
an hour or two, and we have therefore no chance of ex-
hibiting it in the human subject. Gall was the first to
assert that the spinal nerves are connected with the grey
matter.

Bellingeri was, I believe, the first who demonstrated the
double origin of the spinal nerves from the grey as well as
the white matter of the cord.* The reader will find an
admirable analysis and review of the contents of his papers in
vol. 42 of the Edinburgh Medical and Surgical Journal, from
which I have taken the following account: Bellingeri
believed that the filaments of the posterior roots of the
spinal nerves have in the human subject at least three
different origins, viz—from the posterior peaks of grey
matter, from the posterior lateral fissures, and from the
posterior columns of the cord. The anterior roots, he
states also, have threefold connection with the antero-lateral

# C. F. Bellingeri de Medulla Spinali, 1823. Experimenta in Nervo-
rum Antagonismum habita a Carolo F. Bellingeri, 1824,
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columns, but he does not clearly make out their connec-
tion with the cineritious neurine.

Notwithstanding this announcement by Bellingeri in
1823, the fact was not established, or generally believed in
this country, till 1837, when Mr. Grainger published his
interesting and philosophical treatise, entitled, © Obser-
vations on the Structure and Functions of the Spmal Cord,”
in which he distinctly enunciates this important truth.
And as I have carefully tested his assertion by several
dissections, I feel no hesitation in giving my testimony to
the fact that both the anterior and posterior roots are con-
nected with the grey matter of the cord.

Rolando entertains some curious opinions regarding the
arrangement of the medullary fibres, describing them as if
they constituted an extensive surface folded up; and he
gives a drawing of its supposed appearance in a bullock.
Cruveilhier considers it to be laminated, but that each
lamina is separate from its neighbour,—an observation which
he remarks is confirmed by pathological analogy.*

Mr. Grainger says—* In considering the interesting
phenomena related by Dr. M. Hall, it occurred to me that
it might be possible to demonstrate the separate existence
of what he has called the incident and reflex fibres; and 1
was thence mduced to dissect, with much care, the two
roots of the spinal nerves. After repeated examinations, I
satisfied myself that each was connected both with the
external fibrous part of the cord, and the mternal
substance. The following is what appears to be the struc-
ture :—After the two roots have perforated the theca verte-
bralis, and so reached the surface of the cord, it 1s well
known that their fibres begin to separate from each other ;
of these fibres some are lost in the white substance, whilst
others enfering more deeply into the lateral furrows are
found to continue their course, nearly in a right angle with
the spinal cord itself, as far as the grey substance in which
they are lost. But this arrangement has no resemblance
to the distinct division into fasciculi depicted by Mr. Mayo ;
on the contrary, it is with great care only that small,
delicate, and individual threads or strise, as it were, are

* IV. 561, op. cit.
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traced, dipping into the lateral fissure, and at length joining
the grey matter. This difficulty is owing to the fact, that
whilst the fibres on the outer surface of the pia mater
adhere very intimately with that strong membrane, on its
inner surface the neurilema becomes so extremely delicate
that the fibres lose much of their firmness, and break on
the application of the least force ; an accident which always
happens if the pia mater be raised from the surface of the
spiral cord beyond the point where the nerves are attached.
When the filaments have penetrated into the fissure, they
lose their rounded figure and become flattened, and are
then seen passing to the grey substance at a right angle to
the longitudinal fibres of the cord. It is extremely difficult, -
owing to the delicacy of the parts, to determine the exact
relations which exist between the above filaments and the

ey matter; but in a few dissections I have been able to
see these fibrils running like delicate strie in the grey
substance. In one instance, the fibres being more distinct
than usual, an appearance was presented having a remark-
able resemblance to that which is seen on making a section
of the corpus striatum in a recent brain, after the manner
of Spurzheim. My friend and colleague, Mr. Cooper, in
this case counted distinctly five separate fibrils passing
from the anterior root of the nerve; and there were some
other fibres derived from the same root, which were not so
plainly seen.

“ From numerous examinations I am induced to believe,
that whenever the white fibres of the nervous system
become connected with the grey substance, whether n the
different masses of the brain, in the spinal cord, or in the
ganglions, the arrangement is similar to what is seen in the
section of the corpus striatum, to which reference has just
been made. The fibres become, as it were, inerusted with
the grey matter, a disposition which may even be seen by a
careful inspection in the convolutions of the cerebrum, in
which the radiating fibres of the crus cerebri are observed
like delicate strize. In examining the roots of the nerves,
I have always relied on the assistance of the naked eye only,
avoiding, for fear of deception, the use of a lens; it also
appeared to be preferable to dissect the parts quite in their
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recent state, so that the natural structure was entirely pre-
served. 'The method of Reil, which is so useful in tracing
the fibres of the brain, is quite inapplicable in the present
case ; and Bellingeri has shown that the use of acid renders
it very difficult to distinguish the nervous filaments from
the blood-vessels.

“The structure above described I had ascertained several
months ago, and had, at that time, demonstrated it to
several of my friends ; but on visiting Germany I found so
much scepticism, or rather dishelief, as to the alleged con-
nection with the grey matter, more especially as regards the
anterior root, that I very carefully repeated the dissections
several times with the aid of an excellent anatomist, Pro-
fessor Bischoff, of Heidelberg, to whom I am much indebted
for the facilities he afforded me of prosecuting the inquiry.
In every instance in which the parts were sufficiently favour-
able for examination, I distinetly traced the connection of
both roots with the grey substance; and it is very satis-
factory to me to be able to confirm this by the testimony
of Professor Bischoff, who, although he had shared in the
doubts before mentioned, has given me his permission to
state that he is convinced, by his own exammations, that
the structure above deseribed really exists.

“ From careful dissection, I am convinced that it 1s only a
part of the fibres belonging to the two roots which are
attached to the grey substance, and that a considerable
number of threads are lost in the fibrous part of the cord.
The exact mode of their connection, however, with the
latter substance is not known.” *

The fibres of the spinal cord are very simply arranged,
lying parallel to each other, in consequence of which they
are easily stripped off, leaving the surface beneath smooth
and regular, so that, as Sir Charles Bell observes, « Tt
appears that the superficial layers furnish the roots of the
higher nerves, and that the lower lavﬂrs go off to the roots
of the nerves as they successively arise.’

The following observations from Dr. Todd are worthy of
attention, as coming from such a pains-taking physiologist ;
at the same time I must again repeat my convietion of the

* P. 34, op. cif.
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accuracy of Mr. Grainger’s account, p. 660. “This ques-
tion respecting the precise relation of the roots of the nerves
to the cord, is one of those in which physiology in a certain
sense takes the lead in anatomy. Experiment has made it
certain, that while the spinal cord serves as a propagation
of nervous power to and from the brain, as in the ordinary
sensations and voluntary movements of the trunk and ex-
tremities, it is likewise capable of acting as an independent
nervous centre, and that movements of a very definite
character may be produced in parts connected with it, even
after all communication between it and the brain has been
cut off. And it has been supposed by one of the zealous
labourers in this department of physiology, that a distinet
series of nervous fibres is devoted to each class of actions,
those, namely, of sensation and volition, and those which are
independent of the brain. Mr. Grainger was the first who
offered a distinet solution to the anatomical problem which
arose out of the hypothesis. Probable as his explanation
appears to he, a candid review of the observations which
have been hitherto made obliges me to state my opinion,
that the question is still sub judice, and that further research
is necessary to prove unequivocally, that of the fibres com-
posing the roots of the nerves some pass upwards and enter
the brain, and others do not pass beyond the grey matter
of the spinal cord, and this mmquiry demands more than
ordinary care, for the mind of an observer would be easily
biassed by so attractive a theory as that above referred to.”
Dr. Julius Budge, a private teacher of physiology in Bonn,
but well known as an industrious contributor to physiolo-
gical science, has published, in Miiller, Archives for 1844,
a most important paper regarding this disputed point.
With the assistance of Mr. Grainger I have followed him in
his observations, and we both can speak most decidedly as
to their accuracy. Fig. 83 is from two drawings made at
one time from thin slices of the cord of the frog with
the spinal nerve. It strikingly corresponds with those
of Dr. Budge, whose figures I had not access to at the
time, and I had not seen them for above a twelvemonth,
so that my own may be considered as affording mde-
pendent testimony. Dr. Budge quotes the observations
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of Drs. Gall, Keuffel, a pupil of Reil, Bellingeri, Rolando,
Weber, Valentin, and Stilling, to show that though they
had discovered the connection of the roots of the spinal
nerves with the grey substance of the cord, they had
not demonstrated the continuity of their fibres with those
of the columns of the cord up to the brain. Dr. Budge's
observations were made on the frog; and while he acknow-
ledges the great difficulty of tracing these fibres, he satisfied
himself by repeated dissections, that the nervous fibres
do not run, as Stilling asserts, transversely, but go forwards
towards the brain.

Fig. 83.—Anterior root of the spinal nerve of the frog, showing the
twisted arrangement of the fibres at their junction with the ecord, and the
continuity of fibre towards the brain. a. Spinal nerve. H. Spinal cord.
ef. Cerebral fibres. sf. Spinal ditto. o m. Vesicular neurine.

Fig. 84.—Portion of the spinal cord and nerve. (Budge.) Magnified
300 times. . Tenth spinal nerve. a. The upper portion, dividing into
two faseiculi, cerebral fibres. &. The lower fasciculus, curving through the
vesicular neurine of the spinal cord, spinal filaments.

He generally took the conus terminalis of the frog’s cord,
on account of its tenuity. Ie found a change in the
colour of the fibres from a blueish grey to a yellowish g&ay;
also in size from 535th of a line, to 5}sth and ¢sth
These changes are, no doubt, owing to the attenuation of
the supporting membrane, as the tubules enter into the
composition of the cord, where the presence of the mem-
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brane 1s not required, as in the nerves. This change in
the thickness and strength of the membrane is undoubtedly
one great cause of our difficulty in tracing the continuity of
these fibres with a dissecting knife. In taking the root of
a dorsal nerve he found it dividing into two fasciculi, one
superficial and the other deep. "The superficial forms a
sort of twisted curve, and then ascends towards the brain.
(See figs. 83 and 84.) The deeper plunges into the
grey substance, through which it passes onwards also
to the brain; this latter part 1 doubt, as 1 believe
that these terminate here. It is this twist in the fibres
which renders it so difficult to trace their continuity,
and hence has arisen the doubts which have been lately
thrown on this subject. If the fibres of volition and
sensation could not be traced continuously through the
nerves and the cord up to the brain, then are all the dis-
coveries of Sir Charles Bell impotent and mconclusive.
But they are not so—Nature never contradicts herself; and
I maintain that even if we could not detect it with our
dissecting knives and magnifying lenses, the simple patho-
logical fact known to all, that sanguineous effusion into
one corpus striatum causes paralysis of the opposite side
of the body, is quite sufficient to prove it.

Foville* gives the following account of the connection of
the spinal nerves with the spinal cord :— The lines of
insertion of the anterior and posterior nerves that we have
pointed out as dividing each half of the spinal marrow into
three surfaces, now merit our attention. When we con-
sider them superficially, we could believe that they sprung
from a superficial groove, from the bottom of which the
roots are detached. This appearance 1s shown particularly
upon the line of the origin of the posterior roots ; but with
the anterior we quickly perceive that there exists simply a
perforation of the superficial layer very fine in this place,
and that the roots traverse this layer to go to another. To
demonstrate this fact we may, after having considered the
anterior in their continuity with the substance of the cord,
draw them slowly and with cauntion : we thus distingunish
very clearly the nervous layer which traverses these anterior

* P. 136, op. cit.
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roots. The width of this layer is sufficient to banish any
doubt on the subject. The demonstration of a nervous
layer traversing at the same time a part of the posterior
roots is not so easy. The narrow line from which it

appears these roots are detached, particularly in infaney, is
very different from the neighbouring surfaces : instead of
presenting a white colour, distinet from the regions which
it separates, the posterior line, and the anterior also, but
in a less degree, presents in the infant a clear grey colour,
semi-transparent, across which we see a part of the nervous
roots penetrate a certain depth, and contrast their perfect
white colour with clear grey semi-transparent tint of the
matter they traverse; but hg,r looking with attention, aided
by the microscope, an extremely fine white layer covering
the grey. Besides, in plunging obliquely a shlt,l; into the
thickness of this grey substance, and raising it in the direc-
tion of the origins of the nerves, the white nervous layer
which covers the subjacent grey matter is stretched and
torn. This observation seems sufficient to repel the idea
of the existence of a furrow from which the roots of the
spinal nerves leave.” He states distinctly that the posterior
roots combine with the white fibrous mqmrﬁcml portions of
the posterior columns, which form the posterior limits of
their roots, that the other portion of the posterior roots plunge
into the grey substance visible on the whole layer of these
origins, and the anterior roots, like the posterior, plunge into
the spinal marrow, and partly unite with the fibrous sub-
stance and partly with the grey. The spinal marrow of the
infant is the best for these observations.

Foville, after stating that it is an established principle
that all the nerves arising from the same column have
analogous funetions, in accordance with the fact that there
are three fasciculi in the spinal cord from the lumbar region
to the brain, arranges the nerves thus:—“1. Nerves of
the posterior fasciculus; 2. Nerves of the anterior fascicu-
lus; 3. Nerves of the middle fasciculus. Ile divides the
nerves of the posterior column into common and special :
the common are attached to the posterior fasciculi and
common gangha, the special to the same fasciculi, but also
to special ganglia. The special ganglia are the cerebrum

l?
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and cerebellum ; the auditory and trigeminal for the cere-
bellum ; the optic and olfactory for the cerebrum. He
describes the spinal accessory as belonging to the lateral
column of the cord, and the trigeminal and pathetic to it
in the craninm.*

From the statement which has been made regarding 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
anterior and posterior fibres of the cord, now the continuity
of the fibres of the mnerves with their respective columns
is proved, must perform corresponding offices; in other
words, that the constituent fibres of the anterior and pos-
terior portions of the cord are themselves implicated, the
one in the production of motion, the other in the condue-
tion of what is called common sensation.

These two portions of the cord are, however, so closely
united together that they seem to constitute no more than
a single organ, althongh performing as distinet offices, in
reference to the nervous system, as the arteries and veins
do in the vascular ; the motor columns of the spinal cord,
in fact, commencing from the cineritions matter which
forms the cortical or exterior portion of the convolutions
of the cerebrum and cerebellum, and terminating in the
substance of the voluntary muscles, the sensory columns
commencing in every texture of the body and extending to
the same points from whence the anterior arise, to wit,
the cineritions matter of the cerebrum, just as the arteries
convey the blood to all parts of the body and the veins
return it, the arteries commencing at the heart and ending
in the capillary tissues; the veins commencing in the
capillary tissues of evﬂr_',r organ, and terminating m the
heart.

Anatomists used to dispute the question as to whether
the spinal cord should be considered as arising from the
brain, or the brain be regarded as an enlargement of the
spinal cord. Phanagoras, as quoted by Galen,t from
the fact of lis dissecting the brains of serpents and

* Toville, op. cit., p. 493. 1 See Cruveilhier, p. 50.
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fishes, regarding the brain as a production of the spinal
cord; while later authors, Ilippocrates, Vesalius, Willis,
Varolius, Haller, Zinn, Sabatier, Winslow, Portal, Chaus-
sier, and Cuvier, have maintained the opposite opinion.
On the other hand, we find Tiedemann and Serres maintain-
ing, as the fathers of anatomy did, the same opinion, from a
belief that the spinal cord is formed before the brain, which
opinion is decidedly refuted by Rolando, who states that
the rudiments of the cerebro-spinal system, from its carliest
appearance, is always larger at its anterior or cerchral
extremity than elsewhere ; and that Tiedemann was deceived
in consequence of the cord arriving more rapidly at a state
of perfection from the greater simplicity of its structure.
As a third opinion, I may mention Gall and Spurzheim,
who consider that the brain no more arises from the spinal
cord than the spinal cord does from the brain; that they
are, in fact, several existences. This last opimion appears
to me correct as regards the cineritious neurine, but not m
reference to the medullary. Indeed, when we consider the
different offices performed by the two columns, it is clear, as
regards the function of the cord, that the anterior columns
ought to be deseribed as commencing in the brain, and the
posterior as terminating there.

Gall and Haller have compared the spinal cord in man
with the series of ganglia in insects and in worms, and,
as it appears to me, with justice; for although Gall may
have erred in stating that there are actual enlargements in the
spinal cord of the Vertebrata, opposite the origin of the
nerves, nevertheless the offices of these centres must be
analogous in both divisions of the animal kingdom : and I
cannot accord with that usually accurate anatomist, M.
Cruveilhier, in regarding them as merely the analogues of the
ganglia at the posterior roots of the spinal nerves in man.

The grey matter in the interior of the cord is quite suffi-
cient in itself to establish their identity, and the reason why
this grey matter or ganglionic portion is not moulded into
knobs or swellings opposite each nerve in the Vertebrata, as
it is in the Articulata, is because the same quantity of grey
matter thus arranged would offer a greater diameter, and,
consequently, require a much wider canal, a more bulky

B2
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vertebral column, and a larger muscular apparatus to move
it. But Nature, in this instance, as in every other, concen-
trates her wstruments of power, and husbands her mate-
rials.

Cranial division of the cerebro-spinal aris.—The spinal
cord must now be followed into the skull, and its connec-
tion with the cerebral mass investigated. In striet accord-
ance 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 proceeding, even if the
exact line of demarcation between them had been ascer-
tained, would greatly increase the difficulties which un-
avoidably surround every mode of study in this complicated
organ, we must not attempt a plan which, however 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 con-
nectedwith the cerebrum and
cerebellnm, our language is
not merely metaphorical, but
is positively physiologically
meorrect.

Medulla oblongata. —The
spinal cord shortly after its

Medulla oblongata. s, Olivary entrance mto the skull be-
ganglion. . Pyramidal eminence. COINES DDl'lSld{:I'ahlj enlarged,
w. The restiform body to the outer  and changes its name to sme-
side of the last-mentioned. dulla oblongata (sce fig. 85).

This will be found upon sec-
tion to be entirely altered as regards the arrangement of
the eineritious neurine contained i its interior.  And here
let it be distinetly understood that this enlargement is not
occasioned by any swelling of the fibrous or medullary
portion, but by the deposit of eineritious neurine in greater
quantity than it is met with in the composition of the cord ;
by the deposition, too, of this constituent of the nervous
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system in separate and isolated points or masses, a circum-
stance which does not appear to me to have received the

attention which 1 ecannot
help thinking it deserves. The
view I am inclined to take
of the character of the parts
comprising the medulla ob-
longata is simply this : in ad-
dition to the columns for
motion and sensation, there
are here deposited, and im-
bedded to a certain extent in
its substance, six ganglia,
three on each side, anterior,
lateral and posterior. The
anterior are ovoid bodies,
which derive the name of
olivary  (corpora olivaria)
from their form.

We have seen the anterior
ganglia m most of the Mam-
malia, though not always
“cropping out on the sur-
face,” as the geologist would
say. 'The laferal are the
ganglia of the pnenmogastric
nerves (ganglia restiformia).
We have seen them in the
Vertebrata generally, and
more distinctly separated
from the posterior in some
of the more bulky Mamma-
lia, where the motor and
sensory columns are larger
than in man.

The posterior ganglia are
found in the fissure at the
back part of the cord, which is
known by the name of the

Sections of the medulla oblongata
at the situations indieated by trans-
verse lines in fig. 85. . Auditory
ganglion, or posterior pyramidal
body. &. Pnenmogastric ganglion.
8. Olivary ganglion. The grey
matter in sections 5, 6, and 7,
show the gradual deposit of the
anterior and posterior peaks of the
erey matter of the spinal cord.

fourth ventricle (see fig. 86). They form two projections of
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a pyramidal form® (see fig. 78, ¥). In these terminate the
auditory or eighth pair of nerves—posterior pyramidal
bodies, or auditory ganglia. 'They have been remarked in
the fish under the title of tubercles of the fourth ventricle.+

Fig. &7,

The special object of this drawing is to show the relative couwrse of the
pyramidal and olivary portions of the motor tract through the pons
Varolii and crus cerebri, as exhibited by a longitudinal section. Tt
also shows a most important point in the anatomy of the medulla oblon-
gata,—namely, the connection of the moter root of the fifth nerve, me,
with the olivary tract. c. Anterior optic tubercle. ». Posterior ditto.
E. Cerebellum. k. Optie thalamus. M. Corpus striatum. ». Corpus cal-
losum. s. Olivary body. 7. Pyramidal ditto. x. Pons Varolii. 1&ec.
Inter-cercbral commissure, or processus & cerebello ad testes. 44, Optic
nerves. e. Third pair. ?#. Locus niger. me. Motor root of the fifth
pair. of, of, of. Olivary tracl, one portion running up to the optic
tubercles ; another running through the pons Varolii. p#, p¢. Pyramidal
tract running through the pons Varolii, the continuation of which through
the corpus striatum is marked . '

The arrangement of the cineritious neurine in the olivary
bodies will be understood by referring to figs. 86 and 87,
where the beautiful contrivance which has been adopted

* Ruysch describes the restiform bodies under the name of posterior
yramidal ; and Rolando deseribes the internal lamina of the restiform
Eodies by that name, and even warns the reader against confounding them
with the restiform bodies.
T Foville says, © The restiform body is incontestibly a prolongation of
the posterior fasciculus of the spinal cord. The olivary body and small
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in the arrangement of the cineritious neurine in this gan-
glion is exhibited. A transverse section (fig. 86) shows the
neurine forming a waving line, open internally, but pre-
senting a convexity outwards and forwards; a longitudinal
section (fig. 87) still shows.a waving line, but the convexity
outwards, the concavity inwards. This arrangement 1is of
exactly the same kind as that employed in the hemisphe-
rical ganglia, namely, a contrivance by which an extensive
surface of neurine is packed into the smallest space. The
eineritions neurine of this ganglion appears, indeed, as if
it were crumpled up to accommodate it to its confined
situation.

The olivary bodies are not isolated ganglia, but, like
the rest of the cerebral ganglia, more or less united ; they
are connected, by means of some of the longitudinal fibres
of the antero-lateral columns, with the cord below and the
braim above (fig. 87, of, of, 0f). These fibres consti-
tuting the olivary columns, are on a plane posterior to the
posterior division of the pyramidal bodies, which they come
in contact with, and then diverge from them again. It has
been said that in the crus cerebri these olivary columns
appear to divide into two portions, the one passing forwards
above the locus niger, the other ascending to the tubercula
quadrigemina and thalami nervi optici ; but this description
is not physiologically correct. The greater part of the
olivary column, for reasons stated further on, must be con-
sidered a part of the motor tract.

The true olivary columns are placed to the outer side
of the sensory tract.®

These olivary colomns connect together the origins of the
third, fourth, and fifth pair, the auditory nerves, pneumo-

filaments in the interval of which it is situaled are evidently continuous
with the antero-lateral columns of the spinal cord.”—P. 312. ¢ The
olivary eminences are but a part of the lateral fasciculus, containing in
their interior a double festoon of yellow substance. The superincumbent
white layers which compose the exterior of the olivary bodies may be
easily traced to the superior parts of the lateral fasciculus.” This author
does not propound any theory of the probable office on this ganglion.

* 1847. I have again and again His&e-:ted these parts, and 1 am quite
convinced of the accuracy of my deseription, though in opposition to
some high authorities.
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gastric, glosso-pharyngeal,and lingual nerves. These exten-
sive commissural connections of the olivary ganglia render
my supposition regarding their office still more probable.
If it is their office to preside over the movements of the
tongue as an organ of speech, we can quite understand the
uumssit}' of its hr.-ing closely connected with all the ganglia
of especial sensation.

Dr. Todd considers “ that the olivary columns constitute
the fundamental part of the medulla oblongata, that on
which its action as a distinet centre depends.”

Gall described this fasciculus of fibres ascending from the
olivary bodies through the pons Varoli. Rolando® dis-
tinctly denies that any such fibres are to be met with; at
the same time he suggests that the fibres so described are
most probably “ the anterior cords of the medulla spmalis,
which are compressed, as it were, between the pedunecles of
the cerebellum and olivary bodies.”

In the sheep, the horse, the calf, and the cat, I find (see
figs. 52 and 56) that there is a wavy line of grey matter in
the very centre of the corpus pyramidale, which is clearly
the analogue of the corpus olivare in man. In the por-
poise, as nlread} mentioned, this deposit of grey matter
holds the same situation, mlly that it forms a projection on
the surface, which it does not in the horse and calf. In
the horse it is some distance from the pons Varolu, and
much nearer the origin of the lingnal nerve than the pneu-
mogastric.  The difference of its position in the human
subject I conceive simply arises from the difference i its
size, which in man is so great that it is pushed upwards to
the surface.

Dr. John Reid,t in an interesting paper, entitled, “On
some points in the Anatomy of the Medulla Oblongata,”
was, I believe, the first to point out that * the olivary is a
motor column.” 1 have carefully investigated this point
since my first edition: I fully agree with him; also in the
mmportant fact that the motor root of the fifth pair arises

# Saggio sopra la Vera Struttura del Cervello, 2nd edit. vol. i. p. 53.
Toreno, 1828,
T E{Iinhurgh Medical and Surgical Journal, January 1846, vol. lv. p. 15.
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from it, which 1 made out, without being aware that he
had previously discovered the same. 'The origin of -the
motor or non-ganglionic root of the fifth pair of nerves
has long puzzled anatomists, and we find a different descrip-
tion in most anatomical works. One of the latest and
more carefully detailed is by Dr. B. Alcock, of Dublin,

the Encyclopaedia of Anatomy ; it is too long to extract as a
whole.  He traces both roots down to the medulla oblon-
gata, saying that “having traversed the crus cerebelli, they
are both attached below and behind it to the same part as
the greater packet (the sensory division) and posterior to
it.”” He states that there is a slight enunence at the point
of junction of the two roots, from which two cords descend,
“one for each column of the spinal marrow,” one portion
info the posterior column, the other into the anterior. Now
it appears to me that Dr. Alcock has traced the olivary
colomn down as the motor root of the mnerve. At the
same time it should be understood that the above short
account does not do justice to the very full and minute
deseription which Dr. Alcock has given, and which the
anatomist should peruse for himseif. 1In fig. 87, the reader
will see the connection of the motor root of the fifth, as
casiest displayed by dissection.

The ganglia restiformia, or the ganglia of the pneumo-
gastric nerves, which form such a prominence in the skates
and some other fishes, do not form any projection on the
surface of the medulla oblongata of the human subject.
They are covered by the fibres of the corpora restiformia ;
their relative sitnation, and the anatomical line of demarca-
tion between them and the auditory ganglia, may be seen
distinetly in a transverse section of the medulla oblongata
at this part (fig. 56).

The ganglion restiforme () I have little doubt is an im-
portant organ in the function of respiration, for the pneu-
mogastric nerve, which both terminates in it and arises
from it, like the spinal nerves, is a compound nerve ; itisa
nerve of sensation in relation to the sensibility of the lining
membrane of the respiratory organs,—the ““besoin de re-
spirer’ is dependent npon it ; it is also a nerve of motion,
m as much as the museles of the larynx and the muscular
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tissue of the trachea, bronehi, and stomach, 1s under its con-
trol. So far, then, the ﬂpiniﬂu of ‘hId}fﬂ, referred to further
on, that nerves of sensation and motion supplying the same
parts are connected with one deposit of cineritious neurine
at their central extremity, is confirmed in this instance. 1t
is therefore highly probable that the grey matter at the pos-
terior part of the cord (e) is a central point, from whence
emanates that peculiar power which the system of respira-
tory nerves conduct, and by which they call the respiratory
muscles into action independently of volition. In support
of the opinion that the respiratory muscles are dependent
on this portion of the medulla oblongata for their stimulus
to contraction, the results of two or three experiments may
be related.

A section of the spinal cord made above the origin of the
intercostal nerves simply annihilates, as regards the respira-
tory movement, the power of the intercostal mmuscles. A
section above the phrenic nerve induces paralysis of the dia-
phragm also ; while a section exactly at the origin of the par
vagum, and therefore through the medulla, occasions a total
cessation of every respiratory movement, and instant death.
If the section, however, be made above this point, then the
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 vagnm
produces no such immediate effect ; the section must destroy
the restiform ganglion before total interruption to the re-
spiratory action can take place.

For the proofs that the sensibility of the air-passages
are dependent on their connection with the encephalon
through the mtervention of the par vagum, I must refer
my readers to Braschet’s* researches on this interesting
subject.

The relation of the antero-lateral and posterior columns
of the spinal cord to these ganglia of the medulla oblongata
must next be studied, as this will be the clearest method
we can adopt for ﬂrriving at a knowledge of their con-
nection with the cerebral mass.

* Recherches Expérimentales sur les Fonetions du Systéme Nerveux
Ganglionaire, par J. L. Braschet, 1834, p. 135.
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For this purpose let the pia mater be carefully dissected
off from the surface of one half of the spinal cord, and, in so
doing, all the nerves on one side may be removed ; those
on the opposite, however, being sedulously avoided. In
removing this membrane, where dipping mto the anterior
fissure, as deseribed in the directions for dissecting the cord,
the student will find, about an inch and a half from the pons
Varolii, several medullary bands crossing the anterior me-
dian fissure obliquely from one side of the cord to the
other ; these bands belong to the anterior columns : and this
crossing of their fibres from one side to the other is tech-
nically called the decussation of the pyramidal bodies (sce
fig. 85).

gT']lis fact of the decussation of the anterior columns or
motory tract of the spinal cord is extremely important, and
particularly interesting in a pathological pmnt of view, ex-
plaining, as it does, the fact, that disease of the right side
of the bran ﬂlmﬂst 11nifurml}' produces paralysis of the left
side of the body, and wvice versa. 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
bady ; but Aretaus was the first who attempted to explam
it, by supposing a decussation of the nerves at their origin
in the brain. Dion Cassius 1s 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. Tﬁe true decussation of the pyramidal bodies,
however, was first described by Mistichelli, in 1709 ; it
was noticed by Petit in the year following, and at a later
period by Lieutaud, Santorini, and Winslow. The same
authors also speak of other decussations, but probably on
mere supposition.

¢ Modern anatomists,” says 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 example,
confounds the simple transverse fibres between the two
halves of the spinal cord with the true decussation of the
pyramidal bodies. Many others, among the number Pro-
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chaska, Barthez, Sabatier, Boyer, Dumas, Bichat and
Chaussier, have in the most positive terms denied the de-
cussation of the pyramidal bundles altogether, as we have
shown in our reply to the Report of the Committee of the
French Institute upon our Anatomical Memoir.”*

Rolando entertains some curious ideas on the subject of
the pyramidal bodies; for he states, page 60 of the work
referred to, that *the pyramidal bodies must not be con-
sidered as a division of the principal cords of the spinal
marrow, since these fasciculi of medullary fibres are not in
any way continuous with the fibres of the medulla, which it
is easy to see. The fibrons fasciculi, and the roots, so to
speak, of the pyramids, begin on the anterior face of the
medulla spinalis fourteen or sixteen lines below the annular
protuberance, and the anterior columns run behind them.
It seems that Tiedemann has been led to admit the con-
tinnation of the pyramids with the anterior columms, from
the decussation observed at this point: however, the fact
that the fibres of the pyramids only have their origiz from
that point at which the crossing is perceptible, forms a
strong argument against the received disposition ; since it
18 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 marrow.” In addition to which, Rolando
states that his observations on the chick confirm his opmion
that the pyramidal bodies are merely placed upon the spinal
IMArrow.

Burdacht deseribes the pyramidal bodies as consisting of
Sundamental and decussating fibres ; the fundamental fibres
he derives from the floor of the anterior median fissure: in
this particular he appears to mein error, and for this simple
reason—the floor of the median fissure, as I have already
stated, is formed by transverse commissural fibres, and the
superior edge of this commissure of the cord is distinet im-
mediately below the point of decussation, but without any
fibres to be seen ascending from it.

Burdach, however, is perfectly right in describing certain
fibres of the anterior columns, which form the edge of the

* See Spurzheim’s Anatomy, p. 147.
+ Vom Baue und Leben des Gehirns.  Leipsic, 1822, vol ii. p. 31.
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anterior median fissure, and enter into the composition of
the pyramidal bodies, as continuing the course along the
same side of that fissure without crossing it.*

The decussating tibres of the pyramidal bodies are derived
from the antero-lateral columns behind the anterior roots of
the spinal nerves, and in front of the posterior peaks of grey
matter. Ascending from this position in the cord towards
the mesial line to decussate with their fellows on the op-
posite side, they pass to the inmer side of the main portion
of the anterior columns, which here retreat from the mesial
line to make way for them. The lateral columns then, in
passing from the posterior and outer side of the cord towards
the inner, are overlaid by certain fibres of the anterior
columns. Some of these fibres of the anterior columns
ascend like those of the pyramidal bodies through the pons
Varolii to the cerebrum ; but encountering the olivary bodies
in their way, they are split by them, and, forming an enve-
lope for them, have been called by Burdach, Hiillenstrange,
or envelope, or shell cords. Other fibres from the anterior
columms, which will be more minutely deseribed elsewhere,
run up to the cerchellum.

There are, 1t 18 true, a few cases on record, in which no
decussation of the pyramidal bodies has been discovered ;
but such cases must be viewed as exceptions to a general
rule. Let the student then distinctly understand, that the
pyramidal figure, which appears drawn, as it were, on the
anterior surface of the cord, and gives rise to the term cor-
pus pyramidale, is simply caused by the crossing over of
the constituent fibres of the antero-lateral columns from one
side to the other; that it is not occasioned, as is the projec-
tion of the corpus olivare, by the addition of fresh masses of
either cineritious, or medullary neurine as supposed by
Rolando. Though the term pyramidal body is objection-
able as implying the existence of an independent or distinet
structure, nevertheless, as the term has been so long sanc-
tioned, we must continue to employ it, at the same time

* Cruveilbicr, who admits the decussation of the pyramidal bodies,
nevertheless demies that t]m:,r are eontinuons with the anterior columns.
P. 594, t. iv. he says, © Que les pyramides anterieures ne sout en aucune
facons continue auxs cordons anterienves de la Moelle ™
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considering it merely an appearance necessarily produced
by the oblique overlaying of certain constituent fibres of
the cord.

The decussating fibres of the spinal cord are therefore not
merely the fibres of the anterior columns, but also those of the
lateral columns : the posterior surface of these decussating
fibres may be seen from behind by separating the sides of
the posterior median fissure; and 1 cannot help thinking
that it must have been this view of the decussation of the
pyramidal bodies which Sir Charles Bell mistook for a true
decussation of the posterior columns. For I have looked
frequently, but i vain, for any such decussation of the pos-
terior columns. :

A view of the section of the cord at this point will, I
think, be found very interesting, as showing the relation of
the decussating fibres to the grey matter (see Nos. 5 and 6,
figs. 85 and 86).

Line of demarcation between the fracts 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 consists of tracts of neurine whose office 1s
the same as the nerves which are connected with them, and
therefore that there are portions of the cord which perform
functions as distinet from each other as the arteries and
veins, still anatomists are not yet agreed as to the line of
demarcation between them. Sir Charles Bell, for instance,
in a paper published in the 135th vol. of the Philosophical
Transactions, states that he regards the lateral portion of
the antero-lateral columns as a part of the tract for sensa-
tion, and I have no doubt of its correctness. 'The cireum-
stance of there being no decided anatomical line of division
between the two eolumns is not of itself an argument against
the correctness of this view ; for it is quite possible that
perfect distinetness of parts, as regards their function, with-
out any visible line of separation between them, may exist.
We must always bear in mind that the neurine which com-
poses the cord is supported and clothed by a perfect though
delicate membrane, which, pervading its substance in every
direction, 1s undoubtedly as capable of separating masses of




MEDULLA OBLONGATA. 223

neurine endowed with distinet powers, and ordained by
nature to execute distinet offices from each other, as any
fissure however wide, or membrane however thick. The
presence of such gross and palpable partitions, it is true,
would save us some trouble mm discovering the line of de-
marcation, but would not necessarily make it in any way
more efficient. They are not the less distinet organs because
of our ignorance of their respective limits, any more than a
nerve of motion is one of sensation because we are incapable
of unraveling the fibres of each from their common invest-
ing membrane.

That the boundary line between the two organs of sen-
sation and voluntary motion comprised within the spinal
cord eannot be formed by the posterior peak of grey matter,
is very decidedly proved by the fact that a portion of the
fifth pair of nerves, which we know to be a nerve of sensa-
tion from the beauntiful experiments of Mayo and Sir
Charles Bell, is not connected with the posterior, but with
the lateral columns. This 1s seen in fig. 94.

Some have supposed that the olivary bodies divide the
motor from the sensory columns; but we have seen in the
medulla of the horse, &ec., that the position of the above .
ganglion varies, and is accidental; in some actually im-
bedded in the pyramidal tracts. In the human subject
we often find the fibres of the anterior columns diverging
at these bodies, and meeting below them, as will be seen
in fig. 88.

The antero-lateral columns within the spinal canal consist
of fibres, which simply lie parallel to each other without
mterlacing like the filaments of a nerve ; so that if a portion
of the cord (previously hardened in alcohol) be taken in
the forceps, it splifs 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
conrse, casily break off, and great care therefore is required
to trace them to their destination, for some begin to take
one course and some another.

Before atteipting to disseet them, the student had



224 HUMAN BRAIN,

better digest the following outline of their course and
destination. Each lateral half of the spinal cord con-
sists of a posterior column
and an antero-lateral column.
The antero-lateral column is
divisible, physiologically, into
two portions, the anterior half
of the cord or two thirds of
the antero-lateral column
forming the motor tract, the
posterior third of the antero-
lateral column being half of
the sensory tract.

The anterior or motor tract
is anatomically further divi-
sible, viz. intu two eolumns,
the pyramidal and olivary.
Both of these give fibres to
the cerebrum and cerebellum.

Besides these fibres of the

This drawing exhibits an un- untEI'D-lﬂtEI'ﬂlFﬂlllllms, which
usual, but instruetive, separation of HAY be described under the
the fibres of the pyramidal body by  title of cerebral and cerebellar

the olivary body, and their juxta-  fihves of the anterior or mo-
position again in the pons Varolii.

s. Olivary body. 7. Pyramidal tOry columns, there is another
body. w. Restiform body, some set which in the spinal cord
of the cerebellar fibres of the an- ﬂcculﬁcs a C:D}I]plﬂtﬂljf lateral
terior columns seen on the surface.  5oqition heing separatedfrom
x. Pons Varolii. f. Glosso-pharyn- I T 1 e
geal nerve turned out of its natural the Im_st’elmr columns by the
course. posterior peaks of grey mat-
ter. These are regarded by
Sir Charles Bell as the ceredral strands of seuwsation ; cere-
bral, because, as will be explained a little further on, they
terminate in the cerebrum ; of sensafion, becanse the poste-
rior roots of the spinal nerves are connected with them.

All the fibres of the posterior columns, or those columns
which are separated from the rest of the cord by the pos-
terior peaks of cineritious neurine and the groove of the
posterior roots of the spinal nerves, take their course
directly to the cercbellum; none of them whatever can

Fig. 88.
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be traced to the cerebrum. Both these portions of the
sensory tract will be traced to the cerebrum after the de-
seription of the course of the anterior columns is concluded.

Let us first follow the fibres of the spinal cord which go
to the cerebellum. Of the fibres which run from the
antero-lateral columns to the cerebellum, there are evidently
two sets, one superficial and one deep.

The superficial, which may again be divided into two
sets, are derived from the pyramidal columns, the deep from
the olivary columns. The former cross the surface of the
cord immediately below the corpus olivare, and may gene-
rally be seen without dissection ; they are more distinet m
the sheep, bullock, and horse, than in man, in whom they
form a very thin layer emanating from the corpora pyrami-
dalia, and T have no doubt that they actually decussate
with their fellows of the opposite side, forming m fact part
of the apparatus of decussation, though I have not yet posi-
tively ascertained the fact.

The second of the superficial set of fibres take the same
direction : only, instead of crossing the cord immediately
below the corpus olivare, they run to the inner side of the
corpus olivare, and then ascending to the cerebhellum they
form the outer part of the corpus restiforme.

The deep set of fibres from the antero-lateral columns to
the cerebellum, are the most posterior of the whole mass of
fibres composing this portion of the spinal cord. They are
separated from the posterior columms by the posterior
fissure, from which the posterior roots of the spinal nerves
emerge ; this fissure they cross in their passage to the cere-
bellum, obliterating it entirely.

Thus it will be perceived that one portion of the antero-
lateral columns,—for there is yet another portion of these
columns to be described,—on reaching to within a small dis-
tance of the corpus olivare, splits into three scts of fibres :
one, the most anterior, which passes throngh the pons
Varolii, as will be described presently, may be designated
the cerebral fibres of the anterior columns; a second set,
which may be entitled the swperficial cerebellar fibres of
the anterior columns, passing over the surface of the me-
dulla oblongata, are usually seen without dissection.

Q
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Fig. 89.—This figure exhibits those fibres from the anterior columns
which, ascending to the cerebellum, connect the motor tract with that portion
of the cerebral mass. E. Cerebellum. x. Pons Varolii. 7. Pyramidal
eminences. 8. Olivary bodies. waw. Corpus restiforme, its surface having
been carefully seraped, in order to show the superficial cerebellar fibres
of the anterior columns. They are represented rather more distinet
and thicker than they really appear, though their course, direction, and
relation to the olivary body, are faithfully given.

Fig. 90 displays a deeper view of the same fibres, and the connection
of the sensory root of the fifth pair of nerves with the lateral portions
of the spinal cord, and the passage of this root behind the cerebellar
fibres of the anterior columms, W w. The corpus olivare having been
raised, those fibres which run behind that body are exposed. The figures
are the same as the last, with the exception of s e, designating the sensory
root of the fifth pair of nerves, and », which designates the fibres from
the posterior column forming part of the restiform bodies, or processus
¢ cerebello ad medullam oblongatam.
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Rolando® describes the superficial cerebellar fibres of the
anterior columns, those which are seen without dissection,
(the processus arciformes of Santorini,) under the name of
“filament: aveiform,” saying, “1 believe that I ought to
give such a name to numerous filaments which are seen to
1ssue from the transverse fibres of the annular protuberance
precisely at the same spot where the anterior cords pene-
trate into its centre. The filamenti arciformi nevertheless
descend and partly cover the above-mentioned cords, ex-
panding on the corpora olivaria, and extending even to the
median fissure, by which they remain separated from
each other. Such a disposition 1s constantly observable in
quadrupeds, in which the said filaments are extremely
distinet, although no mention has hitherto been made of
them.” Rolando does not, however, trace them as he
might have done to the cerebellum instead of describing
them as descending from the pons Varolii.

The third or deep cerebellar fibres of the antero-lateral
columns, proceeding in company with those of the posterior
columns, form about a fourth part of the whole diameter of
the restiform bodies.

From the above description it will be remarked that the
anterior columns of the cord, which have hitherto been
spoken of as simply passing up through the pons Varolii or
commissure of the cerebellum to be connected with the
cerebrum,t are described as passing also to the cerebellum.
In a paper which was read before the Royal Society in May

* Op. cit., vol. 1. p. 147.

+ Meckel speaks of the anterior columns as dividing into two halves,
an anterior and posterior ; these he describes as running up to the inner
side of the corpora olivaria, on a plane with the fourth ventricle. Besides
which, he states that a smaller fasciculus, which Gall describes as being
occasionally absent, after touching the above bodies ascends to the corpora
?uﬂdrlgamma Mr, Mayo is almost the only author who points out the
act, that the restiform bodies are not alone formed by the posterior columns,
thuug]t the exact course of the additional fibres he was not aware of, for
he describes the superficial fibres spoken of above, as descending instead
of ascending. In his second edition of his Outlines of Physiology, p. 273,
he says, ““On cutting throngh and stripping down the corpus restiforme,
it is found to carry with it the posterior lateral furrow ; the anterior lateral
furrow terminates among fasciculi which are continnous with the corpus
olivare.” The observations he omitted in his 3rd edition.

Q2
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1836, and published in thenr Transactions, part 2nd, for
1836, I proved that they were connected with the cerebel-
lum as well as with the cerebrum, as allowed by Mr. Mayo
and Mr. Owen, to whom my preparations were referred.
Since that time I have had the opportunity of showing the
same preparations to many of the first anatomical teachers
in England, who consider the point fully established. They
are now deposited in the Museum of the College of Sur-
geons. The corpora restiformia, or the processus & ce-
rebello ad medullam oblongatam, are not, therefore, as
they have usually been described, bodies which are formed
solely by the posferior 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 intricate 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 columns with the cerebellum, and
yet have just fallen short of understanding them, as is even
more evident by the further perusal of other passages m
his writings ; for at p. 142 he remarks: “ All anatomists
agree n saying that the posterior surface of the olivary body
18 in contact with the superior surface of the peduncles of
the cerebellum. Malacarne observes, however, that they
are separated from them by means of a medullary layer of
the shape of a half-moon. To my thinking, this question
has been too superficially examined. No anatomists who
have especially studied the brain have detected that between
the said olivary bodies and the inferior peduncles of the
cerebellum are placed fasciculi of medullary fibres which
are continuations of the anterior cords of the medulla spi-
nalis. This omission appears to me to have arisen from
their not having paid sufficient attention to the direction of
the fibres and filaments of which these are composed. If
the anterior cords of the medulla spinalis be carefully ex-
amined a little below the pyramids, we see that they send

T e sicklille
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fibres from the anterior median fissure to the posterior
lateral fissure, which forms the line behind which issue the
posterior roots of the spinal nerves, and as the said columns
advance upwards they contract. The fibres that were pre-
viously expanded become convergent, and are found com-
pressed between the pyramidal bodies and the cineritious
tubercles ;* and following them upwards, they are found
strongly compressed, and, as it were, hidden between the
corpora olivaria and the inferior peduncles of the cerebellum,
on which account they have eluded the minute investiga-
tions of anatomists among these parts. For in order to see
these fibrous cords distinetly, which are flattened externally
and at the same time a little curved, it is necessary to sepa-
rate the olivary bodies from the inferior peduncles of the
cerebellum : 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 1s easy to see that anteriorly they are directed 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 fissure; whilst these
find themselves in contact with the inferior peduncles of the
cerebellum they bend backwards, carry themselves towards
the posterior surface of the cineritious tubercles, and go to
form the posterior lateral fissure. It is more difficult to
Jollow the anterior cords towards the superior region of the
medulla oblongata.” At this point his observation has failed
him, for instead 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. Never-
theless, 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 the above-mentioned
cords, although hidden in the cineritious substance of the
annular protuberance.”+

* The cineritious tubercles are deseribed as bodies sitnated on the lower
part of the restiform bodies.
T Op. cit., p. 149.
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The best method of dissecting the medulla oblongata,
with a view of demonstrating clearly the existence of those
fibres which connect the anterior columns with the cerebel-
lum, 1s, either to split the posterior column from the antero-
lateral column by raising only the posterior columns, or, in
other words, that portion which is between the posterior
lateral and posterior median fissure, about two inches below
the pons Varolii; and drawing the portion thus separated
very carefully up towards the cerebellum, the dissector will
find that the splitting will be stopped before the cerebellum
is reached by the superficial cerebellar fibres of the anterior
columns, unless so much force is used that the superficial
fibres are torn through without observation. Or another
mode of dissecting them is to trace the sensory root of the
fifth pair of cerebral nerves through the pons Varolii down
to its connection with the posterior portion of the antero-
lateral column, in doing which a layer of fibres will be met
with in the medulla oblongata about the thickness of hogs’
bristles, running from beneath the olivary bodies on the
outer side of the above-mentioned root of the fifth pair of
nerves, to the cerebellum, forming a portion of the restiform
body in their progress (fig. 90, w w).

The first set of superficial cerebellar fibres are represented
(fig. 89, w ) passing upon the surface of the corpus resti-
forme. The second, or deep, set of the cerebellar fibres
are represented cut thrcmgh in their passage to the cerebel-
lum just as they cross the sensory tract of the fifth pair
(fig. 90, w ).

The fibres just described as connecting the antero-lateral
columns of the cord with the cerebellum are peculiarly in-
teresting 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 Flourens,
Bowllaud, Magendie, and others, and the numerous cases
on record in which disease of the cerebellum has been fol-
lowed 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
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enable us to stand, walk, &c. Even Broussais, in his lec-
ture on Phrenology, published in the Lancet, July 30th,
1836, acknowledges that the cerebellum 1s an nstrument
connected in some degree with the combined action of the
muscles, thongh merely in relation to the act of copulation.
Their presence also proves the weakness of Mr. Walker's
theory of the function of the posterior columns as derived
from the supposed fact that the posterior columns alone are
connected with the cerebellum.

This eircumstance is also at variance with the opinions of
M. Foville, who reasons that the cerebellum must be con-
cerned in the phenomena of sensation because the posterior
columns are alone connected with it ;* while Dr. Prichard,
in his treatise on Insanity and other disorders of the mind,
p- 482, after speaking of Foville’s doctrines and their foun-
dation upon what he considers an established fact in ana-
tomy, says, with the usual caution of such a highly-talented
observer : ““In the present state of these researches it would
be a rash attempt to draw inferences with any degree of
confidence ; but I may be allowed to remark that the general
bearing of facts seems to direct towards the conclusion that
the two great organs inclosed within the skulls of verte-
brated animals belong respectively to the two principal
functions of animal life, which are, first, sensation, conscious
perception, and the physical phenomena related to intelli-
gence; 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.”

* Dict. de Méd. et de Chirurg. Prat., tome vii. p. 202, art. Exce-
PHALE. “ Or nous voyons les cordons posterieurs de la moélle, affectés a
la sensibilité, se prolonger dans le cervelet ; les cordons anterieurs, affectés
au mouvement, s’entrecrosier dans les pyramides, poursuivre apres cet en-
trecroisement leur marche vers le cerveau, dans Uepaisseur duquel ils péné-
trent trés profondement ; et nous trouvons ainsi une raison anatomique de
supposer que le cervelet doit avoir 4 vemplir un réle tres-important dans
les phénoménes relatifs 2 la sensibilité, tandis que le cerveau jouirait

d'une influence directe et centrale sur la production des mouvements volon-
taires.”
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'The anterior portion of the anterior columns, that which
is usually called the corpus pyramidale (v, fig. 72, 85), may
be now traced through the pons Varolii; but before doing
so, the student had better make himself acquainted with
the structure of the commissure: for this purpose let him
refer to the deseription of the commissures.

Fig. 91.

This is from a disseetion of a brain which had been hardened in spirits
of wine. It represents the base of the brain with the course of the fibres
from the pyramidal or motor columns, on the left side exposed eontinuously
from the pyramidal body (1), t]u'nugh the pons Varolii (x), which has been
partly removed on that side, forming (U} the under part of the erus cerebri,
ﬂlungmq to the corpus striatum (), emerging (s s e #e) from thence, and
running forwards, forwards and ontwards, outwards and backwards, to the
whole extent of the hemispherical ganglion (8 8 8).  The course of some of
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the fibres of the superior longitudinal commissure, and also some of the
fibres of the great commissure, are shown. BB B. Convoluted surface of
the brain, or hemispherical ganglion. K. Thalamus optici divided.
LN, L N. Anterior cornua of the lateral ventricle separated by N, septum
lucidum. . Corpora striata. N. Anterior pillars of the fornix run-
ning from the ¢ e, covpora albicantia. » r. Posterior extremity and under
surface of the great transverse commissure, or corpus callosum. p p. Fibres
continued to the posterior lobes. A p. Anterior extremity of ditto.
s. Corpus olivare. 7. Corpus pyramidale. vv. Crura cerebri. ww.
Corpus restiforme. X x. Pons Varolii, . divided end of it, where it enters
the cerebellum. @ e. Anterior commissure, divided a little to the right of
the mesial line. g. Groove in the corpus striatum, from which it has been
removed. ¢. Third pair of nerves. fs, fs. Fissura Sylvii. Zn. De-
scending fibres of the fornix over the hippocampal convolution.

If the student pull upwards by means of a scoop director
the inferior edge of the pons Varoln from the anterior
column or corpus pyramidale, he will find it contracted as
it enters this commissure to a small, strong, rounded cord.

Following this cord behind (see fig. 91, and deseription)
the most superficial fibres of the pons Varoli, or bdeneath
them as he dissects, and tearing them backwards towards the
cerebellum, he will soon find that the fibres of the anterior
columns diverge from one another and become separated
by the transverse fibres of the commissure through which
he is now tracing them. This is best seen by fig. 87. It
1s also important that he should be aware, in performing
the above dissection, that these fibres from the spinal cord
take a curved direction through the pons Varoli, the con-
vexity forwards ; otherwise he will be lLable to tear them
by going too deep at the centre part of their course, taking
them from above to below.

The fibres thus traversing this dody (for, as I have men-
tioned elsewhere, it cannot be considered a mere apparatus
of transinission or commissure) emerge beyond it, and at its
upper edge form the under portion of a structure which has
been already noticed under the old name of crura cerebri (v),
and which, diverging from 1its fellow of the opposite side,
forms the outer and posterior boundary of the diamond or
lozenge shaped space of the base of the brain (see fig. 72).

The erura cerebri thus viewed from below appear to be
mere round flattened cords, conmsisting only of fibrous
neurine derived from the anterior columns. A perpendi-
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cular section (as represented in fig. 92, / #) demonstrates the
presence of some very dark pulpy neurine ; this has been
called the locus niger; I would rather designate it fe ganglion
of the third pair of nerves, for a portion of the central
extremity of this nerve traverses this grey matter, and 1s
spht by it into five or six filaments, which become con-
nected with a portion of the inter-cerebral commissure, as
deseribed further on. Posterior to this ganglion are more
white fibres: these belong to the posterior portion of the
lateral column, the sensory columms of Sir Charles Bell.

These right and left anterior columns, in their passage
through the pons Varolii, are separated from each other by
a pecuhm structure, first described by Sir Charles Bell, and
represented in the Philosophical Transactions for 1834 as
resting with its edge on the commissure of the cerebellum,
and extending its fibres directly backwards 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 longitudinal, and vice versd.

The next step in the dissection is to remove the arach-
noid and pia mater from the fissura Sylvii, through which
fissure the dissector may msert his fingers, and raising the
middle lobe tear through its connections with the anterior
so completely as to enable him to turn it back over the
posterior. This will expose a white flattened band crossing
the crus just where the body plunges into the cerebrum
(see fig. 72, on the left side) ; this band is called the #racfus
opticus, and is placed between the commissure of the optic
nerve and its cerebral connections ; let this be divided, and
the handle of a scalpel or scoop of a director be placed on
the surface of the erus, and then removing the neurine
which overlaps the crus, the student will be enabled to
trace further the motor tract of fibres of the anterior column.
By gradually removing the neurine which still covers them,
he will expose some medullary fibres running from before
backwards ; these belong to the great transverse commis-
sure or corpus callosum. On removing these he will come
to a large deposit or bed (M), if we may so express it,
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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 anterior columns or motory
tract, and is commonly known by the name of the corpus
striatum (MM). In all the figures these letters designate it.
By gradually scraping the substance of this ganglion away,
and carefully following the white fibres, the exact course
of the motory tract (i, m,;m,m) will be exposed. In the
course of scraping the cineritious neurine away, a rounded
band of medullary neurine will be exposed, taking its
course from the circumference of the brain forwards and
inwards : this band is the commencement of the anterior
commissure (« c).

The motory fibres, which are thus traced into the sub-
stance of the corpus striatum or anterior cerebral ganglion
of the cord, spread as they emerge from its external edge,
and pursuing their course in different directions like the
rays of a fan, some passing forwards, others outwards, and
others backwards, terminate ultimately in the cineritious
neurine composing the convoluted surface of the hemi-
spheres, the hemispherical ganglia, fig. 91, B B B.

When the student has not the opportunity of tracing
these fibres of the pyramidal bodies, or anterior columns of
the cord, in a brain hardened in spirit, he will obtain a very
good view of their course, and especially their relation to
the corpus striatum, by a perpendicular section from the
medulla oblongata through the pons Varoln, crus cerebri,
corpus striatum, and hemisphere of the brain, in the direc-
tion indicated by the dotted line, A B, in fiz. 91. The
appearance which this section exhibits is represented in
fig. 92. This is a useful section when we examine the
brain for pathological investigation ; it gives a continuous
view of the motor and sensory tract, and readily exposes
any morbid appearance in its course. Gall and Spurzheim
have given a very beautiful representation of this tract, as
viewed from below, in their larger work on the brain.

Cruveilhier® describes these columns as passing through

* Op. eit., p. 7186,
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the thalamm nervorum opticorum in addition to the corpora
striata. The same author also refutes the opinion of Reil,
Gall, and Spurzheim, that these fibres are reinforced as it
were, or augmented by their passage through the corpora
striata.

Fig. 92.

= .‘_ __ﬁ:&,— --.‘i_"_\.\_-..+'
R

The brain is laid on its upper surface, and a section has been made
longitudinally through the medulla oblongata, pons Varolii, cerebellum,
anterior and posterior cerebral ganglia, fornix and corpus callosum, ante-
rior commissure and left hemisphere of the brain, in the direction indicated
by the dotted lme in fig. 91. 1 & c. Inter-cerebral commissure. ¢ D.
Optie tubercles. E. Cerebellum and corpus dentatum.  %. Optic thalamus.
M. Corpus stristum. ~. Fornix. 2. Corpus callosum. s. Olivary body.
7. Corpus pyramidale. v. Crus cerebri. x. Pons Varolii. «. Olfactory
oanglion. @ c. Anterior commissure. of. Olivary tract. # {. Pyramidal
tract. sf, s¢. Sensory fract.

Wenzel, with his usual aceurate minuteness, enters
mto the question of the relation of the cortical substance
of the brain to the white fibre, in the following words :*—
“ Utrum cinerea substantia quae in exteriore cerebri am-
bitu reperitur, cum illa ex qua Pa.rtes in interiore cerebro
sitee constant, cohzrent nec ne?” IHe sums up his obser-
vations as follows :t—“ Substantia cinerea interiorum cere-
bri partium, nominatim striatorum corporum, et collicu-
lorum nervorum opticorum nullo totius sui ambitus loco,

* Op. cit., p. 64, T Op. eit., p. 69.
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cum ea quee ad exteriorem cerebri ambitum pertinet sub-
stantia cinerea immediata coharent.”

The anterior division of the antero-lateral columns of the
spinal cord, or the motory tract of neurine, has thus been
traced from the point where, going by the name of corpus
pyramidale, it forms part of the medulla oblongata—
1st. Through the pons Varolii or commissure of the cere-
bellum ; 2ndly. Forming the inferior part of the crus
cerebri; 3rdly. Plunging into the anterior cerebral ganglion
or corpus striatum; and 4thly, and lastly. Quitting this
ganglion in order to reach the hemispherical ganglion or
the cineritious neurine of the convoluted surface of the
hemispheres. The posterior division of the same column
has been traced to the cerebellum. It now remains to trace
the middle division in its upward course from the olivary
bodies through the pons Varolii to the cerebrum, forming
in its course connections with the optic tubercles and
thalami.

The student, after he has traced these fibres of the ante-
rior columns, must return to the medulla oblongata, and
slice off the surface of the corpus olivare, commencing his
mncision at the lower part of this body and carrying it up
through the pons Varolii into the outer side of the crus
cerebri: by this section he will first expose the interior of
the olivary bodies (figs. 87, 92, s), surrounded by the fasciculi
of white fibres, one set passing before and one behind them.
These two fascieuli reuniting at the upper edge of the
olivary bodies, pass throngh the pons Varolii (o 4, o7),
on a plane posterior (deeper in the present position of the
brain), to the pyramidal columns; they are separated from
these columns by about a quarter of an inch of the substance
of the pons Varolii. Some of the fibres of these fasciculi
of the olivary columns, viz., the most anterior, again join
the pyramidal columns at the upper edge of the pons
Varolii, forming a portion of the outer part of the crus ce-
rebri.  These fibres run partly behind, partly on the out-
side, partly through the locus niger; they lie anterior and
external to the sensory tract of the antero-lateral columns
described further on (see fig. 87).
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This fasciculus has been described by Reil* under the
title of Fillet. This author describes them as continuous
with both the corpora olivaria and pyramidalia.

These fibres, as they traverse the pons Varolii, separate
mto two portions; one passes inwards to join its fellow, so
as fo form a curvilinear stratum of fibres immediately below
the optic tubercles.

The other portion, deseribed by Mayo as the fasciculus of
the olivary body, ascends to the crus cerebri and passes
through the locus niger.  Sir C. Bell deseribes this faseiculus
as entirely emanating from the olivary body. 'This descrip-
tion does not altogether accord with my own dissection : for
after many repeated and patient dissections of the lower ex-
tremity of this fasciculus, I invariably found that most of
its fibres passed either partly before, or partly behind;
the former being frequently continuous with the pyramidal
columns, the latter with the antero-lateral, though a portion
of these fibres clearly run #zfo the olivary bodies, as may be
seen in fig. 87, of.

The most accurate mode of dissecting these fibres, and
the least liable to error, is to make a section of the pons
Varolii and medulla oblongata, previously removed from the
rest of the brain, including a piece about an eighth of an inch
in lateral width, or half of the corpus pyramidale and corpus
olivare ; in that way these fillets are exposed : and then tear-
ing this piece downwards, commencing the rent in front of
the fillet, and thus separating it from the pons Varoli, its
fibres may be traced continuous with the pyramidal bodies
and running in front of the olives; a second rent made
behind the fillet will separate it from the portion of the
lateral columns which ascend to the thalami, and show those
fibres which run behind the olivary bodies. Dr. Reid, in
his excellent paper on the medulla oblongata, (Ed. Med. and
Surg. Journal, 1841,) describes these olivary columns; but
he does not state that they go through the olivary bodies,
or that there is any connection between the fibres of the
columns and the grey matter of the olive.

This author points out more clearly, I believe, than any

* Op. cit., p. 94, part ii.
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one else, the motor character of this tract; and this seems
to confirm my view, that it is a portion of the antero-lateral.
I am, however, inclined to believe that some of these fibres
arve commissural between the olivary bodies and the optic
ganglia ; though I do not quite understand, if there is a
functional connection between the fibres and the olivary
bodies, that they do not stream throngh the vesicular neu-
rine as the motor tract does through the corpus striatum,
&c. Mayo, in his beautiful plates of the brain, though he
exhibits these columns (which he, like others, designates as
olivary) running round the olives but not through them,
nevertheless speaks of them as derived from them.

In the section on Comparative Anatomy I have adduced,
I think, sufficient evidence to show that the position of the
olivary bodies varies considerably, and in some animals they
are even imbedded in the pyramidal bodies, which goes far
to show the physiological identity of the great mass of the
olivary and pyramidal columns.

Dr. Reid says, and I fully agree with him, “If we
trace these olivary columns downwards, we observe that
they form attachments to the anterior roots of the first
and second cervical nerves, and that they continue their
course onwards in the line of the other anterior roots of the
spinal nerves. We can, then, have little difficulty in arriving
at the conclusion that the olivary is a motor column. On
tracing this column upwards, we find that where 1t embraces
the olivary body, the portio dura is attached to its outer
margin, and the hypoglossal and abducens nerves are partly
attached to its inner margin, and partly to the outer margin
of the pyramidal columm. On tracing the two roots of the
fifth pair, the smaller or motor reot can be followed to that
portion of the olivary column which proceeds to the optic
lobes,—sometimes running down the outer or external edge
of the pons, to reach the portion of the olivary columns
already mentioned as it emerges from the external margin
of the pons; at other times its course is observed by a
greater or less number of the transverse fibres of the pons
crossing it. 'The trochleator nerve is attached to the in-
ternal margin of the same band of fibres when it has
ascended the processus & cerebello ad testes and is about to
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enter the optic lobes.”*  He also deseribes the connection of
the portio dura, lingual and abductor nerves with the infe-
rior portion of it.

The olivary column is then a compound tract, cominissural
and nervous. 'The commissural portion emanates from the
interior of the olivary bodies, (see fig. 87,) and this I shall
designate the ofivary commissure. The nervous portion
belongs to the motor system of nerves, and is physiologically
a portion of the p}'ramidul tract.

Dr. Reid deseribes, and I think justly, the pyramidal
columns as passing into the middle columns after their de-
cussation ; he describes the arciform fibres as going to join
the p-::rstm'iur or cerebellar column as T first described them,
but he is in error in attributing to Santorini, Gall and
Spurzheim, Rosenthal and Rolando, a knowledge of the fact
that they form a communication between the anterior por-
tion of the cord and cerebellum, which I consider an im-
portant anatomical discovery alone due to me.

We must now return to the medulla oblongata for the
purpose of tracing those tracts of neurine which Sir Charles
Bell has proved to be employed in conducting sensation.
It has been already stated that in the composition of the
spinal cord we can observe no line of demarcation by which
the tract of sensation may be distinguished from that of
motion, but that a portion of the cord anterior to the pos-
terior fissure is distinctly ascertained to be appropriated to
this function ; I shall assume, therefore, that the line of de-
marcation is about the middle of the lateral aspect of the
cord, and that the sensory column, or tract of sensation,
consists of two portions, the one pnsterior to the fissure re-
ferred to, and consequently named the posterior column, the
other anterior to it, constituting part of the antero-lateral
column. These two portions had better be traced sepa-
rately. Commencing with the posterior division, or, in other
words, the posterior columns, we find them ascending to
the cerebellum, and in their course to that mass forming a
portion of a body previously noticed in deseribing the an-
terior columns, viz. the corpora restiformia.

In their passage to the cerebellum, as. a portion of the

* Ed. Med. and Surg. Journal, Jan. 1, 1841,
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constituent fibres of these bodies, they are partly overlapped
by, and partly interlace with, those fibres from the anterior
columns which, ascending to the cerebellum, connect the
motor or v(}lmltary tract of the spinal cord with the cere-
bellum as well as with the cerebrum; and let me again
repeat that the fibres which compose the corpora restiformia
are not arranged in the simple, regular, parallel manner in
which we find them
in the body of the
cord, but interlace,
forming rather an in-
tricate plexus,

The cerebral fibres
of the seasorycolunns.
— The remaining
portion of the tract
of sensation, or that
portion of the sen-
sory column which in
the spmal cord 1is
anterior to the fis-

Fig. 93.

sure, from which the
posterior roots of the
spinal nerves emerge,
and whose line of de-
marcation from the
motor tract i1s about
the middle of the
lateral aspect of the
cord, must next be
traced to its destina-
tion. In the first
place we find it
sending a few fibres,
like the posterior co-
lumns, to the cere-
bellum ;
rebrum.,

This drawing is from a dissection made ona
pieceof brainwhiclihad been hardened in spirit,
It exhibits the ecourse of the sensory columns
from the medulla oblongata to the thalamus.
Their function I consider proved by the fact
that the sensory root of the fifth pair of nerves
is connected with them. c¢. Anterior optic
tubercle. ». Posterior ditto. 1 & c. Inter-
cerebral commissure, or proeessus & cerchello
ad testes. m. Spinal cord. K. Thalamus
optici. M. Corpus striatum. v. Crus cerebri.
w. Corpus restiforme. X X. Pons Varolii
b. Optie nerve. ¢.Third pair. &e. Loeus niger.
# £. Pyramidal, or motor tract. s¢, sf,sf.
Sensory tract,—the posterior third of the an-
tero-lateral column. se. Sensory root of the
fifth pair of nerves.

the rest of its fibres ascend principally to the ce-

The proof that the columns, which we are now about to
trace to the cerchrum, form a portion of the tract of sensation,

R
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is derived from the fact that the sensory root of the fifth
pair of nerves arise from it (sce fig. 93).* In the medulla
oblongata, the cerebral sensory tracts lie in contact with
each other in the mesial line. In the fourth ventricle, or
calamus scriptorius, they are covered by the auditory gan-
glia, or posterior pyramidal bodies. From this part they
ascend behind the pons Varolii, where they form the floor

This fizure I skeiched from a disseetion made on the same brain as that
from which fiz. 91 had been taken, and the two may be advantageously
compared. The whole of the pyramidal and olivary bodies and their re-
spective tracts have been removed, and the posterior part of the cord left.
b P. Decussation of the pyramidal bodies. v s. Decussation of the cere-
bral sensory tract, or posterior third of the antero-lateral columm. 1 & e,
Inter-cerebral commissure divided. K. Posterior extremity of the thala-
mus nervi optiei. K #&. Divided end of the same. g. Corpus geniculatum
externum. . Crus cerebri. vUw. Divided end of the same. w.w. Cor-
pora restiformia. e. Third pair of nerves. ea. Corpora albicantia.
e . Sensory root of the fifth pair. 7Zn. Locus niger. s{. Cerebral sen-
sory tract. »v. Dotted lines marking the situation and width of the
pons Varolii, behind which the decussation takes place.

* T am delighted to find that Stilling, in his new work on the Pons
Varolii, has accurately figured all these fibres.
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of the iter a tertio a quarto ventriculo. In this situation
they decussate with their corresponding fibres on the op-
posite side (see fig. 94).

The presence of such a decussation for the sensory tract
has long been suspected, as it was proved to exist for the
motor t1 act.

Sir Charles Bell believed that he had discovered it, but he
placed it too low down, and, as I have stated elsewhere, in
all probability mistook the posterior surface of the pyramidal
decussation for a distinet decussation. 'The best mode of
demonstrating this interlacement is first to separate the
medulla oblongata, with the pons Varolii, crura cerebri,
and optic thalami, from the rest of the brain. Secondly,
divide the pons Varoln anferiorly, in a longitudinal direc-
tion, through the ceutre to the depth of half an inch ; divide
the pyramidal decussation ; then take the two lateral halves
of the cord and split them upwards, tearing through the
floor of the fourth ventricle. When the rent passes the
roots of the auditory nerve, fibres, the size of ordinary liga-
ture silk, may be seen running obliquely across the mesial
fissure, from one side to the other, decussating with their
fellows. This decussation may also be demonstrated ante-
riorly, as represented in fig. 94, though it requires more
care and some dissection. This decussation may be seen
in the sheep as distinetly as in the human brain. 1 have
not looked for it in any other animal. ™

After this decussation, on their emergence from behind
the pons Varolii, the fibres of the sensory tract form the
upper part of the crus cerebri, separated in that body

* Foville does not deseribe any decussation of the posterior columns,
but he figures this decussation, thﬂugh, as it appears to me, in an exagge-
rated manner. “PL 2 [Fuvll]c—} fiz. 4. p. Point of the calamus: from
this point, up to ¢/, may be uhaervml the entre croissement of the two
halves of the medulla oblongata.” Longet (vol.i. p. 382) says, © We have
long known that all the fibres of the antero-lateral columns of the spinal
marrow are far from intercrossing at the place designated for the decussa-
tion of the pyramids. But in separating the posterior median fissure of
the bulb and protuberance just below the tubercula quadrigemina,
M. Foville has pointed ont a superior iuterlacement, which, without doubt,
effects in part a union between those fibres of the antero-lateral columns
which Rolande deseribed, and Cruveilhier designated the fascienlus of
reinforcement of the bulb, or faiscean innomé.”

R 2
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from the motor tract by that deposit of cineritious neurine
called the locus niger, as previously mentioned : the sensory
tract where forming the upper layer of the constituent fibres
of the erus cerebri is covered superiorly by the optic tuber-
cles and the inter-cerebral commissure.

These structures must be raised, in order to expose its
course in this situation. From this point they plunge into
their appropriate ganglion, the posterior cerebral ganglion,
better known, as before stated, by the name of the thalamnus
nervi optici.

The course of the fibres through the posterior cerebral
ganglion is not so distinetly marked as that of the motor
tract through the anterior ; for here the medullary fibres are
not so dl*{:ldcdi}f sepmated from the cineritious; the two
appear more intimately mingled. From the outer side of
the posterior cerebral ganglion the medullary fibres issue
forth, spreading in every direction until, meeting with the
convoluted surface of the brain or the cineritious neurine of
the hemispherical ganglia, their progress is arrested and
their course terminated.

A side view of the course of this tract through the pos-
terior cerebral ganglion or thalamus mervi optici and its
expansion in the hemispheres is well shown in Gall's large
work.

The relation of the motor and sensory columns of the
cord, as forming part of the cerebrum, with their appro-
priate ganglia, is thus described by Sir Charles Bell in his
paper in the Philosophical Transactions above referred to :
“The thalamus forms a nuclens round which the corpus
striatum bends, and when their respective layers of strie
make their exit beyond these bodies to form the great fan,
or solar-like expansion into the hemisphere of the cerebmm,
their rays mingle together. A rude representation of these
two parts of the cerebrum as we have fraced them may be
made with the hands. If T place my wrists together,
parallel, and closing one hand embrace it with the other,
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 repre-
sent the final distribution of the portions of the nervous
matter whieh are dedicated to sensation and volition.””
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The best mode of dissecting these parts, for the purpose
of tracing the sensory columms, 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 swrface, and then to
make a perpendicular section through the mesial line, from
before to behind, of the whole cerebral mass. This seetion
will divide, it is true, all the transverse commissures ; all
those structures, in fact, which connect together corre-
sponding 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 previously
traced as suggested above. The similarity of the parts
exposed by this section 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 already described
under a different aspect, I speak of them again without
reference to the previous notice. Commencing from behind,
and proceeding forwards, may be observed (fig. 100).

1. The wmedulla oblongata, divided in the mesial line.
Anterior to this, and rather superior to it, is,

2. The pons Farolii, or commissure of the cerebellum.
Above and behind the pons is,

3. The cerebellum, presenting that curious and beautiful
appearance resulting from the disposition of cineritious and
medullary neurine, called the arbor vite. If the student
carry his eye along that portion of the medullary neurine
which corresponds to the stalk of the tree, he will find it
emerging from the cerebellum, and turning up to a little
rounded body about the size of a small pea; mmmediately
anterior to which is another of rather larger size : the two
together are,

4. The optic tubercles, or corpora quadrigemina, the pos-
terior being the testes, the anterior the nates.

The structure which has been likened to the stalk of the
tree, will be recognised as the commissure connecting the
greater cerebral mass to the lesser, in other words, the
cerebrum to the cerebellum ; this is,
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The inter-cerebral conmissure.

Bﬂneath the optic tubercles we observe, rising up, as it
were, from the pons Varolii, a structure previously men-
tioned, namely,

6. The crus cerebri. A section of this part shows it to
consist of medullary neurine above and below, with cineri-
tious 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.
[mmediately in front of the crus and optic tubercles 1s a
rounded nodule of considerable 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 overlappimg 1t, will
be observed some fibres, which, appearing 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 anferior cerebral ganglion, in
front of and behind which, are

9. The hemispheres, formed of the fibres of the cord,
commissural fibres, and hemispherical ganglia.

The structure of the hemispherical ganglia, or cortical
substance of the brain, may next be examined. Their
enormouns size in the human being, as compared with those
in the lower animals, has been already adverted to. The
extent of the convoluted surface is well seen in both an
horizontal section (figs. 77 and 78) and perpendicular section
(fig. 95).

’l"hese ganglia do not consist of one single layer of cine-
ritious neurine, but of three layers alternating with three
layers of medullary neurine. The distinetion between some
of these layers may often be seen with the naked eye in the
posterior convolutions in a state of health. But this strati-
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fication is still more evident after disease. 'When the corti-
cal substance has been long the subject of chronic inflam-
mation, as in old cases of insanity, it is peculiarly distinet.
In the section on pathology some cases will be detailed.
The white fibres may be traced through these layers, as we
have traced them through the corpus striatum.

Thiz drawing having been taken from a preparation which had been
some time in spirit, the upper surface is nnnaturally flattened. It exhibits
a transverse section of the brain taken a little posterior to its centre,
measured from before to behind. It partly shows the enormous extent of,
B, the hemispherical ganglion. M. Anterior cerebral or corpus striatum ;
the broad white line just below the letter, dividing it into two portions, is
the motor tract. Pp. Great transverse commissure. X. Pons Varolii. The
great depth of the fissura Sylvii may be seen on both sides of the brain.
It is most distinet on the right side of the figure between the two B B.

To the sull)erﬁcia] observer this ganglion appears to con-
sist of a single layer of cineritious neurine. A little care is
sufficient to enable us to see with the naked eye that there
are at least two layers of grey matter separated by a white
layer. This is often most distinctly seen in a brain that
has been in a state of chronic inflammation. It is also
more distinet in the posterior than in the anterior convolu-
tions. Vieq d’Azyr first pointed this out in the posterior
portion of the brain, and Casanvielh demonstrated its exist-



248 HUMAN BRAIN,

ence throughout the whole.® M. Baillarger, in 1840,
stated that under the microscope, this ganglion will be
found to consist of six layers, three of grey alternating with
three of white.

The first, going from within to without, is grey; the
second white; the third grey; the fourth white; the fifth
grey; and the sixth white (see fig. 96, left half of the
drawing).

Fig. 97.

e sl

Fig. 97.—Magnified representation of the cortical substanee of the brain
of the sheep. (Baillarger.) The left half is seen as an opaque object ; the
right as a transparent one. Left half.—s. Tubular neurine of the hemi-
spheres. 1,2, 3, 4, 5, 6. The six alternate layers of grey and white
neurine. Right half.—The white substance looks dark, and the grey
neurine light. The numbers the same.

Fig. 98, —Convolution from the human brain, single aspect ; six alter-
nate layers.

Fig. 99.—This figure shows the passage of the fibres through the layers
of the hemispherical ganglion. The left half is from the human brain;

the right from the brain of the pig.

These six layers can be distinetly made out with the
microscope. Under the glass, the appearance is reversed,
the grey being transparent, and the white opaque (see the
right side of fig. 96).

This author states that he has examined the grey sub-
stance of the hippocampus, and that he has found it strati-
fied like that of the convolutions, which he considers a
proof that this is an internal convolution, as I have stated
elsewhere.

The tubular fibres from the hemispheres pass through
these three layers of vesicular neurine (see fig. 98).

These fibres, which are very long and numerous at the

* Mém. de I'Acad, de Méd., tom. viii.,, 1840,

|".
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summit of the convolutions, become shorter and more scanty
at their base. At the bottom of the antifractuosities, these
fibres are so short that in some brains we can separate
them from the cortical substance without rupturing them.

Baillarger asserts positively that the external layer of the
brain is white, and not grey, as has been usually supposed.
This colour is most evident in the brain of mfants, old
people, the insane, and of some animals.

Mr. Grainger informs me that his own observations by
the microscope on the cortical substance quite accord with
M. Baillarger.

Regarding the structure of the cortical substance in the
lower animals, M. Baillarger states, that in the fish he
observes no stratification of this ganglion. In the class
Amphibia he has only examined the frog, and that he
has not been able to observe any stratification in this gan-
glion. In the brain of the bird there is only one white
line. He found six in the brain of all the Mammalia he
examined.

Commissures.—In commencing this new inquiry, the stu-
dent must remember that the commissures or apparatuses
of union can only be thoronghly understood, and their
exact connections 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 con-
nect together.

Spurzheim confines the word commissure to designate
structures which connect 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 to be attended with
any advantage, I have taken the liberty of rejecting.

Let the brain be now laid upon its under surface, when
of course the upper surface of the hemispheres will meet
the eye.® ILet the membranes be removed from these, and
the depth of the fissures separating the convolutions, as
well as the general exact correspondence or symmetry of

* Supposing the student only to have one brain at his disposal, he
must replace the portion of the right hemisphere which he removed when
directed to make the section exposing the cenfrum ovale,
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the hemispheres of the brain, be remarked. The great
fissure separating them longitudinally is deep; at the bot-
tom of it a broad band of fibrous or medullary neurine
will be observed : this is the greaf transverse commissure, or
corpus callosum (figs. 77, 92, 95, 99, 100, », the same letter
in all). 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 neurine connecting one ganglion with another.

In this description of the human brain I shall consider
under the head of commissures all those collections of me-
dullary neurine which are so arranged as to connect either
corresponding parts which are placed on each side of the
mesial line, as, for instance, the right and left hemispheres;
or different organs on the same side, as the various con-
volutions of each hemisphere ; or two distinet structures, as
the two grand divisions of the encephalon, the cerebrum
and cerebellum ; thus following out to its fullest extent the
principles which have been laid down elsewhere, that a
ganglion is a collection of neurine of any size and of any
form, and that the cerebro-spinal axis, of which the brain
is a part, is no more than a collection of ganglia of im-
mense size connected together by commissures of corre-
sponding dimensions.

Transverse Commissure.—The great fransverse commnis-
sure,* or corpus callosum, is a body consisting of fibres
of medullary neurine, the extremities of which are every-
where in contact with the internal or central surface of the
cineritious layer which forms the convolutions of the hemi-
spheres,—the hemispherical ganglia. These fibres conse-
quently establish a communication between the cineritious

* Vieq d’Azyr was the first anatomist who deseribed the corpus cal-
losum as a commissure, while, on the other hand, Rolando denies that it
is entitled to the name of a commissure; for, says he, * laying toge-
ther the observations of Wenzel and Tiedemann upﬂn 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 the superior
and inferior margins of the vesicles; the part cannot at any rate be
justly deseribed as a commissure.”—Op. eif., p. 72.
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neurine of the whole convoluted surface of both sides of
the cerebrum.

Fig. 99.

This figure I sketched from a dissection which I made in company with
my friend Mr. Grainger, whose testimony of its accuracy I am glad to
quote, though it is opposed to the views and dissections of M. Foville. Itis
intended to show the course and conmection of the fibres of the great
transverse commissure of the hemispheres or corpus callosum. The dis-
section has only been carried into the right hemisphere. It will be seen
that these fibres ascend to the convolutions above the mesial line. p P p.
Fibres of the corpus callosum radiating into the hemispherical ganglion.
B. Left hemispherical ganglion, undissected. E. Cerebellum. Near the
centre of the drawing, and a little to the right of the mesial line, is the
representation of a broken fasciculus of fibres—the part_torn off was traced
most carefully into the convoluted surface of the brain.

Strictly speaking, the fibres of the great transverse com-
missure do not commence on one side more than another ;
but with the hope of assisting the mental eve in following
their course from hemisphere to hemisphere, these fibres
shall be described as originating on the right side and
crossing over to the left. The fibres from the front, sides
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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 divides the two hemispheres. The anterior
edge of the commissure consequently forms the posterior
boundary of the anterior part of the fissure. In this situa-
tion the fibres are folded one upon another; so that on a
transverse section of the commissure the anterior edge ap-
pears thicker than the centre, though it is not so thick as
the posterior edge (see fig. 100).

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 convolutions at the base of
the brain.

Those, again, from the upper, under, and posterior sur-
face 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 necessarilly numerous, and give a
consi;lerablﬁ thickness to the posterior edge of the commis-
sure.

All these fibres may be easily demonstrated in a brain
that has been immersed for some fime 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 fissure

* M. Toville, op. cit., gives a very different account of the nature of
the corpus callosum and the origin of its component fibres. e 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 commis-
sure between the two crura cerebri of a vaulted form. Mayo, in his Out-
lines of Physiology, has very clearly proved the manner in which that mis-
take has oceurred, and shown that Foville in producing the appearance
which induced him to adopt the opinion stated :Rmve, breaks throngh the
point where the fibres from the columns intersect the commissural 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 Foville, quoting the opinions of Tiedemann in support
of his own. Notwithstanding such weighty testimony, I am convineced
from repeated dissections that they have been deceived, most probably
as explained by Mayo in his Physiology.

e
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through which the commissure creeps, as it 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, as in
the preparation from which fig. 99 has been drawn.

Let me again repeat that I consider these connecting
fibres of the great commissure as performing 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 that animal.

The mode of tracing the fibres of the transverse commis-
sure recommended will open the lateral ventricle, as pre-
viously described. But let me again remind the student,
that this space must not, however, be viewed 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 ; but that he must
consider it as resulting merely from the contact of the dif-
ferent surfaces of the brain. The external surface of the an-
terior and posterior cerebral ganglia or the figurate surface
1s here in contact with the internal smooth surface of the
superficial cerebral convolutions or hemispherical ganglia.

The next commissure to which our attention should be
directed is a longitudinal commissure. I have designated
it the superior longitudinal commissure (see fig. 100), in
distinction to the fornix, which I have called the inferior
longitudinal commissure ; the former being situated adove
the great transverse commissure, the latter below it. In
most systematic works we do not find any mention what-
ever made of these fibres. Mayo, with his usual accurac
of observation, has delineated them in his Plates of the
Brain, showing on their external aspect, what I have ex-
hibited on their internal, in fig. 100, where they are repre-
sented as they run above the transverse commissure on the
edge of the longitndinal fissure. Mayo did not give them
any distinetive or generic appellation.  These fibres may be
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easily seen by removing the surface of the convolutions
where they form the lower part of the outer wall of the
above fissure.

Fig. 100.

This figure represents longitudinal fibres.placed above the great trans-
verse commissure mﬂ*cﬁpnndmg with those which we have just observed
below it—7{ke superior longitudinal comiissure. The relations being more
s-:imll)lc than those of the inferior commissure, are si:wdpl;,r designated by
the letters s 1, s .. They are traced, ascending forwards, from the locus
quadratus, which is anterior to the fissura Sylvii, and then, eurving back-
wards and winding round the front of the great transverse commissure (p),
receiving fibres from all the convolutions at the upper and sides of the hemi-
spheres, winding round the posterior extremity of the same commissure,
and terminating after erossing the fissura Sylvii, where it commenced, in the
locus quadratus at the base of the brain. u. Spinal cord. 3. Pituitary
gland, just above which is the divided optic nerve. x. Letter placed
on the erus cerebri, and behind that root of the fornix which springs from
the interior of the thalamus. ». Great transverse commissure. s. Oliva
ganglion. . Olfactory ganglion. ¢ p. Optic ganglia. ¢ a. Corpus mammil-
lare, formed by the twist of the fornix. ¢ m. Commissura mollis in the third
ventricle. 4. Optie thalamus. ». Peduncle of the pineal gland: if this
line is traced backwards it will be found eonnected with a dark rounded
body, the pineal zland, which is lying on the anlerior optic tubercle—
nates ; if this line is traced forwards it will be scen joining the anterior
pillar of the fornix, which has been turned down to show this connection.
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The divided end of the fornix is turned towards us. p. e. Posterior com-
missure. 8. Twenia semicireularis joining the fornix at the same point.
This letter is placed in the anterior cornu of the lateral ventricle on the cor-
pus striatum.  This junction is very distinct in both the recent and hardened
brain, though the connecting fibres are too delicate to be done justice to
in a woodeut. 4. Fourth ventricle. . Iter a tertio ad quartum ventri-
culum. v. Posterior commissure.

The convolution which is opened to show this commissure
is the  convolution de ourlet,” and from the centre of it
these fibres may be traced either backwards or forwards.
In tracing them forwards, we find them turning over the
anterior edge of the transverse commissure, and runnin
down to those convolutions at the base, which, forming the
under and back part of the anterior lobe, are placed close
to the locus quadratus, in front of the fissura Sylvii: these
fibres do not, however, form merely a narrow band, but an
extended plane, the exact width of which cannot be defined,
as its constituent fibres are in contact with the internal
surface of all that part of the hemispherical ganglion which
is to the outer side of the longitudinal fissure. The poste-
rior fibres run backwards in the same manner in which the
anterior run forwards, terminating in like manner in the
convolutions at the under part of the hemispheres, running
across the fissura Sylvii to the locus quadrafus, where we
traced the anterior. No one, I think, can trace this longi-
tudinal commissure without acknowledging the justice of
Spurzheim'’s observation, when, after deseribing and reason-
ing on the composition of the fornix, and the apparatuses of
communication in the brains of the lower animals, he says,
“Thus, the especial pains which nature has taken to esta-
blish communications between cerebral parts cannot be
overlooked, and it 1s this arrangement which enables us to
understand the mutual influence of their functions respec-
tively.”” Nevertheless, it is rather extraordinary that he
should make no mention of the fibres above described as
constituting the superior longitudinal commissure.

The lateral ventricle must next be opened, as directed at
page 188. The student will again observe a structure,
already bricfly noticed, namely, the fornix. In pursuing
the dissection of this commissure, where we have not more
than one brain at our command, a difficulty arises from its
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lying over and concealing from view the transverse com-
missures which remain to be studied. This obliges us to
divide it and turn it back, in order that the others may be
seen ; as this proceeding interferes with that perfect and
minute dissection of the inferior longitudinal commissure,
which can only be accomplished on a brain almost entirely
devoted to it, a drawing of the fornix has been introduced
i fig. 101, with the view of assisting the student to a know-
ledge of its complicated relations. The longitudinal commis-
sure must now be divided in the middle, just opposite the di-
vided end of the transverse commissure, but not removed, as
we must return to the study of it ; this being done, the poste-
rior portion must be turned back, when the optic thalami on
both sides may be distinetly brought into view with a fissure
of some depth between them (#hird ventricle). See fig. 78.

Commissura mnollis—Crossing the centre of this median
fissure, the so-called third ventricle, is the commissura mollis,
consisting almost entirely of cineritious neurine. It con-
nects the two thalami together. This corresponds with
the grey matter, which, crossing the mesial line in the spinal
cord, connects the two sides of the spinal cord together
(see fig. 100, e w). ;

Pineal comuissure—Running from before backwards
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 mesial line; these,
through the intervention of that body, form the piﬁmﬁ coi-
missure before mentioned (see figs. 78, 100).

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
perceived ; this is the posferior commissure ; its fibres may
be traced in the thalami on each side (fig. 100, p¢).

Anterior commissure—The whole extent of this com-
missure cannot be perfectly seen in this stage of the
dissection ; but if the student direct his attention to the
anterior boundary of the fissure called the third ventricle,
he will see two rounded cords, which are called the anterior
pillars of the fornix, the nature of which will be explained
hereafter.  Between these two cords a transverse commis-
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sure may be observed : this is the anterior commissure ; and
the only portion of it brought into view is that which runs
across the small fissure left between the anterior pillars of
the longitudinal commissure ; its dissection will be most
conveniently conducted at the base of the brain, where it
will be found (having been already exposed in the dissection
of the passage of the motory tract through the anterior
cerebral ganglion of the cord, see fig. 91,) 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 cerebral ganglion, apparently receiving
additional fibres from the eineritious neurine of the most
external portion of this ganglion ; near to the mnternal edge
of the ganglion, however, the anterior commissure becomes
quite distinet from it, and crosses over to the corresponding
ganglion of the opposite side, in front of the anterior pillars
of the longitudinal commissure. From the outer part of
this commissure some fibres may be fraced to the olfactory
nerves ; these were first discovered by Spurzheim, in 1821,
and are mentioned in his thesis entitled * Encephalotomie.”
The portion running to the olfactory nerve forms an are,
the convexity of which is turned backwards, the concavity
forwards.®

Pons Varolii—Transverse commissure of the cerebelluin.
—This 1s the last of the transverse commissures to be dis-
sected ; the appearance which it presents will be already
familiar to the student, as he has traced the fibres of the
spinal cord through its centre. The fibres of which it
consists running from one lateral lobe of the cerebellum to
the other, can be seen on the surface without dissection,
and these are sufficient to establish its commissural charac-
ter. But if we make a section through it we find, in
addition to medullary fibres, there is a large quantity of the

* Chauszsier and Tiedemann both regard the anterior commissure as a
continuation of the cerebral erura ; but with all due respect to such high
authorities, I cannot agree with them; for in pursuing the dissection
which has been already deseribed, tracing the eourse of the anterior fibres
through the corpus striastum, and giving the utmost attention to the rela-
tions of the anterior commissure, it will be found that there is no conti-
nuity of fibre between the peduncles of the brain and the anterior
COmmissure.

=
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vesicular or cineritious neurine. The presence of this
neurine gives to it a ganglionic character. This grey
matter is not found in the anterior portion of the commis-
sure, but in the posterior division, where the fibres of the
cord traverse it. Burdach saw immediately the importance
of this fact, and concludes that its presence has some
relation to the formation of the longitudinal fibres. The
connection of the commissural fibres to the cerebellum will
be given in the deseription of this organ.

Inferior longitudinal commissure, or forniz.*—The com-
missure to which we must next direct our attention is the
wnferior longitudinal commissure or forniz (see fig. 101), which
having been divided in its centre in the course of the pre-
ceding dissection, must be replaced in its normal position.

Fig. 101.

This figure has been introduced with the view of assisting the student
in his study of the relations of the inferior longitudinal eommissure or
Jorniz, which may be described as commencing in the centre of the thala-
mus nervi optiei (L), proceeding from thence to the base of the brain,
where it suddenly bends upwards and forwards, forming by this turn the
knuckle (), which is called corpus albicans or mammillare. This body
receives a few fibres (o) from the locus niger (6) in the crus cerebri (5),
running forward from thence towards the anterior commissure, receiving
fibres from the convolutions at the base of the brain, crossing and as it

® Cruveilhier, when speaking of the fornix, p. 720, says, ** Shall it be
considered as an anterior posterior commissure?” As a cirenmstance favour-
able to this view, I recal to mind that I have seen the right half of this
vault atrophied in a case of destruction of those cerebral convolutions which
lie on the tentorium cord.
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were kneeling upon the anterior commissure (s), and, ascending towards
the great transverse commissure, forms the anterior pillar of the fornix (c),
receiving fibres in its course from the under and front part of the anterior
lobes, and thus forming the septum lucidum (p); running back from
thence, passing in its course backwards over the thalamus nervi optiei (L),
it spreads laterally, constituting that portion which is called the body of
the fornix (€); descending again at the back part of the brain it forms the
descending or posterior pillar of the fornix fenia kippocampi (r), some
of its fibres running back to be connected with the posterior lobes (1) ;
others crossing the projection ealled hippocampus major (G), to be con-
nected with the middle lobe, and others again passing over the pes hippo-
campi (H) to be connected with the anterior portion of the middle lobe.
Thus does this commissure connect different portions of the convoluted
surface of the brain together, which are inferior to the great transverse
commissure, and on the same side of the mesial line. A. Fibres of the
inferior longitudinal commissure, or fornix, from the locus niger. 1. Cor-
pus mammillare. e. Anterior pillars of inferior longitudinal commissure,
or fornix. . Septum lucidum. =. Body of the fornix, or centre of the
commissure. F. Teenia hippocampi, or descending fibres of the inferior
longitudinal commissure. 6. Fibres covering the hippocampus major.
H. Fibres covering the pes hippoeampi. 1. Fibres eovering the hippo-
campus minor. K. Great transverse commissure divided in the mesial
line. s. Posterior cerebral ganglion, or thalamus. . Anterior commissure.
5. Section of the crus eerebri. 6. Locus niger. 7. Anterior cerebral
ganglion, or corpus striatum, partially seraped away.

- This part has not been generally deseribed in the light of a
commissure. By Vieussens it was considered simply as the
under surface of the corpus callosum ; but the direction of
its fibres being so entirely different, that is, being longitu-
dinal instead of transverse, it is impossible to agree with
that celebrated author in this view of the relations of the
fornix. The name of Fornix is derived simply from its
vaulted figure, for it forms in the centre of the cerebral mass
a surface which 1s convex superiorly and concave inferiorly,
bearing, 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 fig. 101, he will
find the following description considerably elucidated.

The general form of the fornix may be deseribed 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
: 52
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of the brain, so as to obtain a side view of it ; and in order
to effect this, the crus cerebri on the right side should be
divided by an incision just between the optic tnbercles and
the posterior cerebral ganglion ; and the scalpel being kept
quite close to the inmer side of that ganglion, the inecision
may be carried forward, running also on the inner side of
the motory ganglion, and then cutting through the anterior
lobe into the anterior fissure, as has been done in the dis-
section from which fig. 101 is taken. This commissure,
like every other commissure, cannot, strictly speaking, be
deseribed as commencing in one part more than another ;
in describing it, {lmgtme as commencing in the crus cere-
bri, 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 pmnt we shall speak of it
as arising from the cineritious neurine, or locus wiger, in the
centre of the crus cerebri.

From the eentre of the crus cerebri the fibres of the lon-
gitudinal commissure may be traced to the corpora mam-
millaria, 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 (fig. 101, B; fig. 100, ¢ @), when it will be found that
this hLttle hudv s pmdmuﬂ hx a turn of the band coming
from the interior of the thalamus; for this band, after
emerging from the thalamus, first runs directly iIm-‘ﬂr(]s,
then turns suddenly forwards and forms a sort of knot, such
as we can imitate exactly by means of our handkerchief or
soft cloth. This arrangement is very well delineated in
Langenbeck’s Plates of the Brain; it has been described
and designed by Vieq d’Azyr. Reil was also aware of its
existence. Cruveilhier states that he has traced it to a con-
nection with the teenia semicirenlaris.  Prof. Erle considers
that he has traced fibres from the optic nerve through the
thalamus into this band, and continuous with the fornix in
the course now described.

From the corpora mammuillaria the fibres are collected,
so as to form two rounded cords; the course of these is first
forwards, then upwards, and afterwards backwards, thus
forming a semicircle, the concavity of which facing backwards
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used to be called the anterior pillars of the fornix, and is
free and unattached, whilst the anterior or convex edge re-
ceives fibres from the anterior lobes and beneath the great
transverse commissure,® by which means a thin delicate
septum is formed, called the sepfuin lucidumn. T

These pillars also receive two sets of fibres anteriorly ;
first, from a white band whieh has already been under the
notice of the student—the f@nia semicireularis—running in
a groove between the thalamus and corpus striatum ; the
teenia semicircularis commences (see fig. 100, s) from the
middle lobe in the deseending cornu of the lateral ventricle,
and is continued through the body of the lateral ventricle
into the anterior columns of the formix: secondly, a set
which are deseribed further on as the peduneles of the pineal
gland or the pineal commissure, beneath the last (fig. 100, o).
The longitudinal commissure in its passage backwards under
the great commissure (corpus callosum), to which it is at-
tached, spreads laterally, and at first is nearly of the width
of half an inch; while tracing its fibres in this portion of
its course, two projections are observed, which have received
the names of hippocampus major, and hippocampus minor ;
they are situated in the descending and posterior cornua of
the lateral ventricles.

“'The hippocampus,” says Wenzel, (p. 134, op. ¢it.,)** from
the time of Arantius, who first described them (Observationes
Anatomice, Venetiis 1587, 4 Observat. 3, page 45), to that
of Haller, was considered as a continuation of the fornix, or,
in the words of Haller, “pro fornicis ipsius cruribus.”
Haller referred them to the corpus callosum, considering
them as continuous with its structure, saying (Commentaria
ad prelectiones academicas, H. Boerhaave, tome ii., Tau-
rino 1743,-4, p. 509), “ Nobis imprimis tenie continue
videntur fornici tubera fornix ad tantum horum corporum
molem, neque posteriores pedes hippocampi facere possit.”

* 1 believe that I was the first to describe the septum lucidum as con-
sisting of longitudinal fibres, and thus forming a portion of the longitudinal
comimissure.

T Rolando deseribes 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 con-
struetion, and the fornix as a whole he views as merely a portion of the
corpus callosum.
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Gunz (Prolusio, Observationes anatomicas de cerebri con-
tinens altera, Leipsie 1750, 4) points out very decidedly
that the corpus fimbriatum, as it is usnally called, is the true
pillar of the fornix.

In this division of our subject it will, T think, be ad-
visable to inquire into the real character of these hippocampi,
and the relation they bear to other parts of the brain.

If the hippocampus major be examined carefully in a
brain that has been thoroughly hardened in spirits of wine,
it will be found to consist of cineritious neurine covered by
a thin layer of medullary fibres. The cineritious neurine
is on the same plane, and continuous with the convolutions
at the base of the brain, and is in reality a true convolu-
tion ; the medullary fibres come from the under part of the
cerebrum in various directions, and being collected at the
mner edge of this body, form w hat have usua]}_y been called
the pnstcnm pillars of the fornix, or the tzenia hippocampi,
but which we must regard as the posterior descending
extremity of the inferior ]urlgitudinal commissure.

The eineritions neurine over which these fibres of the
longitudinal ecommissure run from before backwards, and
from below upwards, is, in fact, nothing more than a con-
tinuation of that neurine which constitutes a portion of the
convoluted surface of the brain, neither more nor less,
therefore, than a part of the hemispherical ganglion, but in
this situation covered by the inferior fibres of the longitu-
dinal commissure. Its large size in some of the lower
animals, especially those in whom the olfactory ganglia are
much developed, has gained for it by some anatomists the
title of hippocampal lobe ; and though clearly a contimuous
portion of the cortical substance of the brain, in all proba-
bility it has ifs peculiar and individual office to perform in
relation to the sense of smell.

Wenzel was aware of its real character, justly observing,
(p. 141,) “ Hippocampus ergo, manifesti niihil alind est, nisi
continuatio superficii cerebri intro flexa, sive in unam late-
ralium ventriculorum partem ; sive h:ppocampus nil est nisi
unius gyrorum m superficii cerebri sitorum in interius cere-
bri prolongatio.”

The hippocampus minor is in some respects analogous to
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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 poste-
rior fibres of the longitudinal commissure. It differs from
the hippocampus major in this respect, that the projection
1s caused by the central 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 compo-
sition of the inferior longitudinal eommissure will prove to
the student that this structure connects the cineritious
neurine or locus miger of the crura cerebri and the thalami
nervorum opticorum with the convolutions of the hemi-
spheres, as well as most of the convolutions of the same
hemisphere, together, and is in this respect distinguished
from the great 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 ganglia. 'The
presence of these two longitudinal commissures connecting
together different parts of this extensive layer of vesicular
neurine may be regarded as offering presumptive evidence
i favour of the opinion, that this ganglion, though anafo-
mically but one centre, physiologically consists of many,
which is the fundamental prineciple of phrenology.

There is another portion of cineritious neurine which
I am compelled to mention in consequence of its being
uniformly deseribed in all deseriptions of the brain under
the silly name of corpus denticulatum ; 1 say silly name,
because it would have been equally wise to have given a
particular appellation to every square inch of the convoluted
surface as to this portion, which is partly covered by the
posterior pillar of the longitudinal commissure. 'The corpus
denticulafum 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, appeared
to be a distinet part deserving an appropriate title.

Inter-cerebral commissure, or cerebral-cerebello commissure.
—T'he remaining commissure which demands our attention
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consists of medullary fibres connecting the two great cere-
bral masses, the cerebrum and the ccthe]Jum together, as
well also as the optic tubercles and the cerebellum ; these
fibres have been briefly noticed before under the name of
the snter-cerebral commissure, consisting of fibres thick and
strong on each side, but extremely thin and delicate in the
centre ; the fibres are arranged longitudinally in both
situations (fig. 77, fig. 102, 1 & c).

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

1st, The most superior, those in fact which form the
surface of the processus & cerebello ad testes, and the
valve of Vieussens, may be traced distinetly to the optic
tubercles.

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

Jrdly, 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 erus cerebelli,
and the corpus restiforme. If the cerebellum be now
raised, tearing up the inter-cerebral commissure, it will be
found that some of its fibres descend, and in so doing in-
terlace with the ascending fibres of the sensory tract : these
descending fibres may be traced throngh the locus niger of
the crus cerebri till they become continuons with the motor
tract, and also with the portion of the longitudinal commis-
sure or fornix which takes ifs origin at that point. See
fig. 107, 1 & c, representing the relation of the fifth pair
of nerves to this commissure.

A perpendicular incision having been made through the
centre of the cerebellum, the course of this commissure into
its interior may be next demonstrated, and at the same
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time that beantiful appearance, which from its resemblance
to the branches of a tree is called the arbor vite, observed
distinetly exposed.

¢. Anterior optic tubercle. D. Posterior ditto. B. Cerebellum divided,
showing the arbor vite. ¥. The decending fibres of the inter-cerebral
commissure. I & c. Another portion of the same commissure. v. Crus
eerebri. x. Commissure of the cerebellum divided. z. Portion of the
olivary tract and restiform body, divided from the eerebellum, and raised
80 as to show the motor origin of the fifth pair of nerves (¢). e. Third
pair of nerves. . Fourth pair of nerves. e Motor origin of the fifth.

On reviewing what has been said on the commissures it
will be found that they may be arranged under two heads ;
the transverse and longitudinal.

The fransverse conumissures, six In number.

1. The great transverse commissure of the hemi-
spheres, or the corpus callosum.

2. The pineal commissure.

3. The posterior commissure, or commissure of the
posterior cerebral ganglia, or thalami nervorum
opticorum.

4. The soft commissure, or commissure also of the
posterior eerebral ganglia.

5. The anterior commissure, or commissure of the
anterior cerebral ganglia or corpora striata.

6. The commissure of the cerecbhellum, or pons Varolii.
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The longitudinal commissures, four in number.

. The superior longitudinal commissure.

. The mferior longitudinal commissure, or fornix.

3. The inter-cerebral commissure, or processus ¢ cere-
bello ad testes, with the valve of Vieussens.

4. The olivary commissure.

The cerebellum.—This portion of the encephalon is situ-
ated in the posterior division of the skull beneath the cere-
brum. In the human subject it is more completely over-
lapped by the cerebrum than in any other animal.

The portion of the skull in which it is eontained is bounded
superiorly by the tentorium, by which it is separated from
the posterior lobes of the cerebrum, posteriorly and infe-
riorly by the oceipital bones, laterally and anteriorly by the
temporal and parietal bones.

The superior surface of the cerebellum is almost flat, but
1s not placed quite horizontally, rising anteriorly where it
comes in contact with the optic tubercles (fig. 105).

The relative position of the cerebellum to the cerebrnm
and the occipital bone, and thus to its position in the neck,
is very clearly exhibited in fig. 71, E, and should be re-
flected upon by the student before he removes the cerebel-
lum from the cerebrum, in order to study its external con-
figuration and dissect the course of its fibres. For he can-
not clearly observe each surface of the cerebellum unless it
is removed with the medulla oblongata from the cerebrum
by cutting through the crura cerebri.

The pia mater and arachnoid must next be carefully and
entirely dissected from every portion of it, as well as from
the pons Varoli and medulla oblongata.* This having

i =

o

* The following directions are given by Reil, for the preparation of the ce-
rebellom.  * The cerebellum of a male should be selected, and of one who
may have died in early manhood of some chronic disease; it should be in
as fresh a state as possible ; the brains of those who have died of typhus
lose their consistence too soon for this purpose, and where inflaimmation of
the brain has existed, the membranes are not easily separable. The cere-
bellum may be detached by dividing the erura cerebri above, and the me-
dulla oblongata below ; it should then be placed in a basin under water,
and the membranes removed with the foreeps; the membranes are pre-
vented from drying, and the blood exudes more freely, when the part is
thus immersed in water. The denuded cerebrum is now to be placed in a
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been done, and its superior face observed, it will be found
to consist of inmumerable laminz, separated by furrows
which take a curved direction, the concavity forwards, and
convexity backwards. These fissures between them vary
m depth from a line to half an inch, increasing from before
backwards.

Fig. 103,

Superior surface of the cerebellum. aa. Lateral lobes. &. Lobulus
quadratus, or square lobe. c. Superior semilunar lobe. . Internal part
of the inferior semilunar lobe. e&/f Superior vermiform process. g.
Commencement of the valley. #%. Pons Varolii. i Superior fossa of
the cerebellum.

The deeper furrows form the boundaries of the lobes, the
shallower ones of the lobules : this arrangement is best seen
by a vertical section (fig. 102). The central portion of this
surface being elevated, has been deseribed by some authors
as a distinet process, the superior vermifori process (103, ).

This portion of the cerebellum has been described by Reil
as a commissure, but it does not appear to me to be an

vessel, and to be twice washed by the effusion of brandy, which may be
suffered to remain on it some minutes; afterwards aleohol is to be suh-
stituted, in which it should stand twelve hours; when, in this way, the
surface appears somewhat hardened, the membrane is to be removed from
the deeper furrows, in order that the spirit may everywhere penetrate the
mass ; spirit is then again to be poured over the preparation, which may
stand a day or two: finally, the aleohol is to be renewed, and the vessel
closed and set by for two or three months, till the part has acquired a
greyish colour, and is thoroughly hardened. It is right, during this time,
to turn the EErna:ruznr=3¢1;i|t:u:| occasionally, and to conirive that every surface is
freely bathed in the spirit.”
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apparatus of union, but rather a centre of power placed in
the mesial line, and connected laterally with the two hemi-
spheres, perfectly analogous to the cerebellum of all animals
below the Mammalia. Reil, himself, states that in the
brain of the hare there is little more than a vermiform pro-
cess. Indeed a mere section of it ought to be sufficient to
convince us that it is no true commissure. Comparative
anatomy has shown us that this, the central lobe, is the
fundamental portion of the cerebellum. The laminae of it
curve forwards, while those of the lateral lobes on each side
curve backwards.

Viewing the superior surface of the cerebellum, we ob-
serve the lateral lobes are again subdivided (103) by a deep
fissure, into a lobe of a square shape (#), situated anteriorly ;
and a semicircular-shaped lobe (¢) on the posterior margin.
The lobulus quadratus is bounded by the fissure of the an-
terior margin, the semilunar fissure of Reil, in which is
situated the pons Varolii.

Fig. 104.

Inferior surface of the cerebellum. The medulla oblongata is cut away
close to the pons Varolii. aw«. Lateral lobes. #&. Anterior and external
part of the semilunar and square lobes. ¢, Great horizontal fissure. . In-
ferior semilunar lobe. e Slender lobe. f. Biventral lobe. g. Tonsilla
lobes, or amyedala. 4. Floceulus. 4. Its white substance. & The spigot,
or inferior vermiform process, almost eovered by the tonsils, or amygdala.
I. Nodules, wm. Pyramid. ». Pons Varolii, or commissure of the cere-
bellum. o6 0. Crura cerebelli.

At the posterior extremity of the superior surface a deep
and wide notch also cecupying the mesial line may be ob-
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served. This notch, called by Reil the purse-like fissure,
divides the cerebellum into two lateral lobes or hemispheres,
as they are sometimes called, as will be more distinctly
seen by reversing the position of the cercbellum. Sepa-
rating the under from the upper surface, there is a very deep
horizontal fissure (fig. 104, ¢). Looking at the under surface
‘of the cerebellum 'md medulla oblongata when they are re-
mmred together from the rest of the I}mm we observe first
the medulla oblongata lying in this mesial fuun:m the valley.
' Raising the medulla and turning it forwards, we next ob-
scrve ﬁﬂﬂ{-hﬂl worm-hke Process, the Processis ﬂf’ff!l:"fﬂ? HHE
anferior, connecting the two lateral lobes, and partly filling
up the valley. This vermiform process 1s laminated in the
same manner as the lateral lobes; it is divided by Reil into
three portions; the posterior he calls the pyramd (fig.104, ),
the middle, the spigot; and the anterior, the nodule (fig.
104, /). The fissures in this, the under surface, are much
deeper than in the upper. Their direction at the anterior
part, instead of being from side fo side, is from before back-
wards, cutting so deeply into its substance that Reil has de-
seribed the intermediate portions as distinet lobes.  Each
lateral lobe or hemisphere of the cerebellum has five lobes; the
most anterior and inferior of these portions is the smallest ;
it is more separated than the rest, and stands out from the
inferior edge of the pons Varolii close to the corpus resti-
forme, like a cauliflower on a stalk. This first lobe 1s called
by Reil the flock (fig. 104, 4}, and stated to be absent in the
lower animals. Immediately behind the flock, lying in con-
tact with the restiform bodies of the medulla oblongata, is
the tonsil-shaped lobe, or amygdala of Reil (g); the next
division in succession as we pass backwards is, Thirdly,
The biventral lobes (fig. 104, ¢), which lie l‘wt\wen the
slender lobes and the um}rgdaﬂa. Fourthly, The slender
lobes (¢). Fifthly, The under and posterior semilunar
lobes ().

A view of the posterior surface is also very instructive, as
exhibiting the above-mentioned lobes from a different point
of sight (fie. 105). From this general view of its configu-
ration the student must proceed to the more difficult and
important question of its internal structure. First, the ar-



270 HUMAN BRAIN.

rangement of its grey neurine which forms its ganglionic

ortion. The arrangement of the grey neurine in the cere-

ellum 1s beautifully simple, for, with one exception, it is
entirely on the surface. 'This layer, like the hemispherical
ganglia, or the cortical substance of the hemispheres, is of
immense extent, requiring in the same manner to be folded
up in order to pack it into the small space devoted to its
reception. The term laminated ganglion of the cerebellum
might be advantageously employed to designate it.

Fig. 105.

Posterior surface of the cerebellum and spinal eord. . Spinal cord.
e. Amygdala. /. Biventrallobe. g. Slenderlobe. /. Inferior semilunar
lobe. ¢ Superior semilunar lobe. k. Square lobe, /& m. Superior ver-
miform process. . Inferior ditto. o. Pyramid. ii. Posterior roots of
the eervical nerves.

Its extent and relation to the fibrous neurine is best
seen by perpendicular and horizontal sections, as directed
further on.

The only grey nenrine in the inferior of the cerebellum is
deposited a little on each side of the mesial line, very near to
the centre. It is a curious waving surface, presenting both
in a perpendicular and horizontal section a denticulated
appearance, very like that in the interior of the corpus
olivare, only rather more than twice its extent (fig. 92).

This body, long known as corpus vhomboidum, corpus
dentatum, kernel of the eerebellum, &c., was denominated by
Spurzheim the ganglion of the cerebellum.

“Vieq d’Azyr,” says this author (see p. 121), “ believed
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that the ganglion of the cerebellum was only to be found
in the human kind. But in 1808, conjointly with Dr.
Gall, I showed that it exists in the Mammalia generally ;
and I now add, that it is very distinet in birds. Whenever
the cerebellum is somewhat considerable, it may always be
demonstrated ; its small size and pale colour were probably
the causes of its existence being overlooked. But if is
matter of prime importance not to confound the forms
assumed, and the lighter or deeper shades of colour pos-
sessed by the pulpy substance, with its necessary existence.”

I think that the better title, one more in accordance
with the principle of nomenclature already advocated, would
be Ganglion denfiforme.

Reil (p. 33, Mayo’s Physiol. Com.) compares the lami-
nated arrangement of the medullary and cineritious matter
of the cerebellum to the “ plates of a voltaic pile.” I do
not see the correctness of this simile. Indeed, this arrange-
ment seems rather a necessary part of that admirable con-
trivance which we observed carried out in the hemispheres
of the cerebrum, for obtaining an extensive surface of grey
neurine placed upon and in close connection with a corre-
sponding amount of white fibres; inasmuch as the grey
neurine being supposed to generate power, requires an
El[ﬁ':qllﬂ,tﬂ supply of conducting instruments in the white
fibres for the exportation of its power, or the importation
of a stimulus to its production.

The student may first study the white fibres of the cere-
bellum merely anatomically, reserving for future considera-
tion the physiological question, which of them belong to
the motor, sensory, or commissural tracts. Speaking
metaphorically, and without reference to their offices or the
course of nervous power, they are derived from six sources,
three on each side.

The collected bundles from which we are supposing them
to emanate external to the cerebellum, are described as the
peduncles of the cerebellum, and named from their position,
superior, inferior, and middle peduncles. These terms,
though unphysiological, it is, perhaps, convenient to retain.

The great transverse commissure of the cerebellum, or
pons Varolii, had better first engage the student’s attention.
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In his previous dissections he has observed how the anterior
and posterior columns of the cord traverse its central por-
tion. Now he must follow out the lateral portions, crura
cerebeili of old authors, which plunge into the substance of
the cerebellum. Let him reverse its position and place the
pons Varolii upon its under surface, and raise with the
fingers all those lamina of the cercbellum which overlap it
as 1t enters this ganglion. And by taking a pinch, if I
may so say, of these laminze, and tearing them upwards and
inwards, the course of the fibres of this the middle peduncle
of the cerebellum will be seen spreading in all directions,
and running into each separate lamina both of the superior
and inferior vermiform process and the lateral lobes. The
same mode of dissection pursued at the under surface will
expose them, running equally to all parts of the cerebellum,
mcluding the inferior vermiform process (fig. 104).

Indeed, if there is one point in the anatomy of the cere-
bellum on which I feel more certain than another, it is the
fact that the fibres of the pons Varolii are in connection with
the whole of the laminated ganglion or cineritious surface
of the cerebellum.

They do not appear so intimately connected with the
dentiform ganglion as those of the superior peduncle, hut
I am not able to say that they do not pass through it.

The inferior peduncles arve the corpora restiformia, or
processus ¢ cerebello ad medullam oblongatam, consist-
ing, as before stated, of motor and sensory fibres. The
best mode of following them to their destination is to raise
the auditory nerve (fig. 108) just at the lower edge of the
pons Varolii, and by turning 1t down carefully with a probe
its two roots which embrace the restiform body will be
seen, and that body distinctly exposed just as it plunges
into the cerebellum, where it will be found to pass upwards,
beneath, and to the inner side of the crus cerebelli or
lateral portion of the pons Varolii, from which it may easily
be separated by a probe.

I prefer a probe, or any narrow blunt instrument, for
dissecting the brain, as less liable to deceive you with
regard to the existence and dirvection of fibres.

The student should next divide the whole of the trans-
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verse commissure or crus cerebelli, carefully avoiding the
inferior peduncle, or restiform body ; and tearing this corn-
missure in the same direction as before, upwards and
mwards, the fibres of the restiform body will be seen
running to both the inferior and superior vermiform process
and the posterior laminee of the lateral lobes.  But here, as
in the case of the superior peduncle, I cannot state posi-
tively the extent of the connections of the fibres of the res-
tiform bodies; but my belief is that they do not pass late-
rally, or reach the surface of the lateral lobes.

And it is most probable that such is the arrangement,
considering the fact that the lateral lobes of the cerebellum
are deficient in those animals in whom the pons Varolii is
wanting, and extremely small in all animals except in man,
i whom alone the pons Varolii attains any size at all.

The superior peduncle of the cerebellum has been already
referred to as the inter-cerebral commissure, or processus
é cerebello ad testes. Its component fibres are, however,
twofold, as before stated : one portion of them truly com-
missural, connecting the cercbrum and cerebellum together ;
the other is derived from the motor tract. The fibres of
this, the superior peduncle, may be traced into the sub-
stance of the cerebellum by first raising those laminze of its
superior vermiform process, which, overlapping this body,
are in apposition to the optic tubercles. Next tearing
up carefully one lamina after another, the fibres of this
peduncle will be seen to pass in the leaflets of this vermiform
Process.

To the outer side of this process they are found running
through the ganglion dentiforme of the cercbellum to the
posterior laminz, and I have not yet been able, by the most
careful dissections, to satisfy myself that these fibres spread
into the lateral lobes so as to reach the lateral lamina. In
this portion of their course they are overlaid by that thick
layer of fibres from the pons Varolii which sweep round
from the outer side of the eerebellum to the superior vermi-
form process. The remaining fibres of this peduncle pass
to the inferior vermiform process ; these may be easily traced
after making a perpendicular section through the centre of

the cerebellum.
rl'a
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Those fibres of this peduncle, which are apparently de-
rived from the motor tract, will be most clearly demon-
strated by dividing the cercbellum into two halves, then
dividing close to the cerebellum that portion of the pons
Varolii called the erus cerebelli, and the corpus restiforme.
If the cerebellum be now raised, tearing up the inter-cere-
bral commissure, it will be found that some of its fibres
descend, and in so doing interlace with the ascending fibres
of the sensory tract ; these descending fibres may be traced
through the locus niger of the crus cerebri till they become
continnous with the motor tract.

The physiological analysis of the cerebellar fibres is simple :
First, there are transverse commissural fibres in the shape of
the pons Varolii, or great transverse commissure, connecting
the whole corresponding surface of the ganglion of the cerebel-
lic hemispheres.  Secondly, longitudinal commissural fibres,
the inter-cercbral commissure connecting the cerebrum and
cerchbellum. Thirdly, motor fibres passing from the cere-
brum in common with the rest of the motor tract through
the corpus striatum, or erus cerebri, entering into the compo-
sition of the superior peduncle and terminating in the supe-
rior and inferior vermiform processes. Fourthly, motor
fibres emanating from the superior and inferior vermiform
processes, entering into the composition of the restiform
bodies, and joining the anterior portion of the cord, as the
cerebellic fibres of the anterior colamns.  Fifthly, and lastly,
sensory fibres from the posterior columns of the cord, form-
ing likewise a portion of the restiform bodies, and termi-
nating in the two vermiform processes.

Let the student now call to mind the simple form in
which the cerebellum was first presented to his notice. In
the carp, he saw it as a mere rounded point; in the
whiting, a narrow leaflet or tongune ; in the skate, advanced
so as to form two larger or more distinct leaflets; in the
tortoise, much larger, and hollowed out internally ; and in
the bird, so much further advanced as to assume a true
laminated character.

“The cerebellum of the bird,” (says Reil, p. 205, whose
account of the development of this organ I have followed
almost literally, and which will be found peculiarly interesting
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to the student after he has thoroughly mastered its anatomy
in the human subjeet,) “ represents indeed a vermiform
process alone, and wants the lateral parts, which are super-
added in animals more nearly allied to human beings in
their anatomical construetion, possessing in their place little
germs or shoots scarcely discernible.

“The successive additions, which may be traced to this
simple form of a cerebellum, are of a similar structure with
the elementary part: and those additions which adhere
with the primitive portion by wmedullary substance alone,
being otherwise separate and distinet, are termed offsets
(Ansiitze) ; those which are conmnected both by medullary
and cortical substance are termed wings (Fliigeln) of the
vermiform process. Among the lower animals, there are
but few and simple offsets; higher in the scale, these
become more numerous; the vermiform process extends
itself laterally and receives wings, and in proportion as the
wings are developed, the offsets diminish. The first im-
provement in the cerebellum takes place at its anterior and
upper surface ; while on its under surface the parts remain
contracted and shrunken. The vermiform processes predo-
minate even in quadrupeds, in length, breadth and depth ;
the fore part only of the cerebellum possesses distinet
wings; laterally and behind, there are only offsets. In
pmpm'tion 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 vermiform pro-
cesses, with their wings, constitute one whole, between the

of which the freest communication 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 offsets are small. In the
brain of the sheep the central lobe is large, firm and broad,
but has neither wings nor offsets: the anterior velum is
somewhat 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

(1
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half the length of the vermiform process; these, however,
may be viewed as wings. In the third lobe the organ is
contracted, 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
fissure. The whole cerebellum has a globular form, which
results from the projection of the vermiform processes. The
latter stand more or less vertically over the medulla oblon-
gata, and have an anterior and a posterior surface, which
correspond with the superior and inferior surfaces of the
same parts in the human brain. The lateral offsets in the
higher animals are more and more driven from the fore to
the back part of the cerebellum, until at length, in the
human brain, they are exchanged for the lobes of the
mferior surface, which unite with the inferior vermiform
process. The whole cerebellum seems indeed pressed
backwards, as its parts become more complex; so that the
central lobe continually emerges more and more from
between the peduncles of the tubercula quadrigemina, and
in the human brain lies fairly behind these bodies, the
common anterior stem being directed upwards, and the
posterior horizontally. 1In the brain of the ox the central
lobe is large, and without wings; the remaining lobes of
the anterior surface are of inconsiderable dimensions: on
the posterior surface, the pyramid, spigot and nodule are
barely separable; they are without wings, and have
scarcely offsets. Lastly, in the brain of the horse the
central lobe is large, and without wings, but of less size
than in the ox, and more compressed from above down-
wards. The next lobes of the vermiform process have
anteriorly larger and longer wings, which are bent forwards,
contracted in their middle, and at their ends have a club-
like thickening. 'The upper and posterior lobe is distinct ;
but the under and posterior, the slender, the biventral, and
almond-like lobes, are wantmg, and mm their stead a ]arge
bundle of 11Tu::gulu1 offsets is found on either side of the
pyramid, the spigot, and the nodule.
“Thus the enlargement of the cerebellum proceeds from
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the central primary portion; to which new processes, as
wings or offsets, are continually added, m proportion as the
scale of its improvement rises. In quadrupeds, and even
in the human brain, traces of the simplest type of a cere-
bellum are to be seen in the central lobe, illustrating further
the principle on which its improvement 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 bramn the wings form the prineipal part
of the cerebellum, viz. the hemispheres. On the upper
surface these are immediately prolonged from the vermiform
process ; on the under surface they seem incomplete, being
separated by a deep furrow from the inferior vermiform
process on either side. It is remarkable that the human
cerebellum, the most complex in its structure of any, should
yet exhibit a resemblance of the clearest kind to the primi-
tive and elementary form. When the human cerebellum
is placed with its usually horizontal axis in a vertical direc-
tion, it may be rigorously compared with the cerebellum of
birds : what in the latter case is a single lamina, is here
subdivided, and has become arborescent; in the one case
single leaves, in the other, lobes, lobules, and finally leaves,
are raised around the nucleus, forming a dense investment
to it, from under which the peduncles project on each side,
like the fin-like feet from under the shell of the turtle.

“In proportion as the lateral parts increase in the shape
of offsets or wings, the vermiform processes become smaller,
as if compressed towards the centre. This circumstance is
most apparent in the human brain: the vermiform pro-
cesses are there comparatively diminutive in every dimen-
sion, in length, breadth, and depth: before them spring
out the horns of the semilunar fissure, behind them the
projecting margin of the purse-like fissure: within the
latter, and at the place of the spigot and nodule, the infe-
rior vermiform process is scarcely a few lines in breadth.
In animals the vermiform processes overtop the lateral
portions ; in man the upper surface of the general commis-
sure 1s only on a level with the hemispheres, while below it
1s contracted and shrunken to the bottom of the valley.
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This compression of the general commissure on all sides
the human brain, accounts for the difference observable in
its structure as compared with that of the hemispheres; a
difference which is not found in the brains of quadrupeds.
In its texture 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
i 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 purse-like 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
laminge are thinner, and indented, and their direction
altered ; so that whereas the convex margin of the lamina
of the hemispheres is directed backwards, that of the laminee
of the superior vermiform process looks forward. In these
furrows, by which the lateral limits of the superior vermi-
form process are defined, blood-vessels are lodged : these
furrows are continued along the valley, where they become
deeper.

“ Looking generally at the vermiform processes, we
observe that they are composed of corresponding portions
on either side of the median plane, that there is no material
difference in the structure of the upper and under portions,
and thus that the whole is one homogeneous organ. We
may observe further, that whereas m birds these parts
constitute the whole of the cerebellum, and in quadrupeds
the principal portion; in human beings, where their rela-
tive bulk 1s trifling, compared with that of the hemispheres,
they are, on the one hand, parts of the same composition
and nature with the latter, and on the other may be con-
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sidered as the general commissure, by which the lateral
portions are intimately united.”

Tuber cinereum, infundibulum, and pituitary gland. —The
only parts of the brain which now remain to be noticed
are situated at its base, namely, the tuber cinereum, in-
fundibulum, and pitwitary gland. The tuber cinereum
derives its names from the cineritious neurine of which
it consists, and which entitles it to be classed among
the ganglia. From the circumstance of the optic nerve
sending some filaments into its substance, and the longi-
tudinal commissure deriving several from it, I am inclined
to view it as an instrument of power connected in some
way or other with the phenomena of vision. Its general
form has been already noticed in the deseription of the base
of the brain. The infundibulum, or pituitary process, is a
funnel-shaped tube, deriving its name from ifs shape ; it
passes down from the tuber cinereum to the pituitary body.
It is hollow, and consists principally of cineritious neurine,
but internally some white fibres may be seen descending in

a striated manner from the mesial surfaces of the thalami.
Thﬂ}" are best seen by means of a glass, magnifying 1btmt
ten diameters. I am inclined to regard this process as
medium of nervous communication or commissure between
the pituitary body and the thalami. The pituitary body,
or gland, is situated like the semilunar ganglion of the fifth
pair of nerves external to the dura mater. It occupies the
whole of the sella turcica of the sphenoid bone. It weighs,
with the infundibulum, about eight grains. It consists of
two lobes, an anterior and posterior. The anterior, which
is about twice the size of the posterior, lodges the latter in
a hollow on its posterior edge

The structure of this body is similar to the cineritious
neurine of the brain; it is vesicular, made up of large
nucleated cells, surrounded by a granular matter imbedded
in a white fibrous tissue. 'This fibrous tissue accompanies
the blood-vessels, which are found in it in great numbers.
Its substance 1s soft, but not so soft as the cerebral matter,
and when pressed between the fingers is reduced to a
greyish pulp, like the substance of an absorbent gland in
an early stage of suppuration.
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It is larger in the infant than in the adult, and more
developed in some of the Vertcbrata than in man. We
have already observed its great size in fish. Some ana-
tomists have supposed that the pituitary body is the cere-
bral ganglion of the sympathetic nerve; and to me this
appears a very probable hypothesis.

Dr. Todd does not consider it a ganglion, but says, “ It
may with more propriety be classed with the glands without
efferent duets; and from its numerous vessels and close
relation to part of the venons system within the eranium,
it may be connected with the process Df absorption or
removal of the effete particles of the brain.”

Lecapitulation.—The description of the course and
termination of the various tracts of medullary neurine
which, with their ganglia, constitute the brain or ence-
phalon, being now coneluded, it will I think be useful to
take a general review of the subject, by a recapitulation of
what has been stated in detail separately; and we will
reverse the order of our observations, proceeding from
above downwards instead of from below upwards.

In the first place, we have an extensive surface of cine-
ritious neurine, the temispherical ganglion, (speaking merely
of one side of the brain,) which, in the higher orders of
animals, 1s convoluted or folded in a peculiar manner.

In apposition to the whole of the vesicular neurine of
this ganglion, there are tubular fibres which radiate through
it, and are encrusted by its nucleated cells.

These fibres are disposed of in four different ways ; 1st,
some of them, commencing from the convolutions of the
anterior, middle, and posterior lobes, pass through the
corpora striata, and, forming the inferior layer of the crus
cerebri, pass through the pons Varolii, so as to form the
anterior columns of the cord, as previously described—the
molor tracf : 2nd, others commencing in the nerves of sensa-
tion, and after passing through the pons Varolii, and emerg-
ing from the substance of the thalamus, terminate in the
same neurme that gave origin to the last; this 1s the sen-
sory tract : 3rd, others, passing from one side of the brain
to the other, and in apposition to the internal surface of
all the convolutions, are those fibres which, collected into a
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mass, form between the hemispheres that wide bridge, if I
may so call it, the greal fransverse commissure, or corpus
callosun : ﬁl-thly and lastly, in contact with all the convo-
lutions are the fibres of the superior and inferior longitu-
dinal commissures, which, connecting together those con-
volutions which are situated on the same side of the mesial
line, or different portions of the same hemispherical ganglion,
so far differ from the transverse commissure, which connects
those situated on opposite sides, or the two distinet but
corresponding ganglia.

The first and second set of fibres, which radiate from the
external surface of the two large gr—,m:r]n of the anterior and
posterior columns, as from a common eentre, forming how-
ever, in their radiation, only half a circle, were designated
by Gall and Spurzheim the diverging fibres. The third set
of fibres, which converge towards the centre of the brain, the
transverse commissural, were distinguished as the converg-
ing fibres by the same authors.

The above deseriptions demonstrate that the encephalon
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 appropriately denominated
ventricles, but that it really consists of ganglia or collections
of eineritious neurine, placed on each side of the mesial
line. Some of them being the appropriate ganglia of the
nerves of sensation ; as, for instance, the olfactory ganglia,
the optic ganglia or tubercula qu'ldrlgemum, the auditory
ganglia or posterior pyramidal bodies, the pneumogastric
ganglia or restiforme ganglia, the olivar y bodies or lingual
ganglia ; the others being the motory and sensory g D"mﬂ‘li.a
as the corpora striata and thalami nervorum Gl}t,lcurum
The hemispherical ganglia again, that they might present
the greatest possible extent of surface, are folded up into
innumerable plaits, and thus cover or surround every other
ganglhon within the cranium, so that on first removing the
skull-cap nothing can be seen but the convoluted surface of
these extensive ganglia.

And here let me msist upon this important principle in
the study of the brain, which is also one of the first ideas
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that the student should acquire regarding its composition,
namely, that it consists of corresponding or symmetrical
parts on each side of the mesial plane, and that instead of
regarding the fissures of separation between its different
portions as forming ventricles or cavities, he must direct
his attention to the ganglia which bound the fissure, and
the structures called commissures, which, connecting them
together, cross the fissure and necessarily alter its character
i different points, masking it, it is true, but not at any
place changing the fissure into a true bag or circumseribed
cavity. The third, the iter a tertio ad quartum ventricu-
lum, the fourth, and fifth ventricles, we have already seen,
are in truth no more than the successive dilatations from
below upwards of the posterior fissure of the cord ; difficult
enough to be understood when these are viewed in different
situations and unconnected one with the other, as in the
ordinary mode of dissecting the brain, but which seem ne-
cessary and obvious where its parts are traced in connec-
tion with one another.

In conclusion, let me express the hope that these views
or analyses, if I may be allowed so to call them, of the com-
ponent parts of the encephalon will really simplify the
whole of its anatomy, and materially assist the student in
acquiring a knowledge of its true character. I wish that
custom did not require the student to burthen his memory
with fanciful and unmeaning names, and that instead of
learning a long catalogue of the contents of the lateral ven-
tricles as they are erroneously designated, and puzzling
himself with the absurd titles of hippocampus major and
minor, pes hippocampi, teenia hippocampi, cornu Ammo-
nis, &c., he should be required simply to observe how the
spinal columns appear to terminate superiorly in two large
tubercles, the corpora striata and thalami, from the sides
and under parts of which the hemispheres spring out,
being afterwards reflected so as completely to envelope this
bulbous extremity of the spinal cord. In the same way
the third ventricle should be described as a fissure s
rating the two halves of the brain, his particular attention
being directed to the commissures which pass across it to
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connect the different cerebral ganglia with one another.
The description of the relative position of these ganglia, the
commissures connecting them, and their relation to the
ganglia and columns of the spmal cord, comprehend all the
information which 1s either interestiug or useful to the
student.
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PART ¥il.
CEREBRAL NERVES.

Havine thus considered both individually and collectively
the various centres of power which constitute the encepha-
lon in man, we shall next direct our attention to the con-
nections of the cerebral nerves, organs which conduct the
mandates of the will outwards and the different perceptions
mwards.

Connected with the encephalic ganglia and that portion
of the motory and sensory tract which is contained within
the skull, there are, according to some authors, eleven pairs
of nerves, in the opinion of others no more than nine.
Each nerve is distinguished by an appropriate name in ad-
dition to its title derived from its numerical position. This
difference in the number of nerves reckoned by different
anatomists arises from the fact that some describe the 7th
pair or facial, and the Sth pair or auditory, as if they were
merely portions of the same nerve, whose office was analo-
gous although their distribution might be different ; whereas
the fact is that they are as distinct instruments of two dis-
similar kinds of nervous power as the optic nerve and the
olfactory nerve, and are therefore equally well entitled to
appropriate and distinguishing appellations. If if is 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 mnerves physiologically
distinet, however closely they may be connected. The
glosso-pharyngeal and pneumogastric nerves have also, like
the auditory and facial, been till lately described as forming
the Sth pair of cerebral nerves. In this instance we are
not perhaps authorized 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
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portions of the conducting instrument of one and the same
nervous power. Nevertheless, as one division or root of
the old Sth pair is now invariably described under the title
of the pueumogastrie, 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 distinguished by distinet numerical
designations when within the skull. Upon these grounds I
shall follow the arrangement of Soemmerring, who deseribes
eleven pairs of cerebral nerves: not, indeed, that I am
altogether satisfied of the correctness, in a strictly physio-
logical point of view, of this procedure, for if it be proper
to separate the seventh and eighth pairs into two nerves
each, it would be strictly correct to consider the third pair
and the sixth as merely separate roots of the same nerve,
and to describe the two together by the name of e common
oculo-muscular : for the eircamstance of the commissure of
the cerebellum separating their roots is merely accidental
to their arrangement in a physiological point of view ; but
the fact of their being described as if they were distinet
nerves has frequently led the student to helieve that they
must be endowed with distinet offices, and wonder why the
abductor muscle of the eye should be supplied by a pecu-
liar nerve, while the other muscles, with the exception of
the superior oblique, receive their supply from the same
source.

Most authors, with the exeeption of Spurzheim, who fell
into the opposite mistake, have erroneously deseribed all
the cerebral nerves as originating in the brain.  The fallacy
of this idea, and the vicious method of description that re-
sulted from if, have been pointed out n the section on
Comparative Amtc-m]r, where it has been remarked that
the nerves of sensation should be deseribed 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 extension of
the legitimate mode of proceeding which Spurzheim ne-
glected to enforce.

If, after this statement regarding the most correct method
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in a physiological point of view of describing the connection
of the cerebral nerves with the encephalon, the student is
still desirous of information upon each of these individually,
he will find it useful to make out a table for himself, mn
which he must carefully distingnish between the apparent
origin,—more properly point of emergence from, or of en-
trance of the nerve between 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 wnerves, olfactory.—The first pair of nerves
(the numeration commencing at the anterior part of the
brain) encountered are the olfactory or nerves of smell ;
they originate on the lining membrane of the nose, and,
entering the skull through the ecribriform plate of the
ethmoid bone, terminate in the olfactory tubercles or
ganglia, which are situated in the eribriform fosse of the
same bone.* In man these ganglia, whose minuteness as
compared with those of the horse, sheep, cat, dog, indeed
most of the Mammalia, is interesting in a physiological
point of view, are entirely concealed by the enormously
developed hemispheres.t Each ganglion is connected to
the hemispheres by a long narrow comimissure, frequently
designated a peduncle, which, lodged in a triangular-shaped
groove, passes backwards till opposite the fissura Sylvii,
where it splits into three divisions. The most external of
these, which is also the longest, and distinetly medullary,
runs down the fissura Sylvii to be connected with the
anterior extremity of the middle lobe: this portion of the
olfactory peduncle is connected with the anterior commis-
sure, as described by Malacarne in his Eueeplhalotomie et
Microcephalotoiie, by Rolando, and by Gall and Spurzheim.

# MM. de Blainville and Rolande are almost the only modern authors
who seem to be aware of the absurdity of retaining the ordinary mode of
deseribing these portions of the olfactory apparatus as a nerve ; in fact, as
Rolando remarks, we have in this partienlar retrograded from the know-
ledge of the ancients, who never described them by the title of nerves.
Willis appears to have been the first to speak of them in connection with
the cerebral nerves.

1 In deseribing each pair of nerves the description will generally be
confined to one side only, as being simpler for the student to follow.
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The internal is connected to the posterior internal surface
of the under part of the anterior lobe. The middle, which
is the shortest, and strictly speaking no more than the
mmternal portion of the external, is connected with the pos-
terior edge of the anterior lobe (see fig. 72).

Thus we see the olfactory ganglion in the human brain
connected by a commissure with the eineritious 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 olfactory commissure in
man was in all probability formed under the blowpipe by
the breaking down of the cineritious neurine in its interior,
in the same manner as a canal was formed in the spum,l
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 com-
mence in the globe of the eye, from a nervous expansion
called the retina. After penetrating the choroid and scle-
rotic coats of the eye, they enter the skull, through the
foramina optica of the sphenoid bone, on the processus
olivaris of which they form a commissure, consisting of
fibres arranged in the following manner. The optic nerve
on reaching this spot divides into two sets of fibres. One
passes over to the opposite side, and after decussating with
the corresponding fibres of its fellow, reaches its cerebral
connections (as described further on) on the different side
of the brain to the eye from which it emanates. The other
set of fibres do not decussate, but pass to the same side
of the brain as the eye from which they are derived. This
structure 1s represented in fig. 107, which is taken from a
dissection similar to that ﬁgmcd by Mayo, who was, 1
believe, the first who demonstrated by dissection this pecu-
liar arrangement.

The object of this contrivance is explicable on the fol-



288 HUMAN BRAIN.

lowing principles.® The rays of light from any object,
placed laterally, impinging upon the retina of both eyes,
will strike the outer sulf: of
one eye and the inner side
of the other.

Now, supposing the ar-
rangement just depicted to
be correct, (and there is no
reason for supposing it to be
otherwise,) 1t follows as a
necessary consequence, that
the outer and inner side of
each opposite retina is formed
by one and the same nerve,
a peculiarity of structure that
goes far fo account for the
circumstance so oflen rea-
soned upon, viz. that a sin-
gle impression is conveyed to
the sensorium, though each

This figure represents that corions
and beautiful arrangement of the
fibres of the commissure in the op-
tic nerve which has been partieularly
dwelt upon in the body of the work ;
it is taken, as well as every other
drawing of my own, from prepara-
tions in my possession ; it will not,
however, be the less valuable from
its corresponding, in the representa-
tion of the fibres, to that of Mr.

Mayo’s in his folio work. 1. Other
fibres euiermg into the mmlmsﬂmn
of the commissure, merely running
from one side of the brain to the
other, and wholly unconnected with
the retina. 2. Fibres from each
retina erossing over at the commis-
sure to join those on the opposite
side.

eye receives the impression.
Whether this mode of ac-
counting for it be satisfac-
tory or not, the following
facts are extremely interest-
ing, and not sufficiently
known, wviz. that in those
fishes whose

es are placed
so completely on the side of the head that the rays of
light from any given object cannot impinge on both
retine, as, for instance, in the cod and haddock, the optie
nerves, instead of forming any union or commissure, cross

* Dr. Wollaston (Phil. Trans. for 1824), in a paper entitled, * On
Semidecussation of the Optic Nerve,” suggests the probability of such
an anatomical arrangement as affording an explanation of the pheno-
mena of single vision. His words are, * Without pretending to detect by
manual dexterity as an anatomist, the very delicate conformation of the
nerves of vision, I have been led, by the casual observation of a few in-
stances of diseased vision, to draw some inferences respecting the texture
of that part which has been called the decussation of the optic nerves,
upon which T feel myself warranted fo speak with some confidence.”
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each other completely, having a membrane interposed be-
tween them: in those fishes, again, whose eyes are situ-
ated so that even a small portion of their retinze correspond,
as in the carp, we find a few commissural fibres; and in
those whose retinee correspond in every point, as in the
skate, we find the commissure as complete as in the hu-
man being. While engaged in the investigation of this
interesting subject, by the dissection of those animals which
I thought would best elucidate it, I was informed by M.
Wheatstone, 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 obser-
vations much further than I have had any opportunity
of doing, but uniformly confirming the opinions stated
above.

The commissure of the optic nerves is not alone formed
of fibres derived from the retina of the eye; for, in addi-
tion to these, we find a set of fibres highly interesting to
the physiologist, and wholly uneonnected 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 conecave posteriorly ; they may easily
be seen 1 a human brain that ]mq been hardened in spirits.
In the mole, in which the optic nerves are so extremely
minute that they have often escaped detection, and by
many authors described as entirely wanting, these commis-
sural fibres are found distinctly crossing the base of the
brain, opposite the usual situation of the optic commis-
sure ; while the small black speck evidently the rudiment
of the eye, i1s supplied by a minute branch from the fifth
pair.

Wenzel, who enters very fully into the question regarding
the composition of the optic commissure, sums up in the
following words (p. 126) : — * Partialis ergo nervorum
opticorum decussatio, et evidens aufopsia patens non ex
solis nervorum opticorum, sed et existorum loci unionis
ipsorum, et ex collicornm nervorum opticorum, ex simul
sumptorum morbosis affectionibus colligitur : quamquam
sileant hac de re Scemmering, Ackermann et Michealis.

U
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Conclusio ista unica et sola ex tam multis observationibus
quas attulimus extra omne dubium esse, nobis videtur.”

In the paper already referred to by Dr. Wollaston, I find
that he supports his theory by the reference to the complete
decussation of the nerves in the sturgeon, cod, &ec., where
the eyes are on each side of the head.

Fig. 107.

The drawing exhibits the cerebral connection of all the cerebral nerves
except the 1st. It is from a sketch of my own taken from two dissec-
tions of this part. D». Posterior optic tubercle. The generative bodies
of the thalamus are just above it. ®. Cerebellum. m. Spinal eord.
1. Tuber cinereum. x. Optie thalamus divided perpendicularly. w. Corpus
restiforme. X. Pons Varolii. &b. Optic nerves: this nerve is traced on the
left side back beneath the optic thalamus and round the crus cerebri. It
divides into four roots; the first (gg) plunges into the substance of the
thalamus, the next runs over the external geniculate body and surface of
the thalamus, the third goes to the anterior optic tubercle, the fourth
runs to , the testis or posterior optic tubercle. ¢. Third pair common
oculo-muscular, arising by two roots like the spinal roots of the spinal
nerves, the upper from the grey neurine of the locus niger, the lower
from the continuation of the pyramidal columns in the crus cerebri and
pons Varolii, p ¢, d. Fourth pair, apparently arising from the inter-cerebral
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commissure (I ¢), but really plunging down to the olivary tract (o ) as if
ascends to the optic t.ube:rc{] em. Motor or non-ganglionie root of
the fifth pair, arising from the posterior edge of the olivary tract.
e. Sensory root of the fifth pair running down between the olivary tract
and restiform body to the sensory tract (for its exact connection, see fig.
108). f. Sixth pair, or abducens, arising from the pyramidal tract.
g- Seventh pair, facial nerve, or portio dura, arising by an anterior portion
from the olivary tract and by a posterior portion from the cerebellic
fibres of the anterior columns as they ascend on the corpus restiforme, w.
k. Eighth pair, portio mollis, or auditory nerve, with its two roots embra-
eing the restiform body. 4. Ninth pair, or glosso-pharyngeal, and ;. Tenth
pair, or par vagum, plunging into the restiform ganglion. 1 5. Fibres of
the optic nerve plunging into the thalamus: immediately below these
letters is the corpus geniculatum externum. & Fleventh pair, or lingual
nerve; the olivary body has been nearly sliced off and turned out of
itz natural position : some of the filaments of the lingual nerve are traced
into the deeper portion of this ganglion, which is left in its situation;
others which are the highest are evidently connected with the pyramidal
tract.

M. P. G. Pelletan, “ Memoire sur la specialité des nerves
des senses,” 1837, after deseribing this band, says, p. 32,
‘““ After their interlacement these optic nerves undergo
such an atrophy that they are not more than one-twentieth
of a millimetre, the band or chiasma being about six times
as large.”

The same author recommends the dissection of either
feetal moles or very young ones, in whom the optic foramen
is still distinet. “ When the optic nerve has been well
Ere]mred, it is to be seen leaving the cranium and passing

etween the fasciculi of the ophthalmic nerve of Willis,
which it accompanies to the eye.”

“The mole,” says Miiller, (Elements of Physiology, trans-
lated by Dr. Baly, p. 767,) “ has an uncommonly small
optic nerve, and a very delicate chiasma, as Dr. Henle has
shown me.”

Tracing the fibres of the optic nerve in man from its
commissure, we find it a flattened baud, which has been
designated the tractus opticus. 'The tractus opticus passes
backwards and outwards, running along the external mar-
gin of the grey matter (tuber cimereum, figs. 72 and 107, 1)
which swrrounds the infundibulum. The optic nerve either
transmits or receives a few fibres from this cineritious neu-
rine, and, travelling backwards, becomes still more flattened

v 3
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as it passes beneath (the brain being supposed to be in its
natural position within the skull) the crus cerebri (fig. 72, v),
just at the point where that body plunges into the hemi-
spheres. The internal margin of the nerve is connected to
the crus eerebri by membrane ; the external margin is not
so well defined, in consequence of its giving some fibres to
the under part of the middle lobe of the cerebrum. The
tractus opticus in this curved portion of its course lies
parallel, and almost in contact, with the inferior pillar of
the fornix, being overlapped, as the student dissects from
the base of the brain, by that convolution of the middle
lobe of the cerebrum which is called the hippocampus major,
which it runs over in the natural position of the brain. The
tractus opticus in this part of its course has above it the
optic thalamus (fig. 106, k). On reaching the posterior
part of the crus cerebri, the infernal margin of this band
diminishes, and great care is required in tracing it to its ulti-
mate cerebral connections. The external surface of the optic
nerve now becomes much widened ; some of its filaments,
viz. those forming the internal margin, run inwards and
become connected with those little nodules of the optic
thalami called the corpora geniculata; other fibres pass
still further inwards, ultimately terminating in the tuber-
cula quadrigemina (p).

The more superficial portion of the nerve when traced
backwards is found winding round the posterior extremity
of the thalamus nervi optici, and spreading on the superior
surface of that ganglion becomes intimately connected with
it. The internal portion of this layer is attached to the
peduncles of the pineal gland. This connection of the
optic nerve with the surface of the posterior cerebral gan-
glion or optic thalamus may be distinctly and easily de-
monstrated on the brain of the sheep, in which animal the
deeper portion is not so large as in man. I have not been
able to trace this superficial portion of the nerve into the
hemispheres beyond the external border of the thalamus.
The remaining portion of the nerve continues its course
backwards, and, spreading as it runs, passes also a little
outwards. It now splits into two portions, the division of
which cannot however be seen on the surface ; for one por-
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tion 1s placed beneath the other, and plunges into the sub-
stance of the thalamus (fig. 106, ¢¢), where it terminates.
I first deseribed these fibres in a letter published in the
Medical Gazette, vol. xxi. They may easily be shown,
even in a brain which has not been hardened in alcohol, by
making a seetion longitudinally through the tractus opticus
and thalamus nervorum opticornm (fig. 107).

It must be evident from this deseription, that, notwith-
standing the assertion of Spurzheim that it was a great
error to consider the eminences called opfie thalami as the
sources of the optic nerves,” these nerves are intimately
connected with them. Nevertheless, 1t 1s very certain that
the optic thalami have a more immediate relation to the
hemispheres of the brain than to the organs of vision. They
are always in proportion to the size of the hemispheres, and,
consequently, are found of greater size in man than in any
other animal.

S. W. Stein, in a thesis on the origin of the optic nerve,*
considers it as decided “ that the optic nerves are connected
to the thalamus, and that this organ connects the optic
nerves to the whole brain.” Rolando denies that the optie
nerves arise from, or terminate in, the tubercula quadri-
gemina, asserting that they take their origin from the tha-
Jamus alone.t+ This statement is altogether untenable with
the parts before us.

Third pair, or common oculo-muscular nerve.—The third
pair of nerves, the common oculo-muscular, emerges from the
cerebral mass at the inner side of the erus cerebri, the
medullary fibres of which, as already explaimed, are con-
tinuous 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 it,
and there dividing into two portions : one of these ascends
through the pons Varoli to be connected with the motor
tract in its ]l)assage through that commissure; the other
passes through the locus niger, and splits in five or six white
threads, which, separated by the grey mneurine, present a

* De Thalamo ef origine nervi optici, &c. Haunize, 1833,
+ Page 92, op. cit.
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beautiful appearance in a fresh brain (see fig. 107, ¢).
Mr. Grainger first demonstrated this arrangement to me.
These filaments, after traversing this deposit of cineritious
matter, reach those fibres which the motor tract sends
through at this point to the inter-cerebral commissure or
processus & cerebello (fig. 102).  From this origin the third
nerve passes forwards.on the outer side of the posterior
clinoid process, and penetrates the dura mater midway be-
tween the anterior and posterior clinoid processes, where 1t
enters a space left between the under surface of the dura
mater and the side of the sella turcica, which we have seen
constitutes the cavernous sinus, It runs along the upper
part of this sinus, quitting the cavity of the skull at the
foramen lacerum orbitale, and thus entering the orbit,
within which it is distributed to the levator palpebre, and
to the levator, abduector, and depressor oculi. The more
particular distribution of these nerves will be found de-
scribed in most of the elementary anatomical works, to one
or other of which I shall therefore refer my readers for
further information.®

Fourth pair, or inner oculo-muscular —"The fourth pair of
nerves, also called the pathetic, and the smallest of the
cercbral nerves, emerges from the surface of the inter-cere-
bral commissure, close to the optic tubercles. It arises
much deeper from the olivary portion of the pyramidal or
motor tract (107, p). The fourth pair of nerves, at their
origin, are connected together by a distinet commissure,
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
climoid processes, 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.

# Let me here particularly recommend the excellent practical manual
of my friend and eolleague Mr. F. Le Gros Clark.
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Fifth pair, or trigeminal.—The fifth or trigeminal con-
sists of two portions, the one for sensation 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
contaimed within the orbit, the lachrymal apparatus, the
conjunctiva, &c., and from the skin covering the face.
The numerous filaments from all these sources are collected
mto separate portions, which pass individually into the
skull. The first division passes through the foramen lace-
rum orbitale ; the second through the foramen rotundum ;
and the third, through the foramen ovale. Under the
dura mater in the temporo-sphenoidal fossa, they enter the
lower edge of the cineritions matter of the semilunar
ganglion of the fifth nerve. From the concave edge of the
semilunar ganglion other fibres arise, which, passing over
the anterior surface of the petrous portion of the temporal
bone, penetrate the dura mater on the outer side, and
below the posterior clinoid processes. They then run
direct to the upper edge of the pons Varolii, and, passing
between the fibres of this commissure, descend ct::-mplLtLly
through its substance, maintaining their indiv iduality down
thmugh the medulla oblongata, fill they terminate in the
posterior portion of the antero-lateral colummns of the spinal
cord, about an inch and a half below the pons Varoli, as
represented in fig. 107, ¢; and fig. 108.

This termination of the sensory root of the fifth is so
close to that of the motor division, that Dr. Aleock consi-
ders that they arise from the same tract. This is not the
case, as the olivary tract to which the motor root is attached
is on the outer side of the sensory tract, and distinet from
it (see figs. 94, 107).

The motory portion of the fifth nerve, agamn, does not
arise, as usually described, from the continuation of the
anterior columns or motory tract while passing through the
Euus Varolii or commissure of the cerebellum, but passing

encath the inter-cerebral commissure, very close to the
cerebellum, as designated in fig. 107, runs from this point
downwards to the olivary portion of the motor tract, as it
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ascends to the optic tubercles. This root of the fifth pair
of nerves is deseribed by Dr. Alcock, in his admirable
article ““on the Fifth Pair of Nerves,” in the Encyclopadia
of Anatomy, parts xi. and xii., as arising from the anterior
columns of the spinal cord, where they form part of the
medulla oblongata. I have not yet succeeded in tracing it
so low down as that point. The motor root emerges from
the pons Varolii, almost close to the spot where the sensory
division enters it, after which it is applied to the sensory
portion of the nerve. As it then passes through the same
foramen in the dura mater, and enters the temporo-sphe-
noidal fossa, it slides behind the semilunar ganglion, te
which it is connected by membrane, but not by neurine.
It quits the skull at the foramen ovale, and is then distri-
buted to the museles concerned in the motions of mastica-
tion, viz. the masseter, temporal, pterygoid, and bueeinator.

To recapitulate: the motory portion of the fifth nerve
emerges from between the fibres of the pons Varoli, very
close to the spot where the sensory portion enters; but in
all cases in which I have dissected it, the motory is sepa-
rated from the sensory portion by a bundle of fibres of the
pons Varolii, of variable thickness. If the nerve be traced
with great care,—which is necessary, for it is very thin and
easily torn,—it will be found running backwards and
upwards, towards the inter-cerebral commissure or processus
e cerebello ad testes, behind the fibres of which it descends,
until it reaches the medulla oblongata.

Sizth pair, or abducentes—The sizth pair arises from
the motor tract, at the inferior edge of the commissure of
the cerebellum, just as it is about to pass through that
structure, proceeding immediately from the portion of the
anterior coluomns known as the pyramidal bodies; the
nerve directs its course forward towards the upper edge of
the basilary process of the os occipitis, at which point, or
at the distance of about half an inch below the posterior
clinoid processes, it penetrates the dura mater. It then
advances upwards, and, crossing the superior angle of the
petrous portion of the temporal bone, it enters the cavernous
sinus, where it crosses the carotid artery at nearly a right
angle, being jomed at the anterior edge of the vessel by
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some filaments from the sympathetic nerve or cyclo-gan-
gliated system, which accompany the sixth nerve into the
orbit, and are connected with the lenficular ganghon.

The sixth nerve, in its course through the cavernous
sinus, 1s situated the most internally ; but under the trans-
verse ‘spinous process of the sEhclmid bone, and just
previous to its passage through the foramen lacerum
orbitale, it is crossed by the ophthalmie 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 remembered, in a physio-
logical point of view, is merely a portion of the third, its
separation from which by the pons Varoli is perfectly
analogous to the separation of the roots of the spinal nerves
by a blood-vessel running between them, and of no greater
physiological importance.

Seventh pair, facial, or portio dura—The facial nerve,
which emerges from the groove between the corpus pyra-
midale and olivary, just below the pons Varoli, may be
traced backwards through the substance of that commissure
m which it runs immediately to the inner side of, and in
contact with, the sensory root of the fifth pair of nerves
(see fig. 108). On arriving even with the posterior and
superior surface of this portion of the fifth pair of nerves,
the seventh appears to split info two parts, the one running
inwards to be conmected with the olivary portion of the
motor tract of the spinal cord in its passage through the
pons Varolii, the other division proceeding outwards to be
connected with that portion of the corpus restiforme which
I have described as being derived from the motor tract of
the cord (see figs. 89 and 90).

From this origin the seventh nerve passes forward to the
foramen anditivum internum, passing through which, and
entering the stylo-mastoid canal, it quits the skull at the
inferior orifice of this canal, where, becoming external, it is
finally distributed to several of the muscles taking their
rise from the styloid process of the temporal bone, to the
platysma myoides, and to all the muscles of the face.

Lighth pair, auditory,or portio wollis.—The eighth or audi-
fory nerve commences from the pulp which lines the labyrinth

i
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of the ear. Tts fibres gradually unite so as to orm a single
cord, which quits the temporal bone at the foramen auditi-
vum internum and directs its course to the posterior part of
the medulla oblongata, being connected to the facial nerve
by cellular membrane. On reaching the medulla oblongata
opposite the inferior edge of the pons Varolii, where the facial
nerve emerges, the auditory splits into two portions (fig. 108).

Fig. 108,

This figure exhibits the origin of the facial, not as it is usually deseribed,
but as I found it on three preparations which I dissected in sueccession.
The origin of the anditory, split by the restiform body (W) by two roots,
the inner from the olivary tract as it passes through the pons, the other
from those fibres of the anterior columns whieh cover the corpus restiforme
(w), as shown in this figure, has been known for some time to a few ana-
tomists, but is not usually described so in most systematic writers.

One of these passes through the substance of the medulla
oblongata anterior to the corpus restiforme, and plunges
into its appropriate ganglion,® the posterior pyramidal body
(fig. 78). The other, which is the posterior division of

* Toville gives the following strange doctrine, as it appears to me

© (p. 507, op. eit):—The enlargement known under the name of the
Grasserian ganglion, and assimilated to the true spinal ganglia of the poste-
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the nerve, winds round the restiform body, which is thus
hid between the two portions of the nerve as in a fossa,
and then crossing the posterior fissure of the cord or fourth
ventricle, forms by its separation three or four white lines,
which are usually very distinet (fig. 78). Meckel® states
that he has sometimes found the whole of these lines

deficient, sometimes on one side and sometimes on both,

and that Prochaska and Wenzel have observed them to
differ on the two sides of the brain. Meckel views these
striee as not merely the roots of the auditory nerve, but as
connected both with the trigeminal and pneumogastric
nerves.

Ninth pair, or glosso-pharyngeal nerve.—The ninth pair,
called also the glosso-pharyngeal nerve, arises from the

pneumogastric or restiform ganglion and cerebellic fibres of

the anterior columns, immediately above the pneumogastric
nerve, by one or two roots (fig. 107, 7). It runs forwards
to the foramen lacerum posterius, passing through which
it quits the skull, separated from the jugular vein by a
process of dura mater and a spiculum of bone; and passing
down the stylo-pharyngeal muscle 1s finally distributed to
the muscles of the pharynx and tongue.

Tenth pair, or preumogastrie—The feath pair, the pneu-
mogastric nerve or par vagun, 18 & 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 filaments of the nerve
are mot entirely conductors of volition, for most of the
muscular fibres that are brought into action by this nerve
are independent of the will ; the only exception being the
muscles of the larynx concerned in the production of vocal
sounds : and as one portion of the tract of volition runs

rior roots of the nerves, seems to us to differ essentially from them, and
that the rudan giis, or the grey matter on the posterior fasciculus, and
united to the andilory nerve, might quite as legitimately be assimilated to
a spinal ganglion. We consider the ruban gris as a part of the grey
substanee of the posterior fasciculus spread upon the surface of the cere-
bellar ventricle, and coneurring to form the roots of the anditory nerve.
The true ganglia of the auditory and trigeminal are to us the cerebellar
hemisphores and the vermiform eminences.”
* Anatomie, tome ii. p. 614, n.




300 HUMAN BRAIYN.

close upon the posterior edge of the corpus olivare, from
which these filaments probably arise, we have no difficulty
in reconciling the fact of one portion of the nerve being
destined for voluntary and the remainder for involuntary
motion and sensation, as the constitution of this nerve is
proved to be by the most acenrate experiments and observa-
tions. 'This nerve has two origins or central attachments,
one to the cerebellic fibres of the anterior columns as they
form part of the restiform body ; the other may be traced
through the fibres of the restiform body into some
matter at the posterior surface of the cord, the restiform
ganglion (fig. 107). This deposit of cineritious neurine is
both physiologically and anatomically distinet from that in
which the auditory nerve terminates, as I have shown by
repeated disseetions of this part in the human subject, and
in the calf, horse, and other animals, as before stated in the
section on comparative anatomy (see figs. 52—56). Stilling
describes this grey matter as the ganglion of the pneumo-
gastric nerve. Accompanying these nervesin their passage
from the skull is a spinal nerve, which, instead of quitting
the vertebral canal like the spinal nerves in general, enters
the cavity of the skull by the foramen magnum, and adding
itself as it were to the glosso-pharyngeal and pneumo-
gastr;c, 1s from this circumstance called the spinal acces-
8071Y.

Lileventh pair, or lingual nerve. —The last of the cerebral
nerves is the Zingual, or the eleventh pair. This nerve
arises in a groove between that portion of the anterior co-
lumns of the mednlla oblongata usually designated the
pyramidal bodies, and the corpora olivaria. T believe that
its origin, like all the spinal nerves, is double, one set of
fibres being connected with the brain through anterior
columns of the cord, and the other with the grey matter ;

* “In the medulla oblongata,” says Foville (p. 500), « the nerves of
the posterior fasciculus are grouped into two distinet cords of great im-
portance—the pneumogastric and glosso-pharyngeal.” His description
of their origin is most meagre and unsatisfactory. He states that the
arciform fibres of Rolando umite with the pnenmogastric and glosso-
pharyngeal nerves, and then goes on to say, “There are certainly some
difficulties which have not }ct been resolved in a satisfactory manner
relative to the roots of the pnenmogastrie and glosso-pharyngeal nerves.”

—

|
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the olivary body being to this nerve what the anterior
peaks of grey matter are to the other spinal nerves. Mayo
states * that some of the ¢ fasciculi of the Iingual nerve
penetrate to the grey capsule in the olivary body.” It com-
mences by several filaments, which being collected together,
the nerve they compose quits the skull at the foramen con-
dyloideum anterius. It is distributed to the muscles of the
tongue and also to those of the os hyoides, viz. the omo-
hyoideus and sterno-hyoideus, which fix the bone inferiorly.

Regarding the origin of this nerve, Foville states really
nothing. Ie sayst it is detached from the medulla ob-
longa between the corpus pyramidale and olivary body, but
not one word regarding its connection with the interior of
the medulla. Stilling] traces it to the posterior surface of
the cord into what I have described as the auditory gan-
glion ; but I think he is mistaken.

* Plates of the Brain, VII. fig. 2. + P. 527.
1 P. 21, op. cil.
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PART VIII.

VESSELS EMPLOYED IN THE CEREBREAL CIRCULATION.

As the brain receives one fifth of the whole. amount of
blood circulating in the body, the student will not be sur-
prised to find it supplied with this fluid by four large ar-
teries, the internal earotids and the vertebrals.

The internal carotid arteries are derived from the common
carotids opposite the os hyoides : ascending from their point
of origin, they reach the base of the skull, and enter its
cavity by the foramen caroficum externum and carotid canal.
The course of the vessel in this canal is worthy of observa-
tion. Changing the nearly vertical course they held at the
external orifice for one almost horizontal in its direction,
they advance forwards and inwards through the space of
about an inch ; they then form a curve, resume their nearly
vertical course, and quit the carotid canal by the foramen
caroticum tnfernwm. At this point the vessels bend for-
wards horizontally again, passing through the cavernous
sinuses, groove the outer surface of the sella turcica, and at
the mner side of the anterior clinoid processes the:,f pierce
the dura mater and enter the proper cerebral cavity. It is
impossible to follow the two carotid arteries in this way
without the peenliarity of their course forcing itself upon
the attention. The changes from a perpendicular to a
horizontal direction cannot have been ordamed without
some peculiar purpose to be fulfilled, and the end most

robably has been to protect the delicate structure of the
Erain from any ill effects which the suddenly increased or
hurried action of the heart would have been liable to pro-
duce had the tube been perfectly straight and the wave of
circulating fluid been suffered to arrive directly, and with
its force unbroken, within the cavity of the skull.

This view of the subject is corroborated by the existence
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of that complicated plexus of vessels, called the refe mirabile,
emanating from the internal carotid artery, and sitnated at
the base of the brain. This beautiful arrangement of the
carotid arteries is to be remembered in connection with the
protective apparatus of the brain.

The branches of the internal carotid artery, as regards
the brain, are three in number; two supplying 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 student will meet with very accurate delineations of
these arteries in Professor Richard Quain’s folio work on
this subject ; the most valuable work which for years has
issued from the press of this country, estimated either for
the practical importance of its facts, or for its beauty as a
work of art.

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 fransverse arfery of the cerebrum. The
anterior cerebral artery confinues its course in the anterior
part of the median fissure between the two lateral hemi-
spheres, giving off numerous branches in its course, winding
round the great transverse commissure, and running back-
wards on its upper surface, where it receives the name of
artery of the corpus callosuin.

The wmiddle cerebral yans deeply within the fissura Sylvii,
through which it continues ifs course, and ultimately reaches
the upper surface of the hemispheres.

The third branch of the carotid, called the communicating
artery, is small but interesting ; for running backwards, and
joining with the posterior artery of the cerebrum, a branch
of the basilary artery to be described further on, it connects
these large arterial channels together, and lessens the
danger of accident to the brain from obstruction to the
circulation in one channel, and from an irregular supply of
the vital fluid. When tracing the connection of the two
communicating arteries with the basilary branches, a perfect
arterial circle will be observed to be formed, the sides being
constituted by the communicating artery, the posterior part
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by the basilary, the front by the anterior arteries of the
cerebrum and the transverse artery. 'This curious cirele is
celebrated under the title of the circle of Willis, who first
described it. This free anastomosis is of the greatest im-
portance to such an organ as the bram, for if by any
accidental circumstance the flow of blood 1s arrested in one
channel, there is another immediately ready for it.

The vertebral arteries arise from the subclavian at the
lower part of the neck, immediately anterior to the passage
of that artery between the scaleni muscles,

The vertebral has a long course from this point to the
cavity of the skull, and nature has beautifully provided for
its protection by sending it through a bony and ligamen-
tous canal, bored, as it were, for it in the transverse pro-
cesses 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 materially 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 direc-
tion, it enters the skull through the foramen magnum.
Within the cranial cavity the two vertebral arteries approach
cach other, and on the basilary process of the oceipital bone
they inosculate at an acute angle and form a single trunk.
The single artery thus produced is designated from its
relation to the occipital bone, the dasilary 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 anferior 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 eourse. Their calibre however
is almost undiminished even to their termination, in conse-
quence of their being reinforced by frequent anastomoses
with the branches of the deep cervical, intercostal, and
lumbar in particular.

The branch to the cercbellum is called the iuferior ar-
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tery of the cercbellum, and supplies, as its name indicates,
the under surface of that portion of the brain.

The branches of the basilary artery are three in number
on each side. One of these is not however distributed to
the brain, but to the internal ear. Of the other two, one
supplies the cerebellum, called, in distinetion to the last-
mentioned cerebellic artery, the superior artery of the cere-
bellum ; the other is distributed to the cerebrum supplying
the posterior surface of the hemisphere, and is called the
posterior artery of the cerebrum.

In relation to cerebral circulation we must refer to the
thyroid gland ; for there is now but little doubt that this
sanguineous gland acts as a diverticulum to the brain.
I have long thought so, and for years was in the habit of
mentioning to my class the facts which supported such an
hypothesis. 'The recent accurate and extended researches
of Mr. Simon,* have, I think, fully established this view
of its office. The following are Mr. Simon’s conclusions.

1. The thyroid gland, or an organ representing its place
and office, may be found in all vertebrate animals.

2. It does not appear (as is the case with some organs)
to belong to these animals merely in behoof of the great
general completeness of their organization, but seems to have
a particular reference to that specific character which binds
them together as a natural section of the animal kingdom,
—mnamely, the aggregation and more perfect development
of their nervous centres; for

3. The gland, shifting its position most variously, yet
always maintains an intimate relation to the vascular sup-
ply of the brain, always is so nourished that it can alter-
nate a greater or less nutrition, according to the activity or
repose of that nervous centre.

4. The organ which in certain fishes represents a rudi-
mental form of the thyroid, is plainly a mere diverficulum to
the cerebral circulation; in the remaining fishes (where a
more perfect thyroid exists), as likewise in the ascending
scale of vertebrate animals, there is no essential change
from the vascular organization of the branchiola,—there 1s
simply the superaddition of a glandular structure. The

% Phil. Trans., Part. II. 1844,
X
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thyroid is but a higher development of the branchiola.
at was a mere capillary plexus now has gland-cells
intermingled with its texture.

Probably, then, the use of the seeretory actions occur-
ring in the thyroid gland is to be found m harmony with
the obvious intention of its vascular supply : as the latter
1s diverticular, so we may expect the former to be vicarious
or alternative.
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PART IX.

DEVELOPMENT OF THE BRAIN.

Tur 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 ifs elucidation are
amongst the most satisfactory and conclusive in proof of
the existence of general laws 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 pheno-
mena of vitality that we can ever expect to raise the study
of physiology to its legitimate rank among the natural
sciences, we ought to recognize 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 dis-
coveries in another of the realms of nature have raised
him so far above his fellow mortals that we almost reve-
rence his name, showed us that true philosophy simply
consists in the discovery of the unmiversality of a fact.
How abundant, since Newton’s day, has been the harvest
to those whose researches have been guided by this simple
principle, to which alone we are indebted for any know-
ledge we possess of the laws by which the Creator governs
the universe; for we perceive, as Dr. Paley finely expresses
it, that “ God has been pleased to prescribe limits to his
own power, and to work his ends within those limits.
The general laws of matter have, perhaps, the nature of
these limits : its inertia, its reaction, the laws which govern
the communication of motion, of light, of heat, of mag-
netism, electrieity, and probably of others yet undiscovered.
X2
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These are general laws, and when a particular purpose is
to be effected, it 15 not by making them wind and bend
and yield to the occasion, (for Nature with great steadiness
adheres to and supports them,) but it is, as we observe
in the structure of the eye, by the interposition of an
apparatus corresponding with those laws, and suited to the
inquiry which results from them, that the purpose is at
length effected.” *

This simple view of the existence of fived laws, esta-
blished by the Almighty, is not, however, confined to
mere matter and ifs properties; the scientific physiologist
has reason to believe that there are similar laws which
regulate vital phenomena, and produce results, without the
constant and immediate agency of the Supreme Being.

It 1s told of Newton, that one day when meditating
on the simplicity and harmony of the laws which regulate
the universe, and struck particularly with the relations and
uniformity of the masses of the planetary system, his
thoughts reverting thence to the animal kingrfum, whose
wonderful organization attests in no less degree the su-
preme wisdom and power of a creating Providence, he
exclaimed, “1 doubt not that animals are subjected to the
same uniformity.” The only true 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 objects; for example,
to attain a knowledge of the great principle which is in
operation during the life, or which presides over and regu-
lates the development 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 cause of vital phenomena; we must strictly
content ourselves with observing those phenomena so as to
ascertain their relations, their harmony one to another,
and their effects. It is, indeed, only by studying physi-
ology 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 pathology and therapeutics.

* Natural Theology, chap. iii.
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Physiologists in general have too much neglected to
conduct their studies in accordance with this idea of
Newton ; they have too constantly amused themselves with
creating theories on one or two isolated facts, or in vainly
searching after the ultimate cause of vital phenomena: it is
but of late that they have begun to content themselves with
observing their uniform relations and with serutinizing their
effects, and that they have ceased from being the laughing-
stocks of true philosophy.

If, indeed, we required proof of the present imperfect
state of physiology, and the mean rank which it holds in
comparison with the other branches of natural philosophy,
we have only to refer to contemporary writers, where we
still find such passages as the following, in which the
writer, after stating how ignorant we are of the nature of
the intellectual faculties in man, goes on to say: “ Nay,
the springs and wheelworks of animal and vegetable vitality
are concealed from our view by an impenetrable veil, and
the pride of philosophy is humbled by the spectacle of the
physiologist bending in fruitless ardour over the dissection
of the human brain, and peering in equally unproductive
inquiry over the gambols of an animalcule.” Surely we
ought after this to see how absolutely necessary it has
become to cast aside crude and ill-digested hypotheses, and
to study physiology under the guidance of the general
laws of nature deduced from an unprejudiced 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 nafure of his
studies, though it is to the mode in which they have usually
been conducted ; for the physiologist is just as competent
to inquire into the cawses of wital phenoimena 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 na-
tural philosophy or physiology is to study the mutual
relations in which phenomena stand to one another,
and thus to trace their conmection and possible depend-
ence.

‘The mature human frame, which in its perfect adapta-
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tion to fulfil the ends of its existence strikes the philoso-
phical anatomist with admiration, does not result from the
gradual increase of an exact though minute representa-
tion of its perfect form; but during the course of its
development, and while gradually progressing towards
its ultimate perfection, its constitution temporarily as-
sumes 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 pro-
gressive development are devived from observation of the
different organs at different periods of the feetal existence ;
and in no set of organs is its truth more clearly shown
than 1 the various component parts of the nervous system,
as the reader will discover by giving his attention to the
observations on its development which follow. The same
thing may also be said in regard to the law which governs
the development of the vascular system; and as the cir-
cumstances are here peculiarly interesting, and may be made
introductory to those of the subject we have especially in
hand, I shall make no apology for presenting a few of them
in this place.

For instance, the first appearance of the heart in the
human embryo is that of a mere pulsating vessel without
any division into cavities or thickening of its walls; an
arrangement which in all its simplicity 1s met with as the
sufficient instrument for effecting the circulation in the
perfect insect.

The next step consists in the gradual dilatation of this
tube into a sac, previously to its division into four cavities :
and this corresponds with the single heart of the fish, con-
sisting merely of an auricle for the reception of the blood,
and a ventricle for its propulsion.

As the development advances, a second ventricle is added
to the first on the right side of it, separated from the left
by a septum, which 1s so imperfect that the aorta commu-
nicates with both cavities; and the very same arrangement
1s found to exist in the adult erocodile.

While the septum is being formed in the interior, a
notch appears on the exterior, which, extending from the
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apex to the hase, 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 remarked m the
vaseular we could explain on the supposition that they were
the necessary and unavoidable 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 governs the
developments of the whole animal creation. The lungs in
the first instance are placed on each side of the vertebral
column, like the air-bladders of fishes, without any appear-
ance of trachea or bronchial tubes; an arrangement which
though interesting, as being analogous to the permanent
state in fishes, has nothing peculiarly extraordinary in it ;
but finding, in addition to this, and in perfect correspond-
ence 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 corresponding with the regular
distribution of the adult. As the organism of the human
feetus cannot be supposed to be formed with the idea of
providing for aquatic respiration like the embryos of fishes,
we can no longer doubt that the whole series of phenomena
which are ta%u'ng place during the development of the
foetus do not result from any special interference of Divine
agency for each individual occasion, but from the action of
fixed and general laws.

In the development of the nervous system, to which we
must next direct our attention, we shall find even more
decided proofs of this general harmony throughout the
animal kingdom.

For a clear, simple, and accurate account of the pheno-
mena attending the development of the ovum, the reader
should consult Dr. Carpenter’s excellent work on physiology.

In order to understand the development of the brain, we
must briefly trace the very earliest changes which take
place in the germinal vesicle, or ovum. A portion of this
vesicle becomes opake ; the opacity is called the germinal
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vace—area germinativa.  The nucleated cells of this spot,
at first uniformly arranged, so that the whole is obscure,
soon begin to accumulate on the cireumference, leaving a
clear space in the centre. The transparent spot assumes
an oval lunar form, transversely to the ovum. If we examine
closely the material of the germinal spot at this time, we
find that it comsists of two layers. The superior is the
animal or serous layer; from it all the organs of animal life
are formed. The inferior is the vegelative or mucous layer ;
from it are formed all the organs of vegetative life. 'The
transparent line is confined to the animal layer ; the vege-
tative layer is opake throughout. |

We may next observe that this transparent tract assumes
a pyriform shape, and the edges becoming elevated, a groove
or gutter 1s formed. The edges of this gutter gradually
approximate, at first in the centre, and then gradually above
and below, so as to form a canal; but the edges do not
join continuously at their two extremities. At the supe-
rior, anterior, or cephalic extremity, they are separated, so as
to form dilatations placed consecutively to one another, the
dimensions of which increase from behind forwards. At
the inferior, posterior, or candal extremity, they are equally
separated, but in such a way as to produce a lammated
figure, which 1s gradually effaced. The clear edges of this
groove seem dotted with square spots, which are the bodies
of the future vertebrz.

At very early periods of feetal existence there is mo
appearance of any neurine ; the parts corresponding to the
head and vertebral column are transparent, and contain a
limpid fluid ; about the fifth or sixth week the pia mater is
distinetly perceptible, forming the walls of the canal in
which the fluid is contained, arranged in the head so as to
form three vesicles. Tiedemann, to whom we are indebted
for almost all we know regarding the development of the
human feetal brain, considered that in the first division into
cells they are five in number. But Bischoff* has proved
that the brain consists first of three cells, which are after-

* Traité du Developement de I'Homme et des Mammiferes par T.
L. G. Bischoff traduit de 1I'Allemand par A. J. L. Jourdan. 1843,
p. 182. ;
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wards divided into five. This tertiary division of the ence-
phalic portion of the cerebro-spinal axis accords with the
tertiary division of the skull. The skull, as mentioned else-
where, consists of vertebree, just like the cervical, dorsal,
and lumbar portions of the vertebral column. The number
of cranial or encephalic vertebrae is three in number, and
hence the same number of primary cerebral cells. The
anterior cell appears first, and 1s shortly afterwards followed
by two others ; soon afterwards a fissure appears on the ante-
rior and posterior cell, which thus divide the three cells into
five. The anterior and superior wall of the anterior cell
increases on both sides of the mesial line with more rapi-
dity than the posterior; so that when we look at it from
above it represents first a double vesicle, with a feeble me-
dian depression, dividing it into two lateral halves. The
two anterior represent the olfactory ganglia and hemi-
spheres ; the two middle, the optic ganglia; and the pos-
terior, the cerebellum : the spinal marrow is represented by
a long canal communicating with the cerebral vesicles,
which in reality are but swellings of a single sac. The de-
scription which I have already given of the pia mater, and
the mode in which it first forms a continuous 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 student can select for his own observation.
Rolando gives a very accurate account of the vesicular form
of the feetal brain in Mammalia and in birds.

The peculiar form and general ap-
pearance of the feetus at the seventh
week will be easily comprehended by
referring to fig. 109, taken from
Tiedemann, who represents it as an
oblongated mass slightly curved up-
on itself, gelatinous, and semitrans-

Fig. 109,

Fartus of seven weeks,
t. . ; a. Projection of the neck.
In this embryo, which was about
seven lines in length, and about seven weeks old, Tiede-
mann was enabled distinctly to observe the strueture and
disposition of the brain and spinal cord.
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The cavity provided for the cord was situated imme-
diately beneath the integuments, the muscles 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 dividing the eranium into two equal portions ;
the pia mater beneath it adhered so intimately to the sub-
stance of brain and spinal cord, that it was difficult to detach
it without destroying the inclosed pulp, the general form of
which may be clearly understood by referring to figs. 110

HUMAN BRAIN.
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and 111.

On the posterior part of the cord a longitudinal fissure
existed, into which the pia mater entered, which has received

the name of the spinal canal ; at the uppe

Fig. 110.—DBrain and spinal
row of the same fotus as repre-
presented in fig. 109, seen late-
rally. «. Spinal cord. 4. Enlarge-
ment of ditto. e. Cerebellum. d.
Optic tubercles, or quadrigeminal
bodies. e. Optic thalami. j. Mem-
braniform hemispheres of the brain.
g. Protuberance analogous to the
corpora striatum.

Fig. 111.—Posterior view of the
same brain, split and open in all its
length. «a. Spinal marrow. &.
Orifice of the canal of the spinal
marrow. ¢. Swelling of the spinal
marrow. d d. The cerebellum split
in the median line, and laid like a
bridge over the fourth wentricle.
e ¢. The quadrigeminal bodies sepa-

rated from one another in the median
line.

tricle.

r part, where in
the adult it forms the fourth
ventricle, a thin narrow plate
or flattened fasciculus of neu-
rine arose’ from either side,
and incliming inwards, touch-
ed, without uniting with, its
fellow; thus forming a sort of
arch over the fourth ventricle,
and constituting the rudi-
ment of the cerebellum (e,
figs. 110 and 111), about one
lineandtwo-thirdsin breadth.

In front of the cerebellum
were two membraniform pro-
ductions, the first appearance
of the optic tubercles or cor-
pora quadrigemina, taken to-
gether about a line in breadth
and one in le (d). The
rudiments of the thalami (e),
in the shape of two rounded
protuberances, were mext in
order, the space between
them being that which cor-
responds to the third ven-

In front of these eminences were two others, in

apposition to them, about a line in length, and apparently
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the rounded extremities of the anterior part of the crura
cerebri; these were the corpora striata (fig. 110, g).

From the corpora striata arose two thin membraniform
productions of neurine curving backwards and mmwards ;
these are the first commencement of the hemispheres of the
brain (fig. 112).

At this early period there are no traces of the com-
missure of the cerebellum or of the cerebrum, or of the
thalami, or of the longitudinal commissure, 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 globules. It does not as-
sume a fibrous appearance until the commencement of the
fourth month. Tiedemann states that he could not per-
ceive 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 supposition appears to me
unnecessary, when we recall to mind the facts which I
mentioned in the early part of this work, regarding the
development 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 generally to the
plan of describing the gradual development 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 another, which has been
faithfully done by Tiedemann 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 in man, but in all
the orders of vertebrated animals. At first it consists of
two cords, not united posteriorly, by which a deep furrow
is formed, which is soon converted into a canal by the
union of the opposite halves.

This canal of the spinal cord, which is so distinct in the
human feetus until the fifth month, and in that of the horse
and calf until the sixth, exists permanently of a certain width
in fishes, reptiles, and birds. In the feetal state of the human
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embryo it is obliterated by the deposition of suceessive
layers of grey matter secreted by the pia mater. But what
is, perhaps, more extraordinary is, that the cord in the
human feetus extends to the extremity of the coceyx until
the third month, when it appears, according to the state-
ment of M. Serres, to rise suddenly to the point where it is
met with after birth, namely, opposite the second lumbar
vertebra. The os coceygis, which previous to this period
consisted of seven picces, suddenly becomes reduced to its
permanent number, four.

The spinal marrow is of equal calibre in its whole ex-
tent in the young embryos of all classes; it is without en-
largement either anteriorly or posteriorly, as in these rep-
tiles which do not possess extremities, as snakes, &e. This
appearance corresponds with the absence of extremities at
this period of existence; for as soon as they are developed,
the cord enlarges at those points with which their large
nerves are connected.

The corpora olivaria are not formed until the end of the
sixth, or beginning of the seventh, month. The interlace-
ment of the pyramidal fasciculi is visible in the human
embryo from the eighth week. In reptiles and in fishes
there is no interlacement at all.

In the second month of feetal existence the fasciculi of
the spinal cord, which are prolonged into the brain, are
curved downwards beneath the optic tubercles: this curve
remains distinet until the third month. The bundles may
be distinctly traced into the optic thalami, and having be-
come more voluminous they then pass into the corpora
striata, from the anterior surface of which they may be seen
emerging, and spreading like a fan to form the hemispheres.
From the internal and inferior side of the thalami, or from
the continuation of each crus, a fasciculus of fibres is de-
tached, 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 S])eu.kmg, the inferior longitudinal commis-
sure.

All the other fibres of the crura, which are very nume-
rous, are directed forwards and outwards, passing under
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the corpora striata, fnrming 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 f{:ld
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, 1t makes its appearance ; at first it 1s very narrow
and nearl endicular. In its growth it passes from
before bac wmg By the seventh month its fibres may be
traced in connection with those of the spinal cord through
the medium of the erura cerebr.

From the deseription already given of the brains of fishes,
reptiles, and birds, the reader is aware that this commissure
does not exist in them.

The pitmitary gland 1s not in existence in the second
month, nor even at the commencement of the third ; but it
appears towards the end of 1it, forming a rather large soft
mass.

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

About the third month the cerebellie faseiculi, which 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 leaf-
lets, thus accurately corresponding with the cerebellum in
osseous fishes, such as the carp, cod, &c.

In the fourth month the commissure of the cerebellum is
perceptible, and 1s about a 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 gradually in-
crease 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
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fact, from the two fasciculi which are earliest apparent, and
which constitute the corpora restiformia.

The masses of neurine which correspond with the tu-
bercula quadrigemina or optic tubercles in the adult, are
in the embryo of the second month merely two plates
bending upw ards and mwards, but not yet covered by the
hemispheres, and in apposition only in the mesial line,
their union not being complete until the end of the third
month, when, becoming convex externally, they gradually
increase in size and become united.

At this period they correspond in appearance with the
optic tubercles in fishes and in birds; and it is not until
the seventh month that we can perceive any division into
nates and testes, or into four bodies instead of two;
and even at this period they are scarcely covered by the
hemispheres, so that they now resemble those of the Ro-
dentia.

The anterior ganglions of the cord or corpora striata at
the end of the second month, not being yet covered by
the hemispheres, are clearly to be seen (fig. 112). 'To-
wards the end of the third month, however, when they
measure two lines and a half in length (figs. 113, 114,
115,116), the membranous hemispheres are partially ex-
tended over them. These protuberances, which are solid
throughout, are united by a transverse band representing
the posterior commissure, and their increase from this

riod is in exact correspondence with the progressive

evelopment of the hemispheres. The commissura 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 optic 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.
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In volume it is much larger in proportion to the size of
the brain in the ruminating animals than in man.

Fig. 112. FPig. 113.

Fig. 112.—Brain of an embryo of nine weeks. aa. The two principal
eolumns of the spinal marrow, separated from one another by a longi-
tudinal fissure. 5 8. Cerebellum. e. Parts which give rise to tﬂe quadri-
geminal bodies. 4. Thalami optici. e. Membranous hemispheres, turned
backwards and inwards.

Fig. 113.—Brain of an embryo of twelve weeks, seen in the cranium.
aa. Fragments removed from the cranium, which has been opened.
b. Spinal marrow. ¢. Swelling of the spinal marrow, which is bent
inwards. . Cerebellum. f. Elevation which gives rise to the
quadrigeminal bodies. g. Crus cerebri, or a cord of the spinal marrow
which comes down again, and is directed forwards. %. Membranous
hemisphere of the cerebrum, broken down behind and before; it does
not yet cover the eminences destined to form the quadrigeminal bodies.

Fig. 114,—Brain and spinal marrow of the same fetus seen pl::-atennﬂ%r
a a. Spinal marrow, with its posterior longitudinal fissure. Cerebe
lum, and beneath it the fourth ventricle. ece. Hemispheres of the cere-
brum. J. Eminences which are to become the quadrigeminal tubercle, with
the fissure which they present.

Fig. 115, —Inferior surface of the brain of the same fwetus, a«. Spinal
marrow, with the anterior longitudinal fissure. & 5. Swelling of the spinal
marrow bent forward. e¢e. Peduncles of the cerebellum, which arise from
the cerebellum. dd. Cerebellum. ee. Peduncles of the cerebrum.
J- Mammillary eminences. g. Pituitary gland. %% Anterior lobes of
the cerebrum. é¢. The posterior and round appendices which represent
the middle and posterior lobes.

Fig. 116.—View of the superior surface of the brain of the same
feetus : the membranous hemispheres are separated from one another
and laid aside. aa. The two principal cords of the spinal marrow.
b. Posterior longitudinal fissure. e¢e. Cerebellum. dd. Masses which
are to form the quadrigeminal bodies. e e. Thalami optici. f f, ggg 9.
Membranous hemispheres separated from one another and laid on the
sides. %A The two corpora striata, which are a little wider anteriorly,
and divided into two parts by a slight fissure. ¢ Commissure of the
two hemispheres and commencement of the corpus eallosum. #k4#. La-
teral ventricles, with the radiated folds of the under-surface of the he-
mispheres,
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The thalami nervorum opticorum, ov posterior ganglions
of the cord, ave just perceptible at the second month. In
the commencement of the third they become more volumi-
nous, and are partly covered by the hemispheres, which
structures, being in the first instance mere layers of neu-
rine shooting out from the hinder part of the corpora
striata and thalami, give to the corpora striata an appear-
ance of greater size and prominence than they seem to
possess afterwards, when the hemispheres have become
nearly as thick as themselves. At the period of birth they
appear sunk amid the substance of the hemispheres, which
then bound the anterior part of the space left between
them and the corpora striata and thalami, and which has
been so incorrectly designated a ventricle or bag.

The anterior commissure does not exist in the second
month; but in the third it appears like a thin delicate
thread, and its development proceeds in accordance with
that of the corpora striata and thalami.

Although in the preceding descriptions of the corpora
striata and thalami we have had frequent occasion to speak
generally of those layers of neurine which ultimately form
the hemispheres, it may be desirable to give a more detailed
account of them. This is particularly important as ealcu-
lated to do away with the false notions that have been
entertained on the subject of the ventricles, as well as to
convey clearer impressions on the difference between the
figurate and convoluted surfaces of the brain. These ends,
indeed, can in no better way be accomplished than by fol-
lowing out the development of the hemispheres of the brain.
At any rate I think that if the reader will attentively com-
pare 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 correctness of the state-
ment 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,
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a thin delicate membrane, consisting of medullary neurine,
which is reflected backwards and inwards, scarcely covering
them, invested with pia mater : this is the rudiment of the
hemispheres (fig. 112). Inthe commencement of the third
month these membraniform 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 (figs. 113, 114, 115, and 116).

Fig. 117. Fig. 115

Fig. 117.—Superior surface of the brain of a feetus of fourteen or
fifteen weeks. . Spinal marrow. 4. Peduncles of the cerebellum sepa-
rated from one another, from above downwards, which brings the fourth
ventriele into view, ¢. The cerebellum, which has not yet any fissures.
d d. The right hemisphere of the eerebrum, which does not yet cover the
quadrigeminal mass.

Fig. 118, —Side view of the brain of a feetus of twenty-seven weeks,
B. Cercbrum. E. Cerebellum. #. Spinal marrow. s. Corpus olivare.
T. Corpus pyramidale. w. Corpus restiforme. X. Annular protuberance.
The fissura Sylvii are very deep, and extend to a great distance on the
sides ; they lodge the middle cerebral arteries, which distribute almost all
their branches to the deep-seated parts of the encephalon, namei{, to the
corpora striata. The olfactory nerve descends from the fissura Sylvii.

During the fourth month (fig. 117) 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. 118). 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 convolutions. The upper and

Y
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lateral surfaces still remain perfectly smooth. At the seventh
month the convolutions are very imperfectly developed,
though the hemispheres now cover the cerebellum entirely,
and upon this division of the cerebral mass, depressions
appear here and there, the rudiments of the convolutions
and fossa, into which the pia mater dips. The fissura
Sylvii are distinet, lodging the middle arteries of the brain,
which send numerous branches into the interior.

In the eighth month the hemispheres which cover the
cerebellum, and are prolonged even beyond its posterior
border, are two inches eleven lines in length, two inches
one line in breadth, and one inch ten lines deep. On ex-
amining their inferior surface, the anterior, middle and
posterior lobes may be distinetly seen, the boundaries of
each being well marked.

At nine months the hemispheres are three inches and
four lines mm length, and two lines in breadth ; they have
now exactly the same form as in the adult, and are covered
with convolutions and anfractuosities.

After these details, it must be evident that the hemi-
spheres are formed from before backwards, and from with-
out inwards ; that at first they consist only of a thin mem-
branous layer of neurine, reflected upon itself from behind
forwards, and from without inwards ; that they increase in
thickness 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 for-
mation of the hemispheres of the brain throughout the Ver-
tebrata, except that they are arrested at different stages of
the development in different species, which the human em-

bryo merely assumes for a short period and passes on to a
more elevated type.

Professor Retzius, of Stockholm, has given the following
account of the development of the hemispheres, which is
more minute than that of Tiedemann. I am unable to say
whether 1t 1s more accurate :*—

# British and Foreign Quarterly Medical Review, vol. xxii. p. 503.
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“In the first period, which corresponds with the second
and third months, only the anterior lobes form ; in the
second period, which is comprised in the end of the third
month, in the fourth, and in a small portion of the fifth,
the two middle lobes appear; and after this time the pos-
terior lobes. During the first period the descending horns of
the lateral ventricles, and the pedes hippocampi, are want-
ing ; these are added in the second period. During a
great portion of the first period the hemispheres do not
cover the thalami nervorum opticorum ; in the second period
they completely overlap these parts, approach the large
corpora quadrigemina, cover their anterior part, and then
descend by the side of the cerebral nucleus, (cone or stem,)
and, as it were, fold round it. If we examine a brain at
this period of development, we might, from its external
appearance, imagine that the posterior margin of the hemi-
spheres corresponds to their persistent posterior ends and
margins, 1.e. to those which are their posterior margins
in their perfectly developed state. But it is not so. 1f we
open the brain we come at once to the descending horns of
the lateral ventricles, in which are the rudiments of the
great pedes hippocampi. At a later period, in the fourth
month, a small superficial notch is formed at the posterior
margins of the hemspheres ; and that part of this margin
which is above the notch is the first rudiment of the poste-
rior lobes of the hemispheres. These, which are thus for a
long time only rudimental, begin above the middle lobes,
gradually take in their posterior margin, follow it down, as
development advances, by the sides of the cerebral nucleus,
and terminate at that part of the middle lobes which meet
the pedes hippocampi. Even in the brain of the mature
feetus, as well as in the fully developed brains of older
persons, the posterior lobes are very clearly separated from
the middle lobes by a branching furrow, which is especially
distinet on the vertical side of the hemisphere which lies
next to the falx.”

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

Y 2
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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 hemi-
sphere of the higher classes, in the two tubercular enlarge-
ments 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 eavity are
formed by a membranous layer of neurine reflected back-
wards and inwards, into which the fibres of the erura eerebri
expand as in the human embryo.

In the carp we have also observed rudimentary hemi-
spheres.

The rudimentary hemispheres of the reptiles are equally
interesting when viewed in relation to this subject. In the
crocodile, each hemisphere represents a membranous sack
eontaining within it the optic thalami, the pineal gland,
and the corpora striata, from which ganglla the hemispheres
appear to arise, thus corresponding nfcurﬂ,tdg with the
same part in its state of evolution at the third month of
feetal existence in the human being, presenting the reflec-
tion of neurine which constitutes the hemispheres, extend-
mg to the same point behind, and covering the corpora
striata and thalami, but leaving the optic tubercles exposed.
And so we mmght mn the same manner go on multiplying
examples of the truth of the law of progressive development
of the hemispherical ganglia: more than has been said
seems unnecessary.

The corpora mammillaria do not appear until the end of
the third month, and then not divided as they are after
birth, but simple and homogeneous.

The above facts, which I have laid before my readers on
the authority of Tiedemann, Serres, Bischoff, and others,
will, I think, thoroughly convince them of the truth of the
law which 1 stated at the commencement of this section
regarding the gradual development of the brain and spinal
cord on one simple and uniform type: and that the com-
plicated structure which we meet with in the human adult,
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1s, at an early period of feetal existence, as simple in its
general arrangement as many of the permanent forms of
the lower vertebrated animals, and that in its development
Nature appears to have pursned the same plan which she
has adopted in the organization of each individual in her
vast family, gradually adding one part after another, and
at the same time concentrating the whole, each fresh addi-
tion changing the appearance of the several parts, so that
unless the chain be observed from its very commencement,
all the analogies which aresso palpable when we pmcr*ew.i
step by step are obscured, and even made altogether in-
capable of demonstration.

Let me not, however, be misunderstood, when speaking
of the addition of fresh parts, for the brain ‘of man even in
its state of perfect development consists of the same number
of ganglia as that of the Vertebrata in general, though the
amazing size of the hemispherical ganglia and the cerebel-
lum, with the addition of fresh commissures, give to the

human brain an appearance wholly unlike that of the reptile
and the fish.
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PART X.
PHYSIOLOGY OF THE CEREBRO-SPINAL AXIS.

Tuis is a subject which every candid ph Fm&lﬂgist approaches
with great diffidence, for though much has been done in the
last ten years, still much remains in doubtful obscurity.

In the anatomical sections of this work 1 have purposely
introduced much physiology, in order to give more in-
terest to the anatomy than is usually attached to mere
details of structure, without reference to function, so
that in this section it will only be necessary to give a
summary of what has been more or less touched upon pre-
viously.

The sources of our information on the functions of the
nervous system are fourfold.

First. Observation of the parts composing it in the
lower animals, and the relation which they bear to those of
man, considered in connection with the development of
their organs of sense and muscular actions. This source
we have already availed ourselves of in the section on com-
parative anatomy, and observed how clearly the develop-
ment of the nervous centre keeps pace with the increase of
the animal powers ; and I need only advert to the impor-
tant discoveries of Mr. Newport, among others, to remind
my readers that this is one of our most unerring sources of
information.

Secondly. Experiments on living animals.

Thirdly. Pathological facts.

Fourthly. Observations between the relations of the size
of the human cranium in individuals and their manifesta-
tions of intellect. Also observations on the relation be-
tween the external configuration of the cranium in indi-
viduals and their manifestations of particular degrees of in-
tellectnal power, propensities, and sentiments.

Though the deductions which are made from experi-
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ments on living animals are so liable to error that reliance
must not be placed upon them as unerring sources of
knowledge, they have afforded very important and valu-
able mformation on this subject. I do not agree with the
objections which Mr. Combe has urged against the expe-
riments on the brain as useless in the elucidation of its
functions, for it appears true that, notwithstanding the
various sources of error to which experiments on living
animals are exposed, some very important facts have been
elicited, which, taken in conjunction with those derived
from comparative anatomy, pathology, and observation
during life, have afforded collateral evidence of the sepa-
rate offices of different portions of the brain and nervous
system. As regards our knowledge of the functions of
the nerves and the spinal cord, experiments have been
mvaluable ; and in reference to the encephalon, when taken
in connection with the facts of comparative anatomy, they
have shed much light on the subject, particularly those of
MM. Flourens and Bouillaud. In so far as this mode of
mvestigation is admissible, the results obtamed by these
authors are perhaps the best authenticated and the most
satisfactory of any.

If we were not bound to receive with the greatest caution
the conclusions of every experimental physiologist, knowing
how liable, even the strictly honest, among whom both the
above-mentioned authors may be classed, are to see results
as they expect them to be, and not as they really occur, we
might be induced to believe, after reading their works, that
a great deal more of the functions of the mnervous system
must be known than is actually the case.

We must guard against extending the mischief which has
been done by several recent authors, who have referred to the
whole of the results and inferences as if they were so many
firmly-established facts in the science of physiology.

From pathology we might naturally expect surer evi-
dence; but even here the physiologist who carefully ex-
amines its records is doomed to disappointment.

It is clear that if, in uniform accordance with the derange-
ment or obliteration of individual functions during life,
morbid alterations of individual portions of the nervous
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system were met with after death, no surer evidence could
be procured of the connection between function and organic
structure.  But no certain light has yet shone on physio-
logy from this source.

The last, or fourth, source mentioned as affording us
knowledge of the functions of the brain, can only yield us
instruction as to the office of its surface. But, as we shall
see hereafter, the mass of evidence in favour of the belief
that the great hemispherical ganglion or cortical substance
of the brain is the immediate agent in all mental operations,
18, in my own opinion, so conclusive, that it becomes next
a most nteresting question whether different portions of
this ganglion play different parts in the production of men-
tal phenomena. Now 1 candidly avow that the more 1
have examined the facts adduced by the supporters of this
theory, the more I am inclined to believe that its general
prineiples are correct and philosophical. I entirely agree
with that talented observer, Mr. GG. Combe, that * Phreno-
logy, in its evidence, rests on the same foundation as the
practice of medicine. The existence of disease cannot in
general be determined by weight or measure, and the cha-
racters of diseases can be judged of only by their appear-
ances, or the symptoms which they present. The organs
affected,—the degree to which they are affected,—and the
extent to which medicines act on them,—are all estimated
by the exercise of observation and reflection on mere symp-
toms. In the practice of medicine, anatomy, physiology
and pathology shed their lights to help the judgment
in its estimates, but they do mot reveal the theory of
medicine @ prior/, nor do they render it a demonstrative
science.”

“The same general laws of evidences must necessarily
apply to the study of phrenology. The mental manifesta-
tions are not ponderable nor measurable any more than the
capacity for pain or pleasure, or the powers of hearing or
sight, cre so.  We estimate the degree in which these sus-
ceptibilities and capacities are possessed by different indivi-
duals, and regard our knowledge as substantial, and we
must of necessity learn to estimate the force of the mental
manifestations by a similar exercise of observation and re-
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flection, or remain for ever ignorant of mental science.”
(See Phren. Journ. vol. x. p. 556. On the nature of the
evidence by which the functions of different parts of the
brain may be established, by Geo. Combe.)

In the conrse of our observations of the composition
and properties of neurine, and on the essential elements
of a nervous system, the following fundamental principles
have been established, and need only be adverted to in the
present section.

1. That vesicular neurine is the source of power.

2. That medullary neurine is the conduetor of 1t.

3. That medullary neurine is also the conductor of those
impressions which call forth the power of the vesicular
neurine.

4. That the vesicular neurine is collected in masses of
variable form and size—the ganglia.

5. That the medullary neurine is moulded into cords and
bands—the nerves and commissures,

In an inquiry like the present, the surest path to sound
opinions must be first to investigate the office and mode of
action of such organs as the nerves, which are sufficiently
isolated to enable us to experiment on them without being
in danger of injuring adjoining organs of the same kind,
and performing separate offices, and thus interfering with
the result of the experiments ; and afterwards to prove the
physiology of the central portions, where the problem is
more difficult to solve.

Indeed, the facility of exposing the nerves, and the strik-
ing results which followed their injury, show the important
part which they play as conductors of stimuli. And even
Herophilus, Erastatus, and Galen, perceived that there was a
flow of power from the centres of the nervous system and
the museles, which produced their contractions, and from
the organs in general to the centres of power which pro-
duced the sensations. TFurther rescarches have only con-
firmed the fact that they are mere conductors, not origi-
nating the power of contraction in muscles, or perceiving
sensations in themselves, butf in the first place conducting
a stimulus which calls the resident power of muscles, that
of shortening themselves, into action, and in the second
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conducting a something to a certain point, where it is con-
verted into a sensation and perceived ; the course of these
influences, namely, the one, that of the stimulus to muscular
contractions, proceeding from the centre to the ecircum-
ference, the other, the producer of sensations, from the cir-
cumference to the centre.

And though the fact that we can produce contraction in
a muscle by pinching a nerve cut off from its connection
with the brain, but still in connection with the muscle,
might seem to prove that the stimulus to contraction actu-
ally resides in the nerve, and is merely called forth by the
brain; yet the experiments of Miiller (see Miller, op. cit.,
p- 7917) show that the divided nerves lose this power after
they have remamed unconnected for a short time, so that
the previous power of exciting contractions must have been
derived from the nervous centres, and not generated by the
nerves themselves. The experiments of Sir C. Bell, Ma-
gendie, and Mayo, have proved that there are nerves sub-
servient to sensation—sensiferous or sensory nerves, and
nerves of voluntary motion. The physiological researches
of Whyte, Prochaska, and, more perfectly, Marshall Hall,
confirmed by the anatomical observations of Grainger,
Carpenter and Newport, have established another system
of mnerves for the involuntary—the conservative move-
ments of the body under the title of the excito-motory
system of nerves. All sound research and careful experi-
ment prove that a nerve in the whole extent of its course,
whether that course is between the fibres of a muscle in the
canal of a bone, in the substance of the spinal cord, in
the crura of the brain, or in the masses of the hemispheres,
always performs one and the same office, conducting always
in one and the same direction.

The spinal nerves are conmected with the spinal cord
by anterior and posterior roots. Each root consists of two
sets of nerves, making therefore four sets of spinal nerves
functionally distinct. The two anterior are the conductors
of volition from the brain to the voluntary muscles, and
the conductors of a stimulus to muscular action indepen-
dent of volition from the ganglia of the spinal cord—the
efferent nerves of spinal power. The posterior roots are
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also binary in their functional power—nerves of sensa-
tion, conducting impressions to the brain, and recognized by
the conscious being : and conductors of impressions to the
spinal ganglia from parts requiring the protective action of
muscles too important to be left to the control of mind—
the incident nerves of spmal impressibility.

The spinal cord is a series of ganglionic centres, struc-
turally homologous and functionally analogous to the jointed
ganglionic cord of the articulata, and although we are unable
to point out any corresponding anatomical lines of demarca-
tion between them, they are as functionally distinct as the
aunditory, optic, and olfactory ganglia of the brain. For
instance, those cervical centres which give origin, with such
undeviating regularity in the Mammal, to the phrenic nerve,
endowing that nerve as a conductor with power that Lecps
the diaphragm in unremitting and unwearied action during
the whole of life, must possess the power of acting inde-
pendently of those lumbar centres from which the nerves of
the generative system arise, and by which various muscles
are brought into numerous and convulsive actions during the
act of copulation. In the latter instance unrestrained action,
so injurious fo our moral natures, in ifs excess brings its
own punishment—disease and softening of the cord; in
the former, constant action 1s essential to life, and the
power is only exhausted by death itself.

Wherever there are distinet centres of power, there are
also connecting commissures. The transverse commissures
of the spimal cord, connecting corresponding ganglia on op-
posite sides of the mesial line, are easily demonstrated.
Longitudinal commissures connecting them together from
below upwards must also exist, though it is not so easy to
distinguish them from the lnngltudma} fibres of the volitional
and sensiferous nerves. It is quite possible that the poste-
rior columns are the longitudinal commissures which con-
nect these ganglia together, and with the cerebrum and
cerebellum, as the fibres of these columns terminate in both
the grand divisions of the encephalon, though principally in
the cerebellum.

The spinal cord consists, then, of ganglia, nerves, trans-
verse and longitudinal commissures, perfectly similar to the
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longitudinal commissures which connect the jointed cord
of the articulata.

The medulla oblongata consists of three ganglia on each side
of the mesial line—six, therefore, in all. The olivary bodies,
most probably the lingual ganglia, the restiform or pnenmo-
gastric ganglia, the posterior pyramidal bodies or audito
ganglia. The olivary ganglia are connected with the rest
of the cerebral ganglia by means of the olivary commissures,
and the important office of those ganglia, if my hypothesis
is correct, that they preside over the consensual movements
of the tongue, as an organ of speech, explains the reason of
such a pufect communication with the rest of the en{:ephalﬂn
Between the pnenmogastric ganglia and the brain the com-
missural communication is not so distinet, and there does
not appear to be the same physiological reason to expect it.

The auditory ganglia are imbedded in the sensory tract ;
but undoubtedly some of these fibres which we have here-
tofore considered as belonging solely to this system of nerves,
must be regarded as belonging to that system of longitudinal
commissures which we have seen so distinetly carried out in
the brain.

The next anatomical division we come to is the pons
Varolii. This, though evidently a great transverse com-
missure, must also be an instrument of power through the
medium of its vesicular neurine; and though we are un-
prepared to define the nature of its power, it must hold
some relation to transmission of motor and sensory im-
pressions by the tracts which in the spinal cord conduct them.

Cerebellum.—The extensive surface of vesicular neurine
which constitutes the ganglionic portion of this encephalic
centre, shows that it must perform some very important
office in the animal economy ; that it must, in fact, be a
ganglion, or series of ganglia, of great power. Its exten-
sive nervous and commissural connections also support this
opinion. The motor and sensory tracts, as they form the
restiform bodies and plunge through the substance of its

eal transverse LGIIIIIIIEEHIE, have a connection with its
nucleated dynamic vesicles. By the inter-cerebral commis-
sure the cerebellum is intimately associated with the optie, the
anterior and posterior cerebral, and the hemispherical ganglia.
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From what has been already said in the sections on com-
parative and human anatomy regarding the function of this
organ, the reader will be prepared for my opinion on this
subject.

There can, I think, be little doubt but it is a regulator
and co-ordinator of muscular action on the one part,
most probably by means of the central portion of the cere-
bellum, viz., the superior and inferior vermiform processes.
On the second part, it certainly would appear to hold some
relation to the generative function. The pathological and
other facts adduced by Drs. Gall, Vimont, and Broussais,
on this subject, are very striking, and almost as conclusive
as all other physiological evidence.*

The locus niger in the crus cerebri is the next ganglion
for our consideration; it is the serial homologue and
analogue of the anterior peaks of grey matter of the spinal
cord. It 1s, I suppose, the seat of the excito-motor power of
the third pair of nerves, the importance of which in relation
to the instinctive and conservative movements of the eye-
ball need not be insisted on here.

The tubercula quadrigemina or optic tubercles, we ma
fairly conclude, are the instruments by which the physical
impressions of light received by the retina are converted
into sensations of light, colour, form, &ec.

The optic thalami and corpora striata, or anterior and
posterior cerebral ganglia, are the next in rotation. With
regard to the office of these nervous centres, we have already
had occasion to consider the thalamus as the essential gan-
glion of the sensory tract, as the corpus striatum 1s of that of
the motor tract. And I am quite disposed to adopt the inge-
nious and philosophical theory of my friend, Dr. Carpenter,
as enunciated in his review of Mr. Noble’s work in the
October number of the British and Foreign Quarterly
Medical Review for 1846.

The anterior and posterior cerebral ganglia are regarded
by Dr. C, as forming part of the series of sensorial centres,
of which we have seen other members in the olfactory,

optic, and auditory ganglia. That they are independent

* On the Functions of the Cerebellum, by Drs. Gall, Vimont, and
Broussais, translated from the French by George Combe, 1837.
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centres of action, not mere appendages to the hemispheric
ganglia, appears from the large quantity of vesicular neurine
which they contain; and that the corpora striata are so,
further appears from the absence of any correspondence in
size between them and the hemispheric ganglia. Thus in
fishes, we find that the corpora striata make up the prin-
cipal bulk of the second pair of masses; in reptiles, birds,
and the lower Mammalia, they still form a very large por-
tion of that which is commonly termed the cerebrum ; and
their subordinate aspeet in man and the higher Mammalia
is solely due to the large relative development of the hemi-
spheric ganglia. On the other hand, there is scarcely any
rudiment of the thalami optici to be discovered in fishes ;
their proportional size increases in reptiles, birds, and the
lower Mammalia ; but it is only in man that their dimen-
sions approach those of the corpora striata. The peculiar
connection of the thalami optici with the posterior columns
of the spinal cord, and their great development in man,
suggests the idea that they are the ganglia of /acfual sensa-
tion ; whilst the connection of the corpora striata with the
anterior columns indicates their relation with the motor
function. The very close relation between the thalami
optici and the corpora striata—corresponding, as Messrs.
Todd and Bowman have suggested, with that which exists
between the posterior and anterior peaks of grey matter in
the spinal cord—harmonizes well with the fact that the
greater number of muscular movements are directed by
common sensation ; whilst the special connection established
by the inter-cerebral commissure between the corpora striata
and the optic ganglia (tubercula quadrigemina) explains the
peculiar influence of the sense of light in directing certain
classes of muscular actions. The communication which is
formed by the medullary substance of the cerebrum between
these ganglia and the hemispheric ganglia seems to be the
medium by which sensations are transmitted to the latter,
to become the stimulus of intellectual operations, and by
which the influence of volition is transmitted downwards to
excite muscular motions through the corpora striata.

The whole chain of sensory ganglia is regarded by Dr. C.
as not only the instrument by which sensations are received,
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but also as the centre of those aufomatic muscular move-
ments which differ from those of a simply reflex character,
in being dependent upon sensation. To this head, he re-
fers the purely instinctive actions of the lower animals, as
well as a variety of actions performed by the human being,
both in health and disease ; such as the consensual move-
ments of the eyes, the regulation of the laryngeal muscles
in the production of vocal sounds, the convulsive movements
i hydrophobia, brought on by the sight or sound of water,
&c., &c. And he considers the actions which become auto-
matic by kabit, as executed throngh the same channel ; each
movement being directly prompted by the sensation with
which it has become associated.

We come lastly to those important ganglia which crown
and cover in the rest—the hemispherical. If there is one
point in the physiology of the brain more unequivocally
demonstrated than another, it is that these ganglia are the
mstruments of the mind—the portion of the bramn in
which sensations are converted into perceptions, and give
rise to ideas. Comparative anatomy ; developmental ana-
tomy ; experiments on living animals ; observations on its
size and form, as indicated by the size and form of the
skull ; and last, but not least, pathology,—all afford a mass
of overwhelming evidence that this portion of the brain, and
this only, 1s the cerebral organ of intellectual power.

Miiller, whose authority on all physiological subjects is
interesting, after speaking of the general evidence in favour
of a belief that the intellectual faculties reside in the cere-
bral hemispheres, says,* “It has, however, been proved by
direct experiment that such is their seat. The experiments
of Flourens are here also especially instructive, and Hertwi
has in the essential points done no more than confirm them.
The hemispheres are insensible both to puncture and inci-
sions. That part of the brain in which the sensations are
converted into ideas, and the ideas hoarded up, to appear

ain, as it were, as shadows of the sensations, is 1tself devoid
of sensibility.”

Further on, he says, “ The experiments of Hertwig con-
firm M. Flourens’ observations. Wounds of the hemi-

* P. 834, op. cit.



330 HUMAN BRAIN.

spheres (in a dog) excited no pain, unless they extended to
the base of the brain, when signs of pam were exhibited.
M. Hertwig removed both hemispheres in a dog: the
animal did not move from the spot voluntarily, but was
thrown into a state of complete stupor; if writated,
moved a few steps, and then fell again to the ground iu a
sleepy state. It did not hear even the report of a pistol.
M. Hertwig removed the upper part of the hemispheres in
a pigeon ; sight and hearing were abolished, and the animal
sat in one spot, as if asleep. He fed it : peas, if placed
merely within the beak, were not swallowed ; but they were,
if laid upon the tongue, owing to reflex action ; the muscles
were but slightly enfeebled ; the bird stood firmly, and flew
when thrown into the air. This state endured for a fort-
night, when the hearing and sensibility in a great measure
returned ; this pigeon hived three months. A hen, in which
Hertwig had cut away both hemispheres nearly to the base
of the brain, was found to be deprived of sight, hearmg,
taste, and smell. It sat constantly in one spot, and was as
if dead, until strongly roused, when it moved a few steps.
The animal lived in this state of stupor, without its senses
being restored, for three months. M. Schoeps has instituted
similar experiments.”

It is evident from these experiments, and from the effects
of pressure on the cerebral hemispheres in man, that they
are the seat of the mental funetions ; that in them the sen-
sorial impressions are not merely perceived, but are con-
verted into ideas; and that in them resides the power of
directing the mind to particular sensorial impressions, the
faculty of attention.

In considering the question, Is the brain the organ of
the mind? T must say with Mr. Combe, that the phy-
siologist “regards man as he exists in this world, and
desires to investigate the laws which regulate the connec-
tion between the mind and its organs, but without attempt-
mg to discover the esseace of either, or the manner in
which they are united.”

And, in connection with this subjeet, let us ever bear in
mind that we are not couseious of the existence and fune-
tions of the organs hy which the mind operates in this life,
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and, in consequence, many acts appear to us to be purely
mental, which experiment and observation prove incontest-
ably to depend on corporeal organs.”

“ For example, in stretching out or withdrawing the arm,
we are conscious of an act of the will, and of the consequent
movement of the arm, but zof of the existence of the appa-
ratus by means of which our volition is carried into execu-
tion.”

“ Erperiment and observation, however, demonstrate the
existence of bones of the arm, curiously articulated and
adapted to motion ; of muscles endowed with power of con-
traction ; and of #iree sets of nerves af least, &e.”

“ All that a person uninstructed in anatomy knows is, that
he wills the motion and it takes place: the whole act ap-
pears to him to be purely mental, and only the arm or thing
moved is conceived to be corporeal. Nevertheless, it is posi-
tively established by anatomical and physiological researches
that this conclusion is erroneous—that the act is not purely
mental, but accomplished by the instrumentality of the
various organs now enumerated. In like manner every act
of vision involves a certain state of the optic nerve, and every
act of hearing, a certain state of the internal ear; yet of the
existence and functions of these organs, we obtain by means
of consciousness no knowledge whatever.”

Now the phrenologist, says Dr. Combe, goes ““one step
further 1n the same path, and states, that every act of the
will, every flight of imagination, every glow of affection,
and every effort of the understanding, in this life, is per-
formed by means of cerebral organs unknown to us through
consciousness, but the existence of which is capable of being
demonstrated by experiment and observation; in other
words, that the brain is the organ of the wmind—the mate-
rial condition, without which no mental act is possible in
the present world.”

“The mind sees through the medium of the eye, just
as it thinks or feels through the medinm of the brain;
and as changes in the condition of the eye deteriorate
or destroy the power of vision without any affection
of the principle of mind, the obvious inference follows,
that in like manner many changes in the condition of

2
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the brain destroy the power of feeling or of thinking,
and yet the mind itself or sow/ remain essentially the
same.”’

The most decisive facts in proof that it is the surface of
the brain or the hemispherical ganglion which directly
ministers to intellect, are derived from pathology, and
especially the consequence of inflammation of the mem-
branes, as we shall see when we consider the diseases of
the brain. The varying effects of apoplexy affords also
strong evidence in favour of this opinion. I will very
briefly state the argument now. If the effusion of blood
take place on the surface of the brain, the mind is more or
less disturbed, and if the effusion is extensive the intellect
is buried for ever; but if the effusion is limited to the
medullary substance, the mind, having recovered the first
effect of the general shock, remains perfect, though its con-
ducting instruments are paralysed.

The first philosopher who attempted to prove that the
brain does not minister to the intellect as a single organ,
but as a combination of organs, was Gall; and I think he
deserves the gratitude of mankind for lis labours, though
all his views may not ultimately prove correct.

The science which Gall advocated is now well known
under the title of phrenology. Those who have not given
their serious attention to this subject have a sort of indefi-
nite idea that phrenology is some occult science, by means
of which its professors pretend to be able to judge of a
man’s character by an examination of the bumps upon his
head. This is the phrenology of the superficial and the
idle, who, not having industry enough to investigate for
themselves, set up a baseless shadow, and then take credit
for the facility with which they overthrow it. This is not
the science ufy phrenology, but the phantom of their own
imagination. In the first place the term bump, in refer-
ence to the surface of the skull, has no place in the vocabu-
lary of the phrenologist. The practical phrenologist judges
of character by space rather than by mere elevation or
depression.

It must always be borne in mind that the physiological
principles upon which phrenology is founded may be per-
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fectly correct, and nevertheless its professors may make
great mistakes in their application.

Spurzheim himself says, “The true principles of a
science may be established, but those who apply them
may err.”

“The art of surgery is positive, yet there cannot be a
doubt but that legs have been amputated which might
have been saved, and in the practice of their art all sur-
geons have not the same dexterity. Every physician has
not equal facility in distinguishing diseases; the healing
art nevertheless exists.”

“I do not conceive that phrenology has reached perfec-
tion now [1826], nor do I expect that its application, even
when perfect, will always be without error. I have been
frequently obliged to rectify my judgment, but I always
endeavour to profit by my mistakes.”

Those who really wish to understand phrenology, and
judge of its correctness, ought to read the works of Gall,
Spurzheim, Combe, and, lastly, the admirable treatise of
Mr. Noble ; for arguments on the other hand they should
also }%;eruse a critique of the last-mentioned work in the
British and Foreign Quarterly Medical Review, Vol. 22 ;
in which the writer most ably advocates the necessity of
employing comparative anatomy in the study of cerebral
physiology.

My reasons for believing that there must be a great deal
of truth in phrenology are fourfold. First. I have received
from practical phrenologists, and especially the late worthy
Mr. Deville, such accurate characters of individuals known
to me, but unknown to them, that I cannot believe the ac-
counts I received could be the result of aceident and con-
Jecture, which must have been the case if phrenology is un-
true.

Secondly. Phrenology alone—as it appears to me—can
account for all the varieties of msanity, especially mono-
mania.

Thirdly. The facts which have been collected by the late
Mr. Deville, showing that the brain will alter its form at
any period of life.

Fourthly. The existence of longitudinal commissures.

z 2
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In Mr. Deville’s collection there are above twenty casts
which prove an alteration in form ; as far as I am able to
judge, they correspond with the mental and moral exercise
which the brain experienced in the period during which
the changes were taking place. Few medical men are aware
of the immense number, and the importance, of the facts
established by that collection ; and whether phrenology is
true or false, such a collection should not be lost to the
nation. The Government has been most liberal in granting
sums for the purchase of antique marbles and specimens of
natural history for the British Musenm—all important ob-
jects for the nmprovement of the people ; and they would
confer a lasting benefit to science, and, through it, to the
nation at large, were they to add this to our national trea-
sures.

If phrenology 1s true, insanity on its first ingress is fre-
quently not a disease of the whole brain, but of only a part
of it. The first effect of inflammation is to excite to an un-
natural degree the natural function of an organ. The func-
tion of the organ thus exalted obtains a mastery over the
rest. For instance, a man, from defective education, com-
bined with hereditary tendency, allows his love of approba-
tion, his vanity, in other words, to grow with his growth, and
strengthen with his strength, gradually becoming the sole
ruling prineiple of life : at last it, instead of reason, so com-
pletely guides and regulates all his actions, that they are
contrary to reason, and justly called the acts of a lunatic.
Yet all this may go on with reasoning faculties so acute,
that he conceals the dominant feeling of his breast, the
mainspring of all his actions, and in a court of law defies
any one to prove him insane.

The great amelioration which has been effected in the
condition of the lunatic has been founded on this prineiple,
that none are so mad as to be incapable of appreciating
kindness, Throughout all the admirable and interesting
reports of Dr. Conolly, it will be seen that this has been
the gmding principle of his boldly humane treatment.
The first thing, says this admirable man, is to gain the con-
fidence of your patient; and that once obtained, you may
do anything with him.
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Now if this is true, (and no one who has treated the
insane on these principles doubts it,) so is it equally true
that they may be awed by punishment and even acknow-
ledge its justice. Only the last time I had the pleasure
of visiting that noble asylum, Hanwell, I listened with
much interest to a lunatic whom we met in the grounds.
He began by requesting Dr. Conolly to procure his release
from the Asylum, and then went on in a rambling manner,
reasoning on things and circumstances which had no exist-
ence, showing his mental aberration; but he finished by
saying, as an argument for his being allowed his hiberty,
that he had always conducted himself with propriety while
there, which was perfectly true. This sense of right and
wrong was as perfect as ever, and this sense enabled him
to conduct himself properly. But if he had supposed that
the circumstance of his being lunatic gave him a license
for any conduct, and freed him from all responsibility,
would he have been so anxious to conduct himself pro-
perly? And if he were told that the law of the land
would not take notice of an improper act, even if that act
amounted to the murder of a fellow-creature, he would not
feel the same reason for self control.

Mental philosophers have always admitted that if a man
through imperfect education has never had his reasoning
faculties called forth, the instrument of that power becomes
more or less atrophied, and the power is more or less lost.
For imstance, take two boys born of the same parents,
and with the same or nearly the same original capacity ;
suppose them differently educated, the one brought up in
the fields, and all mental culture neglected, the other
trained for a learned profession. When these two have
arrived at maturity, oblige them to change places, and
the incapacity of the brain of the peasant would only be
surpassed by incapacity of the muscular system of the stu-
dent. The same applies to moral as to intellectual culture.
And hence the same importance of early education for the
formation of moral strength as for the formation of intel-
lectual or muscular strength. But phrenology goes further
than merely to insist on the importance of educating the
child. Tt goes further also in tracing moral insanity to
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its real cause. It teaches us that the child inherits more
or less of the mental or moral capacity of the parent, just
as much as he inherits the form of the face and physical
constitution. And as personal beauty may be more or
less spoiled and effaced by evil education, (and I refer to
the moral and mental education of circumstances and
example,) so may the brain, with its mental and moral
faculties, be deteriorated and debased by the same causes.
But phrenology also inculcates that, although it has pleased
the Almighty, for some good and wise purpose, to ordain
that not merely the bodily diseases of parents, but even
their mental and moral imperfections, shall more or less
descend to their children, such hereditary imperfections,
whether of the mtellcctual the muscular, or the mental
organs, may be corrected h}r careful attention.

It hias not been my object so much to prove the truth
of phrenology, as to show that, if true, the following must
also be so—that though the form of the brain is not alike
in all children at birth, any more than their dispositions
or intellectual capacities are alike, the form of their brain
may be altered and improved, as the disposition and the
intellect may be, at any period of life, by education and re-
straint.

Lastly, with regard to the office of the commissures, this
is implied in the name by which they are known. The
structure of these parts, their comparative anatomy, analogy,
and the few pathological faets that have been recorded, bear
us out in the view 1 have taken of their office as conduc-
tors of nervous power, as the media of establishing commu-
nication between one portion of the encephalic mass and
another, and, in this way, intimately connected with the
faculty, possessed by man especially, of comparing and
reasoning upon the various impressions received by the
different portions of the hemispheres.
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PART XI.
DISEASES OF THE BRAIN.

I undertaking this division of my subject, I am afraid that
by some I shall be considered as stepping beyond the pro-
per boundaries of surgical practice. To such I must ob-
serve that every surgical disease requires more or less of
medical treatment; that no surgeon is competent to treat
an mjury of the head affecting the brain, who is ignorant
of cerebral pathology; that the distinction between medi-
cine and surgery is artificial ; and that a distinction be-
tween diseases arising from external violence and from in-
ternal disease is false and mischievous. One of the first
principles instilled into my medical mind by my respected
master, Mr. Travers, was the necessity of studying medicine
at the hospital with the same diligence and attention as
surgery. 'The interest I have felt from the time I first heard
Spurzheim demonstrate the brain in 1826 has induced me
to attend to the pathology of this subject more than perhaps
I should otherwise have done. These observations are made,
not to prove fitness for the task I have undertaken, but
simply to explain that 1 do not allow that the fact of my
practising as a surgeon is any excuse of incompeten

For many years I have thought much upon the functions
of " the brain, and endeavoured to observe the phenomena
which attend the disturbance of those functions. In de-
tailing the information I have obtained by observations and
reading, I must rely on the same kind indulgence for the
imperfect execution of my task, which has been so liberally
accorded to my former labours.

In this outline of the diseases of the brain, the following
arrangement will be adopted :—

1. Anzmic affections.
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2. Hyperemic.

3. Convulsive.

4. Organic.

This arrangement, like every other that has been adopted,
is of course liable to objections. Each of these affections
will occasionally run one into the other, so that the lines of
distinetion are lost; nevertheless, in a practical point of
view, I hope it will on the whole be found advantageous.

I have not divided the history, diagnosis, and treatment
of these diseases so strictly as some authors have done. My
reason for which is, that it is impossible to maintain these
divisions, if the subject is much illustrated by cases; and 1
believe that the interest of the reader is more continuously
kept up by mingling them together.

Before we consider these different affections separately,
it will be advisable to determine, as far as possible, whether
the quantity of blood within the cranium ever varies, and
whether the cerebral substance ecan be compressed. The
student who has seen something of disease practically, and
is conversant with the expressions which the practical phy-
sician employs, but who is not well acquaimted with the
literature of medicine, will be astonished that these points
should have been ever questioned. 1t has, however, been
questioned, and the result is, that for some years it was ad-
mitted, as an established doctrine of physiology, that the
quantity of blood in the craninm mnever varies, and that
the brain is incompressible. It will be necessary to show
here the grounds upon which they are mow abandoned.
The theory has had a mischievous fendency in a practical
pomt of view; for instance, Dr. Clutterbuck, in his article
on cerchral apoplexy in the Encyclopaedia of Anatomy, says,
that ““no additional quantity of blood can be admitted into
the vessels situated in the brain, the cavity of the skull
being already completely filled by its contents. A plethorie
state, or over fullness of the cerebral vessels altogether,
though often talked of, can have no real existence ; nor, on
the other hand, can the quantity of blood within the vessels
of the brain be diminished : no abstraction of blood, there-
fore, whether it be from the arm or other part of the general
system, or from the jugular veins (and still less from the
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temporal arteries), can have any effect on the blood-vessels
of the brain so as to lessen the absolute quantity of blood
contained within them.”

I cannot conceive a more dangerous doctrine in the prac-
tice of medicine, particularly coming from such an autho-
rity as Dr. Clutterbuck, and one who is generally so fond
of bleeding. The profession is indebted to Dr. George
Burrowes for dispelling these illusions.

Monro Secundus, of Edinburgh, is generally believed to
have been the first who propounded this doctiine. He ob-
serves,® “ As the substance of the brain, like that of the
other solids of our body, is nearly incompressible, the quan-
tity of blood within the head must be the same at all times,
whether in health or disease, in life or after death, those
cases excepted in which water or other matter is effused or
secreted from the blood-vessels ; for in these cases a quan-
tity of blood, equal in bulk to the effused matter, will be
pressed out of the cranium.”

Monro regarded the skull as if it were a perfect air-tight
sphere, uninfluenced by the pressure of the atmosphere ;
and he used to illustrate his theory by showing to his class
a glass ball filled with water, which he inverted to show
them that not a drop of water would escape through the
aperture.

Abercrombie, who supported this view, does not appear
to have instituted any positive experiments, but to have
founded his opinion on the experiments of Dr. Kellie, pub-
lished in Vol. 1. of the Transactions of the Med. Chir. Society
of Edinburgh.

Dr. Burrowes first promulgated his valuable and eonclu-
sive researches on this subject in his Lumlean Lectures,
delivered at the College of Physicians, March 1843, pub-
lished in the thirty-second volume of the Medical Gazette,
p. 146, and to them I must refer my readers for a full
exposition of the opinions of preceding observers, their
experiments, and the conclusions they draw from them.
Dr. Burrowes has since entered more fully into the subject
m his admirable work entitled “On Disorders of the Cere-
bral Circulation,” &c. 1846. The following experiments

* Observations on the Nervous System, Alex. Monro, M.D., 1793.
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which he first made are so decisive of the question that I
cannot help quoting them in full :—

“On the 11th of January 1843, I killed two full-grown
rabbits. The one (a) by opening the jugular vein and
carotid artery on one side of the throat; the other (B) was
strangled. Each animal died violently convulsed. A liga-
ture was drawn tightly round the throat of the rabbit (a)
immediately it expired, to prevent any further escape of
blood from the vessels of the head. The rabbits were
allowed to remain twenty-four hours on a table resting on
their sides. While the blood was flowing from the rabbit
(a), the conjunctiva was observed to become pallid, and
the eye-balls to shrink within the sockets. Upon the ex-
amination of the head of the rabbit, the integuments and
muscles appeared blanched and exsanguine. Upon remov-
ing the upper portions of the cranium, the membranes of the
brain were found pallid, and scarcely the trace of a blood-
vessel was to be detected on the surface of the brain. The
longitudinal and lateral sinuses were nearly empty of blood,
and their course was not denoted by any colour of blood.
Upon making sections of the brain, the interior appeared
equally exsanguine.

“Soon after the cord was drawn tight round the throat of
the rabbit (), the conjunctiva became congested, the eye-
balls turgid, prominent, and even projecting beyond the
margin of their sockets. The integuments and muscles of
the head were found full of blood. Upon opening the
cranium, the superficial vessels of the membranes, as well as
the sinuses, were full of dark liquid blood. The whole
substance of the brain and its membranes appeared of a
dark reddish hue, as if stained by extravasated blood.

“The contrast between the two brains on the point of
vascularity, both on the surface and in the interior, was
most striking. In the one, searcely a trace of blood-vessel
was to be seen; in the other, every vessel was turgid with
blood. It seems hardly necessary to bring forward further
evidence to prove that death by haeemorrhage has a most
decided effect in depleting the vessels and reducing the
quantity of blood within as well as upon the outside of the
cranium,
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“1 have, however, repeated the experiments with similar
results. In fairness to Dr. Kellie I should state that I have
attended at the slanghtering of sheep by butchers, and find
the brains of those animals much less depleted than the
brains of rabbits which have died by haemorrhage. But the
sheep did not die from simple loss of blood, but partly
from the division of the pneumogastric nerves and cervical
portion of the spinal cord. These lesions no doubt influ-
enced the appearances.

“ Hence 1t is not a fallacy, as some suppose, that bleeding
diminishes the actual quantity of blood in the cerebral ves-
sels. By abstraction of blood we not only diminish the
momentum of blood in the cerebral arteries and the quan-
tity supplied to the brain in a given time, but we actually
diminish the quantity of blood in those vessels. Whether
the vacated place is replaced by serum or resiliency of the
cerebral substance under diminished pressure, i1s another
question, into which I do not now enter.”

Dr. Burrowes also made experiments to decide whether
position could effect the condition of the vessels within the
skull; for Dr. Kellie had asserted that the quantity of blood
in the cerebral substance is not affected by posture, and
details experiments in order to prove it.

Dr. Burrowes says, “On the 28th of December 1842,
two full-grown rabbits were killed by prussic acid, and,
while their hearts were still pulsating, the one (c) was sus-
pended by the ears, the other (p) by the hind legs. They
were left suspended for twenty-four hours; and, before
they were taken down for examination, a tight ligature was
placed round the throat of each rabbit, to prevent, as effec-
tually as was possible, any further flow of blood to or from
the head, after they were removed from their respective

itions.

“In the rabbit (c¢) the whole of the external parts of the
head, the ears, the eye-balls, &ec., were pallid and flaceid ;
the museles of the scalp and bones of the cranium were also
remarkably exsanguined. Upon opening the eranium, the
membranes and substance of the brain were pallid, the
sinuses and other vessels were exsanguined ; an@mic beyond
my expectation.
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““In the rabbit () the external parts of the head, the ears,
eye-balls, &c., were turgid, livid, and congested. The
muscles and bones of the eranium were of a dark hue, and
gorged with blood, which at some parts appeared extrava-
sated. Upon opening the cranium, the membranes and
vessels were dark and turgid with fluid blood; the super-
ficial veins were prominent, the longitudinal and lateral
sinuses were gorged with dark blood ; there was staining
of the tissues, if not extravasation of blood into the mem-
branes. The substance of the brain was uniformly dark,
and congested to a remarkable extent.”

“ Dr. Kellie asserts, but I think his experiments do not
support him, that the contrast in the appearances within
the heads of the two animals was but trifling. In my
analogous experiments the contrast was most striking. In
the one was to be seen a most complete state of anemia
of the internal as well as external parts of the cranium ; in
the other a most intense hyperaemia or congestion of the
same parts; and these opposite conditions in the vascularity
of the brain induced solely by posture and the gravitation
of the blood.”

“If the eranium were the perfect sphere, as taught by
Monro, and as subsequently maintained by Abercrombie
and other distingnished writers on the pathology of the
brain, these effects on its cireulation (wﬁich I have now
exhibited) ought not to have resulted from the force of
gravity on the blood in the cerebral vessels.”

When Dr. Burrowes first promulgated his opinions on
this subject, he was obliged to combat the authority of
Dr. Watson, among other men of note. It is therefore
satisfactory to find this excellent physician now giving in
his allegiance to these views. Indeed it may be asserted
that they are now admitted by nearly all men as established
principles in physiology.

Aneemic affections—During the last twenty years, much
has been done in cerchral pathology, but in no section of it
has so much progress been made as in the anaemic affections.
At one fime, coma was considered an unerring sign of
pressure on the brain, and delirium an equally certain indi-
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cation of inflammatory mischief; but it is now well known
that both may arise from anemia, either local or general.

The occurrence of serious symptoms from a diminished
supply of blood to the brain is now universally admitted,
but it is still a matter of dispute with some, whether these
symptoms are occasioned by diminished pressure on the
brain, or by a smaller quantity of blood within the cerebral
capillary system.

Dr. Burrowes, in the lectures already referred to, says
that he is inclined to the opinion that some of the most re-
markable symptoms arise rather from insufficient vascular
pressure than from an insufficient quantity of blood in the
substance of the brain. With all due deference to this ad-
mirable observer, I am inclined to an opposite opinion. We
know that the function of all other organs, uninfluenced by
pressure, may be excited by a flow of blood into them, or
their function may be arrested by any stoppage in their sup-
plies. Take the salivary glands or the testicles, as an illus-
tration : mental emotions will both excite and arrest their
secretions ; and I believe that the brain would be similarly
affected, and to the same extent as now, even if that organ
were not enclosed in a spherical box, and supported on all
sides by the cerebro-spinal fluid.

The effect upon the sensorium, of swddenly cutting off
the supply of blood to the brain, is strikingly exhibited in
the famihar instance of syncope, whether induced by loss
of blood or mental emotion. Now it appears to me con-
trary to all analogy that the function of an organ like the
brain (clearly as dependent as any other organ in the body
on the blood for its power, or why should it receive so very
large a proportion of the whole circulating quantity ?) should
be arrested by a mere change in its physical condition.
The maintenance of such a doctrine appears to me to par-
take of the old leaven, which Dr. Burrowes has so admira-
bly upset.

Sir Astley Cooper, by his experiments with ligatures on
the carotid and vertebral arteries of dogs, showed the de-
Fendence of the brain on its supply of blood for the per-

ormance of 1its functions. The first effect of pressure on
the carotid arteries was to produce a state of partial insen-
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sibility : if the pressure was continued, then the animal lost
apparently all consciousness. By pressing on the vertebrals
as well as the carotids, life was very soon extinguished ;
the respiratory centres receiving their supply of blood from
the vertebral arteries.

In the human being, the surgeon has occasionally an op-
portunity of observing the effect upon the brain of eutting
off a portion of its supply of blood by a ligature on the
carotid artery. 1t 1s true that sometimes a ligature is thus
applied, and no sensible impression produced upon the sen-
sorium, but more frequently there is an immediate, though
it may be a temporary, effect produced. In other cases, the
remote consequences are serious. Dr. Norman Chevers has
published in the Medical Gazette, Vol. xxxvi., p. 1140, Octo-
ber 31, 1846, an admirable summary of the cases in which
these vessels have been tied, and he has exposed the danger
to which the brain is subjected by this proceeding, showing
that the danger of the operation is not confined to its per-
formance. The whole paper is worthy of perusal,—but I
must confine myself to some of his deductions. He says,
that though by far the larger proportion of those in whom
the primifive carotid artery on one side is obliterated, re-
cover, a considerable number become hemiplegie, and perish
from disease of that hemisphere of the brain. The conclu-
sion that obliteration of one carotid artery is never liable to
be followed by impairment of the cerebral functions, must
therefore be discarded.

“ (1.)—The form of disease found in the brain after .
death in several cases related above,” says Dr.Chevers, ““ was
of a kind which is generally considered to depend upon
local anemia, not upon congestion.

“In some of these instances, signs of deficient supply of
blood in the side of the brain to which the obstructed artery
passed were strikingly apparent.

“ The parts of the cerebral substance which were prinei-
Eally nvolved in disease, were those supplied by the chief

ranches of the obstructed vessel.

“ Obliteration of the internal jugular vein was not ob-
served.

“ (2.)—There were not remarked any morbid appear-
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ances to indicate that inflammation had been conveyéd
backwards along the nerve to the brain. The part from
which the par vagum arises i1s not shown to have been
involved in the disease. That cerebral disease may be
established in these cases quite independently of implica-
tion of either the vein or the nerve, is further proved by the
facts that the paralysis has been known to oceur almost
immediately after the artery has become obliterated, before
inflammation could be possibly established in the sur-
rounding parts: and that organic lesions of the brain
present themselves in cases where the vessel has become
gradually obliterated by processes which are confined to
its interior, and do not at all imvolve adjacent structures ;
that although persons in whom the carotid is tied may
suffer from slight cerebral symptoms, and yet perfectly
recover, those who become completely hemiplegic have
barely a chance of surviving.”

Dr. Chevers sums up with this excellent practical obser-
vation :— The facts adduced in this paper, it is submitted,
prove that the danger of cerebral disorganization should
have its weight in the consideration of cases where it is
proposed to secure the common ecarotid artery, not indeed as
rendering at all doubtful the propriety of the operation in
the majority of the cases in which it is at present had
recourse to, but as strongly discountenancing it in nearly
all instances where the disease for which it is employed
does not positively threaten the patient’s existence, and in
every case where other means of treatment can be em-
ployed.”

Dr. Burrowes, whose opinion on all practical subjects is
of the highest value, suggests the application of a hgature
to the carotid artery in some cerebral affections: he says,*
“ In violent and hopeless cases of epilepsy and some kin-
dred maladies which are characterized by extreme cerebral
congestion, it appears to me that, other remedies failing,
this operation may be fairly resorted to. I am aware of the
responsibility of advocating a remedy attended with risk to
life; but are not all our best remedies most violent poisons
in the hands of the unskilful ?” I quite concur with Dr.

* P. 78, op. cil.
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Burrowes in this opinion, and more particularly as the
operation has been successfully performed for epilepsy,—
as related further on.

Surgical operations and accidents are not the only agents
which produce an an@mia of the brain, local or general.

- The balance of the circulation may be disturbéd by
various causes, but there is none so frequently observed
as that arising from the intemperate use of stimulating
drinks.

Their primary effect is to excite the heart’s action to un-
natural exertion ; all the organs feel this, but the brain
more than the rest : after a storm comes a calm. The in-
tervals between the use of these stimuli are the calms; but
unlike the calms of Nature’s hand, they are states of fear-
ful depression. When these intervals are long continued,
they are not merely states of depression, but states of deli-
rium ; and this leads us to the consideration of that fright-
ful, and, if it were not for the feclings of pity which arise
from the contemplation of a human being degraded below
the level of the brute, we might add, disgusting and horri-
ble malady, delirium tremens. Delirium ebriosorum I re-
gard as a distinct disease, an hyperemic affection, as will be
explained a little further on.

Delirium tremens—1 believe that we are justified in
classing delirium tremens under the head of anemic affee-
tions of the brain. It is true that our pathological records
of this disease are very scanty; but in all the cases which I
have had the opportunity of examining after death, I have
invariably fm‘m({ the hemispherical ganglion, or cortical
substance, pale and bloodless ; the venous canals were ge-
nerally full; and occasionally the arachnoid thickened, as if
it had been the subject of chronic inflammation. It is
curious that so well as the treatment of delirium tremens
is now understood, it is comparatively only a few years
since it was first deseribed in print. The late Dr. Thomas
Sutton, of Greenwich, first gave it its present title, and dis-
tinguished it from phrenitis. He says,® “ Delirium tre-

* Tract on Delirium’ Tremens, by Thos. Sutton, M.I)., of the Royal
College of Physicians, late Physician to the Forces, and Consulting Phy-
sician fo the Kent General Dispensary, 1813, p. 3.
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mens, and likewise the treatment, which will be pointed
out as we proceed, are known to some professional men to
a certain extent; but to many they are wholly unknown :
and the disease has mot yet taken a station in medical
writings. Dr. Wm. Saunders, late physician to Guy’s Hos-

pital, and for many years lecturer on medicine at that hos-
pital, whose opinion I had the advantage of obtaining on
this tract, considered the assertions in this paragraph to be
perfectly correct ; but stated to me, that he had mentioned
the disease alluded to in his lectures for many years, and
had been in the habit of noticing and distinguishing it from
phrenitis during forty years of his practice. So far as my
observations and inquiries have gone on this point, its treat-
ment is acknowledged by only a few, who have not collected
any very ample information on the subject.” 'The Doctor
does not add to our knowledge of the pathology of the disease.

Dr. Copland, whose article on this subject, like all con-
tained in his admirable Encyclopeedia, is copious and erudite,
merely says, ““ The appearances on dissection have fum:qhed
only negative information as to the nature of the disease.”
He speaks of ““slight opacity of the arachnoid, especially at
the base, a little injection of the pia mater, a little flnid in
the ventricles,” but not one word about the condition of
the cortical substance of the brain.

Dr. Blake* says, “ When this disease terminates fatally, it
does not seem to me to be owing to venous congestion, as
the late much-to-be-lamented Dr. Armstrong asserted in
Iis valuable work, or to inflammation of the brain, as Dr.
Clutterbuck mentions in his lectures in the Lancet, vol. 1.
p- 376. I would ascribe it to serous effusion within the
cranium—every post-mortem that I have since witnessed
in cases of pure delirium tremens, tended to confirm me in
these sentiments.”

This author makes an excellent practical observation, to
the correctness of which I can add my testimony, and which
bears out my view of the anaeemic character of this disease.
The stimulus of light, or indeed of any excitant, seems of ad-

% A Practical Essay on the disease generally known under the denomi-
nation of Delirium Tremens, &e., by Andrew Blake, M.D., M.R.C.S,, &e.,
1840, p. 58.
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vantage in delirium tremens; but not so in the commence-
ment of mania : its symptoms are invariably exasperated by
such influence.

Many authors have divided delirium tremens into two
kinds, but, as T have long thought and taught, erroneously.
They have, in fact, confounded that delirium, delivium ebrio-
sorum, which may be excited in any individual by the use of
stimulants, with the true delirtum tremens, which is alone
produced by the sudden withdra