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PREFACE.

Ixn demonstrating the Motive Power of Organic Life in the following
work, I have endeavoured to present the subject to the reader in a plain,
concise, and simple manner, divested entirely of the abstruse metaphysics
in which it has been heretofore involved.

The Motive Power is in the Nervous System,and hence the necessity
of describing this system to show the connection of that power with it.

To effect the first object, I have availed myself of a general and concise
description of the Nervous System, communicated to the British Associa-
tion for the advancement of Science, by William Charles Henry, and also
of a more particular description of it by Mr. Geo. Combe ; to which I
have added extracts from Spurzheim and Bichat, and a lecture of M.
Broussais on the Cerebellum—all of which I have illustrated with nu-
merous engravings ; présenting, in the whole, the most popular and inte-
resting views of the Nervous System, and of its Physiology, as taught in
the rival schools of London and Paris.

In presenting the views of Terrestrial and Planetary Motions, derived
from Magnetic Phenomena, with their attendant influences upon the
Motive Power of Organic Life, T have adhered to my plan of giving to the
reader in connection every subject in a plain and concise way, without
halting in my course to notice every idle theory that has been invented to
explain them.

On the subject of the application of the ever-active and all-pervading
influence of Magnetism to the nature, symptoms, and treatment of Chro-
nic Diseases, I have been guided by the immutable laws of the magnetic,
natural or mechanical forces, which have resulted in the successful de-
velopement of the nature, symptoms, and treatment of a large class of
chronic diseases, which have consigned to a premature grave, every
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year, so many millions of the fairest, most amiable and talented portion of
our race.

The almost uniformly disastrous results of the common treatment of
this class of diseases, furnish a melancholy commentary on the uncertainty
of the common symptoms,—as deplorable as the knowledge of the nature
of the class of diseases founded upon them.

The best physicians have Jong deplored the want of that knowledge of
these diseases which should produce the same satisfactory results as
those obtained in tne treatment of acute diseases. Dr. Armstrong com-
menced a long and arduous investigation of the character of chronic dis-
eases, for the purpose of increasing our knowledge of their symptoms and
treatment, but he did not live to finish the elaborate work which he con-~
templated on this subject.* In the mean time Professor Hahnemann insti-

¢ <« If any one were to assert, in unqualiﬁ.ed terms, that medicine is a conjectural and
vague art, it were easy to refute him, by proving its great certainty in many acute
diseases ; and if any one were to ask what part of physic is most defective, we might
point out chronic diseases, since in them our efforts have hitherto been the most in-
effectual. It is for want of having discriminated the general difference of results in
the treatment of acute and chronic diseases, that some have so much underrated, and
others so much overrated, the powers of the medical art. Speak of acute diseases, and
we may justly maintain the present utility of our profession ; speak of chronic diseases,
and we must with regret confess its present imperfection. If any practitioner should be
generally unsuccessful in the treatment of acute diseases, the fault must be his own,
provided he be consulted in the earliest stages: for the united agencies of blood-letting,
purgatives, mercurials, opium, and blisters, will commonly control the very elements of
these diseases, when opportunely and judiciously directed ; and if any one will still be
so stubborn as to reject the use of some of the most powerful instruments which we
possess, the failures are rather to be attributed to himself, than to the inefficiency of me-
dical treatment. .

¢« As we cannot make such a confident declaration as to chronic diseases, though we
can often palliate and sometimes cure them, we are constrained to acknowledge, either
that their nature is more irremediable, or the means employed are less efficacious.
. ¢ The means which we administer in chronic diseases are numerous, but most of them
ambiguous, and questionable at the best; whereas in acute diseases, our means are few,
and their operation plain and indisputable. The long catalogue of prescriptions for
chronic diseases, at once indicates that all is not right in our pathology, as it implies
that each prescription is liable to fail, and that the whole may be successfully required.

¢ Wherever we have any thing like principles to guide us, our prescriptions are ex-
tremely limited ; wherever we have no fixed principles to guide us, our prescriptions
accumulate with empirical rapidity. But what, it may be reasonably enquired, is the
principal cause of all this complexity of formule in chronic diseases ? Undoubtedly it
arises from that vagueness of opinion which exists respecting the nature of these dis-
eases in their onset, and in the greater part of their progress ; and so long as we attempt
to cover our ignorance by such terms as nervous, bilious, dyspeptic, spasmodic, and
the like, so long shall our practice be mere experiment in most chronic affections. We
may malce a sort of druggist’s shop of the stomach of every patient laboring under chro-
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tuted a new theory of the phenomena of diseases of every class, and found-
ed his Homepathic practice of infinitesimal doses of medicine upon it;
which theory now distinguishes its votaries, and which, with Animal
Magnetism, is now making progress both in Europe and this country:

M. Lugol, however, has no confidence in the common symptoms or
treatment of tuberculous diseases known to the profession, and he calls
uopn them to abandon both, and pursue some, other which is less fallible.*

nic disease, by alternately cramming it with most of the articles of the pharmacopeeas ;
but we shall not, probably, advance in the treatment, until we deduce pathological prin-
ciples, from cautiously marking the rise and progress of the symptoms, and exploring
their seats and effects. For several years past, it has been part of my employment to
collect facts on chronic diseases, and as the enquiry will not be completed for many
years to come, in the mean time I offer a few brief results of my observation and expe-
rience in regard to them, &c.”

* From the Medico-Chirurgical Review, for January, 1841,
DISPARAGEMENT OF AUSCULTATION, BY M. LUGOL, OF PARIS.

The following are extracts from the fourth lecture on the formation of tubercles in
internal organs :—

¢ The numerous checks and repeated deceptions to which physicians are dally ex-
posed in the p1aAGNostS and TREATMENT of tuberculous diseases, do they not prove
that it is necessary to leave the beaten track of inquiry and pursue some other which is
less fallible ? You all know that auscultation and percussion are useless in the diagnosis
of pulmonary tubercles. Both alike insufficient to announce the commencement of the
mischief, they are superfluous at the very time that they become capable of indicating
the presence of the tubercles ; for then these are discoverable by other means, and, alas!
are too far advanced in their developement to warrant our hopes of arresting their pro-
gress—at least in the generality of cases. I will even go a step farther, and say that the
unlimited confidence placed by the greater number of practitioners of the present day in
auscultation and percussion, has had the effect of too often inspiring a fatal security in
many tuberculous diseases, which are thereby allowed to advance in their progress, un-
til this is revealed by physical phenomena at a period when remedial measures have but
little chance of effecting any good.

< But what are the means, you will say to me, that are to be substituted in the room
of auscultation and percussion? I answer, gentlemen, induction. Examine by these
boasted methods this patient, and tell me what results you obtain. Negative results,
you will reply. And yet I maintain that he is tuberculous ; 5 for bis father, his mother,
and his brothers have all died of tuberculous disease ; and he himself is affected with it
in his chest at the present moment. Believe me, this plan is much less deceptive than
the other one. Itell you, the inductive method cannot misiead you, for nature is inva-
riable in its causes as in its effects ; and the external signs of tuberculous scrofula must
give you assurance that similar morbid productions exist in internal organs, especially
in the lungs.t

< It is by viewing the question from this elevated point of view, by studying it in all

1 M. Lugol is mistaken in regard to the certainty of this method ; for nothing is more common than to
find all the external signs of tuberculous disease, without tuberculisation of the Jungs; and this fact is dis-

closed by the absence of the magnetic symptors, while their presence give the first notice of the com-
mencement of the disease in the lungs, even before the cough commences.
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Such is the testimony of these men, and, I may add, that of >every
other physician whose opinion is of any value. '

Notwithstanding, however, such testimony, which is verified by every
day experience, a great majority of the profession are following the ex-
amples of the most arrant quacks, in pretending to be able to cure this
class of diseases with the common remedies.

There are, also, some physicians, who, having given up every other
remedy recommended in the books, still adhere to iodine, as a forlorn
hope, notwithstanding it has been tested many thousand times by other
physicians, and discarded as useless. Among the latter, I am pleased to

be able to rank so distinguished a physician as Dr. Warren, of Boston. In
a recent valuable work, he says:

« A medicine has been introduced of late years, which has acquired much reputation
in this and other forms of scrofulous disease. It is not surprising that physicians should
with avidity take up any remedy which may promise to relieve so common and invete-
rate a disease as scrofula, especially one analogous in its character to those of which ex-
periegce has most approved. I must say that after many years trial of the preparations
of iodine, in various forms of scrofulous affection, I have rarely seen any distinct ad-
vantages from it.”

In speaking again of the cases in which iodine has been used, he says:

¢ Preparations of iodine have not been efficacious in those cases, so far as I have used
them, The tincture of iodine has been given to the amount of forty-five drops three
times a day. This quantity was sufficient to produce diarrheea; but after a long use had
no effect on the tumor. The same must be caid of the hydriodates of soda and potassa,
which I have frequently given in this and other scrofulous cases, in the dose of seven
grains three or four times a day, till it irritated the stomach and bowels, without influ-
encing the cure.”

In order to ascertain the unknown causes of obvious effects, one of two
modes is generally adopted. In the one generally chosen, in accordance

its ensemble, that you will be best enabled to comprehend it in its details; and these can-
not be understood by the special methods of examination which have been so much re-
commended of late years.

¢ The tuberculisation of internal organs exhibits in its developement the same pheno-
mena as tubercles which are outwardly situated—there is no pain, and nothing of me-
chanical derangements.

<« The existence of tubercles in the lungs is so frequent, that I must admit that they
are present in all scrofulous persons. You know that all, or almost all, patients, who
have pulmonary tubercles, are, or have been at some time, affected with tubercles in the
neck ; the majority have had during infancy this external sign of scrofula ; while others
have had it at a later period of life. I believe that pulmonary tubercles frequently exist
in early youth ; but it is chiefly about the age of puberty that they are apt to be deve-
loped.
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with comnton philosophy, theories are first constructed, and then facts
collected to confirm them ; but a sufficient number is very rarely found
for this purpose, and these theories, resting on slight foundations, are
consequently almost always fallacious. In the other mode, which is ac-
cording to inductive philosophy, a great number of corresponding facts is
collected, and the theory or knowledge derived from a comparison of
them is true and substantial.

The latter moce should always be adopted to establish a theory on a
foundation that cannot be overturned. For if a theory in philosophy be
true, the number of comparative facts that may be brought to its support,
is absolutely innumerable and without end. So that if a certain number
of facts is not sufficient to satisfy any person of the truth of the theory,
any additional number can be presented to him, that may be necessary
for such purpose.

The theory upon which this work is founded, is the result of that in-
ductive process which has elicited the true causes of universal motion,
and the laws by which it is governed ; and the demonstrations on the
electro-dynamic rings have since placed the hypothesis beyond a doubt.

The part of this theory which belongs to the human form, and to
chronic diseases, derives, from the causes of motion, new and invariable
symptoms of those diseases which belong to the class hypertrophy, or
chronic swellings of the organs and limbs; and the laws of magnetic
motion explain the causes of their phenomena.

When the discoveries thus made, were compared with the various
theories of the medical profession on these subjects, it was easy to see
how fallacious the latter necessarily were, and with what ease they might
be overturned and buried for ever in one common ruin.

Entertaining the same views of our knowledge of this class of diseases,
and of the remedies for it, with Dr. Armstrong, I commenced the inves-
tigation of the primary phenomena of this class of diseases in 1809, in a
field, which had never been explored, with strong inducement to pursue
it, and soon discovered new and unerring symptoms by which to distin-
guish the disease in any of the organs or limbs. The investigation of
these symptoms unfolded the laws of motion in man and other animals,
and a knowledge of these laws has enabled me to determine and apply
the natural remedies for this class of diseases, with great success, during
a period of more than twenty-five years.
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In describing the cases, which I have introduced, to illustrite the new
symptoms, and the action of the natural remedies for them, I have been
as brief as possible, purposely avoiding reports of the state of the pulse,
and other unimportant symptoms not necessarily belonging to the disease.

A great majority of the cases were first treated by other physicians, and
besides mercury and iodine, had been under the use of a great variety of
other remedies, and when these failed, many of the patients had resorted
to root, steam, charm, Indian and cancer doctors, and to an endless variety
of elixirs of health, purifiers of the blood, cough drops, panaceas, catholi-
cons, and Indian specifics, and continued their use until they became satis-
fied of the futility of such remedies. '

Some of these patients had taken from one to thirteen bottles of Swaim’s
Panacea, a compound of syrup of sarsaparilla and muriate of mercury, in
imitation of the long known Lisbon diet drink. And although, from its
frequent failure, very little dependence is now placed upon it, there can
be no doubt that it sometimes exercises a favorable influence upon this
class of diseases.

It will be observed by those who are acquainted with the classification
of diseases, that I have added to the common and acknowledged cases of
scrofula, a number of diseases not classed as such by nosologists or other
medical writers ; and I have done so, because the symptoms and the dis-
organizations, presented by dissections, are identical and uniform ; and,
moreover, because they can always be cured by the same remedies, which
demonstrate the unity of chronic diseases of this class, by which the
practice is greatly _simpliﬁed; and a knowledge of it easily attained.

I have substituted the term fubercula, from tuber, a knot, knob, or lit-
tle swelling, for scrofula, a little pig; because there is a manifest simi-
larity between the verbal sign and the thing signified in the one selection,
and apparently none in the other. The disease is a swelling of the knobs,
or little round organized bodies called lymphatic glands, pervading every
part of the body with consequent hypertrophy, or general swelling of the
organs, limbs, and other structures.
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THE

NERVOUS SYSTEM, ETC.

CHAPTER I

Objects of Physiology—Nervous System—Cerebrum, or Brain Proper—Cerebellum-—
Medulla Oblongata—Spinal Marrow—Nerves—Of Motion—Of Sensation—Of the
Three Senses—Ganglionic System.

“Tug science of Physiology has for its object to ascertain, to analyze,
and to classify the qualities and actions which are peculiar to living bo-
dies. These vital properties reside exclusively in organized matter,
which is characterized by a molecular arrangement, not producible by
ordinary physical attractions and laws. Matter thus organized consists
essentially of solids, so disposed into an irregular network of laminz and
filaments, as to leave spaces occupied by fluids of various natures.
¢ Texture” or ¢ tissue” is the anatomical term by which such assemblages
are distinguished. Of these the cellular, or tela cellulosa, is most ele-
mentary, being the sole constituent of several, and a partial component of
all the tissues and systems. Thus the membranes and vessels consist
entirely of condensed cellular substance ; and even muscle and nerve are
resolvable, by microscopic analysis, into globules deposited in attenuated
cellular element. ‘

But though the phenomena, which are designated as vital, are never
found apart from organization, and have even by some natuaralists been
regarded as identical with it, yet in the order of succession vital actions
seem necessarily to stand to organized structures in the relation of antece-
dents; for the production of even the most rudimentary forms and tex-
tures implies the previous operation of combining tendencies or ¢ vital
affinities.” The origin and early developement of these vital tendencies,
and of organized structures, are beyond the pale of exact or even of ap-
proximative knowledge. But it is matter of certainty, that life is the
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product only of life ; that every new plant or animal proceeds from some
pre-existent being of the same form and character; and thus that the
image of the great Epicurean poet, “ Quasi cursores vitai lampada tra-
dunt,” possesses a compass and force of illustration which, as a supporter
of the doctrine of fortuitous production, he could not have himself con-
templated.

T'he popular notions respecting life are obscure and indeterminate ; nor
are the opinions even of philosophers characterized by much greater
distinctness or mutual accordance. Like other complex terms, ¢life”
can obviously be defined only by an enumeration of the phenomena which
it associates. This enumeration will comprehend a greater or smaller
number of particulars, according to the station in the scale of living beings
which is occupied by the object of survey. In its simplest manifestation,
the principle of life may be resolved into the functions of nutrition, se-
cretion, and absorption. It consists, according to Cuvier, of the faculty
possessed by certain combinations of matter, of existing for a certain time
and under a determinate form, by attracting unceasingly into their com-
position a part of surrounding substances, and by restoring porticns of their
own substance to the elements. This definition comprehends all the
essential phenomena of vegetable life. Nutritive matter is drawn from
the soil by the spreading fibres of the root, through the instrumentality of
spongioles or minute turgid bodies at their exiremities, which act, accord-
ing to Dutrochet, by a power which he has called « endosmosis.” The
same agency raises the nutrient fluid through the lymphatic tubes to the
leaves, where it seems to undergo a kind of respiratory process, and be-
comes fit for assimilation. These changes, and the subsequent propulsion
of the sap to the different parts and textures, plainly indicate independent
fibrilliary movements, which are represented in animal life by what Bichat
has termed ¢ the phenomena of organic contractility.” The power re-
siding in each part of detecting in the circulating fluid, and of appropri-
ating matters fitted to renovate its specific structure, is designated in the
same system by the term ¢¢ organic sensibility.”

Ascending from the vegetable to the animal kingdom, the term ¢ life”
advances greatly in compreheusiveness. The existence of a plant is limit-
ed to that portiom of space in which accident or design has inserted its
germ ; while animals are for the most part gifted with the faculties of
changing their place, and of receiving from the external world various
impressions. Along with the general nutritive functions, the higher attri-
butes of locomotion and sensation are therefore comprised in the extended
compass of meaning which the term ¢“life” acquires with the prefix
“animal.” The nutritive functions, too,emerging from their original sim-
plicity, are accomplished by a more complex mechanism, and by agencies
further removed from those which govern the inanimate world.
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Locomotion is effected either by means of a contractile tissue, or of
distinct muscular fibres. These fibres have been said to consist of globules
resembling, and equal in magnitade to, those of the blood, disposed in
lines, in the elementary cellulosity, which by an extension of the analogy
is compared to serum. But the latest microscopical observations of Dr.
Hedgkin are opposed to this globular constitution of the contractile fibre.
¢ Innumerable very minute but clear and fine parallel lines or strize may be
distinctly perceived, transversely marking the fibrille.” Irritability, or
the faculty of contracting on the application of a stimulant, is a property
inherent in the living fibre. Itisan essential element of all vital opera-
tions, except of those which have their seat in the nervous system, such
as sensation, volition, the intellectual states, and moral affections. All
the phenomena of life, in the higher animals, may then be ultimately
resolved into the single or combined action of these two elementary pro-
perties,—irritability and nervous influence, each residing in its appropriate
texture and system.

These preliminary remarks are designed to unfold the principles to be
followed in classifying the vital functions. In general or comparative
physiology, a strictly scientific arrangement would contemplate first the
phenomena of the most elementary life, and would successively trace the
more perfect developement of those simple actions and their gradual
transition into more complex processes, as well as the new functions,
superadded in the ascending scale of endowment. But such a mode of
classification is wholly inapplicable to the particular physiology of man
and of the more perfect animals, viewed by itself and without reference
to inferior orders of beings ; for the nutritive functions of this class, which
correspond with the elementary actions of the simplest vegetable life, are
effected by a complex system of vessels and surfaces, deriving their vital
powers from contractile fibres, and controlled, if not wholly governed by
nervous influence. It is then manifest, that in the higher physiology the
general laws of contractility and ¢ innervation” must precede the descrip-
tion of the several functions, which all depend on their single or united
agency. The particular functions will afterwards be classed, as they
stand in more immediate relation to one or other of the two essential
principles of life. ‘

In the present state of physiological knowledge, it is impossible to
determine absolutely, and without an opening to controversy, whether
the functions of muscle or those of nerve are entitled to precedency. If
each were equally independent of the other in the performance of their
several offices, the question of priority would resolve itself into one of
simple convenience. 'The actions of the nervous system, if contempla-
ted for the short interval of time during which they are capable of per-
sisting without renovation of tissue, are entirely independent of the
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contractile fibre. But it is certain that the cooperation of nerve is
required in most, if not in all, the actions of the muscular system. Thus
the voluntary muscles in all their natural and sympathetic contractions
receive the stimulant impulse of volition through the medium of nerve;
and though the mode, in which the motive impression is communicated
to the involuntary muscles, is still matter of controversy, there seems
sufficient evidence* to sanction the conclusion that nerve is in this case
also the channel of transmission ;—¢“that the immediate antecedent of
the contraction of the muscular fibre is universally a change in the
ultimate nervous filament distributed to that fibre.”” If this be correct,
the physiological history of muscle cannot be rendered complete without
reference to that of nerve.

In the higher manifestations of life, nervous matter is invested with
the most eminently vital attributes. It is the exclusive seat of the
various modes of sensation, and of all the intellectual operations; or,
rather, it is the point of transition, where the physical conditions of the
organs, which are induced by external objects, pass into states of mind,
becoming perceptions ; and where the mental act of volition first impresses
a change on living matter. These two offices of conducting motive
impressions from the central seat of the will to the muscles, and of pro-
pagating sensations from the surface of the body and the external organs
of sense to the sensorium commune, have been of late years shown to
reside in distinct portions of nervous substance.

The honour of this discovery, doubtless the most important accession
to physiological knowledge since the time of Harvey, belongs exclusively
to Sir Charles Bell. It constitutes, moreover, only a part of the new
truths, which his researches have unveiled, regarding the general laws
of nervous action, and the offices of individual nerves. His successive
experiments on function, guided always by strong anatomical analogies
in structure, in origin, or in distribution, have led to the entire remodel-
ling of nervous physiology, and to the formation of a system of arrange-
ment, based on essential affinities and on parity of intimate composition,
instead of on apparent sequence or proximity of origin. Among the
continental anatomists, MM. Magendie and Flourens have contributed
most largely to our knowledge of this part of physiology ; the former
by repeating and confirming the experiments of Bell, as well as by
various original inquiries ; the latter by his important researches into the
vital offices of the brain and its appendages. Much light, too, has been
thrown on the functions of several of the encephalic nerves, and especially
of those supplying the face and its connected cavities, by Mr. Herbert

* See ¢« A Critical and Experimental Enquiry into the Relations subsisting between
Nerve and Muscle,” in the 37th vol. of the Edinburgh Medical and Surgical
Journal. ’
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Mayo, who has analyzed their anatomical composition, and pursued their
course with singular precision, and has thus been enabled to correct some
errors of detail in the system of Sir Charles Bell.

NERVOUS SYSTEM.

In man, and in other vertebrated animals, the nervous system consists
of the cerebrum, cerebellum, medulla oblongata, medulla spinalis, and of
the encephalic, spinal, and ganglionic nerves. It seems most natural to
observe this order of anatomical sequence in recording what is known of
nervous functions.

CEREBRUM, OR BRAIN-PROPER.

The physiology of the brain has received of late years very conside-
rable accessions, and its vital offices, viewed as an entire organ, have now
probably been ascertained with sufficient precision. Some portion of
this newly acquired knowledge has been gathered from experiments on
living animals, but the greater and more valuable part has flowed from
the study of comparative developement. In this latter field of inquiry,
Tiedemann’s elaborate history of the progressive evolution of the human
brain during the period of feetal existence, with reference to the compa-
rative structure of that organ in the lower animals, merits an early and
- detailed notice. It had been discovered by Harvey, that the feetus in
the human species, as well as in inferior animals, is not a precise facsimile-
of the adult, but that it commences from a form infinitely more simple,
and passes through several successive stages of organization before
reaching its perfect developement. In the circulatory system, these
changes have been minutely observed and faithfully recorded*. Tiede-
mann has traced a similar progression in the brain and nervous system,
and has moreover established an exact parallel between the temporary
states of the feetal brain in the periods of advancing gestation, and the
permanent developement of that organ at successive points of the animal
scale. The first part of his work is simply descriptive of the nervous
system of the embryo at each successive month of feetal life. It consti-
tutes the anatomical groundwork upon which are raised the general laws
of cerebral formation, and the higher philosophy of the science. In the
second part, Tiedemann has established, by examples drawn from all the

¢ See an excellent Essay on the Developement of the Vascular System in the Fatus.
of Vertebrated Animals, by Dr. Allen Thomson.
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grand divisions of the animal kingdom, the universality of the law of
formation, as traced in the nervous system of the human fwetus, and the
existence of one and the same fundamental type in the brain of man and
of the inferior animals.

The facts which have been unfolded by the industry of Tiedemann,
besides leading to the universal law of nervous developement, throw
important light upon nervous function: for it is observed that the
successive increments of nervous matter, and especially of brain, mark
successive advances in the scale of being; and, in general, that the
developement of the higher instincts and faculties keeps pace with that of
brain. Thus, in the zoophyta, and in all living beings destitute of nerves,
nothing that resembles an instinct or voluntary act is discoverable. In
fishes the hemispheres of the brain are small, and marked with few
furrows or eminences. In birds they are much more voluminous, more
raised and vaulted than in reptiles ; yet no convolutions or anfractuosities
can be perceived on any point of their surface, nor are they divided into
lobes. The brain of the mammalia approaches by successive steps to
that of man. That of the rodentia is at the lowest point of organization.
Thus the hemispheres in the mouse, rat, and squirrel are smooth and
without convolutions. In the carnivorous and ruminating tribes, the
hemispheres are much larger and marked by numerous convolutions. In
the ape tribe the brain is still more capacious and more convex ; it covers
the cerebellum, and is divided into anterior, middle, and posterior lobes.
It is in man that the brain attains its greatest magnitude and most elabo-
rate organization. Sommerring has proved that the volume of the brain,
referred to that of the spinal marrow as a standard of comparison, is
greater in man than in any other animal.

Various attempts have been made of late years, chiefly by the French
physiologists, to ascertain the functions of the brain by actual experiment.
It will appear from a detailed survey of their labours, that little more
than a few general facts respecting the function of its larger masses and
great natural divisions have flowed from this mode of research. The
offices of the smaller parts of cerebral substance cannot with any
certainty be derived from the phenomena that have been hitherto observed
to follow the removal of those parts, since the most practised vivisectors
have obtained conflicting results. Nor is it difficult, after having per-
formed or witnessed such experiments, to point out many unavoidable
sources of fallacy. In operations on living animals, and especially on
so delicate an organ as the brain, it is scarcely possible for the most skil-
ful manipulator to preserve exact anatomical boundaries, to restrain
hemorrhage, or prevent the extension to contiguous parts, of the morbid
actions consequent upon such serious injuries, and to distinguish the
secondary and varying phenomena, induced by the pressure of extrava-
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satea blood, or the spread of an inflammatory process, from those which
are essential and primary. 'T'he ablation of small and completely insulated
portions of brain must, then, be classed among the “agenda” of experi-
mental physiclogy.

The most decisive researches, that have been hitherto instituted on
the functions of the brain, are those of M. Flourens. His mode of
operating was to remove cautiously successive thin slices of cerebral
matter, and to note the corresponding changes of function. He com-
menced with the hemispheres of the brain, which he found might be
thus cut away, including the corpora siriata and thalami optici, without
apparently occasioning any pain to the animal, and without exciting
convulsive motions. Entire removai of the cerebrum induces a state
resembling coma ; the animal appears plunged in a profound sleep, being
wholly lost to external impressions, and incapable of originating motion ;
it is deprived, too, according to Flourens, of every mode of sensation.
Hence the cerebrum is inferred to te the organ in which reside the
faculties of perception, volition and memory. Though not itself sensible,
in the ordinary acceptation of -the werd,—that is, capable, on contact or
injury, of propagating sensation,—yet it is the point where impressions
made on the external organs of sense become objects of perception.
This absence of general sensibility observed in the brain has also been
experimentally demonstrated in the nerves dedicated to the functions of
sight, of smell and of hearing, and constitutes, perhaps, one of the most
remarkable phenomena that have been disclosed by interrogating living
nature. Flourens appears, however, to have failed in proving that all
the sensations demand for their perception the integrity of the brain.
He has himself stated that an animal deprived of that organ, when
violently struck, ¢“has the air of awakening from sleep,” and that if
pushed forwards, it continues to advance after the impelling force must
bave been wholly expended: Cuvier has therefore concluded, in his
Report to the Academy of Sciences upon M. Flourens’ paper, that the
cerebral lobes are the receptacle in which the impressions made on the
organs of sight and hearing only, become perceptible by the animal, and -
that probably there too all the sensations assume a distinct form, and
leave durable impressions,—that the lobes are, in short, the abode of me-
mory. The lobes, too, would seem to be the part in which those motions
which flow from spontaneous acts of the mind have their origin. But a
power of effecting regular and combined movements, on external stimula-
tion, evidently survives the destruction of the cerebral hemispheres.

A very elaborate series of experiments on the functions of the brain in
general, and especially on those of its anterior portion, have been since
performed by M. Bouillaud*. That observer concurs with Flourens in

"Mag;ndie, Journal de Physiologie, tom. x. p. 86.
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viewing the cerebral lobes as the seat of the remembrance of those densa-
tions which are furnished to us by sight and hearing, as well as of all
the intellectual operations to which these sensations may te subjected,
such as comparison, judgment and reasoning. But he proves that the
ordinary tactual sensibility ddes not require for its manifestation the
presence of the brain. For animals eutirely deprived of brain were
awakened by being struck, and gave evident indications of suffering when
exposed to any cause of physical pain. Bouillaud observes, too, that the
iris continues obedient to the stimulus of light, after ablation of. the
hemispheres, and on this ground calls in question the loss of vision
asserted by Flourens. Nor are the lobes (he contends,) the only recep-
tacle of intelligence, of instincts and of volition: for to admit this
proposition of Flourens would be to grant that an animal which retains
the power of locomotion, which makes every effort to escape from
irritation, which preserves its appropriate attitude, and executes the same
movements after as before mutilation, may perform all those actions
without the agency of the will or of instinct. Another doctrine of
Flourens, which has been experimentally refuted by Bouillaud, is, ¢that
the cerebral lobes concur ¢s a whole in the full and entire exercise of
their functions; that when one sense is lost, all are lost; when one
faculty disappears, all disappear ;”’ in short, that a certain amount of cere-
bral matter may be cut away without apparent injury, but that when this
limit is passed, all voluntary acts and all perceptions perish simultane-
ously. Bouillaud, on the contrary, has descrived several experiments
which show that animals, from whom the anterior or frontal part of the
brain had been removed, preserved sight and hearing, though deprived of
the knowledge of external objects, and of the power of seeking their
food.

The second part of M. Bouillaud’s researches is entirely devoted to the
functions of the anterior lobes of the brain. These were either removed
by the scalpel, or destroyed by the actual cautery, in dogs, rabbits and
pigeons. Animals thus mutilated feel, see, hear and smell; are easily
alarmed, and execute a number of voluntary acts, but cease to recognise
the persons or objects which surround them. They no longer seek food,
or perform any action announcing a combination of ideas. Thus the most
docile and intelligent dogs lost all power of comprehending signs or words
which were before familiar to them, became indifferent to menaces or
caresses, were no longer amenable to authority, and retained no remem-
brance of places, of things, or of persons. They saw distinctly food pre-
sented to them, but had ceased to associate with its external qualities all
perception of its relations to themselves as an object of desire. The an-
terior or frontal part of the brain is hence inferred to be the seat of several
intellectual faculties. Its removal occasions a state resembling idiotism,
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characterized by loss of the power of discriminating external objects,
which, however, co-exists with the faculties of sensation.

It will be unnecessary to describe fully in this place the experiments of
Professor Rolando, of Turin, performed in 1809, and published in Magen-
die’s Journal, tom. iii., 1823, since the more important of his facts have
reference, not to the brain-proper, but to the cerebellum. His paper cer-
tainly contains some curious anticipations of phenomena, since more ac-
curately observed by Flourens and Magendie; yet as regards the brain,
properly so called, his results are vague and inconclusive. Accident,
rather than a well matured design, seems to have directed what parts of
the brain he should remove ; and from having comprehended in the same
injury totally distinct anatomical divisions, he has rendered it impossible to
arrive at the precise function of any one part. Thus we are told that
injury of the thalami optici and tubercula quadrigemina in a dog was fol-
lowed by violent muscular contractions. Now all subsequent experi-
menters agree, that irritation of the thalami is incapable of inducing con-
vulsive motions; and Flourens bas proved that this property has its
beginning in the tubercula,—an important fact, which Rolando, with a
little more precision in anatomical manipulation, could scarcely have
failed to discover. '

Mageudie has described* some curious experiments on- the corpora
striata, which, though closely analogous in their results to those on the
cerebellum, have their proper place in this section. Removal of one cor-
pus striatum was followed by no remarkable change; but when both hed
been cut away, the animal rushed violently forwards, never deviating
from a rectilinear course, and striking against any objects in its way. In
his lecture of February 7, 1828, Magendie, in the presence of his class,
removed both corpora striata from a rabbit. The animal attempted to
rush forwards, and, if restrained, appeared restless, continuing in the atti-.
tude of incipient progression. One thalamus opticus was then cut away
from the same animal. The direction of its motion was immediately
changed from a straight to a curved line. It continued for some time to
run round in circles, turning towards the injured side. When the other
thalamus was removed, the animal ceased its motions and remained per-
fectly tranquil, with the head inclined backwards. These experiments,
it may be observed, furnish no support to the opinions of MM. Foville and
Pinel Grandchamps, who have assigned the anterior lobes and corpora
striata as the parts presiding over the movements of the inferior extremi-
ties, and the posterior lobes and thalami as regulating the superior.

* Journal de Physiologie, tom. iii. p. 376
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CEREBELLUM.

It may be regarded as nearly established by modern researches, that the
cerebellum is more or less directly connected with the function of loco-
motion. The precise nature and extent of its ¢control over the actions of
the voluntary muscles are, however, far {rom Leing clearly determined.
In the higher animals, the mental act of volition probably has its com-
mencing point, as productive of a physical change, in the brain-proper ;
though it must be confessed that some of the experiments of Flourens, and
all of those of Bouillaud, indicate the persistance of muny instinctive, and
even of some automatic motions, after destruction of the brain. But
there does appear suflicient evidence to prove that those volitions which
have motion as their effect, whatever be their origin, whether in the cere-
brum, cerebellum, or medulla oblongata,* require for their accomplish-
ment the co-operation of the cerebellum. This evidence has been mainly
supplied by the same inquirers whose researches on the cerebrum have
been already aralyzed.

In the order of time, though not of importance, the experiments of
Professor Rolando stand foremost. Injuries of the cerebellum, he ob-
served, were always followed by diminished motive power ; and this par-
tial loss of power was always in direct proportion to the amount of injury.
A turtle survived upwards of two months the entire removal of the cere-
bellum, continuing sensible to the slightest stimulus; but when irritants
were applied, it was totally unable to move from its place. M Flourens
has since arrived at similar, but more definitive results. He removed in
succession thin slices from the cerebellum. After the first two layers
had been cut away, a slight weakness and want of harmony and system in
the automatic movements were noticed. When more cerebellic substance
had been removed, great general agitation became apparent. The pigeon,
which was the subject of operation, retained, as at first, the senses of
sight and hearing, but was capable of executing only irregular unconnect-
ed muscular efforts. It lost by degrees the power of flying, of walking,
and even of standing. Removal of the whole cerebellum was followed by
the entire disappearance of motive power. The animal, if laid upon its

_back, tried in vain to turn round; it perceived and was apprehensive of
blows, with which it was menaced, heard sounds, seemed aware of dan-
ger, and made attempts to escape, though ineffectually,—in short, while
it preserved, uninjured, sensation and the exercise of volition, it had lost
all power of rendering its muscles obedient to the will. The cerebellum
is hence supposed by Flourens to be invested with the office of ¢ ballanc-
ing, regulating or combining separate sets of muscles and limbs, so as to

* Flourens, Memotres de P /Academic, tom. ix.
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Side view of the brain, cerebellum, and medulla oblongata.
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bring about those complex movements depending on simultaneous and
conspiring efforts of many muscles, which are necessary to the different
kinds of progressive motion.” Bouillaud, who has successfully disputed
several of the opinions of Flourens respecting the functions of the cere-
brum, fully concurs with him as to those of the cerebellum.

Yet, it must be admitted, that there exists also conflicting expermental
testimony on this subject. M. Fodera* states that he has found the re-
moval of a part of the cerebellum to be followed, in all cases, either by
motion backwards, or by that position of the body which precedes retro-
grade movement.  The head is thrown back, the hind legs separatcd, and
the fore legs extended forwards, and pressed firmly against the ground.
More complete destruction of the cerebellum occasions the animal to fall on
its side ; but the head is still inclined rigidly backwards, and the anterior
extremities agitated with convulsive movements, t.ending tocause retrograde
motion of the body. Injuries of one side of the cerebellum were observed
to produce paralysis of the same side of the body ; as might, indeed, have
been anticipated from the direct course, without decussation, of the resti-
form coluinns which ascead to form the cerebellum. Magendie has de-
scribed| precisely the same results. A duck, whose cerehellum had been
destroyed, could swim only backwards. In the course of his experimental
lectures, Magendie, having removed the cerebellum in several rabbits,
demonstrated to his class the phenomena of retrograde movement, exactly
as they have been recorded by Fodera. 1t is, then, impossible to regard
the conclusions of Flourens as fully established, opposed as they are by
those of so skilful an experimenter as Magendie. Indeed, while Flourens
conceives the cerebellum to preside over motion, MM. Foville and Pinel
Grandchamps atlribute to it the directly opposite function of sensation:
and this doctrine seems to derive some support from anatomical disposi-
tion; for it has been proved by Tiedemann that the cerebellum is nothing
more than an expansion or prolongation of the corpora restiformia, and
posterior columns of the spinal medulla, which columns have been shown
by Sir Charles Bell to have the office of conveying sensations. Butit is
not the less true that all recent experiments, even those of Fodera and Ma-
gendie, point to some connexion between the cerebellum and the power
of voluntary motion. In the present state of our knowledge it wou'd be
unsafe to contend for more than the probable existence of some such gene-
ral relation.

This, then, is all that seems deserving of confidence respecting the func-
tions of the cerebellum itself. But there are some singular phenomena
which, though residing in other structures more or less near to the cere-
bellum, are so analogous to those already described as to call for notice in

* Journal de Physique, July, 1823, t Ibid. tom. iii. p. 157.
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this place. Magendie has described* the results of injury to the crura
cerebelli of a rabbit. Complete division of the right crus was followed by
rapid and incessant rotation of the body upon its own axis, from left to
right. This singular motion having continued two hours, Magendie
placed the rabbit in a basket containing hay. On visiting it the following
day he was surprised to find the animal still turning round as before, and
completely enveloped in hay. The eyes were rigidly fixed in different
lines ; that of the injured side being directed forwards and downwards,
that of the other side backwards and upwards. If both crura were divided,
no motion followed. Magendie hence concluded that these nervous cords
are the conductors of impulsive forces which counterbalance one another,
and that from the equilibrium of these two forces result the power of
standing, and even of maintaining a state of rest, and of executing the
different voluntary motions. The inquiry naturally presented itself,
whether these forces are inherent in the crura themselves, or emanate
from the cerebellum or some other source. To determine this question,
portions of substance were removed from both sides of the cerebellum,
but unequally, so as leave intact three-fourths on the left side and one-
fourth only on the right. The animal rolled towards the right side, and
its eyes were fixed in the manner already described. But the left crus
being divided, the animal rolled to the left side. Hence it appears that
section of the crus has more influence over the lateral rotation of the tody
than injury of the cerebellum itself; and that the impulsive force does
not belong (at least exclusively) to the cerebellum. Wlheu the cerebel-
lum was divided precisely in the median line, the animal seemed suspend-
ed between two opposing forces, sometimes inclining towards one side, as
if about to fall, and again thrown suddenly back to the opposite side. Its
eyes were singularly agitated, and seemed about to start from the orbits.
Similar movements followed division of the continuous fibres in the pons
Varolii. Serres has described a case of similar rotary motion occurring
in the human subject. A shoemaker habituated to excess in alcoholie
liquors, after great intemperance, was seized with an irresistible disposi-
tion to turn round upon his own axis, and continued to move so till death
ensued. On inspecting the brain, one of the crura ceretelli was found
much diseased, and this was the only alteration of structure visible in any
part of the nervous system.

M. Flourens has published in a recent volume of the Memoires de
P Academie des Sciencest a description of some striking abnormal motions
which followed the division of the semicircular canals of the ears of birds.
Though these organs have no anatomical relation to the cerebrum or cere-
bellum, the altered motions resulting from their division are so analogous

® Journal de Physiologte, tom. iv. 399 1 Tom. ix. p. 454.






FIG. 3.

A front view of the Medulla Oblongata, lateral nerves, Pons Varolii,
and fifth pair of nerves.

M—Medulla oblongata. A~—Pons Varolii. B—Corpus Pyramidale. C—Corpus
Olivary. D—Spinal accessory nerve. E—Par Vagum. F—Glosso-Pharyngeal
nerve. G——Portio Dura of the seventh. H—Fourth Nerve. I I—Anterior column of
the Spinal Cord. a—Fifth nerve. b—Ganglionic branch of the fifth nerve.
c¢—Ganglion. d—Motor branch of the fifth nerve.
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to those observed by Magendie after lesions of the corpora striata and
crura, that they may be most conveniently described in the same section.
Two of thesemicircular canals are vertical, and one horizontal. Division
of the horizontal canals on each side occasioned a rapid horizontal move-
ment of the head from right to left, and back again, and loss of the power
of maintaining an equilibrium, except when standing, or when perfectly
motionless. There was also the same singular rotation of the animal
round its own axis which follows injury of the crura cerebelli. Section
of the inferior vertical canal on both sides produced violent vertical move-
ments of the head, with loss of equilibrium in walking or flying. There
was in this case no rotation of the body upon itself, but the bird fell back-
wards, and remained lying on its back. When the superior vertical ca-
nals were divided, the same phenomena were observed as in section of the
inferior, except that the bird fell forward on its head, instead of backward.
All the canals, both vertical and horizontal, having been divided, in an-
other pigeon, violent and irregular motions in all directions ensued.
When, however, the bony canals were so cautiously divided as to leave
their internal membranous investment uninjured, these abnormal motions
were not produced. It is, therefore, in these membranes, or rather in the
expansion of the acoustic nerve which overspreads them, that the cause of
this phenomenon must reside. No explanation is propoesed by Flourens
of the control thus exercised by a nerve supposed to minister exclusively
to the sense of hearing, over actions so entirely opposite in character. It
is remarkable that the irregular movements should observe the same di-
rection in their course as the canals, by the section of which they are in~
duced. Thus the direction of the inferior vertical canal is posterior, that
of the superior is anterior, corresponding perfectly with the directions of
the abnormal motions.

MEDULLA OBLONGATA.

The medulla oblongata, or ¢ bulbe rachidien,” is reducible into six
columns, or three pairs, viz: two anterior or pyramidal, which partially
decussate, two middle or olivary, and two posterior or restiform, which
proceed forwards without crossing. It is continuous in structure with the:
spinal marrow, and enjoys, by virtue of this relation, the same function of
propagating motion and sensation. But it is distinguished from the spinal
medulla by special and higher attributes, being endowed with the faculty
of originating motions, as well as with that of regulating and conducting
them. The medulla oblongata, with the cerebrum and cerébellum, consti-
tute, in short, according to Flourens,* those portions of the nervous sys-

¢ Memoires de P’Academie des Sciences, tom. ix. p. 478
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tem which exercise their functions ¢ spontaneously or primordially,” and
which originate and preside over the vital actions of the sulbordinate parts.
To this latter order of parts, which require an exciting cr regulating influ-
ence, belongs the spinal medulla. In the supericr class, I'lourens seems
to assign even a higher place to the medulla ollongata than to the cere-
brum or cerebellum. For the cerebrum, he observes, may act without the
cerebellum ; and this latter organ continues to regulate the motions of the
body after removal of the cerebrum. DBut the functions of neither cere-
brum nor cerebellum survive the destruction of the medulla oblongata,
which seems to be the common bond and central knot combining all the
individual parts of the nervous system into one whole.

The medulla oblongata was regarded by Legallois as the mainspring or
¢ premier mobile” of the inspiratory movements. He repeated before a
Commission of the Institute of France the leading experiments on which
his opinion rested.* In a rabbit, five or six days old, the larynx was
detached from the os hyoides and the glottis exposed to view. The
brain and cerebellum were then extracted without arresting the inspira-
tions, which were marked by four simultaneous motions,—a gaping of
the lips, an opening of the glottis, the elevation of the ribs, and the con-
traction of the diaphragm. Legallois next removed the ‘medulla oblon-
gata, when all these motions ceased together. In a second rablit, instead
of extracting at once the entire medulla, it was cut away in successive
thin slices. The four inspiratory movemnents continued after the removal
of the three first slices, but ceased afier the fourth. 1t was found that the
fourth had reached the origin of the eighth pair of nerves. If, instead of
destroying the part in which this motive influence resides, it be simply
prevented from communicating with the muscles, which are subservient
to inspiration, a similar effect ought to be produced. Now it is obvious
that the medulla oblongata must transmit its influence to the muscles
which raise the ribs, through the medium of the intercostal nerves, and
therefore of the spinal marrow, and to the diaphragm through the phrenic
nerves, and to these through the spinal marrow. In another rabbit,
therefore, the medulla spinalis was cut across about the level of the sev-
enth cervical vertebra. The effect of this operation was to arrest the
elevation of the ribs, the other three inspiratory motions still continuing.
A second section was made near the first cervical vertebra, and conse-
quently above the origin of the phrenic, with the effect of suspending the
contraction of the diaphragm. The par vagum was next divided in the
neck,and the opening of the glottis ceased. There remained then, of the
four inspiratory movements, only the gaping of the lips, which, however,
was sufficient to attest that the medulla oblongata still retained the power

* (BEuvres de Legallois, tom. i. p. 247
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of producing them all. This power had ceased to call forth the other
three motions, only because it no longer had communication with their
organs.

M. Flourens, in a recent memoir already referred to,* has confirmed
and extended the views first announced by Legallois. He has distinctly
traced the comparative action of the medulla spinalis and oblongata, on
respiration, in the four classes of vertebrated animals. In birds, he found
that all the lumbar and the posterior dorsal medulla might be destroyed
without impeding the respiratory function, though it was arrested by re-
moval of the costal medulla. In the mammalia the costal also might be
removed, for though the raising of the ribs ceased, the action of the dia-
phragm continued as long as the origin of the phrenic nerve remained un-
injured. In frogs, all the spinal medulla may be destroyed, except the
portion whence spring the nerves supplying the hyoideal apparatus. Eve-
ry part of the spinal marrow may be removed in fishes without affecting
respiration ; for all the nerves distributed to the respiratory organs of
fishes have their origin in the medulla oblongata. It is hence apparent that
the spinal marrow exercises only a variable and relative action on the re-
spiratory function, in the different classes of vertebrated animals. In de-
scending from the higher to the lower points of this scale, the spinal mar-
row is seen progressively to disengage itself from cooperation in these
movements, while the medulla oblongata tends more and more to concen-
trate them in itself, till in fishes the proper functions of the two medulle
show themselves completely distinct, the spinal ministering to locomo-
tion and sensation, and the oblongata to respiration. The medulla oblon-
gata is, then, the “ premier moteur,” or the exciting and regulating prin-
ciple of the inspiratory movements in all classes of vertebrated animals ;
besides participating, by virtue of its continuity with the spinal marrow,
in the proper functions of that organ. From a second series of experi-
ments, M. Flourens concludes that there exists a point in the nervous
centres at which the section of those centres produces the sudden annihi-
lation of all the inspiratory movements ; and that this point corresponds
with the origin of the eighth pair of nerves, commencing immediately
above, and ending a little below, that origin,—a result precisely agreeing
with that obtained by Legallois.

SPINAL MARROW

It is apparent that the functions of the three grand divisions of the ner-
vous system, already described, have not yet been distinctly and fully as-

* Memoires de I’.Academie, tom. ix. 1880
4
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certained. Our knowledge of those, which next fall under survey, is
more definite and substantial. The vital offices of the spinal medulla—
regarded by Legallois as the mainspring of life, and as alone regulating
the actions of the heart and nobler organs,—are now reduced to convey-
ing to the muscles the motive impulse of volition, and to propagating to
the sensorium commune, impressions made on the external senses. It is
not invested with the power possessed by the cerebrum and cerebellum,
and perhaps hy the medulla oblongata, of spontaneously originating mus-
cular motions. It is mainly, if not exclusively, a conductor ; a medium
of communication between the brain and the external instruments of loco-
motion and sensation. Flourens, indeed, conjectures that it also has the
office of associating the partial contractions of individual muscles into
“mouvemens d’ensemble,” necessary to the regular motions of the limbs.

Before recording what is known of the spinal cord itself, it will be pro-
per to advert to some recent experiments of Magendie on the serous fluid
in which it is immersed. It would appear that a quantity of liquid, vary-
ing from two to five ounces in the human subject, is always interposed
between the arachnoid tunic and the pia mater, or proper membrane of
the cord. The intermembranous bag, occupied by this fluid, communi-
cates with the ventricular cavities at the calamus scriptorius by a round
aperture, often large and patent in hydrocephalic subjects. Magendie has
therefore named this serous liquid ¢ cerebro-spinal.” In living animals,
it issues in a-stream from a puncture of the arachnoid. Its removal oc-
casions great nervous agitation, and symptoms resembling those of canine
madness. The sudden increase of its quantity induces coma. Its pre-
sence seems essential to the undisturbed and natural exercise of the ner-
vous functions ; and this influence probably is dependent upon its pressure,
temperature, and chemical constitution, since any variation of these con-
ditions is followed by the phenomena of nervous disorder.

The great medullary cord is divided by a double furrow into two late-
ral halves ; and each of these is again subdivided by the insertions of the
ligamenta dentata into two columns, one posterior and one anterior. It
has been long known that section of any part of the spinal marrow ex-
cludes from intercourse with the brain all those parts of the body which
derive their nerves from the cylinder of medulla below the point of injury.
The muscles, so supplied, are no longer obedient to the control of the will,
and the tegumentary membranes similarly situated entirely lose their sen-
*gibility. This interruption of the relations which subsist between the
central seat of volition and sensation, and the rest of the body, whether
due to direct injury of the great nervous masses or communicating nerves,
or produced by the pressure of extravasated fluids, by morbid growths, or
by various poisonous matters, constitutes the condition known by the
name ¢ paralysis.” In cases of this kind it is frequently observed that
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the powers of sensation and locomotion are simultaneously impaired or
destroyed. But examples are not wanting, even in the earliest clinical
records, of the total ioss of one of those faculties with perfect integrity of
the other. Such facts naturally suggested the belief that the power of
propagating sensations, and that of conveying motive impressions, resided
in distinct portions of the nervous system. This opinion, however, re-
mained mere matter of conjecture until a recent period, when it was une-
quivocally established by Sir Charles Bell. From the original experi-
ments of that most distinguished physiologist, repeated and confirmed by
Magendie, it follows that the faculty of conducting sensations resides ex-
clusively in the two posterior columns of the medulla, while that of com-
municating to the muscular system the motive stimulus impressed by voli-
tion is the attribute of the two anterior columns. The same limitation of
function is found in the nervous roots which spring from these separate
columns. Thus, each spinal nerve is furnished with a double series of
roots, one set of which have their origin in the anterior medullary co-
lumn, and one in the posterior. The spinal nerves are, in consequence of
this anatomical composition, nerves of two fold function, containing in the
same sheath distinct continuous filaments from both columns, and exercis-
ing, in the parts to which they are distributed, the double office of condue-
tors of motion and sensation. It will afterwards appear, in our history of
individual nerves, that all those which spring from the brain, except the
fifth and eighth pairs, possess only a single function.

Sufficient experimental proof of the foregoing propositions has been fur-
nished by Sir Charles Bell and by M. Magendie. Thus, division of the
posterior roots of the spinal nerves is uniformly followed by total absence
of feeling in the parts of the body to which the injured nerves are distri-
buted, while their motive power remains undiminished. Magendie has
further observed, that if the medullary canal be laid open, and the two
posterior cords be touched or pricked slightly, there is instant expres-
sion of intense suffering ; whereas, if the same or a greater amount of irrita-
tion be applied to the anterior columns, there are scarcely any signs of ex-
cited sensibility. The central parts of the medulla seem also nearly
impassible.* They may be touched, and even lacerated, according to
Magendie, without exciting pain, if precautions are taken to avoid the sur-
rounding medullary substance. In general, the properties of the spinal
marrow, and especially its sensibility, seem to reside mainly on its surface ;
for slight contact, even of the vascular membranes covering the posteriot
columns, caused acute pain.

The first experiment of Sir C. Bell consisted in laying open the spinal
canal of a living rabbit, and dividing the posterior roots of the nerves that

* Annales de Chimie et de Physique, tom. Xxiii p. 486.



28

supply the lower limbs. The animal was able to crawl. In his second
trial he first stunned the rabbit, and then exposed the spinal marrow. On
irritating the posterior roots, no motion was induced in any part of the
muscular frame ; but on grasping the anterior roots, each touch of the for-
ceps was followed by a corresponding contraction of the muscles supnlied
by the irritated nerve. Magendie has described* the following experi-
ments, which he has since declared were made without any knowledge of
the prior ones of Sir C. Bell. " The subjects chosen for the operation
were puppies about six weeks old ; for in.these it was easy to cut with a
sharp scalpel through the vertebra and to expose the medulla. In the first
the posterior roots of the Jumbar and sacral nerves were divided, and the
wound closed : violent pressure, and even pricking with a sharp instru-
ment, awakened no sensation in the limb supplied by the nerves which
bad been cut; but its motive power was uninjured. A second and a
third trial gave the same results. Magendie then divided in another ani-
mal, though with some difficulty, the anterior roots of the same nerves on
one side. The hind limb became flaccid and entirely motionless, though
it preserved its sensibility. Both the anterior and posterior roots were
cut in the same subject with destruction of motion and sensation. In a
second papert Magendie has related the following additional facts : The
introduction of nux vomica into the animal economy is well known to
give rise to violent tetanic convulsions of the whole muscular system.
This property was made available as a test of the functions of the sepa-
rate orders of nervous roots. It was found that, while all the other mus-
cles of the body were agitated, when under the influence of this poison, by
violent spasmodic contractions, the limb, supplied by nerves whose ante-
rior roots had been previously divided, remained supple and motionless.
But when the posterior roots only had been cut, the tetanic spasms were
universal. It would seem, however, that the seats of the two faculties of
conducting motion and sensation are not strictly insulated by exact ana-
tomical lines, but that they rather pass into each other with rapidly de-
creasing intensity. Thus irritation of the anterior roots, when connected
with the medulla, gives birth, along with motive phenomena, to some
evidences of sensibility ; and, vice versa, stimuli applied to the posterior
roots, also undivided, occasion slight muscular contractions. In this last
case it is, indeed, probable that the irritation travelled from the posterior
roots upwards to the brain in the accustomed channel, and gave rise to a
* perception of pain, which prompted the muscular effort. Indeed, after
division of the posterior nervous roots, ordinary stimulants, applied to the
ends not connected with the medulla, produced no apparent effects;
though the galvanic fluid directed upon either order of roots gave rise to

* Journal de Physiologie, tom. ii. p. 276. August, 1822. t Ibid. tom. ii. p. 366.
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muscular contractions. These were more complete and energetic when
the anteripr roots were the subjects of the experiment.

Besides the evidence thus obtained by direct experiments on living ani-
mals, several important facts have been gathered from the pathology of
the nervous system in man. These consist of cases of insulated paralysis
of either motion or feeling, referred to the changes in structure observed
after death. Sir Charles Bell has himself recorded several examples of
this kind strongly confirming his experimental results ; and others of simi-
lar tendeney are scattered through the successive volumes of Magendie’s
Journal.* But it must be admitted that evidence of this kind is sel-
dom distinct and conclusive. The structural changes, induced by disease,
are rarely so circumscribed in seat and extent as to represent adequately
the operations of the scalpel ; and often when they are thus isolated with-
in anatomical bounding lines, they affect, by pressure, or by the spread of
the same morbid process, in a degree too slight to leave decided traces, the
functions of contiguous parts, thus clouding the judgments of the best
pathologists, and invalidating their inferences. There is, however, a very
remarkable case described by Professor Royer Collard, to which these ob-
jections do not apply. . Sprevale, an invalided soldier, was upwards of
seventeen years the,subject of medical observation in the Maison de Sante
of Charenton. This individual remained for the last seven years of his
life with the legs and thighs permanently crossed, and totally incapable of
motion, though retaining their sensibility. On opening after death the
spinal canal, there was found the pultaceous softening (ramollissement) of
the whole anterior part of the medulla, and of almost the whole of the
fibrous cords which form it. The anterior roots of the spinal nerves had
also lost their accustomed consistency ; while the posterior surface of the
spinal cord, and its investing membrane, were healthy. Several of the
cases observed by Sir Charles Bell furnish also unequivocal proof of the
soundness of the views developed by experiment.

There exist, indeed, few truths in physiology established on so wide
and solid a basis of experimental research and pathological observation as
those deduced by Sir Charles Bell, the original discoverer, and by Magen-
die, his successor in the path of inquiry, respecting the offices of the spinal
medulla.’ This organ may now be regarded as mainly, if not solely, a me-
dium of intercourse between the external world and the brain, and again
between the brain and the voluntary muscles, its two anterior columns
being subservient to motion, its two posterior to sensation. In the pre-
sent state of our knowledge it would be fruitless to try to penetrate into
the minute philosophy of these actions: but it seems probable, from re-

* See 1n particular Dr. Rullier’s case, tom. iii. p. 173 ; and Dr. Koreff’s, tom. iv.
p. 376
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cent discoveries on the ultimate anatomy of tissue, that these actions are
molecular, having their place in the globular elements, into which all liv-
ing textures are resolvable by microscopic analysis ;—that the physical
changes, e. g. impressed by external objects on the delicate net-work of
nerve which invests the tegumentary membranes and open cavities, are
propagated thence, from particle to particle, along the continuous fila-
ments, to their origins in the posterior spinal columns, and thence to the
central point, where they become objects of perception ;—and that the
motive stimulus of volition is similarly transmitted down the anterior co-
Iunins and nerves, to the organs of locomotion. Indeed, it is a legitimate
inference from Sir Charles Bell’s discoveries, that a simple nervous fila-
ment, or medullary collumn, can only propagate an impression in one line
of direction, viz: either towards or from the central seat of perception
and of will ; and this curious law of nervous actions would seem to point
at some insensible molecular motion as their essential condition.

It remains to investigate the arguments which have been supposed to
prove the residence in the spinal marrow of the power of originating and
controlling the actions of the heart. This question has been matter of
eager controversy, from its bearing upon the general relations of nerve
and muscle. Without prejudging this latter topic, it may simplify its fu-
ture consideration, and will at the same time be more consistent with
strict arrangement, to state here merely the facts which have reference to
the spinal medulla.

The work of Legallois, entitled ¢ Experiences sur le Principe de la Vie,
notamment sur celui des Mouvemens du Ceur et sur le Siege de ce Prin-
cipe,”* was the first remarkable essay on the relations between the heart
and the spinal cord. It will, however, be sufficient to allude in general
terms to the conclusions of Legallois, since they have been entirely sub-
verted by the subsequent researches of Dr. Wilson Philip and M. Flou-
rens. Legallois’s main doctrine was, that the principle which animates
each part of the body resides in that part of the spinal medulla whence its
nerves have their origin ; and that it is also from the spinal cord that the
heart derives the principle of its life and its motiont. The experimental
proof supposed to establish these propositions consisted in destroying in
different rabbits portions of the cervical, dorsal, and lumbar medulla. Ces.
sation of the heart’s action was affirmed to he the constant result of the
operation ; but even in some of Legallois’s own experiments,} the mo-
tions of the heart continued after considerable injury had been inflicted on
the spinal cord, and especially on its lower divisions. Still more une-
quivocal is the evidence that has been advanced by Dr. Wilson Philip, in
his Inquiry into the Laws of the Vital Functions. His experiments, which

* (Euvres de Legallas, tom. i. pp. 97, 99, &c. 1 p- 269. 1 pp. 100, 101, 105,
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were very numerous and judiciously varied, show that the circulation
continues long after entire removal of the spinal marrow, and that by
artificially maintaining respiration, the motions of the heart may be almost
indefinitely prolonged. Flourens in the 10th vol. of the Mem. de I'Aca-
demie,* has lately confirmed Dr. Philip’s views: he has shown that the
circulation is entirely independent of the spinal marrow. The influence
apparently exerted is only secondary, being due to the suspension of the
respiralory movements. Thus all those portions of the spinal marrow
which can be destroyed in the different classes of animals without arrest-
ing respiration, may be removed without affecting the circulation, In
fishes and frogs the entire spinal cord may be destroyed without checking
the heart’s motions, because in these classes the medulla oblongata pre-
sides exclusively over the respiratory function.

NERVES.,

The classification of nerves, which is most convenient to the physiolo-
gist, is based upon their vital properties or functions. Such an arrange-
ment would distribute them into—1, nerves of motion ; 2, nerves both of
motion and sensation; 3, the nerves ministering to the senses of sight,
smell, and hearing ; and 4, the ganglionic system, or, according to Bichat,
nerves of organic life. Sir Charles Bell has added a fifth class, compris-
ing nerves which he supposes are dedicated to the respiratory motions.
But it will afterwards appear that the existence of an exclusive system of
respiratory nerves is not supported by sufficient evidence.

"The first class of nerves exercising the single office of conveying motiom
comprehends the 3rd, 4th, 6th, portio dura of the 7th, the 9th, and per-
haps two divisions of the 8th, viz: the glossopharyngeal and spinal ac-
cessory. Mr H. Mayo’s experiments, detailed in his Anatomical and
Physiological Commentaries, No. 11, (and Journal de Physique, tom. iii. ).
throw much light on the functions of several of these nerves. The mo-
tions of the iris, he shows, require the integrity of the third pair, division
of these nerves being always followed by full dilatation of the pupils,.
which cease to be obedient to the stimulus of light. If the divided end
of the nerve, communicating with the eye, be pinched by the forceps, the:
iris contracts. Hence it is apparent that diminution of the aperture of the:
pupil is the result of action, and dilatation of the pupil the result of relaxa-
tion of the iris. Flourens has shown that complete extirpation of the
tubercula quadrigemina also paralyses the iris, and that irritation of those
bodies excites its contractions. The same effect is noticed by Mayo to

*p: 625,
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arise from division or irritation of the optic nerve. He divided the optic
nerves within the cranium of a pigeon immediately after decapitation
When the end of the nerve connected with the ball of the eye was seized
in the forceps, noaction ensued ; but when the end attached to the brain
was irritated, the Iris immediately contracted. These several experi-
ments clearly indicate the dependence of the iris upon the optic nerve,
upon the tubercula from which one root of that nerve spriugs, and upon
the third pair. The stimulus of light impinges upon the retina, is con-
veyed along the optic nerve through the tubercle to the sensorium,
whence the motive impression is propagated to the iris by the third ence-
phalic nerve. ,

It is not so easy to define the precise mode of action of the pathetici, or
fourth pair of nerves. Sir Charles Bell* supposes that they are destined
¢“to provide for the insensible and instinctive rolling of the eyeball, and
to associate this motion of the eyeball with the winking motions of the
eyelids.” He even conjectures that ¢ the influence of the fourth nerve
is, on certain occasions, to cause a relaxation of the muscle to which it
goes.” It is certain, however, from its exclusive distribution to the supe-
rior oblique muscle, that the fourth is a nerve of motion. The sixth
nerve is also a nerve of voluntary motion, and is sent to the rectus exter-
nus of the eyeball.

Sir Charles Bell has placed the portio dura of the seventh pair among
his respiratory nerves. There is, however, no doubt that it is simply a
motive nerve, and that it is indeed the only nerve of motion which sup-
plies all the muscles of the face, except those of the lower jaw and palate.
Division of this nerve occasions no expression of pain, according to Bell;
but Mayo’s experience is opposed to this absence of sensibility.T ¢ The
motion of the nostril of the same side instantly ceased, after its section in
an ass,] and that side of the face remained at rest and placid during the
highest excitement of the other parts of the respiratory organs.” These
and similar observations are all consistent with the opinion that the sev-
enth is simply a nerve of voluntary motion. It will afterwards appear
that it has no claim to any further endowment.

Mr. Herbert Mayo infers from his experiments, that the three divisions
of the eighth pair are all nerves both of motion and sensation. Thus the
glossopharyngeus is a nerve of motion to the pharynx, and perhaps of sen-
sibility to the tongue. He observed that ¢ on irritating the glossopharyn-
geal nerve in an animal recently killed, the muscular fibres affout the
pharynx acted, but not those of the tongue.”’§ Irritation of the spinal

* Natural System of Nerves, p. 358.

tSee Mr. H. Mayo’s Anatomical and Physiological Commentaries, Part I ; and
Outlines of Human Physiology, 2nd edit., p. 384. $ pp. 105, 107

§ Outlines of Human Physiology, 2nd edit., p. 337,
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acccessory produced both muscular contractions and pain. The par va-
gum, he conceives, bestows sensibility on the membrane of the larynx,
besides conveying the motive stimulus to its muscles. This nerve has
been thé subject of experiment from the earliest times, and Legallois has
minutely described the results obtained by successive inquirers.* These
were singularly discordant, and gave origin to the most opposite theories
of the mode of action of the par vagum. In the greater number of expe-
riments, section of this nerve was followed, after a longer or shorter inter-
val, by death. Piccolhomini contended that the division of the nerve was
fatal from its arresting the movements of the heart, and after him Willis
supported the same doctrine. By Haller, on the contrary, the cause of
death wag sought in disturbance of the digestive functions. Bichat and
Dupuytren seem to have been the first to obtain a glimpse of the true seat
of injury. The former remarked that the respiration became very labori-
ous after section of the nerve, and Dupuytren distinctly traced death to
asphyxia. Legallois has established by numerous experiments the accu-
racy of this last view. He has shown that in very young animals death
is the immediate consequence of the operation of cutting either the par
vagum or its recurrent branch, and that the suddenness of the effect is due
to the narrowness of the aperture of the glottis in early age. In adult
animals, the asphyxia is induced by the effusion of serous fluids and ropy
discolored mucus into the bronchial tubes and air-cells. More recently,
Dr. Wilson Philip has practised the section of the par vagum with an es-
pecial reference to its influence upon digestion. He divided the nerve be-
low the origin of the inferior laryngeal branch, as in this case the dyspncea
is much less considerable than when the wound is inflicted on the higher
portion.t It was found, in all these trials, that food introduced into the
stomach after the operation remained wholly undigested. Hence Dr.
Philip infers the dependence of secretion upon nervous influence, a conclu-
sion, it has been remarked by Dr. Alison, not logically deducible from the
experimental data.}

The par vagum cannot then, it is obvious, be included in the class of
nerves subservient solely to motion ; and it is even doubtful whether the
other two divisions of the eighth pair are not also endowed with sensi-
bility. Respecting the function of the ninth, or lingual, there is, how-
over, no place for hesitation. It has been experimentally proved by Mr.
Mayo to supply the muscles of the tongue ; though he also asserts that
pinching it with the forceps excited pain. Three of these nerves, the
third, sixth, and ninth, arise, it was first remarked by Sir Charles Bell,
from a tract of medullary matter continuous with the anterior column of

* Buores, p. 154, ef seq. ~ t Ezperimental Inquiry, 3rd. edit., p. 108.
$ Dr. Alison, Journal of Science, vol. ix. p- 106.
5 .
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the spinal marrow ; and hence their exclusive office of conducting motive
1mpressions.

1I. There are thirty-two pairs of nerves of similar anatomical origin
and composition, which possess the twofold office of communicating mo-
tion and Sensation. Of these, all excepting one (the fifth pair of the cere-
brel nerves) spring from the spinal marrow. These thirty-one pairs are
precisely analogous in formation, being all constituted of two distinct
series of roots, one from the anterior column, and one from the posterior
column of the spinal marrow. The posterior funiculi collected together
form a ganglion, seated just before this root is joined by the anterior root.
It has been already stated that the power of propagating sensation resides
in the posterior column, and in the nervous roots arising from it, and that
the motive faculty has its seat in the anterior column and roots. The evi-
dence, also, supplied by Bell and Magendie, that the spinal nerves are
hence nerves of double office, has been fully detailed. It remains, then,
to establish the title of the fifth pair of cerebral nerves to be included in
the same class with the spinal nerves.

The analogy in structure and mode of origin between the fifth pair and
the nerves of the spine has been long matter of observation. /Prochaska
has thus distinctly noticed it in a passage of his Essay De Structura Ner-
vorum, published in 1779, first pointed out to me by my friend Dr. Holme:
¢ Quare omnium cerebri nervorum, solum quintum par post ortum suum
more nervorum spinalium, ganglion semilunare dictum, facere debet ? sub
quo peculiaris funiculorum fasciculus ad tertium quinti paris ramum,
maxillarem inferiorem dictum, properat, insalutato ganglio semilunari, ad
similitudinem radicum anteriorum nervorum spinalium?” Sommerring
has also pointed out with equal clearness the resemblance in distribution
between the smaller root of the fifth and the anterior roots of the spinal
nerves. But Sir Charles Bell was the first to establish ‘the identity of
their functions, and to arrange them prominently in the same natural divi-
sion. His experiment consisted in exposing the fifth pair at its root, in an
ass, the moment the animal was killed. ¢ On irritating the nerve, the mus-
cles of the jaw acted, and the jaw was closed with a snap. On dividing
the root of the nerve in a living animal, the jaw fell relaxed.” In another
experiment the superior maxillary branch of the fifth nerve was exposed.
“ Toucning this nerve gave accute pain ;......the side of the lip was
observed to hang low, and it was dragged to the other side.” Sir Charles
Bell concluded that the fifth nerve and its branches are endowed with the
attributes of motion and sensation. This, though cotrect as regards the
nerve itself, viewed as a whole, is strictly true only of the lowest of its
three divisions, viz: the inferior maxillary. The ophthalmic and the su-
perior maxillary, the subjecs of the last experiment, are nerves simply of
sensation. Mr Herbert Mayo in the Essay already referred to, has
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pointed out tnis error, and has defined with minute precision the relative
offices of the fifth and seventh nerves. By a careful dissection of the fifth
nerve he found that the anterior branch, or smaller root, which goes, as
Prochaska was aware, entirely to the inferior maxillary, is distributed ex-
clusively to the circumflexus palati, the pterygoids, and temporal and
masseter muscles. He observed that section of the supra and infra orbitar
branches, and of the inferior maxillary, near the foramina, whence they
emerge, induces loss of sensation in the corresponding parts of the face.
It may then be regarded as fully proved that the trigeminus, or fifth pair,
is the nerve which bestows sensation on the face and its appendages, and
motion only on the muscles connected with the lower jaw. The other
muscles of the face derive their motive power from the portio dura of the
seventh nerve.

M. Magendie has also published several memoirs on the functions of
the fifth pair. In these he attempts to prove that the olfactory nerve is
not the nerve of smell; that the optic is but partially the nerve of
vision ; and that the auditory is not the principal nerve of hearing. Itis
in the fifth pair that he supposes all these distinct and special endowments
to reside. But the experimental proof will be found to be singularly in-
conclusive. The olfactory nerves were entirely destroyed in a dog. Af-
ter the operation it continued sensible to strong odours, as of ammonia,
acetic acid, or essential oil of lavender; and the introduction of a probe
into the nasal cavity excited the same motions and pain as in an unmuti-
lated dog. The fifth pair was then divided in several young animals, the
olfactory being left entire. All signs of the perception of strongly odor-
ous substances, as sneezing, rubbing the nose, or turning away the head,
entirely disappeared. From these facts Magendie infers that the seat of
the sensations of smell is in the fifth, and not in the first pair of nerves.
It is obvious that Magendie has confounded two modes of sensation, which
are essentially distinct in their nature and in their organic seat, viz: the
true perceptions of stell, and the common sensibility of the nasal pas-
sages. The phenomena, which he observed to cease after the section of
the fifth nerve, are the results of simple irritation of the pituitary mem-
brane, and are manifestly wholly unconnected with the sense of smelling,
since ‘they are producible by all powerful chemical agents, even though
inodorous, as, for example, by sulphuric acid. No proof has been given
that the true olfactory perceptions do not survive the destruction of the
fifth pair. Indeed, in a subsequent paper, Magendie confesses that the
loss of sensibility in the nasal membrane, after section of the fifth, does
pot prove the residence of the sense of smell in the branches of that nerve H
but merely that the olfactory nerve requires, for its perfect action, the co-
operation of the fifth pair, and that it possesses only a special sensibility to
odorous particles.



There is even less ground for supposing that the fifth pair is in any de-
gree subservient to the senses of sight and hearing. After cutting this
nerve on one side, the flame of a torch was suddenly brought near the
eye, without inducing contraction of the pupil ; but the direct light of the
sun caused the animal to close its eyelids. Thus the sensibility of the re-
tina, though somewhat impaired, was not destroyed by division of the
fifth pair. But section of the optic nerves was immediately followed by
total blindness. In another rabbit Magendie divided the fifth pair on one
side, and the optic nerve on the other. The animal, he states, was com-
pletely deprived of sight, though the eye, in which the fifth pair only had
been cut, remained susceptible to the action of the solar rays. No evi-
dence, however, is offered to show that the animal was entirely blind ;
on,the contrary, the only change observed, on approaching a torch to an
uninjured eye, was contraction of the iris; and this we are told was act-
ually observed in the eye of the side, on which the fifth nerve had been
divided. :

Magendie has assigned another singular function to the fifth pair, viz:
to preside over the nutrition of the eye. Twenty-four hours after section
of this nerve, incipient opacity of the cornea was observed, which gradu-
ally increased till the cornea became as white as alabaster. There was
also great vascularity of the conjunctiva extending to the iris, with secre-
tion of pus, and formation of false membranes in the anterior chamber.
About the eighth day, the cornea began to detach itself from the sclerotica,
the centre ulcerated, and the humours of the eye finally escaped, leaving
only a small tubercle in the orbit. In this experiment, the nerve had been
divided in the temporal fossa, but when cut immediately after leaving the
pons Varolii, the morbid changes were less marked, the movements of the
globe of the eye were preserved, the inflammation was limited to the supe-
rior part of the eye,and the opacity occupied only a small segment of the cir-
cumference of the cornea. After division of the nerve near its origin in the
medulla, no traces of disease were discoverable in the eye till the seventh
day, and these symptoms never became very prominent. Several cases
have been since recorded of structural disease of this nerve in the human
subject, with the concomitant symptoms. That of Laine, described by
Serres in the 4th vol. of Magendie’s Journal, furnishes strong support to
the views of Magendie.*

A different explanation of this fact and of others, which have a tendency
to refer secretion and nutrition to the control of the nervous system, has
been proposed by Dr. Alison. Mucous surfaces are protected from the
contact of air and foreign bodies by a copious secretion, which is evidently
regulated in amount by their sensibility, since it is increased by any un-

* See also a case of destruction of the olfactory nerves, tom. v.
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usual irritation. This is especially true of the membrane of the eye.
Now section of the fifth pair is known to paralyse the sensibility of that
organ, and the contact of air or other irritating body upon the insensible
membrane, instead of inducing an augmented mucous discharge, will ex-
cite the ‘inflammatory process described by Magendie. The disorder of
the digestive function,* which followed division of the par vagum in the
experiments of Dr. Wilson Philip, and the ulceration of the coats of the
bladder after injary of the lower part of the spinal marrow, are attributed
by Dr. Alison to the same cause.

The class of nerves which comprehends the fifth pair and the thirty-one
pairs of spinal nerves, becomes, after the union of their roots, invested
with a twofold endowment, and continues so throughout their entire
course and final distribution to the muscular tissue. It would appear,
indeed, from a later paper of Sir Charles Bell, that nerves of sensation,
as well as of motion, are necessary to the perfect action of the voluntary
muscles. ¢ Between the brain and the muscles there is a circle of nerves;
one nerve conveys the influence from the brain to the muscle, another
gives the sense of the condition of the muscle to the brain.” In the case
of the spinal nerves this circle of intercourse is at least probable; but
proof of its necessity must be obtained, from observing the habitudes of
those encephalic nerves, which minister exclusively to motion. Now it
is found, on minute dissection, that the muscles of the eyeball, which are
supplied by the third, fourth, and sixth motive nerves, also receive sensi-
tive filaments from the ophthalmic branch of the fifth; and that the mus-
cles of the face, to which the portio dura is distributed, are also furnished
with branches of sensation from the fifth. Sir Charles Bell has further
shown that the muscles of the lower jaw, to which the motive impression
is propagated by the muscular branch of the inferior maxillary, draw ner-
vous supplies also from the ganglionic or sensitive branch of that division
of the fifth pair. This complicated provision has its origin, he supposes,
in its being ‘“necessary to the governance of the muscular frame that
there should be consciousness of the state or degree of action of the muscles.”

HI. The olfactory, auditory, and optic nerves are gifted with a special
sensibility to the objects of the external senses, to which they respec-
tively minister. Mageundie seems to have been the first to prove, experi-
mentally, that they do not also share the common or tactile sensibility.
He exposed the olfactory nerves, and found that, like the hemispheres of
the brain from which they spring, that they are insensible to pressure,
pricking, or even laceration. Strong ammonia was dropped upon them
without eliciting any signs of feeling. The optic nerve, and its expan-
sion on the retina, participate with the olfactory in this insensibility to

® Outlines of Physiology, p. T1. t Philosophical Transactions, 1826, p. 163,
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stimulants. This was proved by Magendie in the human subject as well
ag in animals. In performing the operation of depressing the opaque lens,
he repeatedly touched the retina in two different individuals without
awakening the slightest sensation. The portio mollis, or acoustic nerve,
was also touched, pressed, and even torn without causing pain.

IV. The functions of the ganglia, of the great sympathetic nerve, and
its intricate plexuses and anastomotic connexions, are matter, at present,
of conjecture. Dr. Johnstone, in an Essay on the Use of the Ganglions,
published in 1771, has described a few inconclusive experiments on the
cardiac nerves. He supposes that ¢ ganglions are the instruments by
which the motions of the heart and intestines are rendered uniformly in-
voluntary,”—a notion which Sir Charles Bell has shown to be totally un-
sound. The best history of opinions, to which indeed our knowledge re-
duces itself, will be found in the physiological section of Lobstein’s work,
De Nervi Sympathetici Fabrica, Usu, et Morbis.*

In the earliest of his communications to the Royal Society, as well as
in his last work on the Nervous System,t Sir Charles Bell has maintain-
ed the existence of a separate class of nerves, subservient to the regular
and the associated actions of respiration. The origins of these nerves}
“are in a line or series, and from a distinct column of the spinal marrow,
Behind the corpus olivare, and anterior to that process, which descends
from the cerebellum, called sometimes the corpus restiforme, a convex
strip of medullary matter may be observed. From this tract of medullary
matter, on the side of the medulla oblongata, arise, in succession, from
above downwards, the portio dura of the seventh nerve, the glossopharyn-
geus nerve, the nerve of the par vagum, the nervus ad par vagum acces-
sorius, and, as I imagine, the phrenic and the external respiratory nerves.”
The fourth pair is also received into the same class.

This doctrine of an exclusive system of respiratory nerves, associated
in function by virtue of an anatomical relation of their roots, has not, ag
Sir Charles Bell seems himself aware,§ received the concurrence of many
intelligent physiologists of this country or of the Continent. Mr. Her-
bert Mayo, in the admirable Essay already referred to, was the first to
point out the true relations of the fifth and seventh nerves. He has
shown that the muscles of the face, excepting those already enumerated,
which elevate the lower jaw, receive their motive nerves exclusively
from the seventh, and consequently that this nerve must govern all their
motions, voluntary as well as respiratory. But Dr. Alison in his very
elaborate paper|| ¢ On he Physiological Principle of Sympathy,” has cast

* Paris, 1823. ] 1 4to. 1830.
t The Nervous System of the Human Body, p. 129, 4to, 1830.
§ Op.cit., p.115.

|| Transactions of the Medico- Chirurgical Society of Edinburgh, 1826, vol. ii. p. 165.
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‘considerable doubts on the soundness of this part of Sir Charles Bell’s ar-
rangement, as respects not only the individual nerves thus classed together,
but even the general principle on which the entire system rests. The
reasoning of Dr. Alison consists; first,in referring the phenomena of natu-
ral and excited respiration to the comprehensive order of sympathetic ac-
tions. In these ¢ the phenomenon observed is, that on an irritation or
stimulus being applied to one part of the body, the voluntary muscles of
another, and often distant part, are thrown into action.” Now it has
been long since fully established by Dr. Whytt, that these associations in
function cannot be referred to any connexions, either in origin or in course,
of the nerves supplying remote organs so sympathizing ; and that a sensa-
tion is the necessary antecedent of the resulting muscular action. Thus
it is known that these actions cease in the state of coma ; are not excited
when the mind is strongly impressed by any other sensation or thought;
and that the same muscular coutractions may be induced by the irritation
of different parts of the body, provided the same sensation be excited. Dr.
Alison has, however, failed to show* that the essential acts of inspiration,
viz: the contractions of the diaphragm and intercostals, require the inter-
vention of a sensation. Their continuance in the state of coma, and in
the experiments of Legallois and Flourens after the entire removal of the
brain, and their distinct reference by these two inquirers to the medulla
oblongata, which has never been supposed to be the seat of sensation,
prove them to be independent of the will and of perception. But this is
true only of the essential, not of the associated respiratory phenomena.
Dr. Alison proceeds to show that there is equal reason for classing al-
most all the nerves of the brain, and many more of the spinal nerves, with
those exclusively named respiratory by Sir Charles Bell. Thus the lin-
gual nerve governs an infinite number of motions strictly associated with
respiration : the inferior maxillary ¢ moves the muscles of the lower jaw
in the action of sucking,—an action clearly instinctive when first performed
by the infant, frequently repeated voluntarily during life, and always in
connexion with the act of respiration.” Again, the sensitive branches of
the fifth pair cooperate in the act of sneezing. Butif these nerves be ad-
mitted into the system, the fundamental principle of that system, viz : ori-
gin in a line or series, is at once violated. Nor is this connexion in origin
more than matter of conjecture, as regards two of the most important of
the nerves, classed by Sir Charles Bell himself as respiratory,—the phre-
nic and the external respiratory. These two nerves branch from the cer-
vical or regular double-rooted series. Moreover, the circumstance of ris-
ing in linear succession is not found to associate nerves in function. ¢ Be-
tween the roots of the phrenic nerve and those of the intercostals, there

* p. 176, and note.
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intervene in the same series the origins of the three lowest cervical nerves,

and the first dorsal, which go chiefly to the axillary plexus and to the
arm, and which are not respiratory nerves.”

In recapitulation, the following facts are among the most important that
have been fully ascertained in the physiology of the nervous system:

1. One universal type has been followed in the formation of the nervous
system in vertebrated animals. The brain of the human feetus is gradu-
ally evolved in the successive months of uterine existence; and these
stages of progressive developement strictly correspond with permanent
states of the adult brain at inferior degrees of the animal scale.

2. These successive increments of cerebral matter are found to be ac-
companied by parallel advances in the manifestation of the higher in-
stincts and of the mental faculties.

3. That the brain is the material organ of all intellectual states and
operations, is proved by observation on comparative developement, as well
as by experiments on living animals, and by the study of human patho-
logy. But there does not exist any conclusive evidence for referring se-
parate faculties, or moral affections, to distinct portions of brain.

4. Certain irregular movements are produced by injuries of the cor-
pora striata, thalami optici, crura cerebelli; and semi-circular canals of the
internal ear.

5. The tubercula quadrigemina preside over the motions of the iris, and
their integrity seems essential even to the functions of the retina. They
are also, according to Flourens, the points, at which irritation first begins
to excite pain and muscular contractions.

6. The cerebellum appears to exercise some degree of control over the
instruments of locomotion ; but the precise nature and amount of this in-
fluence cannot be distinctly defined.

7. The cerebrum, cerebellum, and medulla oblongata possess the fac-
ulty of acting primordially, or spontaneously, without requiring foreign ex-
citation. The spinal cord and the nerves are not endowed with sponta-
neity of action, and are therefore termed subordinate parts.

8. The medulla oblongata exercises the office of originating and regu-
lating the motions essential to the act of respiration. By virtue of its con-
tinuity with the spinal marrow, it also participates in the functions of that
division of nervous matter,

9 The function of the spinal cord is simply that of a conductor of mo-
tive impulses, from the brain to the nerves supplying the muscles, and of
sensitive impressions from the surface of the body to the sensorium com-
mune. These two vital offices reside in distinct portions of the spinal me-
dulla,—the progagation of motion in its anterior columns, the transmission
of sensations in its posterior columns. There is no necessary dependence
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of the motions of the heart,and the other involuntary muscles, on the spi-
nal marrow.

10. The nerves are comprehended in the four following classes :—
1. Nerves simply of motion; II. Of motion and sensation ; III. Of three
of the senses ; IV. The ganglionic system.

I. The nerves of motion are the third, fourth, sixth, portio dura of the
seventh, and the ninth. It is not ascertained whether the glossopharyn-
geal and spinal accessory nerves belong to this or to the second class.

II. The function of ministering both to motion and sensation is possess-
ed by the fifth pair of cerebral nerves, and by the spinal nerves, which
agree precisely in anatomical composition. The par vagum, however,
which is one of the irregular nerves, has also a twofold endowment.

III. This division comprises the first and second pairs, and the portio
mollis of the seventh pair. These nerves are insensible to ordinary stimu-
lants, and possess an exclusive sensibility to their respective objects, viz:
odorous matter, light, and w@rial undulations.

IV. The system of the great sympathetic nerve, and its associated
plexuses and ganglia. ‘

6
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CHAPTER II.

VIEWS OF THE STRUCTURE OF THE BRAIN.

Ficure 5,

Represents the base of the brain and the cerebellum.
AB
AB
F¥, The cerebellum.

AA, The anterior lobe.

ee, The line which denotes the separation between the anterior lobe and
the middle lobe.

DD, The middle lobe.

BB, The posterior lobe.

¢, The pons Verolii, which brings the two sides of the cerebellum into
communication. It is also named the Tuber annulare.

f, The Medulla oblongata.

rr, The Corporu pyramidalia.

ss, The Corpora olivaria. )

t t, The Corpora restiformia are on the opposite side of the Corpora pyr-
amidalia.

1. First pair, or olfactory nerves, arise by three origins. These unite
and proceed forwards and inwards in a groove in the inferior surface
of the anterior lobes of the brain, and form a greyish swelling or gan-
glion. From this ganglion a great number of filaments proceed
through the cribriform plate of the ethmoid bone,and are distributed
upon the mucous membrane of the nose. It is the nerve of the sense
of smell.

2. Second pair, or optic, arise principally from the anterior corpore qua-
drigeming. Each nerve passes outwards through the optic foramen
in the sphenoid bone, and is expanded upon the retina. It is the
nerve of the sense of sight.

3. Third pair, or motores oculorum, originate from the motor tract of the
spinal cord, immediately after they have passed through the pons
Varolii. Each nerve escapes through the sphenoidal fissure, and
supplies five of the muscles within the orbit with motor filaments.

4. Fourth pair, or trochleares, originate from the processus e cerebello ad
testes and valvula of Vieussens. Each nerve passes out from the
cranium at the sphenoidal fissure, and is entirely distributed upon
the superior oblique muscles of the eyeball. It is a motor nerve.

i Are the right and left hemispheres of the brain.
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Fifth pair. These nerves issue from the surface of the brain, near the
junction of the pons Varoliiand crus cerebelli, but actually arise from
the restiform bodies. Each nerve escapes from the cranium by
three separate openings, and is extensively distributed upon the orbit
and other parts of the face. Part of the filaments of this nerve are
sensitive, and part motor.

Sixth pair originate from the pyramidal bodies, as they are about to
enter the pons Varolii. Each nerve escapes through the sphenoidal
fissure, and is entirely distributed upon the external rectus muscle of
the eyeball. It is a motor nerve.

Portio dura of the seventh pair originate from the restiform bodies.
Each nerve is extensively distributed in the muscles of the face and
external ear. It is the motor nerve of the muscles of expression of
the face.

Portio mollis of the seventh pair, or auditory nerves, (eighth pair of
some authors,) arise principally from a small grey swelling on the
upper surface of the restiform bodies at the side of the fourth ventri-
cle. Each nerve is distributed upon the internal ear, and is the
nerve of the sense of hearing.

Glossopharyngeal nerves, or upper division of the eighth pair, (ninth
pair of some authors,) arise from the restiform bodies near the sul-
cus which separates them from the olivary, and are distributed upon
the pbarynx and mucous membrane at the back part of the tongue.
It is a sensitive nerve.

Par vagum, or pneumogastric nerves, or principal division of the
eighth pair, (tenth pair of some authors,) originate in the same line
with, and close upon, the glossopharyngeal. These nerves are ex-
tensively distributed upon the larynx, pharynx, trachea, eesophagus,
heart, lungs, and stomach. Part of the filaments of this nerve are
sensitive, and part are motor.

Spinal accessory nerves, or lower division of the eighth pair, (elev-
enth pair of some authors,) originate from the upper part of the spi-
nal chord, in the same line with the two preceding nerves. They
enter the cranium by the foramen magnum, and pass out again from
the cranium through the foramen lacerum, along with the other two
divisions of the eighth pair. It is principally, if not eniirely, a motor
nerve.

Hypoglossal or ninth pair (twelfth pair of some authors). Each ori-
ginates from the sulcus between the pyramidal anl olivary bodies,
and escapes from the base of the cranium through the anterior con-
dyloid foramen, and is distributed upon the muscles of the tongue .
It is the motor nerve of the tongue.
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Ficure 6.

The right hemisphere of the brain cut through the corpus (,allosum,

pons Varolii, medulla oblongata, and cerebellum.

MM, Convolutions, flat—color, redish grey.

A, Medulla oblongata cut through the median line. Color, outer portion
bluish white—inner portion, redish grey.

a, Pyramidle body.

B, Pons Varolii, or tuber annulare Color, white outside—inside, re-
dish grey.

¢, Tubercula quadrigemina.

D, Crus cerebri.

E, The great inferior ganglion—posterior striated body, (thalamus)—
color, bluish white.

F, The great superior ganglion—anterior striated body—color, redish
grey.

G, Annular ganglion.

H, Corpus callosum——color, bluish white .

K, Fissura Silvii.

L, The cerebellum.

e, The arbor vite—color, white, in the redish grey ground of the incised
cerebellum.

T, The tentorum, seperating the cerebellum from the brain.

n, Locus niger.
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Figure 7.

The cerebellum, and its connection with the brain or cerebrum.

AA, The cerebellum—color, redish grey.

B, Processus vermiculares.

n, Processus e cerebello ad testes—semi-transparent—color, bluish white.

aa, The posterior corpora quadrigemina—color, bluish white.

¢ ¢, The anterior corpora quadrigemina—color, bluish white.

dd, The great inferior ganglions—posterior striated bodies (thalamus)—
color, bluish white.

mm, Posterior part of the great superior ganglions—anterior striated
bodies—color, redish grey.

e, Pineal gland—color, redish grey.

i, Third ventricle.



Fieure 8.

A horizontal section of the brain at a depth of about an inch from
its base, or under surface.
ee, Convolutions, or cortical part of the brain—color, redish grey.
u, Fourth ventricle.
v, Posterior commissure—color, white.
s, Third ventricle, or separation between the great ganglions.
dd, Great inferior ganglions—color, bluish white.
x, Middle commissure.
n, Anterior commissure.
pp, Great superior ganglions—striated—color, redish grey.
t, Anterior opening into the lateral ventricles.
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Figure 9.

The cerebellum, medulla oblongata, and pons Varolii removed, the brain
then cut along the median line and laid open, to show its ventricles and
their fibrous structure.

MM, The anterior part of the brain.

NN, Posterior part of the brain.

e e, Vertical sections of the great inferior ganglions—color, bluish white.

c ¢, The black substance in the centre of the great inferier ganglions.

00, The cords of the mammary bodies which plunge into the interior of
the great inferior ganglions.

t, Mammary body of the right side, the left being cut away.

rr, Optic nerves:.

n n, Olfactory nerves.

aa, Great superior ganglions—color, redish grey.
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Fieure 10,

Exhibits various parts about the base of the brain, with the decussation

of the fibres of the pyramidal bodies.

r, Medulla oblongata.

¢ ¢, Decussation of the fibres of the pyramidal bodies, which explains the
influence of the lateral cerebral parts of the brain upon the opposite
sides of the body. These fibres cross the mesial line of the body
one above another from below upwards like plaited straw. Those
of the right side come from the left pyramidal body, and those of the
left side from the right pyramidal body, and is a constant peculiarity,
modified only by the number of the decussating fibres. They are
contracted in their course in passing the olivary bodies aa, and then
diverge as seen in the figure.

m, Auditory nerve.

n, Facial nerve. The primary bundle of fibres of the cerebellum are here
seen to plunge into it befween these nerves.

b, Part of the annular protuberance, or pons Varolii, plunging into the
cerebellum.

8, Cerebellar ganglion.

p, Mammary bodies, with the diverging cords to which they are attached.

u, Optic nerve. ¢ The optic nerves decussate partially, and is the cause
why the eye is frequently deranged on the same side as that on
which the brain is diseased.”—Spurzheim.

hh, ¢« Nervous fibres that expand in the convolutions and contribute to
their forrmation.”—Spurzheim.

ii, Olfactory nerves.

v, Side of the great lateral ventricle.

34, 35, 36, 37, 38, The fibres which pass through the great cerebral
ganglions, and ultimately expand into the convolutions of the brain.

DD, Converging convolutions.
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See p. 52.

e—Fibres of the convolutions agglutinated by a very delicate neurilema.

c—Internal structure of the convolutions.
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Fieure 11,

Represents the right hemisphere of the brain, in which the convo-
lutions are cut away to the depth of about three-quarters of an inch
to show the fibres radiating from the centre of the outer surface of .
the great inferior ganglion into the convolutions.

The white spot in the centre of the figure represents the outer surface
of the great inferior ganglion over which the fibres are drawn with great
accuracy from the original,

7



Frevre 12,

Is a fine view of a vertical section of the brain through the convolu-
tions, the white substance, the great inferior ganglion, and the cerebellum.
This section is made through the ganglion to the depth of about the
quarter of an inch from its outer surface, and through the middle of the
cerebellar ganglion.
0, Great inferior ganglion.
m, Fibres radiating from the surface of the ganglion.
1, Cerebellar ganglion (corpus dentatum).
n, Arbor vite.
Some of the principal organs formed by the convolutions of the brain
are numbered thus :
n, Amativeness, or sexual love.
2, Philoprogenitiveness, or love of offspring.
3, Inhabitiveness, or attachment to home.
4, Concentrativeness, or power of mental concentration.
5, Approbativeness, or love of approbation.
6, Self-esteem.
7, Firmness.
8, Reverence.
9, Benevolence.
10, Imitation.
11, Comparison, or power of comparing one thing with another.
12, Eventuality, or power of observing action.
13, Individuality, or power of observing existence.
14, Language, or power of learning or using verbal signs.
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Ficure 13,

A perpendicular section of the brain, not far from the mesial line.

The fibres of the white or medullary substance radiate as seen in the
figure from the base of the brain into the convolutions, the folds of which
are plunged into the white substance, generally from a line to an inch
deep.

e e, Isa section of one of the corpora restiforma.

¢, Is a section of one of the corpora pyramidalia.

b, Is the pons Varolii.

g, Is one of the crura of the brain.

s, Is the cerebellar ganglion, surrounded by the arbor vite.

34, 35, 37, 38 and 11, Are the cerebral fibres, which, originating in the
medulla, oblongata, pass under the pons Varolii, through the crura,
and corpora striata, and great inferior gunglions, and ultimately ex-
pand into the convolutions of the brain.

47, 48, Situation of the cerebellum within the skull.

These crura contain cineriterous matter in their interior, from which
additional fibres are continually sent off as they advance to join and
strengthen those that have come from below.

The cerebral crura are besides divided into two parts, viz: an anterior
and external, and a posterior and internal mass, the limits of which are
marked by two superficial furrows. They are the roots of the primary
bundles of fibres of the brain which diverge as they advance to form the
immense mass of the hemispheres.

A great portion of these fibres pass to and through the ganglions in their
course to the convolutions, from which another set of fibres converge
through the white substance, and corpus callosum to the same ganglions
in the centre of the brain.
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Freure 14,

Isa view of the inside of the right hemisphere of the brain with
the convolutions cut away, to show the converging fibres from the con-
volutions to the corpus callosum, which communicate with the great
cerebral ganglions by means of a superficial band or layer called the semi-
circular tapeworm. A section of the great inferior ganglionis removed,
which shows its white color in strong contrast with the dark or redish
grey color of a portion of the great superior ganglion inclosed between
it and the front part of the corpus callosum.

¢ The convolutions internally consist of white fibres, which are cover-
ed on their extremities with cineriterous substance. The fibres which
terminate the nervous bundles of the cerebral crura are not all of the same
length. Many, especially of those which are situated on the outer sides
of the convolutions, terminate immediately beyond the exterior walls of
the cavities ; the others extend to distances progressively greater as they
run more centrally, those of the interior extending farthest of all. (See
figure 11, convolution c.) It is in consequence of this peculiar structure that
prolongations and depressions are formed on the surface of the hemis-
pheres. The cineriterous substance follows all the forms composed by the
white fibres, and covers every elevation and depression with a layer.
These layers meet in the middle line of the convolutions, and are slightly
agglutinated by means of a very delicate nurilema.”~Spurzheim. Fig. 11, e.

“The corpus callosum extends anteriorly and posteriorly beyond the
striated bodies (great superior and inferior ganglions, fig. 14). Its thick~
ness at either extremity is greater than at its middle. The fibres which
compose the folds of the corpus callosum proceed evidently from the
convolutions which form the most anterior and posterior parts of the
hemispheres,” which communicate with the great cerebral ganglions by
means of a superficial band or layer called the semi-circular tapeworm.

“ Nothing can be easier than by dissection, to prove the two orders of
cerebral fibres, the diverging and the converging, and to show that the
mass or bundle called corpus callosum belongs to the converging order.”
¢« 'Their direction is consequently entirely different from the bundles (of
fibres) constituting either of the two great cerebral ganglions.”

“The convolutions are for the most part inclined slightly to the roof
of the ventricles—they rarely stand up vertically. Their peripheral edge
is frequently depressed, and this gives them an appearance similar to that
which a fold of paper takes when its edge is pressed lightly inwards.”
Ibid. fig. 12.

The converging fibres, like the diverging ones before described, are
double, one set of each, of which is connected with the surface of the
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A—Front part of the right hemisphere of the brain.

B—Great inferior ganglion.

C—Great superior ganglion.
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brain through the cineriterous substance of the convolutions, and the
other with the surface of the ventricles. See fig. 9, fig. 11, and fig. 14.
The opposite ends of the converging fibres are connected with the great
cerebral ganglions, while the opposite ends of the diverging fibres are
connected with the flexor and extensor muscles and with the serous and
mucous surfaces of the different parts of the body. Drs. Gall and Spurzheim
say, “the same nervous fibres do not go to the muscles and skin,” and
that ¢“the spinal marrow consists of nerves of motion and of feeling.”
Physiognomical System of Drs. Gall and Spurzheim, 1815, p. 23 to
25. Sir Charles Bell demonstrated the correctness of these opinions
in his work, entitled “ An Exposition of the Natural System of the
Nerves of the Human Body, 1823.”

¢ Drs. Gall and Spurzheim have the merit of having discovered and first
taught the true anatomy of the brain. For many years their representa-~
tions of the structure of this organ were ridiculed, and the accuracy of
them denied with the greatest pertinacity ; but they are now very gene-
rally admitied to be correct. Some errors may, perhaps, be discovered in
them ; but their general truth is beyond question.

In surveying the relations of the parts, it is useful to begin with the
spinal marrow.

In 1810, Drs. Gall and Spurzheim represented the spinal marrow as
consisting of a tract for motion, and one for sensation ;* and in 1818, Dr.
Spurzheim published strong reasons for the inference that certain of the
nerves proceeding from it perform the functions of motion, while others
communicate sensation.t Several years afterwards, Sir Charles Bell de-
scribed it as consisting of two halves, a right and left, extending its whole
length. According to his first view, he described each lateral portion as
consisting of three tracts or columns ; the anterior-lateral giving origin to
the nerves of voluntary motion ; the posterior-lateral giving origin to the

. nerves of sensation ; the middle-lateral to the nerves connected with res-
piration.} The capital, or top of the spinal columnn, is the medulla oblon-
gata. Cruveilbier and Bellingeri deny the accuracy of Sir Charles Bell’s
opinions on this subject. Bellingeri divides the spinal marrow into three
double columns, and assigns motion to the front and back, and the in-
stinctive movements to the middle column. He regards the grey matter
of the spinal cord as connected with sensation.§ At all events, Sir Charles

* Anatomie et Physiologie, &c., p. 67, 4to. Paris, 1810.

t Observations sur la Folie, par G. Spurzheim, pp. 26, 27. Paris, 1818.

} In his paper, read before the Royal Society on the 30th April, 1835, he appears to
have renounced this opinion, and now describes the posterior roots of the spinal nerves

as attached to the lateral or middle columns, or middle lateral ; p. 231, 8d edition of
¢ The Nervous System.”

§ De Medulla Spinalt, pp. 89, 93, 95, 117.
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Bell’s view, that motion belongs to the anterior, and sensation to the pos-
terior roots of the spinal nerves, is admitted by Tiedemann, Miiller, and
the highest physiological authorities, and I here assume it to be correct.

At the upper extremity of the spinal marrow, and in continuation of its
anterior, or motory, tract, we meet with the corpore pyramidalia.

These bodies consist of medullary fibres, which decussate at their lower
extremity (cc Fig. 10).

The fibres of the corpora pyramidalia proceed upwards through the
pons Vurolii (B Fig. 6).

After escaping above its upper border, the greatest number of them pass
still upwards, and form the anterior and external bundles of the crura
cerebri, (g Fig. 13) and the exterior part of the corpora striata, and ulti-
mately they expand into the inferior, anterior, and exterior convolutions
of the anterior and middle lobes of the brain: Gall, Phys. du Cervean,
vol. i. p. 279. '

There is an observable proportion between the size of the corpora pyra-
midalia and that of the convolutions now mentioned.

A portion of the fibres of the corpora pyramidalia pass into the great
ganglion of the middle and posterior lobes, commonly, but erroneously,
named the optic thalami, (0. Fig. 12) and ultimately constitute part of
the posterior lobes of the brain: Solly on the Brain, p. 233 Spurzheim’s
Physiog. System, p. 38.*

Finally, a number of fibres proceed from the lower extremity of the
corpora pyramidalia, near the point of decussation, accompanied by a
number of fibres which originate in the anterior, or motory, tract of the
spinal cord, immediately below said point, to the cerebellum : Solly on
the Brain, p. 155.

The fibres of the corpora pyramidalia thus constitute the great mass of
the anterior lobes ; and enter into the substance of the middle lobes ; into
that of the posterior lobes ; and into that of the cerebellum.

The corpora olivaria, (C C Fig. 3) and corpora restiformia (T T Fig. 3)
are placed at the summit of the posterior-lateral columns of the spinal
cord, which are devoted to sensation.t The corpora olivaria pass up-

* The passage of certain fibres from the corpora pyramidalia into the posterior lobes
appears not to be well ascertained, and I am not certain that I correctly interpret these
authorities in citing them in support of this opinion. From the influence, however,
which the mental organs situated in these lobes exercise over various instinctive motions
of the body, I anticipate that a direct connection will yet be traced between them and
the motory tract already ascertained, or that an additional tract for manifesting instinc-
tive movements will be discovered, with which they and the organs of the other feelings
will be found to be connected.

t ¢ In the composition of the spinal cord,” says Mr. Solly, ¢ we can observe no line
of demarcation by which the tract of sensation may be distinguished from that of motion,
but a portion of the cord anterior to the posterior fissure is distinctly ascertained to be
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wards into the pons Varolii, and form the posterior and interior parts of
the crura; thence they proceed through the great posterior ganglion,
(thalami nervorum opticorum) and then expand partly into the convolu-
tions of the anterior lobe, lying on its superior surface, towards the mesial
line, partly into the superior convolutions towards the mesial line of the
middle lobe ; but chiefly into the convolutions of the posterior lobes :
Gall, Physiologie du Cerveau, tome i. p. 281.

Sir Charles Bell says that the fibres of the middle lateral columns decus-
sate at the same point as that at which the corpore pyramidalia decussate.

The fibres of the corpora restiformia ascend and form the chief part of
the cerebellum; but a portion of them proceeds still upwards, and enters
into the composition of the posterior lobes of the brain.

In the centre of the crus cerebri, the fibres of the motory tract (D in
Figure 6) are separated from the fibres of the sensory tract to the left of
the letter ¢ in Figure 6, by a portion of cineritious substance denominated
the locus niger.

The two hemispheres of the brain are separated by the falciform process
of the dura mater, which descends between them to the corpus callosum or
great commissure. The different parts of the brain are brought into com-
munication with each other by means of the following commissures,
which Mr. Solly arranges under three heads ; the transverse, longitudinal,
and oblique.

The transverse commissures, six in number :

1. The great transverse commissure of the hemispheres, or the corpus

callosum.

2. The pineal commissure.

3. The posterior commissure, or commissure of the posterior cerebral

ganglia. :

4. The soft commissure, or commissure also of the posterior cerebral

ganglia.

5. The anterior commissure, or commissure of the corpus striatum, or

anterior cerebral ganglia,

appropriated to this function.”” ¢ I shall assume, therefore, that the line of demarcation
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 posterior to the fissure referred to,
and consequently named the posterior column, the other anterior to it, constituting part
of the antero-lateral column.”—Solly on the Human Brain, p. 225. 1 recommend to
the attention of those readers who regard the want of lines of demarcation between the
different cerebral organs as a fatal objection to Phrenology, the preceding observation of
Mr. Solly, that the same difficulty occurs in distinguishing the tract of sensation from
that of motion in the spinal cord. Nevertheless he does not hesitate to state that the
essential functions of these different parts of the cords are positively ascertained. His
own remark is, that it is quite possible that perfect distinctness of parts, as regards
their function, without any visible line of separation, may exist;”’ p. 153,



56

6. The commissure of the cerebellum, or pons Varolii.

The longitudinal commissures, two in number :

1. The superior longitudinal commissure.

2. The inferior longitudinal commissure, or fornix. It connects the

parts of the same hemisphere.

The oblique commissure is single. It consists of,

1. The inter-cerebral -commissure, or processus e cerebello ad testes,
with the valve of Vieussens.—Solly on the Human Brain, p. 194.

OF THE CEREBELLUM.

The cerebellum consists of three portions, a central and two lateral.

The cerebellum proceeds, in the first instance, from the corpora resti-
Jormia. The fibres of these bodies proceed upwards, enter into the cor-
pus dentatum (cerebellar ganglion) of the cerebellum, and finally expand
into its lamine or folds.—Gall, lib. cit. pp. 250, 251.*

Certain fibres, already described, arising from the summit of the ante-
terior column of the spinal marrow, and from the lower extremity of the
corpora pyramidalia or motory tract, proceed upwards and laterally, and
enter the cerebellum. Mr. Solly (p. 57) has the merit of having first
clearly demonstrated the course of these fibres, although Drs. Gall and
Spurzheim have alluded to their existence.

The pons Varolii is the great commissure uniting the two lateral por-
tions of the cerebellum.—Gall, lib. cit. p. 258.

OF THE CORPORA QUADRIGEMINA.

Certain fibres originating in the corpora olivaria, are said by Tiede-
mannt to form the corpora quadrigemina (ac Fig 7). Reil says that
some of the fibres of the corpora pyramidalia go to them.

The superior pair of the corpora quadrigemina, or tubercles, are regarded
by Dr. Gall as ganglions, which give origin to the optic nerves (lib. cit.

* The corpora restiformia, says Mr. Solly, or the processus e cerebello ad medullam
oblongatam, ¢ are not, as they have been usually described, bodies which are formed
solely by the posterior columns; nor are they bodies which consist of fibres from the
posterior columns, to which some fibres from the anterior columns are added, the addi-
tional fibres lying perfectly parallel to those of the posterior columns ; but they are bo-
dies 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;”’
p- 158,

t On the Anatomy of Feetal Brain, pp. 182, 183; Bennett’s translation.
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p- 121.) The functions of the inferior pair are not ascertained. They
are placed on the upper part of the medulla oblongata (¢ Fig. 6.)

A broad band of medullary substance, ¢ thick laterally, but extremely
thin in the centre,” passes from the cerebellum upwards and forwards to
the tubercles, commonly called the processus e cerebello ad testes, and
the valvula of Vieussens (n Fig. 7).—Solly, &d. cit. p. 178.

RELATION BETWEEN THE STRUCTURE AND THE FUNCTIONS OF THE BRAIN.

The convolutions of the brain appear to stand in a relation to the spinal
marrow analogous to that which the superficial expansions of the nerves
of the external senses, of motion, and sensation, on their respective or-
gans, bear to it.

The convolutions of the anterior lobes of the brain* manifest the intel-
lectual faculties.}

The Intellectual Faculties enable man to perceive objects that exist,
their qualities and relations ; and when acting together, they constitute
Wirr.

The convolutions which manifest these faculties spring from the cor-
pora pyramidalia, which are now generally considered to be the top of the
motory tract of the spinal marrow. Here, then, is a direct relation be-
tween the convolutions which manifest WiLL, and the motory tract which
executes WiLL; an arrangement that appears to accord with the best es-
tablished principles of Physiology.

The convolutions of the middle and those of the posterior lobes of the
brain, manifest the Propensities and Sentiments, or Feelings.

These convolutions spring chiefly from the corpora olivaria, but partly
also from the corpora restiformia. These bodies constitute the top of the
sensory tract of the spinal cord.

The cerebellum springs from the corpora restiformia, which, as has just
been mentioned, is viewed as a portion of the top of the sensory tract of
the spinal marrow.

The function of the cerebellum is to manifest the iustinct of reproduc-
tion, which also is one of the feelings of the mind.

But, in the next place, certain fibres proceeding from the corpora pyr-
amidalia, or motory tract, enter into—

The middle lobes,

* Precisely speaking, it is only the anterior, inferior, and lateral convolutions of the
anterior lobe which manifest intellect. The superior convolutions of this lobe mani-
fest sentiments or feelings.

+ The evidence of the functions of the convolutions is stated in the different works on
Phrenology.

8
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The posterior lobes, and
The cerebellum.

While, therefore, the convolutions of the anterior lobes* are formed of
fibres connected with the motory tract, the convolutions composing the
posterior and middle lobes, and the cerebellum, are composed of fibres
connected with both the motory and sensory tracts.

The middle and posterior lobes, and the cerebellum, manifest a variety
of different feelings, each particular feeling being connected with a par-
ticular part of these masses, as is explained in the works on Phrenology.

Each of these feelings acts upon, and manifests itself by means of the
muscular system. Thus fear, rage, affection, or any other feeling,
communicates great energy of action to the muscles of voluntary mo-
tion.

Each of the feelings instinctively impresses motions on the muscular
system pecular to itself, and expressive of its distinctive character, which
motions are named by phrenologists its natural language. Thus, the or-
gan of Self-Esteem, when predominantly large, produces an instinctive
tendency to carry the head and body reclining backwards. The organ of
Firmness, when predominantly large, produces the tendency to support
the body in a stiffly erect position, as if the spinal cord were supported
by a rod of iron running along its whole length. The cerebellum also
impresses peculiar motions on the muscular system expressive of its cha-
racter. These motions, as I have said, are instinctive ; that is to say,
they are the instantaneous and direct results of the activity of the several
feelings, and not the consequences of intellectual perception and will.

The arrangement of structure by which each of these organs of feeling
is supplied with fibres in direct connection with the motory tract, is in
harmony with this influence of the emotions over the motions of the
body. But we should expect a separate tract for imstinctive motion,
which is clearly distinguishable from voluntary motion, and also that the
organs of the feelings should be connected directly with it. There is still
much obscurity in the views of physiologists concerning the connection of
the middle and posterior lobes with the motory tract.

Again, it is certain that the mental emotions exercise a powerful influ-
ence over the organic functions ; when agreeable, they stimulate them to
healthy action, and when painful, they depress their energies, and pro-
duce liability to disease. Reciprocally, when the organic functions, such
as digestion, respiration, and secretion are disordered, an irritable and dis-
tressing state of the mental feelings is induced.

The intimate relations between the convolutions of the brain devoted

* Excepting always those on the upper surface which manifest feelings, and which
derive their origin from the sensory tract as before described.
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to the mental emotions and the sensory tract of the spinal cord, is in har-
mony with these facts. .

The habit of contending with intellectual difficulties, if unconnected
with feeling, does not injure the organic functions so severely as do strong
and painful emotions ; but it weakens the locomotive powers. Sedulous
students of abstruse problems, acquire a great aversion to locomotion.

These facts correspond with the arrangements of structure by which
the convolutions of the anterior lobes devoted to intellect, spring from the
motory tract, and are less intimately connected with the sensory tract of
the spinal marrow.

The convolutions of the anterior lobes bear an analogy to the periphe-
ral expansion of a simple nerve of motion ; while the convolutions of the
middle and posterior lobes, and the cerebellum, bear an analogy to the
peripheral expansion of the combined nerves of sensation and motion.

The functions of the convolutions of the brain, and of the laminz of the
cerebellum, being to manifest respectively thought and mental feeling,
they do not produce what, for distinction’s sake, may be called bodily pain.

These convolutions and the cerebellum, although situated, when man
is in the erect position, above the spinal cord, neverthless stand in the
same relation to it, as do the peripheral expansions of the cerebral nerves ;
that is to say, they are composed of the distal ends of the fibres, which
can be traced inwards to the spinal cord.

If an experimenter were to separate the motory branch of the fifth
nerve, (arising in the crus cerebri,* the motory tract,) and expanding on
the head and face,—from the sensory branch of the same nerve (arising
from the posterior columns of the spinal cord, about an inch and a half
below the pons Varolii, the sensory tract, } along its whole course ; and
if he were to destroy the former, or motory branch, at its periphery, the
animal would experience no pain, because this is 2 nerve of motion ; and
no convulsions would ensue until the lesions reached close upon the mo-
tory tract itself ;} because the influence of irritation on nerves of motion is
propagated only outwards from the spinal cord ; andin the case here sup-
posed, the mutilations and irritations would proceed inwards from the
distal extremity of the nerve towards the spinal marrow. The whole
portions of the nerve lying outwards from the point of irritation, as this

* Mr. Solly describes this branch as arising from the < inter-cerebellar commissure,
very close to the cerebellum,”— Lzb. cit. p. 249 ; but he adds, that its origin from these
fibres proves they < must be a portion of the motor tract.”—P. 251.

t I here suppose the whole filaments to be destroyed, commencing from the periphery.
If the nerve were merely érrifated at any part of its course, the muscles, which derive
their filaments from the part of the nerve below the point irritated, would be thrown
into contraction, while those deriving their filaments from points above the part irritated
would remain quiescent.
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point by successive mutilations approached the spinal marrow, would be
netessarily destroyed, and therefore could produce no movements.

When Magendie, Flourens, and other physiologists, cut away the con-
volutions of the anterior lobes, they performed an experiment analogous
to this which I have now described. 'They commenced at the distal ex-
tremity of the fibres of the convolutions which are connected with the mo-
tory tract, and they destroyed them in proportion as they carried their
ablations towards the spinal cord. Whatever the functions of these con-
volutions might be, the power of manifesting them must obviously have
ceased by their destruction ; and as it was known that the convolutions of
the brain do not manifest ordinary sensation, they were not authorized,
by the analogy of the nerves, to expect either pain or convultions to be
excited until they arrived at the motory tract itself; which accordingly
was actually the case. When Magendie cut the corpora striata and tu-
bercles, the animals ¢ rolled,” ¢ went forward, ¢ extended,” and ¢ bent
their heads and extremities.”

Again, if the nerves of motion and sensation ramified on the hand were
destroyed in combination, commencing from the surface of the skin at the
extremity of the fingers, and proceeding upwards to the spinal cord, pain
would be felt, because a nerve of sensation had been destroyed, and such
nerves propagate their impressions inward from their peripheral expan-
sions towards the spinal cord and brain ; but, for the reason before stated,
there would be no-convulsions, until the motory tract of the spinal cord
itself was reached and irritated.

The experiments of Magendie and Flourens, in cutting away the con-
volutions of the middle and posterior lobes of the brain, were analogous
to this supposed proceeding. They removed parts which manifest men-
tal emotions, but do not produce pain ; and the organs being destroyed,
no emotions and no pain were manifested. These organs are connected
by some fibres with the motory tract, but these fibres were cut away from
their distal extremities, and no effect on motion was produced until the
motory tract itself was assailed ; all which facts accord with the views of
the structure and functions of the brain and spinal marrow now presented.

These experimenters held Dr. Gall’s discovery of the functions of the
convolutions of the brain in too much contempt to allow themselves to see
these plain connections and results. Indeed they did not proceed as if it
were possible that his ideas could be true.  Still their experiments, how-
ever little calculated to throw light on the functions of the convolutions,
produced phenomena which harmonized with the functions ascribed to
these parts by Dr. Gall. Cuvier reports, that when Flourens destroyed
the hemispheres, the animals so mutilated became ¢ quite drowsy ;" they
¢ had no will of their own,” and *“ made no sponianeous motion.” Fur-
ther, ¢ he pricked the hemispheres without producing either contraction
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of the muscles or any apparent pain to the animal.” In short, Flourens
found that, by cutting downwards from the surface of the convolutions of
the brain, he did not cause either muscular contraction, or excite pain,
until he arrived ¢ at the top of the medulla oblongata, at the spot where
the quadrigeminal bodies are attached to it,”” but that, by irritating the
motory and sensory tracts at this point, he produced both pain and con-
vulsions. Magendie produced motion by irritating the corpora striata.

These facts appear to show that the proper or peculiar functions of the
sensory and motory tracts commence at these parts ; and they accord with
Dr. Gall’s views of the structure and functions of the convolutions.

In irritating the brain from below upwards, Flourens found that, after
he had passed the point at which the tubercles are attached, his operations
produced neither pain nor convulsions.

This fact also accords with the views of the structure and functions
now presented. If the convolutions had been organs of motion or of or-
dinary sensation, convulsions and pain should have followed by irritating
their fibres at the end neat the spinal marrow ; but their functions are to
manifest intellectual perception and mental emotions, and Flourens does
not report that these powers were not disturbed by his irritations. There
are no muscles which receive nerves of motion, nor mucous surfaces
which receive nerves of sensation, above the corpora striata and corpora
quadrigemina in the brain. These fibres, therefore, which ultimately
constitute the convolutions, although proceeding from the motory and
sensory tracts, may reasonably be presumed to perform functions distinct
from motion and sensation. Our view is, that they are the organs of
mental faculties which use muscular motion and sensation as their instru-
ments of manifestation ; and the relations of the convolutions to the two
tracts in question accord with this idea.

Finally, it will be observed that the fibres of the cerebellum spring
from the sensory tract, and also from the motory tract,and that it is situa-
ed close to the commencement of these tracts, assuming the commence-
ment to be at the tubercles, as asserted by Flourens.

The results observed by Flourens in his experiments on the cerebel-
lum, as reported by Cuvier, were these: ¢ During the ablation of the
first slices of the cerebellum, only a little weakness and a want of har-
mony in the movements occur. At the removal of the middle slices, an
almost general agitation is the result. The animal, continuing to hear
and to see, executes only abrupt and disorderly movements. Its faculties
of flying, walking, standing up, &c., are lost by degrees. When the cere-
bellum is removed, the faculty of performing regulated movements has en-
tirely disappeared.”

Although muscular motion is excited, according to Magendie, by irri-
tating the corpora striata, and, according to Flourens, by irritating the
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tubercles, the precise points at which this influence of irritation com-
mences is not well ascertained. In cutting away the hemispheres of the
brain, the entire convolutions appear to have been removed without mus-
cular action having been induced ; whereas it is said that movements
were manifested on removing the first slices of the cerebellum. These
facts, if they were not liable to great complication and uncertainty from
the deep injuries in which they involved the nervous system in general,
would appear to shew that the surface of the lamina of the cerebellum is
more directly related to the motory tract than is the surface of the con-
volutions of the brain. The motions, however, described by Flourens as
accompanying the mutilations, may have been caused by intense pain,
arising from irritation communicated through the cerebellum to the sen-
sory tract, or by irritation communicated through the same medium to
the motory tract, in consequence of the very close approximation of the
cerebellum to these tracts. Whether the difference of the effects pro-
duced by injuring the convolutions, and by injuring the lemine of the
cerebellum, may have arisen from the closer approximation of the cere-
bellum than of the convolutions, to both the motory and sensory tracts,
it is difficult to determine ; but not one of these results excludes the fact
that the cerebellum manifests the instinct of reproduction.

Farther, there is no specification of the depth to which either the first
slices, or the second slices, in these experiments extended, while the last
slices extirpated the cerebellum entirely, or cut down directly on the sen-
sory and motory tracts. If we consider the connection and close ap-
proximation of the cerebellum to the motory and sensory tracts, we
shall have no difficulty in discovering how very applicable the follow-
ing words of Cuvier are to the phenomena which ensued upon these
operations : ¢ After all,”” says he, “it must be observed, that in too
deeply extirpating the tubercles, we interfere with the medulla oblongata
and then violent convulsions, which last long, make their appearance.”
He might have said, with equal reason, that when we too deeply extir-
pate the cerebellum, we interfere with the medulla oblongata ; and we
need not be surprised that an animal which has ‘suffered this mutilation
should appear as “in a state of apparent drunkenness,” unable to regu-
late its movements.

Dr. Vimont considers that the processus vermicularis, or middle portion,
of the cerebellum, does not perform the same functions with the two late-
ral masses; and he states that he had found it ¢ always large in the
climbing animals, such as the cat, the squirrel, and the martin ; and in
those whose footsteps are very sure, or which are able to walk easily on
sloping ground, or on steep places.” Mr. Solly, on the other hand, ob-
serves on this point as follows: ¢ Reil held, with Gall and Spurzheim,
and I have no doubt he was correct in his opinion, that the ¢ cerebellum is
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not composed of elementary portions essentially different, but is one ho-
mogeneous mass.” As I understand the cerebellum, it is one instrument
for the production of power, and not many instruments united together.
It consists, like the cerebrum, of two hemispheres united anteriorly by a
commissure called the pons Varolii; and by Reil, it is described as being
united posteriorly by another commissure, which, projecting on its upper
and under surface, forms what have been called, from their appearance,
the processus vermiformis superior and inferior. 1 confess this portion of
the cerebellum does not appear to me to be an apparatus of union, but
rather a centre of power placed in the mesial line,and connected laterally
with the two hemispheres, perfectly analogous to the cerebellum of the

bird and hare ; Reil himself stating that, in the brain of the hare, there is
little more than a vermiform process. Indeed, a mere section of it ought
to be sufficient to convince us that it is no true comissure.”—Lib. cit.
p- 196. I leave the reader to form his own judgment whether the whole
cerebellum performs a single function ; or if, as Dr. Vimont thinks, the
middle portion is connected with motion, and the two lateral portions
with the instinct of reproduction.

Professor Broussais says, ¢ I ascribe the direction of the (voluntary)
movements, the acts, the aptitudes, which have a reference to generation,
to the influence of the cerebellum. But I maintain that these cannot be
accomplished without the permission, nay, without the assistance, of the
brain ; and that it is in this sense alone that the cerebellum can be con-
sidered as the regulator of muscular action.”

These remarks agree with the views of the structure before presented.
The cerebellum is composed of fibres connected with the motory tract,
and of fibres connected with the sensory tract. It is an organ of feeling,
but it also influences voluntary motion by instinctive impulses, as the
other feelings do. It is obvious that it may accomplish this effect by
means of the fibres before described, which connect it directly with the
motory tract of the spinal cord.

Dr. Broussais continues—* The brain always remains master of the
movements of the cerebellum tending towards the act of generation, so as
to be able to assist them ; and it effectually exerts this power, in a variety
of circumstances, as every one knows.” The view of the structure be-
fore presented, which regards the anterior lobe as the organ of will, and
as composed of fibres, connected directly with the motory tract, accords
with these remarks of Broussais. The will, by means of the powerful and
direct influence which the anterior lobe exerts over the motory tract,
¢ remains master” of all the voluntary movements.

It is now generally admitted by physiologists, that the optic nerves ter-
minate in the corpora quadrigemina, which are, in fact, their proper gan-
glia. The functions of the retina and optic nerve are to receive and trans-
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mit the impressions of light to the brain. It, therefore, is an organ of
sensation. These impressions, however, instinctively produce a great
variety of muscular movements, especially in the eye itself and its integu-
ments.

The corpora quadrigemina, which are its ganglia, are derived from the
corpora restiformia, or sensory tract.* But Reil says, that these corpora
also derive fibres from the corpora pyramidalia, or motory tract. This
structure corresponds with the idea that the optic merves are organs of
sensation, but that they also influence motion.

Farther, the eyes are moved by the third pair of nerves, or common
OCULO-MUSCULAR, and by the fourth pair, or INNER 0CULO-MUSCULAR.
Mr. Solly describes the third pair as connected by one portion ¢ with
the motor tract in its passage through the pons Varolii. The other por-
tion is partly lost in the locus niger, and party mingled with those fibres
which the inter-cerebral commissure, or processus e cerebello, sends
through at this point.” (p. 246.) The fourth pair ¢ arise from the inter-
cerebral commissure, close to the optic tubercles ; the nerves proceed, in
fact, from those fibres which descend to the centre of the crus cerebri, so
that we at once observe an immediate connection between the fourth
pair and the third, and, as we shall presently see, with the motor root of
the fifth also.” p. 247.

This structure, which derives the nerves that move the eyes from the
motory tract, is calculated to render them subject to the will, while their
origin also from ¢ the inter-cerebral commissure, close to the optic tuber-
cles,” is in harmony with their subserviency to the instinctive impulses
of the organ of vision. Many motions of the eyes are instinctive, and
many voluntary. The circumstance of the eyes being provided with two
nerves of motion, and one of them, the third pair, having a double root,
strengthens the conjecture that there may be two motory tracts, one for
voluntary and another for instinctive motion. Some of Mr. Grainger’s
observations seem to favor this idea.

* There is still some obscurity in the works of different anatomists on this point;
which arises probably from a want of precision in their views of the exact limits of the
olivary and restiform bodies.
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CHAPTER III.

GANGLIONIC SYSTEM OF VEGETATIVE LIFE.

Fieoure 15,

Is a view of the ganglions of the organs of the body, and other struc-
tures, connected with the great sympathetic nerve, reduced from Manec’s
grand plate, by John Harrison Curtis, Esq., London.

AAAA, Semilunar ganglion and solar plexus. The ganglion is placed
upon the base of the two pillars of the diaphragm, one being on each
side, and the right generally larger than the left.

B, Small splanchnic nerve. Consists in the union of two or three twigs,
furnished by the last thoracic ganglia.

C, Great splanchnic nerve. Formed by the junction of three, four, five,
or eight twigs, coming from as many thoracic ganglia.

DDD, Thoracic ganglia. Ten or eleven in number, corresponding with
the posterior part of the lateral side of the body of the dorsal verte-
bre ; most of them rest on the head of the nibs; others correspond
with the level of the intercostal space.

E, Internal branches. All of them are attached upon the body of the ver-
tebre, and advance, ramifying and communicating with each other,
towards the median line, where they are distributed over the eso-
phagus and the aorta.

F, External branches. Two for each ganglion, very different from each
other; one large, red, pulpous, and going to the intercostal nerve;
the other much smaller, white, giving off no twigs, and passing from
the intercostal to the ganglion.

G, Right coronary plexus. Passes between the pulmonary artery and
the aorta, and accompanies the anterior coronary artery.

9
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H, Left coronary plexus. Passes before the left branch of the pulmo-
nary artery, goes to the posterior side of the heart, and accompanies
the left coronary ariery.

I, Inferior cervical gangiion.  Placed behind the vertebral artery.

J, Inferior twigs. Commonly a sing’e Lranch communicating with the
first thoracic g mglion.

K, Externul threads. Very slender, and communicating with the last
cervical and the last two dorsal pairs; some filaments pass round the
subelavian artery.

L, Internal twigs. Very minute, and distributed to the longus colli, upon
the anterior part of the spine: some of them descend to the pulmo-
nary plexus.

M, Anterior threads. Two or three in number, constituting the inferior
cardiac nerves.

N, Middle cervical ganglion. Placed ona level with the body of the
fifth or sixth cervical vertebra, and covered by the internal jugular
vein.

0, Interior twigs. Three or four in number, all passing over the infe-
rior cervical ganglion.

P, External twigs. Vary much in number, and give off ramifications
communicating with the cervical pairs and the phrenic nerve.

Q, Superior cervical ganglion. Situated on the anterior and lateral part
of the second, third, and fourth cervical vertebrz.

R, Superior branches. Two in number, and placed behind the internal
carotid artery.

S, Inferior branch. Rarely double, and descends upon the great rectus
muscle as far as the middle cervical ganglion.

T, External branches. Their number very variable ; they communicate
with the first, second, and third cervical pair.

U, Submaxillary ganglion. Situated upon the internal side of the sub-
maxillary gland, a little below the stylo-glossal muscle.

V, Vidian perve. A branch springing from the posterior side of the
spheno-palatine ganglion.

W, Naso-palatine branch. One of the internal branches of the spheno-
palatine ganglion, entering the nasal fossz by the spheno-palatine
foramen.

X, Spheno-palatine ganglion. Placed in the summit of the zygomatic
fossa.

Y, Ophthalmic ganglion. Situated in the orbit, and occupies the exter-
nal side of the optic nerve.

Z, Auditory nerve and membrane of the tympanum, containing, within
its cavity, four small bones, viz: the stapes, the incus, the malleus,
and the os orbiculare
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1, Renal plexuses. Furnished by threads coming from the solar and
ceeliac plexuses, and from the last dorsal ganglion, the first lu : bar,
and the small splanchnic nerve.

22, Lumbar ganglia. Commonly four or five; the first corresponds
with the body of the first Jumbar veriebra, the last with the &ifih.

3, Internal branches. Numerous; go “downwards and inwards to the
aorta, where they are lost in the aortic plexus.

4, External branches. Two of these, ut least, arise from each ganglion;
they follow a course more or less flexuous towards the anterior
branches of the lumbar nerves.

5, Aortic flexus. Formed by threads from the solar plexus, superior
mesenteric, renal, small splanchnic nerve, and internal branches of
the lumbar ganglia.

The « ganglions,” connected with the great sympathetic nerve, are bo-
dies composed of two nervous substances ; the white or fibrous, and the
gelatinous or pulpy, into which the first is plunged. The pulpy matter
of the ganglions is commonly of a grey eolor, of different degrees of in-
tensity ; sometimes, however, it has a yellowish, a redish, or a whitish
cast It is easily distinguishable from the nervous filaments which it
surrounds. The fibres of the white substance, the second element of the
ganglions, anastomose repeatedly ; they also cross each other frequently ;
sometimes in every direction, or, in their course, parallel with that of the
nerve upon which the ganglion is formed. Ganglions of this last kind
are commonly oval shaped, but those in which several nerves meet and
inoscuiate, have, for the most part, very irregular forms.

‘ The nerves frequently emanate from distant and opposite sources to
unite, anastomose, or twine together, and then to separate and run off in
different directions. This is the particular arrangement to which the
term plexus s applied.”—Spurzheim.

In regard to the character and functions of the great sympathetic nerve,
its gangiions, and the nerves that issue from the.n, Bichat says,— The
ideas of anatomists upon this important nerve, seem to me very little ac~
cordant with what nature proclaims to be just. Allagree in representing
it as a medullary cord, extending from the head to the os sacrum, send-
ing various branches, in its course, to the neck, the chest, and the abdo-
men ; having, in short, a distribution analogous to the spinal nerve, from
which, or from those of the neck, it is said by some to derive its origin.
Whatever the name chosen to designate it may chance to be, sympathe-
tic, intercostal, or trisplanchnic, the mode of considering it will still be
found to remain unchanged.

“ This mode I regard as altogether erroneous. In fact, there exists no
such nerve, as these names are used to signify. That which is taken
for a nerve is, in truth, but 2 suit of communications between different
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nervous centres, situated at various distances from each other. These
centres are the ganglions, scattered through the different regions of the
body. They have all an independent and isolated action. Each is a par-
ticular focus, sending a multitude of ramifications, to carry into the re- -
spective organs the irradiations of the centre whence they proceed.”

“ What anatomist,” he continues, ¢ has not been struck by differences
among the nerves? Those of the brain are larger, whiter, more dense,
less numerous, and offering few varieties ; whilst extreme tenuity, great
number, especially around the plexuses, greyish color, peculiar softness
of tissue, frequently accruing varieties, are, on the other hand, the distin-
guishing characters of the nerves that issue from the ganglions. The
only exception in either are in the branches of communication between
the cerebral nerves and in a few of the twigs that unite the little nervous
centres.” ‘

¢« A glance,” says Bichat, “enables us to discover the greatest differ-
ence among them (the ganglions.) There is evidently as great a distine-
tion between the ganglions and the nerves that issue from them, as there
is between the cerebral nerves and the brain itself. There is difference
of consistency and other outward qualities, and there is difference of pro-
perties.”

On these and other observations of Bichat on the same subject, Spurz-
heim remarks, that ¢ notwithstanding all this, the opinion in regard to
the use of the ganglions, which Johnstone, Bichat, and Reil entertained,
and which others have adopted from them, is by no means exact. They
do not interrupt the reciprocal influence of the brain and nerves of the
spinal cord, nor of the brain and viscera of the chest and belly, either in
the healthy or pathological state of the body. They most certainly do
not prevent impressions made on parts supplied with nerves from them,
or diseased sensations of the viscera from being felt. Ou the contrary, the
ganglions would appear essential to the structure of the nerves of sensa-
tion. They, however, abstract the parts they furnish with nervous en-
ergy, from the influence of the will. They also originate nervous fibres,
and serve, farther, as points of communication between different nerves.
Lastly, as the existence of a nervous fluid is not impossible, nay, as in
all likelihood such a fluid does exist, the ganglions may probably aid in
its secretion or evolution, and modify its circulation or distribution.”

Willis and many of the old anatomists have ascribed to the ganglions
the secretion of what they call the vital spirits.

On a comparison of all the facts which have come to my knowledge in
regard to the structure, situation, connection, and use of the ganglions,
connected with the great sympathetic nerve, I have no doubt they do

“evolve” a nervous fluid, and have none but the fluid they evolve is
magnetic.
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They are undoubtedly nervous centres, and consecutive magnetic
poles, and each a particular focus, sending a multitude of ramifications to
conduct into the respective organs the irradiations of the centre from
which the nerves proceed, to maintain by the action of the magnetic
forces continued motion of the organs of the body and other structures
with which they are connected. They are elementary organs of vegeta-
tive life, having the semilunar ganglions and strong magnetic poles resting
on the pillars of the diaphragm for a common centre, and a connection
with the brain and cerebellum by the great sympathetic nerve at n, Fig. 7,
which completes the circuit of their connection with the brain, cerebel-
lum, organs of the body, and other structures.

Bichat divided correctly the ganglions, nerves, and plexuses into nu-
merous apparatuses, individually necessary to the offices of the different
organs ; and Spurzheim, from his knowledge of the subject, believed that
division to be founded in nature. The nervous masses of vegetative life
he also believed were independent of those of phrenic life, in as far as their
existence was concerned, and also recognised their communications be-
tween themselves, and with the masses of the phrenic functions.

GANGLIONIC SYSTEM OF PHRENIC LIFE.

Ficure 16,

Is intended to show at one view the situation and comparative size
of the ganglions of the brain, cerebellum, medulla oblongata, and spinal
nerves.

a a, Great superior ganglions—color, redish grey.

b b, Great inferior ganglions—color, bluish white.

e e, Cerebellar ganglions—color, bluish white.

i i, Olivary ganglions—color, bluish white.

k hh, Ganglions of spinal nerves.

n n, Pyramidal bodies—color, bluish white.

0 0, Restiform bodies—color, bluish white.

d d, Posterior quadrigeminal bodies—color, bluish white.
¢ ¢, Anterior quadrigeminal bodies—color, bluish white-
s, Pineal gland—color, redish grey.

f, Medulla oblongata—color, bluish white.

u, Spineal cord—color, bluish white.

v, Middle cineriterous portion of spinal cord—color, redish grey.
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The ganglions of the brain, cerebellum, and spinal nerves, or those be-
longing to phrenic life, are more or less round or oval, and are composed
of the white fibrous and cineriterous substance, the latter surrounding the
former like the ganglions of vegetative life, except the great superior gan-
glion, in which the redish grey, cineriterous, and the white fibrous sub-
stance are dispused in alternate layers.

The former arrangement of the two different substances, or different
kinds of matter in the other ganglions, corresponds with the arrangement
of the same kinds of matter in the brain and cerebellum, which is reversed
in the crura, medulla oblongata, and spinal cord. (Fig. 6 and 15.)

Physiologists have given us no light on the subject of the cause of such
disposition of these substances. We, however, know that different kinds
of matter maintain different forces, and that one of thece forces repels and
at the same time expands, while the other attracts and contracts. We
also know the repulsive force diverges, or is a diverging force, (Fig. 13,)
and the attractive force converges, and is, therefore, a converging force,
(Fig. 14,) and corresponds with the arrangement of the fibres of the
brain; and as they are good conductors of the magnetic forces, it cannot
require, with a knowledge of all these facts, a very great effort of the ima-
gination to see that the diverging fibres may radiate from, and the con-
verging fibres point to, a pole in the centre of the brain.

Assuming, then, that the different kinds of matter of which the brain
is composed is imbued with these forces, then the order in which they
are disposed, necessarily establishes converging lines of the magnetic
forces, from the redish grey cineriterous matter in the surface of the brain
to the great inferior ganglions, while diverging lines of the forces are es-
tablished between the redish grey matter of the great superior ganglions,
and the same kind of matter in the convolutions ; for the white fibrous
matter in the centre of the brain, and the redish grey matter in its” cir-
cumference, would attract each other, when one of their forces would
converge ; while the redish grey matter of the great superior ganglions,
and of the surface of the brain, would repel each other, when their oppo-
site forces would diverge, and thus correspond with the converging and
diverging fibres.

The action of the diverging and converging forces may be demonstrated
in various ways ; one of the most simple of which is their action on iron
filings, when attached to poles of the same and of opposite denominations.
When attached to poles of the same denominations they repel and expand,
as seen in fig. 17, but when attached to poles of opposite denominations,
they attract and contract, as seen in fig. 18, with a power proportioned
to the quantity of the forces in the spaces they occupy.

There can be no dispute about these facts, either in regard to the order
in which the different kinds of matter are disposed in the brain, the direc-
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tion of its fibres, or the action of these forces, which demonstrate their
accordance, with the necessary arrangements, to form a pole in a central
part of the brain ; for they are subjects of the plainest occular demonstra-
tion, and it only remains to show a connection of the brain with these
forces, in different and extensive surfaces, to demonstrate the necessary
existence of one or more poles in this organ.

In studying this subject, it will be necessary to examine the different
structures of the body, as a mechanist does a mechine, before we can un-
derstand either the kind of power by which motion is produced in the
human system or the sources from which it is derived.

EXCRETING SYSTEM.

On viewing the human frame, we find it covered with 2 membranous
complex structure called the skin. Besides three membranes which are
classed under the general term skin or integuments, there are found in it
innumerable minute globular bodies called papillary glands. These little
globate bodies are found to be highly organized, having minute arteries
terminating, and minute veins commencing, in their structure. They are
found also, by means of magnifying glasses of great power, to have mi-
nute ducts issuing from them, and terminating every where with open
orifices on the surface of the skin.

On an examination of the organs, as the brain and spinal cord, eyes,
heatt, lungs, liver, spleen, pancreas, kidneys, cystis, uterus, stomach, and
intestines, we find them all, without a solitary exception, covered with a
kind of skin called a serous membrane, in which is inclosed an incalcula-
ble number of minute glands or elementary organs, with ducts termi-
nating in open orifices on the surfaces of these membranes, like those of
the common covering of the body. 'The glands of both structures are
found, on an examination of the orifices of these ducts, to excrete an
aqueous or watery fluid, by which these surfaces are constantly main-
tained in a humid or moist state. The great quantity of this fluid seen
running off from the skin, and its accumulation in the cavities containing
the organs, when these glands are excited to inordinate action, attest both
the perfection of their mechanism and their fitness for their specific use.

If we now proceed to examine the membrane which lines the internal
parts of the body, we shall find it, with slight modifications, characterized
by the same structure as the serous membranes. This modification prin-
cipally consists in its having what is called a villous, instead of a serous
surface, like the serous membranes. We find the whole tract of the ali-
mentary canal, including the mouth, sophagus, stomach, and intestines,
lined with this membrane, as well as the internal parts of every organ.
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On & minute examination of the structure of the mucous membranes, we
find them, like the skin and serous membranes, enclosing numerous little
round or oval glands or villi, as they are termed, having, like the papil-
lary glands of the skin, their appropriate arteries, veins, and ducts termi-
nating with open orifices on the surface. They are farther characterized
by numerous little cavities, crypts or follicles, as they are called, which
have more or less a spheroidal shape, and which also open upon the sur-
faces of these membranes. These ducts and follicles are found to be fill-
ed with a semi-fluid or mucus, which is constantly issuing from them,
and which spreads upon these membranous surfaces.

In pursuing this subject, we have thus found two different kinds of sur-
faces disposed in two different ways, and thus covered with two different
kinds of fluids ; and it is easy to see that there must have been some ob-
ject in this order and disposition of these different kinds of matter.

On investigating the nature or qualities of these fluids, it is found that
the excretions from the skin and serous membranes are more or less acid,
and those from the mucous membranes more or less alkaline. They are
sometimes so strongly acid and alkaline as to excite the curiosity of the
most common observer. The acid is found to be the muriatic and the
alkali, soda and muriate of soda or common salt. The acids and alkalies
which possess directly opposite properties, and have at the same time the
strongest affinities for each other, are universally diffused in the earth as
well as in the vegetable and animal kingdoms. They constitute two
great and principal divisions of matter, one of which, the acid, for the
sake of distinction, is called negative matter, and the other, the alkali,
positive. Now it is satisfactorily ascertained, from repeated experi-
ments, that each of these different kinds of matter gives out constantly an
innate and different kind of force. It is also ascertained in the same
manner that the alkaline or positive matter gives out the negative force,
and that the acidified gives out the positive. The positive matter then,
on the internal surfaces of the body and organs, is constantly giving out
the negative force, and the negative matter on the external surfaces of the
body and organs, the positive force. Besides the immense quantities of
these forces accumulated on the different surfaces by the process of excre-
tion, large quantities are constantly evolved in the decomposition of food,
in the process of digestion ; and in the decomposition of the air, in the
process of breathing. On a further examination of the human structure,
we find four hundred and thirty-six muscles of different forms disposed in
different ways for the purpose of producing motion. We know that they
are formed for this purpose, for we can see that some of them expand,
and others contract, when we move the body or limbs. For when we
bend an arm, we find that the muscles on the outside of it expand, while
those on the inside contract. On extending the arm, we find this order
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reversed ; for then the muscles on the inside expand, while those on the
outside contract with equal force. One end of each of these muscles is
attached to the lower part of the bone belonging to the upper pert of the
arm, called the humerus, and the other ends are attached to the lower end of
the bones of the lower part of the arm, near the wrist, called the ulna and
radius ; so that while the lower part of these bones is pushed on one side,
when the muscles of that side are expanded, it is pulled at the same time
on the opposite side, when the muscies on that side are contracted ; and
thus motion is produced by the simultaneous action of these muscles.

Now it is a remarkable fact, that every one of these four hundred and
thirty-six muscles which thus produce motion in different parts of the
body, is covered with a membrane, the outer surface of which has a se-
rous, and the inner side a mucous surface ; hence these membranes are
called muco-serous membranes. All these different surfaces, then, like
those of the skin and membranes of other parts of the body, are covered
with different kinds of matter, presenting together immense surfaces, from
which constantly issue two forces of different kinds.

The reader who has seen a common galvanic battery, cannot fail to ob-
serve that this arrangement of surfaces corresponds with that of the dif-
ferent metallic surfaces of the battery. He will also notice that these
forces thus maintained on these membranous surfaces, exactly correspond
with those necessarily maintained on different surfaces of the battery.
The two forces are conducted from the two metallic surfaces to the poles
of the battery by two metallic wires, and if we can now find conductors
to convey the forces from the skin and different membranous surfaces to
poles, the resemblance will be complete and satisfactory.

In pursuing this subject we first find numerous minute threads, called
nerves, penetrating the little glands of the skin, serous and mucous mem-
branes, and every fibre of a muscle. On tracing these nerves, we see
them uniting together and increasing in size in proportion to the distance
from these surfaces, and at length conjoining with the brain and spinal
cord. The spinal cord is formed into four columns, united first with a
broad base, and then with the brain

These forces are, therefore, conducted from the skin and membranous
surfaces and concentrated in the brain to form poles, or a motive power
to put in motion this apparently complicated yet really simple machinery.

This structure, arrangement, and order of the different parts of the hu-
man body, were well known to Malpighi, Ruych, Haller, Hunter, and
Bichat, and are recognized by every anatomist of the present age, and now
present to our view a galvanic battery altogether superior to any ever
made by man.

The forces elicited from different kind of matter, and known by the

names of electricity, magnetism, and galvanism, are now believed, by sci-
10
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entific men, to be the same, their effects only being varied by common
causes ; and there can now be no doubt that they are innate in every kind
of matter, either in an organized or unorganized state, in quantities propor-
tioned to the density of the matter or other ability to retain them ; the
quantity obtained from even one drop of water having been found suf-
ficient to put a small battery in motion.

The common galvanic battery was first constructed by Galvani, and
hence called the galvanic battery, fig. 19.

Itis in two parts. A is the battery, and B B the poles connected with
the battery A by two copper wires C C. The battery is constructed with
alternate circles or layers of sheet copper and sheet zinc. The circles of
copper are connected at D, and the circles of zinc at E. These connec-
tions terminate in thimbles, in which mercury is placed, to cover the
ends of the copper wires, and connect them with the magnet.

The poles of the battery B B are made of round soft iron, bent in the
form of a horse-shoe, and then wound with six coils of copper wire, cov-
ered first with oiled sill®, and terminating in thimbles, as seenat F F. 1If
the battery A be now placed in a jar of water in which a mixture of sul-
phuric and nitric acid has been poured, the acid begins to act upon the
circles of copper and zinc, and the two latent forces being liberated by
this action, are attracted separately along the opposite wires to the poles
of the battery. The pole which is connected with the copper cireles
will be positive, and that connected with the zinc will be negative.

Iron and steel rings, discs, and iron and steel of any other form can be
magnetised on the poles of such a battery, and one or more poles commu-
cated from them to these metallic instruments, and from these to others.

In pursuing the investigations which resulted in an entire conviction
of the necessary existence of a pole in the centre of the brain, strong sus-
picions were excited of the existence of a secondary pole, in each lobe of
the cerebellum, from the direction of the fibres to their ganglions, and
from the manner in which they radiated from them, and also of the exis-
tence of a secondary pole in each of the anterior lobes of the cerebrum,
from the convergance of the convolutions, on one side, and their promi-
mence on the other, in the organs of casuality ; fig. 20.

The brain and cerebellum would then, if these suspicions were well
founded, present the phenomenon of a strong pole in the centre between
its middle lohes, and in the third ventricle, and four secondary poles in its
circumference ; and as no example of such an arrangement of poles could
be found in the whole range of the science of magnetism, it rendered such
an arrangement of them in the brain improbable. A disc of saw plate,
however, eight inches in diameter, and the tenth of an inch thick, witha
round hole in the middle, of an inch in diameter, which would represent a
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middle horizontal section of the brain, was now submitted to actual expe-
riment, in the following manner :—

The middle of the plate or disc was carefully let down in a perpendicu-
lar direction on the middle of the positive pole of the galvanic battery,
and after having remained there a moment, was raised from its position in
a perpendicular direction, turned over, and the opposite side of the plate
placed upon, and then removed from the negative pole of the battery in
the same manner.

The plate was then covered with white paper, and fine iron filings were
strewed over it, through a fine sieve, when they were immediately ar-
ranged by the forces in the plate in the manner seen in fig. 21.

This experiment was repeated eleven times on plates of from four to
fifteen inches in diameter, and always with the same result. It may
therefore be inferred to be constant. It presents the double phenomenon
of a strong pole in the centre of the open space, in the centre of the plate,
and four secondary poles or satelites in the circumference ; corresponding
precisely with those before traced in the brain and cerebellum.

On applying the dipping needle to these poles, they were found to be of
different denominations. Those in the circumference at ¢ ¢, were found
to be positive, and those at dd negative poles. When, however, the or-
der of magnetising on the different poles of the battery was reversed, the
character of the pole in the centre was changed from a positive to a nega-
tive pole, and the positions of the positive and negative poles in the cir-
cumference were also changed; the positive occupying the positions of
the negative, and the negative those of the positive poles, as seen in fig.
22. 'The secondary poles in the circumference of the brain must be,
therefore, of opposite denominations, in the order of those seen in the disc.

The magnetic axis of the positive and that of the negative secondary
poles, cross each other in the centre of the open space in the inside of the
disc, each forming two sides of an inverted plane triangle, the base of
each of which, from the form of the dise, necessarily forming a spherical
side of a triangle, and as the latter is in the circle of the disc, and as this
disc is a middle section of a hollow spl.ere, it necessarily follows that when
a hollow sphere or body, more or less round, is magnetised in the same
manner, inverted cones are formed. For as the disc is a middle section
of a sphere, so are the plane and spherical sides of the triangles middle
sections of inverted cones.

The diverging and converging forces of the pole in the centre of the
disc, act constantly on the same kinds of forces of the secondary poles in
its circumference, according to their laws, in a contrary direction, and
consequently arrange the magnetised iron filings, around the latter in cir-
cles, as seen in fig. 21.

On a careful measurement of the angles of lines, drawn from the centre
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of the secondary poles of one denomination, in one hemisphere, to the se-
condary poles of an opposite denomination, in another hemisphere, from
the median line between the two hemispheres, in well formed brains,
they were found to correspond very nearly with the angles of the magne-
tic axis in the disc, from a line drawn from a to b, fig. 23. (See AAFF,
fig. 5, DD 33, fig. 10, and BB CC, fig. 16.)

Ficure 23,

The brain is seen placed on its base, and laid open by an incision along
the median line, through the corpus callosum, the substance between
the great superior and great inferior ganglions of each hemisphere, and
medulla oblongata. The primary bundles of fibres of the cerebellum cut
away, to show its ganglions and vegetative structure; and a part of the
anterior portion of the brain also cut away, to show its fibres, cut at right
angles with their direction.

BB, Anterior portion of the brain.

CC, Ganglions of the cerebellum.

EE, Corpus callosum,

A, Third venticle.

@ a, Anterior quadrigeminal bodies.

¢ ¢, Posterior quadrigeminal bodies.

t, Connection of posterior quadrigeminal bodies.

¢, Connection of the great sympathetic nerve.

d d, Division of the striated bodies into two parts, to show the passage of
the great bundles of fibres, b.

8, Pineal gland with its anterior cords.

m, Interior of fourth ventricle.

nn, Great inferior ganglions.

P p»> Great superior ganglions.

x x, White fibres in fourth ventricle.

v, Posterior commissure.

r, Middle or soft commissure.

0, Anterior commissure.

SECRETING SYSTEM.

I have in the previous part of this chapter given a concise view of the
motive system, which was formed for the purposes of motion. The ex-
cretions, it will have been seen, are attracted from the blood and then re-
pelled from the body.  On a farther examination of the human structure,
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we find another system in which chyle is attracted from the mass in the
intestines ; lymph, from the lymphatic glands, and fluids from the sto-
mach as well as from every other cavity of whatever size or kind in the
whole structure,and conveyed to the heart. We find, therefore, one for-
mative system in which the fluids are atiracted to the centre of the body,
and a motive system by which they are repelled from it.

The existence of such a system as this is indispensible, not only to fur-
nish the fluids necessary for the support and growth of the body, but to
supply the waste of those that are necessarily repelled from it, to maintain
its different surfaces in positive and negative states, for the purposes of
motion.

This system consists of a vast number of minute vessels taking their
origin with patulous or expanded orifices in almost every part of the skin,
serous and mucous membranes, and in nearly all the most minute, as well
as the largest cavities of the body. They unite and increase in size as
they advance from these surfaces and cavities, in two divisions, one from
the upper, and the other from the lower part of the body, and at length
unite with two large veins very near the heart called vene cave. In
their course to these veins they pass into and then out of a great number
of glands, varying in size from that of a very small seed to a large bean,
which attract from the blood and mix with the fluids in these vessels a
semi fluid called lymph, and are hence called lymphatic glands. When
these are viewed through a magnifying glass, we can see the vessels and
the nerves b b and cc, penetrating the gland on one side and passing out
of it on the other, as seen in fig. 24.

The lymph secreted by these glands is very thin, under the influence
of the natural temperature of the body in health, but when it is reduced
the lymph becomes more or less thick, according to the amount of the
reduction, and its motion in these minute vessels become more or less
difficult. Some of these vessels become entirely obstructed in this way,
and the lymph secreted by many of these glands, is accumulated in them
in consequence of these obstructions by which the glands themselves are
expanded.

By these accumulations the glands are sometimes enlarged in various
parts of the body, to the size of that seen in the figure, before they cease
secreting, when the accumulated lymph begins to harden down, and
sometimes in a few weeks or a few months becomes as hard as old cheese,
and looks, as well as cuts like it. On opening the gland with a scalpel
in this state, its interior presents a beautiful conglobate arrangement of the
acini, as seen in fig. 25, and as the same is seen through a magnefying
glass, fig. 26.

The organization, it will be seen, is geometrical, and constitutes a beau-
tiful comparison with the conglobate form of snow, as seen through a mi-
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croscope, ( I'ig. 27,) constructed geometrically in the atmosphere with the
same forces that produce motion in the gland. They are no doubt magne-
tised bodies, having, like the brain, a pole in the centre and four satelites
in their circumference.

There are two classes of these glands, in regard to size and situation,
which are connected with the brain, through the spinal cord, by the
nerves of sensation, while the mucous glands of the mucous and muco-
serous membranes are connected with it, through the same channel, by
the motor nerves or nerves of motion. The lymphatic glands of the
largest class are situated in places near the structures to which they be-
long, and are called by different names, according mostly with the names
given to the places in which they are found, while their satelites, with
which they are connected, or those of the smallest and most numerous
class are situated in the substance of the structures.

The thymus gland of the first class is situated under the sternum or
breast bone,—assists in the office of secretion for the infant, and disap-
pears at an age when every other part of the animal system becomes per-
fectly developed. The pineal gland is situated in the brain, glandula
concatenate or series of glands in the neck, the thyroid gland upon the
cricord cartilage in the lower and front part of the neck, the bronchial
around the bronchial tubes, the cardiac near the heart, the axillary in the
armpits, the dorsal along the dorsal, and lumbar along the lumbar verte-
brz, the mesenteric in the mesentery, the pelvic in the pelvis, the sacral
in the sacrum, the inguinal in the groin, and popliteal in the ham, &ec.

The series of these glands along the neck with some of their satelites,
together with the principal nerves of the neck and face, with which they
are connected, and which continue along the whole length of the spine
under the names of dorsal, lumbar, and sacral glands, before noticed,
may be seen in fig. 28.

a, Porta dura of the seventh nerve.

b, Branches ascending along the side of the head.

¢, Branches to the eyelids.

d, Branches to the muscles which move the nostrils.

e, Branches to the side of the neck and throat.

I, Connections formed with the cervical nerves.

g, Par vagum, or pnecumogastric nerve distributed to the larynx, lungs,
heart, stomach, &c.

h, Spinal accessary nerve.

i, Ninth nerve or lingualis.

Jj, Sympathetic nerve.

k, Laryngeal nerve.

l, Recurrent laryngeal nerve.

m, Frontal nerve, a branch of the fifth
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n, Superior maxillary nerve, a branch of the fifth.

0, Mandibula labialis, a branch of the fifth,

p, Temporal branches of the second division of the fifth.
¢, Sub occipital nerve ; the first of the spine.

r, Second cervical nerve.

¢, Third cervical nerve.

On an examination of the fluid that has passed through the lymphatic
glands on its way to the heart, with a magnifying glass, it is found to
contain a great number of minute round bodies of a white or milky color,
which are accumulated in the blood and form its globules. And as every
part of the body is found to be made up of minute round bodies connected
together by connecting substance, there can be no doubt that they are
formed in these conglobate glands, after the pattern of their acini.

These positive secretions, with the chyle from the intestines, are at-
tracted to the heart,and then repelled from it through the arteries to be
deposited for the renewal and growth of the body, as well as for supply-
ing the excreting system with the necessary fluids for excretion, and the
secreting system for secretion.

A full and constant supply of these secretions or round elementary bo-
dies and connecting substance, was necessary to maintain the body in a
healthy state, and as the supply through these glands was liable to inter-
ruptions from various causes, a large organ, called the spleen, was con-
structed with acini to secrete the same fluids, and furnish at all times the
necessary quantities for the exigencies of the body.

We sometimes eat, and at the same or other times, drink more than is
necessary to supply the wants of the secreting and excreting systems, or
more than they can secrete or excrete ; and as this excess or superabund-
ance must, with that which was necessary, be attracted into the circu-
lating mass of fluids, it was necessary to have other organs to separate
the excess of positive and negative matter ; for under other circum-
stances the body would be soon overloaded with matter, and motion
would consequently cease.

The liver was therefore formed to separate the superabundance of po-
sitive, and the kidneys the superabundance of negative matter.

The positive matter thus excreted might be, and is accumulated first
in a cistern or gall bladder, and then conveyed through a tube into the
intestines, and mixed with other positive matter there; but it would not
do to have the negative matter excreted by the kidneys, and accumulated
in its cistern or bladder, conveyed through a tube into the intestines, be-
cause it was necessary to keep them constantly covered with positive
matter, and it was consequently conveyed to the surface in another di-
rection.

Plants have a similar secreting system; the fibrous or hairy roots of
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plants are vessels with open orifices, through which nutritious matters
are attracted from the earth to the bulbs or poles of their roots, and are
thence repelled in other vessels through the whole of the cellular and
vascular tissues of the plant, terminating in the vasa propria and conglo-
bate glands, which secrete the peculiar fluids of the species.

These fluids are magnetised and changed from the positive to the ne-
gative state in the leaves and buds or lungs of the plants, which attract
and repel the air through appropriate tubes, and are then attracted to
their bulbs to be again repelled from them as before, and deposited for
their nourishment and growth.

Plants have also an excreting system in their skin or bark, as well as
in membranes, similar to those of animals, and while those on the surface
are maintained like those of animals in a negative state, those of their in-
ternal surfaces are maintained in a positive state. Their excretions from
their globate glands in the bark and membrénes, are like those of the dif-
ferent species of animals different in different species.

The calyx and stalks of the moss rose, as well as of many others of
the same species, are more or less covered with prominent glands, from
which is repelled an aromatic fluid.

Their fragrance or perfume, and that of the different kinds of willow,
with the geraniums, as well as other nectariferous flowers of the higher
orders of plants, are like those of the higher orders of animals, the pro-
ductions of their excreting systems, and form, like theirs, a delightful
contrast with the disgusting odors from the same systems in the noxious
and lower orders of the vegetable, as well as of the animal kingdom.
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CHAPTER IV.

SENSATION AND MOTION.

The form and developement of the convolutions of the brain differ more
or less, not only in the different hemispheres, but in different individuals,
like the different forms of the body, head, ears, eyes, and nose.

The nerves are connected with the brain, medulla oblongata, and spinal
cord by a broad base, (Fig. 3, p. 24; fig. 4, p. 23; fig. 5, p. 42; fig. 10,
p- 48; fig. 16, p. 69,) and with the convolutions, skin, membranes, and
muscles by fibres or small filaments. The nerves are therefore the cords
of cormmunication between the convolutions, skin, membranes, and mus-
cles, and are good conductors of the megnetic forces, while the other parts
of the body are non-conductors of these forces, and these ure precisely
the necessary conditions and arrangemests for the purpose of accumulating
these forces in the centre, and a knowledge of the sensations in the con-
volutions in the circumference of the brain.

The elements of sensation are produced by a modification of the mag-
netic forces in the ganglions of phrenic life, and are repelled to the skin
and serous surfaces of the body by one set of nerves of sensation, while
the sensations, produced in the skin and serous surfaces, are attracted to
the convolutions by another. These ganglions were consequently distri-
buted to the proper situations to produce such results.

If we divide the posterior branch D, of the spinal nerve B, fig. 4, p. 25,
or a branch of the nerve, sensation ceases in the part to which it is distri-
buted, but the power of motion continues the same as before. If, how-
ever, we divide the motor branch of the nerve C, the power of motion
ceases also. So if we first divide the branch C, or any of its branches,
the power of motion ceases in the part to which it is distributed, but

11
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sensation continues the same as before. They are therefore the nerves
of sensation and voluntary motion, and are common to all animals from
the worm up to man. By them we feel and move,—feel pain and plea-
sure, and recede from one or advance to the other, according to the incli-
nation excited by the sensation.

Inclinations, agreeable or disagreeable, are concomitant of and belong
to the opposite qualities of the sensations, like the expansions to the re-
pulsions and the contractions to the attractions, and they follow them in
the same order. ,

Sensation, inclination, motion, and form are then, in this order, the at-
tributes of these male and female forces, and are the agents by which all
nature is formed and animated ; by which the stars, sun, earth, planets,
and their satelites were formed, animated, and are moved in orbits with
unerring precision, and by which all the orders, genera, species and va-
rieties of the vegetable and animal kingdoms were formed with a preci-
sion, and adorned with a beauty that defies imitation.

Nothing can, therefore, equal the adaptation of these forces to produce
such results ; for besides their unlimited power, which can make a world
tremble like a leaf, the great velocity of their motions and their great and
almost inconceivable tenuity, enable them to penetrate the most minute
orifices, and construct an infinite variety of bodies of every form and size,
and produce motion in the smallest with the same geometrical accuracy
as in the largest structures.

There are thirty-nine pair of nerves distributed through the body, for
different and specific purposes ; and as an organ is supposed to be requir-
ed for the fulfilment of each, there must be in that case thirty-nine organs
of the brain and cerebellum, including the eyes, nose, and ears, and is
supposed to be a2 maximum number which necessarily places man at the
head of the animal creation.

OsservaTions By Dr. F. J. V. Broussats, Member of the Institute of
France, Professor to the Faculty of Medicine at Paris, &c., &c., ox
THE ORGAN AND PRroreNsiTY oF AMATIVENEss. Extracted from his
Cours de Phrenologie. Bailliere, Paris and London, 1836 ; 8vo., p. 164.

¢ Professor Broussais, after describing the cerebellum and the functions
ascribed to it by Dr. Gall, whose opinions he adopts, as being supported
by his own observations, proceeds, on page 164 of his Cours de Phreno-
logie, as follows :—

The vivisectors, or those who practise experiments on living animals,
have considered the cerebellum as the regulator of muscular movements.
They found on the assertion, that when the cerebellum is injured by cut-
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ting slices out of it, the muscular movements become disordered, the ani-
mal can no longer direct them according to its will, or according to the
end which it appears to have in view ; but similar results are obtained
when sections are cut away from the base of the brain, towards the quad-
rigeminal tubercles for example; in a word, at the points where the
principal nerves of muscular movement unite.

I acknowledge that I do not comprehend the meaning of the function
ascribed to the cerebellum, expressed in these terms—the regulator of
muscular movements. In aid of what faculty does the cerebellum regulate
these movements? Is it for the intellect, for the will? This is not
proved. The will regulates motion in the infant as well as in the adult,
in the eunuch and in the entire man ; and yet the cerebellum differs much
in these different cases. I know that it may be alleged that it executes
both functions ; that, in point of fact, it diminishes in volume when it no
longer excites to generation, but that it preserves sufficient dimensions to
regulate movements. 1 do not deny it to exert an influence on the volun-
tary movements, as will immediately be seen ; I mean to prove only that
this is not its sole function, and that it exerts a considerable influence on
the act of generation.

Does it regulate muscular movements in reference to the fulfilment of
its own functions ? I believe that it does, under certain conditions. This
kind of regulating power, then, would be nothing more than a prerogative
belonging to it in relation to the generative functions; on this point I
shall enter into some explanations. I have observed in some animals—
in fowls, for example—that a blow inflicted on the nape of the neck,
makes the animal draw back ; makes it walk backwards sometimes for
several seconds.” Some diseases of the cerebellum produce the ten-
dency to fall backwards. A young man, in whom this organ was
affected, in consequence of solitary erotic excesses, felt himself inclined to
draw backwards, and occasionally fell backwards. But do these facts
prove that the cerebellum is the regulator of the muscles in all cases ?
They would rather lead us to think that this organ specially exerts an in-
fluence on the extensor muscles of the head, on those of the spine, those
of the pelvis, and of the organs contained in it, which are seen to enter
into great activity in the act of copulation ; in short, on the muscles.of
which the organ makes the greatest use in executing its generative func-
tion. I can positively affirm, that the capacity for regulating the muscu-
lar movements, or manual dexterity, or dexterity of any kind, are not at
all in relation to the cerebellum. Ihave positive evidence that men pos-
sessing a large cerebellum can be extremely awkward.

There is another organ, that of constructiveness, which appears to ex-
ert a much greater influence over the regularity of voluntary movements,
and to which manual dexterity appears to belong. We shall study it in
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a subsequent part of our course. The organ of resistance may be men-
tioned also as conducing to this effect.

Let us, however, consicer a little more at length the relations of the
cerebellum with the muscular apparatus of locomotion.

The brain influences all the muscles. This is a fact proved in the most
positive manner by pathology and pathological anatomy. An effusion, a
rupture which takes place at the converging points of the fibres of one of
the lobes of the cerebellum, produces as complete a hemiplegia as that
which results from effusions occurring in the corpore striata and optic
thalami, which belong to the brain; whence it evidently follows that all
the locomotive muscles are in communication, by their nerves, with the
cerebellum. We have no reason, therefore, to be surprised that the ex-
citement of the cerebellum convulses them, and that the compression of
the same organ paralyses them. Moreover, all the muscles assist more
or less in the accomplishment of the act of generation, although some
contribute to it more powerfully than others. It is necessary, therefore,
that all of them, without exception, should be in connection with the
brain.

Let us still add a few remarks, which may assist in throwing light on
the question.

We assert that, in the normal state, the cerebellum alone is not compe-
tent to move the muscles. No fact is more certain ; for if the brain do
not act, or if it act incompletely, the movements necessary for the accom-
plishment of generation do not take place. It follows that the cerebellum
alone is not sufficient to execute voluntary movements, and that to ac-
complish this object the intervention of the brain is necessary. It may
be granted, that the cerebellum excites them and regulates them when
the brain acts in concert with it, and the will assists. That it induces
the brain to regulate them, with a view to the fulfilment of its functions,
is a fiet which may be observed in many of the domestic animals, both
birds and quadrupeds, in which the movements connected with genera-
tion commence whenever the individuals of the other sex are perceived to
be in a determinate attitude. Every one knows that even the presence of
the female is not necessary to give rise to these movements, for they
commence in the dog whenever we raise it up in a certain manner. lItis
clear that if his brain did not act, the cerebellum alone would not execute
these movements. But if the brain assist, the cerebellum will not fail to
regulate them after its own manner, under the conditions just mentioned ;
or rather to cause them to be regulated by the will, on which it acts as an
instinct. Let us add that, although the will may direct these movements
in man, we must acknowledge that they are first reduced to a determinate
order by the cerebellum, because it is this organ alone which excites
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them in the lower animals, who cannot be taught by education, and in
whom they cease to appear after castration.

I ascribe, then, the direction of the movements, the acts, the aptitues,
which have a reference to generation, to the influence of the cerebellum.
But I maintain that these cannot be accomplished without the permission,
nay, without the assistance, of the brain j and that it is in this sense alone
that the cerebellum can be considered as the regulator of muscular action.
Thus the brain always remains master of the movements of the cerebel-
lum tending towards the act of generation, so as to be able to arrest them ;
and it effectually exerts this power, in a variety of circumstances, as
every one knows.

You are aware that Gall has availed himself of a passage in an ancient
Greek author to support his opinion on the cerebellum. But that passage
is of no consideration in the present state of the science. We have much
better methods of arriving at the truth. ~ Gall has the honor of having es-
tablished the proposition, as a positive fact, that the cerebellum is the
primary organ of generation. In demonstrating this point, he proceeded
by the method of direct or empirical observation,—that is to say, by
establishing, by numerous facts, that persons in whom the posterior
and inferior part of the head is much developed, and who have the cere-
bellum large, are more inclined to the generative act than those whose
heads present a different developement.*

These observations of Dr. Gall have been subsequently confirmed by
all inquirers who have studied the subject with due attention, and espe-
cially with impartiality ; and phrenologists possess considerable collec-
tions of skulls and casts which support them. The evidence is so con-
clusive, that the generative function is ascribed to the cerebellum, but
without being able to affirm that it executes no other functions.t

Nevertheless, some individuals, who are opposed to phrenology, main-
tain that the generative propensity has been observed very powerful in
persons who had scarcely any cerebellum, or whose cerebellum had been
destroyed, or in whom only the rudiments of it existed.] I do not know
to what extent such alleged facts merits our confidence. For my own
part, I declare that they will inspire me with none, until they shall have
been verified by phrenologists. It is necessary to be on one's guard
against facts which are attested only by the adversaries of a science, be-

* It will be observed that the question here does not relate to any action exerted by
the cerebellum on the muscles, but to an impulse communicated to the genital organs.

t I have stated in most of my works, the opinion that the cerebellum also exercises
an influence on all the viscera. It is known that, when over irritated, it excites vomit-
ing, &c.

1 It has not been said that these individuals were incapable of regulating their muscu-
lar movements.
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cause it is well known to what extent the spirit of speculation may lead
to falsehood in assertion. We exhibit collections of positive facts, and we
daily repeat our observations. If some exceptions exist, we do not deny
them, but set them down as points to be explained. It is not sufficient
to shew us merely single cases; our opponents must make collections in
contradiction to ours, and the histories of the individuals must be com-
pletely authentic. 'This has not been done, and we are justified in doubt-
ing the truth of these assertions. I defy those who advance them to pro-
duce proofs,—1I shall not say superior to those which we exhibit, but at
all equal to them. For my own part, whenever, since I knew the sys-
tem of Gall, I have been consulted by individuals who complained of the
inactivity or infidelity of the generative organs, I have immediately di-
rected my attention to the cerebellum, and 1 have always found it very
depressed. When children have been presented to me, who, before the
age of puberty, have manifested an extraordinary propensity towards the
sexual act, and who have divined the process supplementary to it, I have
always found the cerebellum very largely developed. This has never
failed. I defy the opponents to produce pathological facts which can be
weighed in the balance against those which I possess of this description.

Dr. Gall has also remarked that diseases which irritate the cerebellum,
maintain the organs of generation in a state of morbid excitement. No-
thing is more true. M. Serres has made the same observation ; and se-
veral other observers, worthy of confidence, have reported analogous
facts. Other contradictory facts have been cited. It has been said that
inactivity of the genital organs has coincided with other diseases of the
cerebellum, such as scirrhous tumors and tubercles. Who does not know
that chronic diseases causes organs to lose the power of exercising their
functions 7 Even a smattering of medical knowledge is sufficient to be
convinced of this truth. Thus, a disease of the cerebellum, which at
first presented the characteristics of inflammation, and was attended by
excitement of the muscles and of the functions of generation, may termi-
nate in degeneration of the parts, which shall produce inertness in the or-
gan, and destroy this excitement. The objections, then, are not of much
weight. Besides, without forcing facts, without straining our ingenuity,
without hunting for sophisms, who does not know that a moderate ex-
citemeunt of the brain exalts the movements of the moral and intellectual
faculties, and that a more powerful excitement, which induces congestion,
paralyses them ?  Why will it not be allowed that the cerebellum, when
excited to a certain extent, may increase the activity of the genital organs,
and that, at a later stage, when congested to excess, it may paralyse
them. This should be the case; and, indeed, cannot be otherwise But
the adversaries of a doctrine take advantage of all facts which appear to
them to be capable of shaking its credit.
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It has been said, also, that extraordinary and morbid excitement of the
genital organs has taken place in coincidence, or in connection, with dis-
eases of the spinal marrow. I can easily conceive this to be the case;
because the nerves which communicate feeling and activity to the gene-
rative organs do not proceed directly from the cerebellum to them; they
descend through the spinal marrow. Why, then, if the spinal marrow be
irritated, should these nerves not excite the genital organs > This is very
conceivable, and we see proofs of it in the interesting work of M. Olivier
d’Angers, as well as in the experiments of Dr. Segalas, who has produced
emissions in guinea pigs, by irritating the spinal marrow in the lumbar
region. A nervous trunk, when irritated, produces excitement in all
the parts on which the nervous filaments proceeding from it are rami-
fied.

Thus it appears that all these objections are of very little importance,
and can do nothing to invalidate the results of direct observations, which
are constantly repeated.

Dr. Gall has been so bold as to hazard the statement that the develope-
ment of the genital organs exercises no influence on their activity ; that
they may be inert although very much developed, if the cerebellum be
very little so. At first Irefused to admit the correctness of this fact ; but
experience has proved to me that it is true. I have ascertained the inert-
ness of the genital organs in man, although very considerably developed ;
but the cerebellum was depressed. I have ascertained also the contrary,
in opposite conditions, in such a manner that I can no longer doubt. 1
assure you that it has not been from rashness, nor without reflection and
numerous observations, that I have ventured to take up the defence of
phrenology. I have multiplied observations, as far as it has been possi-
ble for me to do so, before entering the lists of its defenders.

We must, however, consider the manner in which the cerebellum acts
in executing the function of generation, which appears to be its principal
function. Perhaps Gall has scarcely entered into sufficient details on this
subject. I shall attempt, so far as my limited ability will permit, to sup-
ply this defect.

The cerebellum certainly does not form the ideas connected with gene-
ration : these belong to their proper organs (in the anterior lobe of the
brain). This fact is very observable in the lower animals. Many of
them, whose ideas are very obtuse, nevertheless present a very powerful.
instinct of generation. Erotic ideas, then, must not be ascribed to the
cerebellum ; it is by the manner in which the latter excites the brain
that it calls up these ideas in man; it keeps them up, because a relation
has gradually become established between it and ideas of that kind. When
the perceptions of the senses have arrived at the intellect, these percep-
tions become associated with the cerebellum in proportion as this organ is
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increased in growth, in the same manner as other ideas associate them-
selves with other feelings.* _

In a former lecture I have given some explanations on this point. Do
not, therefore, regard the cerebellum as the immediate seat of sexual ideas,
but as the organ which excites these ideas, and as a means of keeping
them up and of recalling them. :

The cerebellum appears to be the primitive organ which excites the
organs of generation to secretion and erection at the developement of
puberty. The cerebellum begins to grow large before the organs of gene-
ration develope their powers. Thus, it is the cerebellum which puts
them in action, which impels them to develope themselves, and which,
in short, excites them to the secretion of a prolific fluid and erection.
But, at the same time, it excites the encephalic apparatus. It acts, then,
in two directions ; for the ideas relative to generation assume an entirely
different color, when the cerebellum is developed, from that which they

* This portion of the text will probably appear obscure to readers who are not ac-
quainted with phrenology. It may be thus elucidated. According to phrenology, the
intellectual faculties alone form ideas, and they are manifested by the anterior lobe of
the brain. The feelings are connected with the posterior and middle lobes ; and the
intensity of each feeling bears a proportion (ether conditions being equal,) to the size of
of its own special organ, and notto the size of the intellectual organs. Hence, if lascivi-
ous objects be presented to the eyes, or addressed to the ears of two different individ- .
uals, they may see them, and hear them, and understand them, with equal precision, by
means of their intellectual organs, if these be equal ; but if, in the one, the cerebellum
be extremely deficient, the objects will excite in him a very feeble sexual emotion ;
while, if the cerebellum be very large in the other, they will make a deep impression,
and call forth a lively interestin him. In this case, the ideas or conceptions of the ob-
jects (being equally clear in both individuals,) depend on one set of organs, (the intel-
lectual,) which they possess in an equal degree ; while the emotion (differing so widely
in intensity) depends on another organ, (the cerebelium,) in the size of which they dif-
fer ; in other words, it is not the cerebellum, but the anterior lobe, which forms ideas. I
have found these views confirmed by many facts. For example,~—those individuals in
society whose delicacy is most sensitive, when allusions are made to the sexual feeling,
are not those who have a small cerebellum, and in whom the feeling itself is most weak
Such persons, although their intellect be guod, are dull in apprehending these allusions
when veiled ; and when the expressions used are too distinct to be misunderstood, they
appear to them to partake as much of the character of impertinences as of indelicacies.
On the contrary, when the cerebellum is large, and the corresponding feeling is strong,
in combination with lurge organs of the moral sentiments, which furnish purifying and
controlling motives, the persons thus constituted are extremely sensitive to indelicate
allusions. They divine them even when shrouded in the most studied ambiguity ; they
understand their nature, and could enjoy them, but that their moral feelings condemn
them ; and from this conflict and condemnation arises the sensitiveness of their minds
in regard to such topics. When the cerebellum is very large, and the moral organs are
deficient, there is a want of delicacy corresponding to the deficiency of the purifying
and controlling powers. The individual is then very much in the condition of the lower
animals in regard to this feeling.— T'ranslator.
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previously possessed. It excites the sentiments and intellect. Moreover,
the cerebellum receives excitement from the genital organs depending on
the double cause which I have just mentioned, secretion and erection.
There is a reciprocity of action between them. Thus the sexual excitement
may begin by the imagination, or by the pereeption of the object, or origi-
nate in the organs of generation themselves. I must avoid entering into
details on this point. In the last case, as soon as the organs are excited,
they communicate a stimulus either to the cerebellum, which reacts on
the brain, or to the brain, which in its turn excites the cerebellum.

The cerebellum is maintained in its normal degree of developement by
the continuance of the generative action. If the genital organs, the or-
gan of secretion in particular, which is the foundation of this function,
disappear, the cerebellum diminishes. Castration proves this fact: the
cerebellum becomes depressed, the lower part of the head shrinks, while
the other parts preserve nearly their original dimensions. When the bull
is converted into an ox, the nape of the neck is observed sensibly to
shrink. Nevertheless, this shrinking does not proceed so far as it does
when castration has been performed before the developement of the or-
gans of generation and of the cerebellum ; and the muscular system pre-
serves a greater volume and more energy in animals which have been
castrated after the evolution of the genital organs, than in those who have
been mutilated before it. This is a fact which has been often observed,
and which is now turned to account. If one wishes to have a strong
horse, for example, it is usual not to subject him to castration until after
he has been completely developed. In this case, the falling in of the
nape of the neck never goes so far as if the operation had been performed
before the evolution of his generative system, although it does take place
to a perceptible extent. Hence it is clear that the cerebellum preserves
its normal volume as long as the genital organs preserve their action ; and
that, when this action is withdrawn, the cerebellum, and the muscles
also, losing their activity, experience a diminution in volume.

There is another important fact which has been turned to advantage
on both sides of this argument. When castration takes place in man,
after the complete developement of the genital organs, he continues to
form erotic ideas, while he entertains none, if the operation has been per-
formed before puberty. Every one knows that in those countries in
which their manners tolerate this species of mutilation, certain eunuchs
continue to feel an inclination for the other sex when they have suffered
castration only after complete developement. Those who cultivate Ro-
man literature will recollect certain verses of Juvenal, too coarse to be
quoted, in which he castigates the lubricity of the Roman ladies. He
mentions that they did not mutilate the young men chosen for their baths,
and with whom they intended to abuse themselves, until after the com-

12
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plete developement of puberty. At this epoch, the cerebellum having
acquired its full developement, had modified the other organs of the en-
cephalon in such a manner that erotic ideas did not disappear completely,
and that erection could still take place without secretion.

Another physiological and pathological observation appears to me to
merit attention. When erotic excitement has been long abused, it estab-
lishes in the nerves of the whole generative system, in those of the
neighboring organs, and even in all the lumbar and femoral muscles, a
mode of action, accompanied by a kind of sensation which tends to pass
from pleasure into pain, and which, for want of a better phrase, may be
named une volupte douloureuse. This perversion of sensibility does not
cease to make progress, and ends in a considerable diminution of the mus-
cular vigor of these regions. The species of semi-paraplegia which re-
sults from it is generally incurable.

I shall now exhibit some specimens of the cerebellum. In this head
(shewing a cast to his audience,) there is an enormous developement of
it. The distance between the two ears is prodigious, even disgusting and
repulsive, from the resemblance which it bears to a brute. This man
was guilty of several crimes against chastity in England, each more
abominable than another, which forced him to go into exile. You will
observe also that those parts (at the sides of the head,) where the selfish
propensities are situated, surpass in developement all the other regions of
the encephalon, and greatly exceed the intellectual organs in size. No
controlling power opposed the action of the organs which produced his
crimes. You have here (showing other casts,) examples of the cerebel-
lum much developed in men who possessed distinguished intellectual fa-
culties with elevated sentiments, and their high reputation proves that
the generative instinct never led them to reprehensible actions. Here
again is the head of 2 man who was passionately devoted to natural his-
tory, and curious in collections. He was very fond of women. You ob-
serve that the cerebellum is very much developed ; but the higher facul-
ties are very powerful, they were cultivated, and the honorable recol-
lections which the savant has left behind him, shew that the organ of
generation did not reign despotically over his conduct.

The same observation applies to the head of Gall,* and to many others
which it is unnecessary to present.

Here, again, is the head of Pigault-Lebrun, whose romances partake
largely of the erotic quality, but, after all, are not gross. You see in this
other head the perceptive organs well developed, much self esteem and love

* The cerebellum was largely developed in Gall, and although the feeling did not

subjugate his intellect, it produced irregularities of conduct which were reprehensi-
ble.—Translator.
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of approbation, in a word, organs capable of guiding the action of the cere -
bellum. I wish you always to study the organs in this manner, I mean in
their mutual relations. I could greatly multiply these observations ; but
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