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ADVERTISEMENT.

THE present volume owes its existence to
the following circumstances. I was applied
to in the autumn to prepare some additional
letter-press for a second edition of my
Engravings of the Brain; and it occurred to
me that it would be suitable to introduce in
it a summary account of the functions of the
nervous system, which I accordingly drew
up, something in the following form. This
publication, however, was for the time aban-
doned ; and I likewise have altered my mind
about it, and think it better to accompany
the plates with a suecinet anatomical expla-
nation only, which will be the plan adopted.
But in the mean time the form in which I

had cast my survey of the nervous system,



1V ADVERTISEMENT.

and the reflections to which it gave rise,
appeared to me, if not to have elicited much
that is absolutely new, yet to display what
had been before discovered with new dis-
tinetness and force, and to give to several
points, which I had before only half seen,
certainty and importance. I therefore again
went over the subject carefully, and rewrote
what I now submit to the judgment of my
Profession, and of the few who take an
interest in physiology out of it.

2, St. James's Place,
May 2, 1842.
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THE NERVOUS SYSTEM

AND

ITS FUNCTIONS.

INTRODUCTORY REMARKS.

Tue Nervous System has a two-fold office. On
the one hand it forms the immediate organ of
consciousness, on the other it exerts a control over
the bodily functions. The first is its most im-
portant and primary office. For life may exist
without a nervous system: although no sooner is
a nervous system part of the vital economy, than
every function feels its influence. The relation of
a definite corporeal structure to the mind will there-
fore constitute our principal inquiry. DBut there is
an antecedent question which deserves our notice,—
What relation does Vitality bear to Mind ?

In the widest scope of nature, which our
faculties can apprehend, Mind and Vitality are

not visibly or conceivably united. Nay, Life drops
R
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wholly out of view. And the physical world
presents to our contemplation masses of inert
matter alone, distributed at enormous distances
through space, all in motion, yet nowhere clashing
or inharmonious,—the whole stupendous system
bearing the impress of order, uniformity, and
stability. Our thoughts elevate themselves
thence to the conception of one all-pervading
Intelligence, which framed and which sustains the
world.

To discern Life, we have to look upon the
surface of our planet, where, scattered in creative
profusion, its varieties form the two great classes of
plants and animals, In the former, Vitality is
displayed alone and unmixed ; and all its features
are found to be comprised in growth and repro-
duction. Or plants manifest the power of im-
bibing foreign matter; and of assimilating it, or
arranging its elements in new chemical compounds
exhibiting new properties; and of so distributing
the new products as to determine the proper shape,
and bulk, and structure, of each, after its kind:
and of moulding germs of the same materials, each

capable of the same progression of changes as the
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parent plant: so that although the power of sup-
porting growth ceases after a brief period in the
individual, the species is preserved and at the
same time multiplied by the transmission of this
force, which is thereby nowise weakened. This
power or force in plants we term their life;
ignorant whether it is a separate force in nature,
or whether the Creator of living things had but to
compel the chemical combinations and bring about
the exact material conditions, which are concen-
trated in a living being, and it would live; as a
human mechanist has but to frame, and temper,
and put together the parts of a watch, and it goes.

And animal life is essentially the same with
vegetable life. But the vital movements and
functions are now made subordinate to conscious-
ness. So that when sense and volition are extin-
guished, the animal body immediately dies,—not
to cumber the earth with the continued growth in
plant-like existence, of beings that once partook of
intelligence.

And animals and plants are made of the same
ultimate elements; and after death are resolved

into, as their essential constituents, carbon, oxygen,
B 2
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hydrogen, nitrogen. But these again either are
constituents of the atmosphere, or are, under differ-
ent forms, suspended in it; and it is from the
atmosphere that the plant immediately borrows
the materials which it assimilates; while it 1s from
vegetable matter again, that directly or indirectly
all animals derive their sustenance. So the mate-
rials of both are, to a great extent, taken from the
atmosphere ; and to that extent is there truth in
Dumas’ striking assertion,—that plants and animals
are, chemically considered, but a portion of the
atmosphere, temporarily withdrawn and set apart
for the maintenance of life.

The same materials, likewise, are in constant
circulation from one kingdom to the other. The
animal, that lives upon the plant, eliminates the
ammonia and carbon necessary for the growth of
other plants. The ecarbonic acid, which he gives
out in breathing, when imbibed by the plant,
being reduced, yields to the latter its carbon ; while
its constituent of oxygen is liberated anew, to main-
tain the purity of the atmosphere and to render it
fit for respiration.

The latest views in organic chemistry go yet
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further. And there are grounds in the researches
of Liebig for anticipating, that the vegetable
economy will be found, not only to produce a
preliminary change in matter combining it into
proximate vegetable principles, afterwards to be
converted by the animal economy into animal
substance; but, a more comprehensive funetion,
to elaborate all the organic elements of either
kingdom, and to form every constituent even of the
animal frame. If this view prove correct, the
chemical agencies of the vegetable and animal
economy will display a singular contrast. The
plant will be shown to provide and prepare, what
the animal body only consumes.

Then the essential purpose of vegetable existence
may be held to be the sustenance of beings endued
with consclousness.

For in the lowest animal a glimmering of sensi-
bility is traced; and, as is nature’s wont, by many
steps of infinite gradation, manifesting the fertility
of her resources, and wonderfully combining variety
with uniformity, an uninterrupted progression of
improving organization, joined to an enlarging scope

of sensibility, instinet, and subordinate bodily
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powers, extends thence upwards to man. And
great as may be the final interval between brute
intelligence and human reason, yet so much greater
is the affinity than the distance, that no disparate
modification of organs is required to be made for
man; but all that exists in full development in
the human brain is found typified and to a great
degree already unfolded in the animals that come
nearest to man.

The true purpose and aim of vitality are thus
apparent. Life is a force so contrived and used, as
to qualify the materials of the inert world for a
temporary union with consciousness;—a means how
mind may enter into such relations with matter,
that 1t may have its being and part in physical
nature, and 1ts faculties developed, and its capa-
bilities and tendencies drawn out and proved (for
whatever ulterior purpose) in subjection to and in
harmony with her laws.

As we imagine the Supreme Mind to be ubiqui-
tous, infinite, controlling but uncontrolled by matter,
g0 in contrast with these attributes we conceive
the finite mind to be bound down to place, and to

be dependent on a certain arrangement of matter
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for its manifestation, each power displayed as the
property of a tissue, each agency as the function of
an organ.

These views do not lead to materialism. For
one cannot disjoin the physiology of the nervous
system from mental philosophy, nor investigate the
play of its organs without attending to the mind
itself. And if equal consideration is given to the
two classes of phenomena, it is impossible (so at
least it appears to myself) to avoid the conviction,
that they are essentially independent the one of the
other, and belong to distinet essences; and that
Ipseity, the consciousness of personal being, is not
a mode of material existence, nor physical im-
penetrability an attribute of that which feels and
thinks.

Few subjects of speculative inquiry have more
interest than the relation of the mind to the body.
Nor, considering the subtle nature of both the
elements concerned, is it wonderful that our pro-
gress here has been slow; and that considerable
labour has hitherto enabled physiologists fully to
elucidate the simplest portion only of the subject,

namely, the functions of the organs, which are
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common to every nervous system. So much, how-
ever, has been positively determined in these easier
problems, as to enable me to lay down the results
obtained in the form of laws of the nervous sys-
tem. These will be found synthetically arranged
in the first chapter of the present volume. Of the
connexion between the higher mental operations
and the parts of the brain little of a positive cha-
racter has yet been made out. But many necessary
preliminary questions have been solved, among
which not the least is the determination of the
structural relations of the different parts of the
enkephalon ; and the investigation of their fune-
tions, the discovery of which cannot be beyond our
reach, has at all events been actively commenced,
however opinions may differ as to the quantity of
real knowledge hitherto acquired through it.

The reader must not expeect to find that I have
entered into much minuteness of detail. The
individual facts brought forward are those alone
necessary to establish the general conclusions which
have appeared to me attainable. To this stock of
facts I have myself been a part contributor, as well

as to the inferences immediately deducible from
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them, and to the broader results to which they
lead. These collectively constitute the modern
discoveries in the physiology of the nervous sys-
tem, of which in the following pages I have endea-
voured to give a just exposition. To the admirable
writings of Whytt, I would refer the reader for a
discriminating survey at a former period. What
I propose now to offer is an account of the level
next beyond, a description of the table-land we
have now reached with what it commands, from
whence the next body of inquirers will have to
start in their ascent to higher elevations and more

comprehensive views.

B3






Cuaarrer 1,

LAWS OF THE NERVOUS SYSTEM RELATING TO
SENSATION AND VOLUNTARY MOTION.

L.

THE nervous system is formed of two dis-
similar textures, which are, for the most part,
distinguishable by their colour; one being
gray, ashen, or cineritious, the other of an
opaque white, of the tint termed orange
white. The first is principally composed of
minute corpuscles. The second, of tubes
containing either a gelatinous liquid or a defi-
nite filamentous structure. When portions
of the nervous system, comprising the two
textures, have acquired consistence through
maceration in aleohol, the gray is found to
have a granular fracture, the white to tear
into threads, which are bundles of nerve-
tubes.

In mammalia, birds, and reptiles, and in the

enkephalon of fish, the distinetion of colour in
the two textures is strictly observed. In the
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spinal cord of fish it is very faintly discernible.
In the larger invertebral animals, the difference
of colour is again distinet. The successive
observations which authorize the above general
assertions as to the structure of the two tex-
tures, are those of Ehrenberg, and after him of
Valentin. In the fresh brain of a small bird
the general corpuscular texture of the gray
matter, and the tubular structure of the white,
are readily apparent. Fontana had anticipated,
to a considerable degree, the discovery of the
tubular structure of white nervous matter;
but his observations, and the recent researches
of Dr. Martin Barry, would go to render the
tubular character subordinate, and to attach
greater importance to the interior filamentous
structure.

I1.

The gray and white textures have determi-

nably different functions: the white that of
transmitting or communicating, the gray that

of receiving impressions and originating im-

pulses.

The disposition of the two textures is deci-
sively affirmative of this conclusion. The
gray matter forms isolated organs. These are
united together by tracts of white matter,
the filaments or tubes composing which tend
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directly towards or from masses of gray mat-
ter. Where the nervous system has the most
ample organic developement, as in the brain,
the superficies, or expanded terminal part, con-
sists of the gray texture. It may be added
that gray nervous matter is considerably more
vascular than white,—a fact of itself indicating
a higher function.

ITI.

The lowest manifestation of consciousness
in animal life involves two elements,—sen-
sation, and the origination thereupon of an
effort towards motion,

In the humblest forms of animal life there
is no evidence of the possession of further
mental endowments. Perception follows later;
and variety of impulse, with choice determined
by instinet or reason.

No feature in nature’s works is more remark-
able than the avoidance of abruptness of tran-
sition. In the mimosa pudica I discovered the
existence of surfaces endued with what may
be called acute organic sensibility, on the
slightest excitement of which otker parts acted
to throw down the leaf and close the leaflets;
so there exist in this mimosa parts compara-
ble to sentient organs,—parts that originate
motion,—and something intermediate to con-
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nect the two;—so far veiling the transition to
consciousness, that the earliest phenomena out-
wardly resulting from thence are here mani-
fested without its presence.

IV

Every nervous system consists of two

parts,—of a central organ, in the structure

of which gray matter predominates,—and of
fasciculated cords of white matter, or nerves,
which extend therefrom to the organs of the
senses and of motion.

The form most affected in the central organs
is nodular or spherical ;—so one might take a
small bead and attach to its side, transversely
to its perforated axis, a few filaments of thread
to image the rudimentary central organ and the
nerves 1t originates. On examining a single
ray in a star-fish, a few filaments are thus seen
diverging from a minute nodule at the root
of the ray. The filaments are nerves which
have their origin in the nodule.

s

A single minute organ, originating nerves,

such as is found at the base of each ray in
the star-fish, may be appropriately termed a
sensorial nodule or nucleus. Hitherto a
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being has not been met with of so simple a
type as to admit of its whole organization
being supplied from a single sensorial nodule.
The type of construction of the radiata and
lower articulata is the compound or multiple
type. Each being consists of two or more
organizations, each capable of surviving and
of living independently of the other, when the
animal is divided into two or more pieces.
For such a compound animal a compound
nervous system is requisite. Instead of one
sensorial nodule with its nerves, there must
be several. These are united to form one
organ, by means of fasciculi of white nervous
matter, which extend one from each sensorial

nucleus to the next.

The disposition of the parts of the mervous
system in a compound animal may, then, be
thus modelled. Take as many small beads
with filaments of thread attached, as there
are repetitions of the organization; so for the
nervous system of a star-fish with five rays,
five beads would be necessary. Then pass a
thick silk through the five beads, and having
so strung them, fasten them at regular inter-
vals, and tie together the ends of the string.
The compound central nerve-organ would be
represented by the silk and beads: the
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beads would represent the sensorial nuclei;
the lateral tufts of threads would represent the
nerves. It is evident that such a chaplet of
beads might be laid either in a circle or drawn
out in two parallel lines. The former dispo-
sition would give the type followed in radiated
animals. The latter, supposing the beads to
form an even number, and to be adjusted in
pairs, might represent the nervous system of
the articulata.
ViL.

The type originally set in the multiple ani-
mal is maintained in the nervous system of
the higher articulata, although the being has
become strictly individualized, and its frame
consists of a series of segments dissimilarly
organized. The nervous system remains a
double chain, with pairs of sensorial nodules;
but the latter vary in size with the import-
ance of the funetions enjoyed by the segment ;
as the sensorial nodules in the head have
to originate nerves to the antenne and eyes
they are proportionately larger.

The disposition of the chain of sensorial
nodules in a circle, or in two contiguous
parallel lines, is a perfectly indifferent matter;

that disposition appears to be adopted which
agrees with the external shape of the animal.
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In the lobster the whole of the chain is doubled
on two parallel lines. In the crab the greater
part 1s thrown into an oval ring.

WL

In mollusea the number of the sensorial
nuelei is redueed to its minimum., In the
snail there exist but two pairs.

The sensorial nuclei of mollusca are, pro-
portionately to the connecting fasciculi, very
large ; which arises from their being distributed
to improved internal organs. Their fewness
arises from the absence of a complicated loco-
motive apparatus.

In all animals the central organ of the
nervous system 1s lodged in the most pro-
tected region. In vertebral animals its place
1s in the head and vertebral ecanal; in the
articulata, upon the strong inferior tegument.

In invertebral animals a curious relation
exists between the cesophagus and the double
chain of sensorial nodules. The latter is either
disposed as a chain encireling the eesophagus, as
in the star-fish, and even in the snail ; or, as
1t is more common, the first pair of nodules is
situated above the wsophagus, which passes
between, or is immediately embraced by, the
two fasciculi, which are tending to the adja-
cent first inferior pair of nuclei.



18 OF VERTEBRAL ANIMALS,

VIII.

The central organs of the nervous system
in vertebral animals consist of similar parts
to those which exist in the invertebrata, and
of something more;—of a double cord
giving off’ nerves in pairs to the successive
segments of the frame, corresponding with
the chain of sensorial nuclei of invertebral
animals ;—and of new organs superimposed
upon its anterior, or upper, or cranial extre-
mity. The double cord may be termed the
cranio-spinal cord; the succession of parts
in it originating pairs of nerves, segments
or nuclei; the superimposed organs are the
cerebellum and cerebrum.

The spinal cord is the part of the double
cord which is lodged in the spinal canal. Its
evenness and flatness are unlike the nodular
character of the double chain of invertebral
animals: but sometimes, as in the upper
cervieal portion of the spinal cord in the gurnet,
the true nodular form re-appears. In the
cranial portion the same feature is always pre-
sent to a greater or less extent. The cranial
portion of the cord is subdivided by anatomists

into the medulla oblongata, from which the
ninth, eighth, seventh, sixth, and fifth cerebral
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nerves rise; the erura cerebri, whence the fourth
and third take their origin; and the optic and
olfactory nodules or tubercles, for the origin
of the second and first nerves. The spinal
nerves rise each by two distinet sets of fasci-
culi or roots; one from the anterior, the other
from the posterior, lateral furrows.

The term segments, applied to the regions
of the eranio-spinal cord which originate sepa-
rate sets of nerves, is so far appropriate, that
the cord might easily be cut into so many
portions. The term nodule would be imap-
propriate, for, except in a very few instances,
the segments have not the shape that word
denotes.

IX.

The spinal cord, with the nerves thence
arising, is not alone sufficient to maintain
consciousness.

It is important, in reference to what is to
follow, to establish this negative proposition
beyond a doubt. Its proof rests upon expe-
riments made on living animals,—a source
through which so many important truths have
been brought to light, as in some degree to
atone for the infliction of pain and deprivation
of life that attend it. Cold-blooded animals,
reptiles especially, from their tenacity of life,
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furnish the surest results in inquiries like
the present. In frogs, the functions of the
nervous system continue for a time but little
mmpaired by loss of blood, or the cessation
of the circulation. Accordingly, the pheno-
mena exhibited by the trunk of a decapitated
frog, or by one from which the contents of the
cranium have been entirely removed, may be
confidently expected to show, whether the
remaining part of the nervous system is enough
to allow the persistence of feeling and volun-
tary motion. Now, after decapitation, the
carcase of a frog lies relaxed, motionless, and
to all appearance insensible. Nevertheless, if
a toe is pinched, the limb is drawn up; and
pricking the skin produces some general mus-
cular action. How, then, is it certain that
sensation is entirely extinguished? Let the
mutilation be carried further, and the dead
trunk divided transversely across the back.
It will be found that the same partial move-
ments as before can still be excited by the
same means, and that equally in both halves.
Do both halves then feel? The hind legs as
well as the fore legs? We know from cases
in which the spinal cord of human beings
has been accidentally divided in the back, that
the parts supplied with nerves from the sepa-
rated inferior portion have retained no feeling.
It is probable, therefore, that in the frog it is
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the same; and that the motions obtained in
its legs in the experiment do not depend upon
sensation. But these motions were the only
evidence that the anterior extremities, or the
entire trunk, previously felt: and at the same
time they are totally unlike the maintained
and co-ordinate movements which are observed
where feeling is certainly present. We may
presume, then, that the movements in question
are merely organic, and so far resemble those
of a recently amputated limb when its nerves
are injured. Their precise nature will, how-
ever, be explained presently. It may be added,
that the same may be produced by irritating the
skin in the legs of human beings, in whom
the lower half of the body has been palsied by
lesion of the spinal cord; they are of course
unfelt by the patient, and may be excited
unknown to him, or in opposition even to his
voluntary efforts to refrain from them.

X.

The spinal cord and medulla oblongata,
with the nerves arising from them, are toge-
ther sufficient to maintain consciousness.

The following instance from a communi-
cation by Mr. Lawrence, published in the

fifth volume of the Medico-Chirurgical Trans-
actions, is decisive of the truth of this pro-
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position. It is the history of an infant, in
whom the parts of the enkephalon beyond
those specified had never been developed, and
which survived its birth a brief period.

An acephalous infant was born, which
lived four days. *The brain and cranium
were deficient, and the basis of the latter was
covered by the common integument, except
over the foramen magnum, where there existed
a soft tumour about equal in size to the end of
the thumb. The smooth membrane covering
this was connected at its circumference to the
skin. The child, as is generally the case in
such instances, was perfectly formed in all its
other parts, and had attained its full size. It
moved briskly at first, but remained quiet
afterwards, except when the tumour was
pressed, which oceasioned general convulsions.
It breathed naturally, and was not observed
to be deficient in warmth till its powers
declined. From a fear of alarming the mother,
no attempt was made to see if it would take
the breast; a little food was given it by the
hand. It voided urine twice in the first day,
and once a day afterwards. It had three
dark-coloured evacuations. The medulla spi-
nalis was found to be continued for about an
inch above the foramen magnum, swelling out
into a small bulb (obviously the medulla
oblongata), which formed the soft tumour
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upon the basis of the skull. All the nerves
from the fifth to the ninth were connected with
this.”

The following experimental details to the
same purpose are given by Magendie :—* If
you remove, by successive slices, in an animal
with the eranium opened, all the parts of the
cerebrum, then the optic thalami, then the
entire cerebellum, in such a manner that the
last section shall be anterior to the fifth nerve,
the animal continues to feel all the sensations
which have their seat in the face, except
vision. It continues to be as vividly affected
by sounds, smells, tastes, punctures of the face,
as if it had experienced no further injury than
the loss of blood attending the opening of the
cranium. If, for example, you pluck a hair
of the whisker, or apply a pungent acid to the
nose, it tries with its fore feet to disembarrass
itself of the cause of its pain, as if it were
unmutilated. Respiration and circulation take
place; the movements of the body are not
more interfered with, than if the cerebellum
alone had been removed. The sensibility of
the trunk and limbs has besides suffered no
alteration. The animal cries and agitates
itself, endeavours to withdraw and to defend
itself, when a toe or the sole of the foot is

pinched, equally as when the lips or the nose
are injured.”
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XI.

The superiority of the vital powers of the
spinal cord and nerves plus the medulla
oblongata and nerves, over those of the spinal
cord and nerves alone, does not result from
the difference in the mere quantity of nervous
matter left in the two cases.

If in an animal mutilated to the extent last
deseribed, the spinal cord is divided at the
upper part of the back, the only conse-
quence which ensues is, that the hinder part
of the frame is thereby deprived of sense and
motion. Vitality and consciousness continue
to be exhibited in the anterior part of the
animal as perfectly as before ; notwithstanding
that the portion of the nervous system sepa-
rated and rendered useless by the last mutila-
tion is of many times the bulk of the whole
medulla oblongata.

XII.

The competency of the acephalous infant
to manifest feeling and voluntary motion
when the spinal cord and medulla oblongata
are entire, and the parallel preservation of
consciousness in animals mutilated as above
described, arise from the preservation in the
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two cases of that segment of the medulla

oblongata in which the fifth nerves take
their origin.

In an animal mutilated to the extent of
removing the cerebrum, optic tubercles, crura
cerebri, and cerebellum, 1t has been shown
that consciousness may temporarily remain.
But if the mutilation is carried a quarter to
half an inch lower, so that the segment in
which the fifth nerves take their rise is
destroyed, every indication of ammal life is
instantaneously extinguished.

From this most curious fact, M. Magendie,
who discovered it, drew the inference that, in
vertebral animals, the perception of all sensa-
tions, exeept those of sight, tales place in the
medulla oblongata. This inference appears to
me unsound in two points. It aseribes, by
implication, smelling to the fifth nerve,
whereas real olfaction belongs to the first.
And, which is the important error, it asserts
the seat of perception generally to be the
medulla oblongata; whereas the facts prove
only that sensation does not take place, unless
the nerves of the senses and their nuclei of
origin preserve continuity with a certain
portion of the medulla oblongata.
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XIII.

Continuity with the segment of the
medulla oblongata, in which the fifth nerves
rise, is equally necessary to the maintenance
of the functions of parts of the nervous sys-
tem which are situated above or anteriorly
to that segment.

In other words, if the medulla oblongata
is divided transversely above or anteriorly to
the origin of the fifth nerves, the functions of
the cerebrum and cerebellum, and of the
first, second, third, and fourth pairs of nerves,
are extinguished. I cannot, indeed, advance
experimental proof in support of this proposi-
tion, beyond the seeming total death which
instantaneously results from the laceration of
the segment of origin of the fifth in an animal
otherwise unmutilated. More exact obser-
vations on the motions of the iris and of
the eyeball under these circumstances, than I
profess to have made, are necessary to deter-
mine the question experimentally supposing it
to admit of proof in this manner. The truth of
the above proposition, however, 1s so probable,
that T will venture coupling it with the
XIIth. to affirm the following, which com-
prehends and expresses both.
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The part of the medulla oblongata in
which the fifth nerves rise constitutes the
dynamic centre of the nervous system. No
part of the nervous system severed from this
segment participates In consciousness; but
its function is thereupon immediately sus-
pended, and, except in the instance of sueh
nerves as admit of complete reunion after
division, permanently extinguished.

I dwell upon this proposition to familiarise
the reader with the view alone justly deducible
from Magendie’s experiments above related.
The cessation of a function on the separation
of a part of the nervous system from this seg-
ment, taken alternatively with the suppression
of every function on the separate mutilation of
that segment alone, does not prove that that
segment was the seat of the first. The inte-
grity of the segment of origin of the fifth may
be necessary to the preservation of sensibility
in the whole trunk, without its being the seat
of sensation. The action of the heart in
another way may be necessary to secretion,
without the heart being the secerning organ.

It is natural perhaps to suspect that the
importance of the segment of the medulla

c 2
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oblongata, where the fifth rises, may be here
overrated ; and to surmise that its seeming im-
portance results from its central situation, which
renders any considerable mutilation of it im-
practicable without disturbing in a great degree
the communication between the anterior and
posterior halves of the nervous system, as well
as the origins of the seventh and eighth, which
have so much to do with the common mani-
festations of vitality. But the reader may
easily get rid of this doubt by observing the
difference between a decapitated frog, where
the head has been severed at the anterior part
of the medulla oblongata, and the same ani-
mal when the next minute portion of the
medulla is removed : in the first instance, the
animal sits collected on its limbs in an attitude
prepared for exertion, and if it is hurt, its
body and limbs are prompt to consentaneous
motion with the full expression of vitality
and consciousness. In the second instance,
the animal lies at once, extended, relaxed,

nerveless, motionless.

XV
jach lateral half of a vertebral animal is
separately vitalized. Or the preservation of
consciousness in one half is independent of
its preservation in the other. Or the con-
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tinnance of the functions of either lateral
half of the cerebro-spinal system depends
upon the integrity of the half of the segment
of origin of the fifth nerve proper to it.

That is to say, all the modifications of the
phenomena of consciousness, which Magendie
produced in the preceding experiments upon
the whole frame of the vertebral animal, he
discovered, may be produced on one side alone,
by limiting the mutilation to that side. So
destroying the right half of the segment of
origin of the fifth, appears to extinguish con-
sciousness on the right side entirely, without
in any degree affecting the left. Is it then
possible, that by exactly severing in the
median plane the two halves of the vitalizing
segment, a vertebral animal might be made,
temporarily, two separately conscious beings ?

XVI.

The nerves derived from either lateral
half of the cranio-spinal cord are distributed
to the same side of the frame.

I state this proposition formally, to make
occasion for explaining the single exception to
it. That exception is found in the distribu-
tion of the optie nerves.
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Most vertebral animals have lateral or
divergent vision alone. Their optic axes lie
cither in the same right line, or diverge.
They cannot be simultaneously directed to-
wards the same object.

Man, with several of the mammalia, and
some birds, and some reptiles (?) is capable of
convergent vision,

Now, in all animals with divergent vision,
there 1s reason to believe that the optic nerves
supply exclusively the opposite eyes. DBut this
i1s only certainly known of osseous fishes, in
which the optic nerves eross without mingling
their fibres, and the whole of the right nerve is
seen to go to the left eye, and of the left, to the
richt. In all other vertebral animals there is
more or less union of the nerves, which has
not been anatomically unravelled except in
man. But in birds with divergent vision,
and in such of the mammalia as the experi-
ment has been tried in, an injury of one optic
tubercle is followed by loss of sight of the
opposite eye. And the general rule as to all
animals with divergent sight, is inferred to be
what I have stated, from the visible structure
i osseous fishes, and the experimental facts
last mentioned.

In man, for the type of convergent vision,
the principle of distribution is different; each
optic nerve distributes fasciculi to both eyes.
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Thus the general law of the distribution of
nerves to the same side of the frame, is doubly
violated in the instance of the optic. In
animals with divergent vision, the optic nerves
supply the opposite eyes: in animals with
convergent vision, each nerve supplies both
eyes. Perhaps the following suggestions may
be found sufficient to reconcile these anomalies.

Convergent vision is the more perfect fune-
tion. Now the most sensible spot in the
human retina is situated at the optic axis.
But this point is situated a little to the out-
side of the entrance of the optic nerve.
Accordingly, it is probable that it is sup-
plied by the fibres which form the outer
portion of the optic nerve. But these fas-
ciculi may be traced distinetly backwards,
along the outside of the optic tract, to the
optic thalamus and corpora geniculata of the
same side. The part of the right retina in
man, which has the acutest vision, is there-
fore probably supplied from the right optic
tract; the corresponding point in the left retina
from the left. And accordingly, so far as the
part of the retina situated at the optic axis
is concerned, the general law asserted of the
distribution of nerves appears to be observed
in man in the distribution of the optic.

But if the centre of the right retina, which
lies to the right of the entrance of the right
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optie nerve, is supplied from its right fasciculi,
it is probable that the rest of the right portion
of the retina is supplied from the same source
likewise: and so with the left. And nothing
has been ascertained, anatomically, in contra-
vention of this supposition. Then, the greater
part of either retina in man probably is sup-
plied by the optic nerve of the same side.

But the general direction of this portion of
the right retina is towards the left, or towards
the left of the common visnal axis of both
eyes. Now there is a part of the retina of the
left eye, which is turned in the same direc-
tion. It is, of course, its inner portion. Are
we at liberty to surmise, that that portion of
the left retina derives its supply of nervous
filaments from the inner fasciculi of the
left optic nerve, which, at all events,
enter the eyeball contiguously to it? If this
should be proved to be the case, it would
follow that the right optic tract supplies the
inner portion of the left retina, as well as the
outer portion of the right; for from that tract
are derived those decussating fasciculi, which
form the inner or left fasciculi of the left optic
nerve. Then another, and compensating
uniformity, in exchange for that obviously
disregarded, would be obtained, and those
surfaces of both retine, which are directed
towards one side, or towards one side of the
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common visual axis, would prove to be sup-
plied from one optic tract alone.

But, further, it would thus happen that the
right optie tract would distribute all its fasci-
culi to retinal surfaces turned towards one
side, and that side the left, or more correctly,
the left of the common visual axis. Then
suppose a transitional series, in which the same
principle should be observed, from animals with
perfect couvergent vision, to others in which
a very small part only of either retina admits of
being so employed, it would follow that fewer
and fewer of the fascieuli of the right optie
tract would continue to go to the right eye.
As many only would be so distributed as
would supply that lessening portion of the
right retina which could be turned towards
the left of the common visual axis, the greater
portion would cross over to the larger portion
of the left retina, now looking towards the
left. And finally, when in the completion of
the series convergent vision should become
wholly lost, the whole of the fasciculi of the
right nerve would cross over, maintaining the
same prineiple of uniformity, to be distributed
to the left eyeball: the left to the right.

The preceding explanation assumes one or
two anatomical faets, which are certainly not
proved ; but everything known renders them
extremely probable. If it is just, the apparent

c 3
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breach of uniformity is only introduced to
make room for a more important observance
of the same principle; or to allow of the
greatest possible uniformity in the anatomical
arrangements for two functions so dissimilar
as divergent and convergent vision ; and even
for the occasional partial introduection of the
second more perfect function in the ascending
series without any external alteration to betray
the sudden step in advance, and the subse-
quent retreat from it.

The ideas commonly entertained respecting
the purport and end of the decussation of the
optic tracts in man are at variance with the
above.

By some it is supposed that the object

- therein contemplated is the supply of the

corresponding points of the two retine with
filaments from both optic nerves, in order to
provide for single vision with two eyes. But
such an hypothesis is not needed. There exists
another arrangement to which the phenomenon
in question 1s more reasonably attributable.
The fasciculi, which form the anterior part of
the optic commissure, have no direct commu-
nication with the eranio-spinal cord ; they are
commissural to the two retinae; and, extend-
ing from one retina directly to the other, afford
obvious means of enabling the parts they unite
to blend their functions.



AXD BYSTEM OF NERVES. 35

Dr. Wollaston supposed that the object of
the decussation was the distribution of fila-
ments from the same optic nerve to the cor-
responding parts of both retinje. On this
hypothesis the anatomical arrangement would
come near to that which I have supposed, but
with one important difference. Dr. Wollas-
ton would have divided the retinal surface at
the optic axis into two, each half being sup-
plied by a different nerve; whereas I suppose
the whole of that sensible region to be supplied
by one mnerve only. But the observation, it
will be recollected, which led Dr. Wollaston
to this hypothesis, was a pathological pheno-
menon which he himself experienced,—tem-
porary simultaneous loss of sight in the cor-
responding halves of both eyes; the simplest
explanation of which, he suggested, was to
assume the anatomical arrangement mentioned ;
when disorder of ome optic thalamus would
serve to account for the palsy of both organs.
But the explanation, however ingenious, may
be shown to be unsound, by taking into con-
sideration other phenomena of the same class.
When threatened with gout, before it declared
itself, I experienced the semi-blindness de-
seribed by Dr. Wollaston ; it recurred three or
four times, lasting about a quarter of an hour;
but alternatively with it I experienced the
following different affections of both eyes:
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one, temporary blindness at the visual axis;
the other, temporary blindness of all but the
visual axis. It is presumable that these three
alternative phenomena had a common origin;
but two of them certainly arose from an affec-
tion of both optic thalami; and it is therefore
probable that in the first both were likewise
equally involved.

XVIIL

The nerves in reference to the phenomena

of consciousness are divisible into two classes,
and into two classes only; they minister either
to sensation, or to voluntary motion, alone;

they are either exclusively sentient, or exclu-
sively voluntary. Two or more nerves, how-

ever, having different endowments, may be

bound up in the same sheath, so as super-
ficially to appear but one.

This discovery was elicited by the following
steps :—

Sir Charles Bell, as early as 1811, had
pushed his speculations beyond the views then
commonly received ; which amounted, indeed,
but to a conviction that the first nerve, the
second nerve, and the soft portion of the
seventh, were appropriated each to a special
sense; and that the third, the fourth, the
sixth, and the ninth cerebral nerves were for



AND SYSTEM OF NERVES. 37

motion ; beyond this nothing definite was
tanght as to the appropriation of particular
nerves to sensation or to voluntary motion
exclusively. In 1811 Sir Charles Bell sug-
gested, supporting his views by original expe-
riments upon the roots of the spinal nerves,
that the cerebrum and the anterior portion of
the spinal cord, and the fasciculi of the spinal
nerves thence arising, have alone to do with
sensation and volition ; that the office of the
cerebellum, of the posterior portion of the
spinal marrow, and of the fasciculi of the spinal
nerves thereto attached, 1s the control of the
organic functions. THe at the same time ex-
pressed his conception that nerves having dif-
ferent offices might be bound up in one sheath,
and that nerves take different offices according
to the place of their origin.

It was a step of eminent service to science
then, and again later in his career of inves-
tigation, to set on foot new inquiries into the
functions of the nerves, and to show that
they might be elucidated by new experiments.
With the researches of Sir Charles Bell,
made in this his first essay, and up to this point,
I had the advantage of being familiar, having
been his pupil in the years 1812, 1813, 1814,
and 1815. After this I was not in the way of
knowing, nor did T know, anything whatever
of the nature of Sir Charles Bell’s researches,
except through his published writings.


























































































































































































































































































































































































































































































