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of the result of these investigations as will be readily under-
stood. As all are aware, the old method of investigating
the physiology of the nervous centres in the head, was by
vivisection. Magendie, Flourens, Matteucci, Longet, Schaff,
and many others practised ‘the method of operating on the
brain by removing certain portions, and by afterwards
noticing the effects produced. Perhaps the last inquiry of
this kind which may be made! was conducted by myself, and
the results were recorded in a paper read before the Royal
Society of Edinburgh on 6th January 1873. Since then new
methods of inquiry have been employed, and 1 shall now
classify and describe the results of these as follows :—

A —MrraOD 0F REMOVING A PORTION OF BRAIN IN ADULT
ANIMAL, AND OBSERVING THE EFFECTS.

In the summer of 1871, I began a series of experiments
on pigeons. These were continued, with intermissions, up
to the month of July 1872. Pigeons were chosen because 1
wished to repeat the observations of Flourens and others,
who had performed numerous well-known experiments on
these birds. I found, moreover, by experience, that other
animals—such as rats, rabbits, monkeys, frogs, &ec.—rarely
survived the operation a sufficient length of time to warrant
me in making trustworthy observations.

1. The Mode of Experiment.

This consists in removing, under chloroform, a portion of
the brain, and observing the effects produced. In order to
give as great a degree of precision as possible, it is necessary,
in the first place, to study the anatomical relations of the
parts concerned. This I have done, and now feel tﬂlEmbI}r
confident I can remove the grey matter corresponding to the
cerebral hemispheres without materially injuring the corpora
striata. Those structures blend together anteriorly and

! Recent observations of a similar character have been made by Goltz
(Centralblatt, 1868, p. 690 and p. 705), Voit (Munich, Akad. Bericht, 1863
and 1868), and by Rosenthal (Centralblatt, 1568),
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the right or left cerebral hemisphere is not usually fatal.
There is, in the next place, a marked contrast between the
fatality following the removal of the anterior and that
following the removal of the posterior portions of the hemis-
pheres. When the anterior portion was removed, in ten,
eight recovered; while only three recovered when the
operation removed the posterior portion. The probable
cause of this difference in the ‘mortality 1s twofold: 1st,
Birds from which the posterior lobes have been removed
- rarely feed themselves; and 2d, when the posterior lobes
are removed, severe hsmorrhage is apt to ensue, and blood
to be effused on the surface of the medulla. Removal of
both hemispheres is attended by about the same fatality as
removal of the posterior portion. Removal of both hemis-
pheres, with the upper portions of the corpora striata, is a
serious operation; but in one fortunate instance the bird
survived till the two hundred and twenty-fourth day. It is
to be observed, however, that this operation was usually
attended by only partial recovery, inasmuch as after the
shock had been recovered from, and the wound had healed,
nutrition was carried on imperfectly, and the bird slowly
declined in strength and vigour. The general conclusions
from these facts are, that the mortality following operations
on the brain of pigeons increases in proportion as the deeper
portions are affected; and that when injury is done to the
deeper layers of the corpora striata, the result is death, often
immediate, but always within three days from the time of
the operation.
Among other effects I shall notice the following :

2. Effects of Removal of Cerebral Hemispheres on V‘iﬂi;‘}m

Numerous experimenters have found, that when the upper
part of the brain of a pigeon is removed, the bird loses the
sense of vision; but none have endeavoured precisely to
state how much was removed, nor have given a satisfactory
explanation of the result. The question, whether a bird has
lost the sense of vision, is more easily tested than the equally
important one of how far the other senses are affected ;
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may vary. We may be conscious in certain circumstances,
as in awakening from sleep, of the presence of light,
without having any definite ideas or images associated with
the sensation. We may have a sensation, followed by no
ideas, attended by no images of external objects (or revived
sensations), and resulting in no act of volition or emotion.
Majendie, Longet, Dalton, and others, appear to think that
a certain amount of sensation exists after removal of the
cerebral hemispheres, and they locate these sensations in the
ganglia at the base of the brain. While observing the results
of my earlier experiments, I was inclined to adopt the same
view, because birds perform many actions after ablation of
the hemispheres, which it is difficult on first thoughts to
account for, unless on the supposition of the persistence of a
certain degree of sensation. But later experiments, and more
especially those in which I removed one cerebral hemisphere
along with the upper part of the corresponding corpus
striatum, seem so clearly to indicate that consciousness or
sensation has its seat in the cerebral hemispheres alone, that
I have no doubt on the matter. In thirty-eight birds, eight
had the right hemisphere, eight the left hemispheres, ten the
right hemisphere and upper part of the right corpus striatum,

legitimate test of the question must be applied in the case of a being who
can positively say, in a given experiment, whether or not on a peripheral
irritation he experiences a sensation. The movements of the legs of a
decapitated frog do not constitute evidence of sensation ; while, on the
other hand, the movements of the limbs of a man who, while in: full pos-
session of all his percipient and intellectual faculties, has his spinal cord so
injured as to prevent the transmission of impressions between the brain and
the limbs, prove that there may be movements without any sensation what-
ever. These points are discussed in the following works : Haller's Physi-
ology ; London, 1754; Chapter on the Brain. Anatomy and Physiology
of the Human Body, by John & Charles Bell ¢ Introductory View of the
Anatomy of the Brain.” Fletcher's Rudiments of Physiology ; Edinburgh,
1837 : Chapter ‘‘On the Nature of Sensation,” On Intelligence, by H.
Taine ; Book TIL Of Sensations. Problems of Life and Mind, by George
Henry Lewis ; 1874 ; Biological data, p. 128. Harris’ Journal of Specu-
lative Philosophy ; St Louis. Mo. 1872— Article by John €. Thompson on
* Empirical Certitude.” Also in the works of Herbert Spencer, Bain, and
Maudsley. The question is also ably argued ina * New Theory of Knowing
and Known,” by John Cunningham, D.D., 1874, p. 83 et seq.
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tubercles are left untouched, wvision still remains. I have
found quite the contrary. All my experiments prove that
~ removal of one hemisphere, or of one hemisphere and the
corresponding corpus striatum, is attended by blindness on
the opposite side. In those cases a post-mortem examination
shewed that the optic tracts and optic lobes were uninjured.
A microscopical examination of the retinz, in one case, shewed
that both were alike normal. The optic lobes were also ex-
amined, and were found in a healthy condition, and exactly
alike. The optic nerves and optie tracts were also normal.
The inference, therefore, is that the apparatus for conscious
perception was alone wanting. Light from objects placed
before eye on the blind side excited the retina, and the iris
remained contractible ; the optic nerve conducted an influence
from the retina; the optic lobe performed its functions,
whatever they may be; influences were transmitted upwards
towards the hemisphere, but there was no hemisphere to
receive them, and consequently no consciousness. From
these considerations it appears that, for the conscious per-
ception of external objects by vision, we require—1st, a sense
or terminal organ, the retina; 2d, a nerve, the optic nerve ;
3d, an optic lobe ; and 4tkh, a cerebral hemisphere. The
optic lobe does not appear to me to be the seat of sensation.
When the optic lobes are injured, the animal staggers, runs
to the side (describing a semi-circle), and finally falls over on
the side opposite to that on which the injury was inflicted.
Consciousness is never affected. There are no convulsions,
unless the crura cerebri are accidentally injured. There is
blindness on the opposite side.

When we consider how intimately associated the sense of
sight 1s with the combined movements of the limbs, the dis-
turbance of motion after injury to the optic lobes may be
readily accounted for. Any interference with the vision of a
healthy pigeon will produce movements of the same kind.
Motion in man, such as walking, may be voluntary, or
altogether reflex in character. When the cerebrum is occu-
pied with a succession of thoughts bearing no relation to
surrounding circumstances, we walk without being conseious
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living more than three days after the operation. N_'o con-
vulsions are produced by pricking, cutting, or irritating the
upper part of these bodies, but when the needle or knife is
passed to the base, convulsions, often violent, are produced.
I have never succeeded in removing the whole of the corpora
striata without an almost instantaneously fatal issue. I can-
not therefore agree with the observations of the distinguished
French physiologists, Longet and Vulpian, who state that
animals (even mammals) survive after complete removal of
the hemispheres, corpora striata, and optic thalami. The
- explanation of the difference between us probably is, that the
distinction between cerebral hemispheres and corpora striata
has not been sufficiently attended to by them, for my experi-
ments shew that the deeper part of the ganglia, which T hold
to be homologous with the corpora striata, cannot be removed
from pigeons without a rapidly fatal result.

7. General Result as to the Functions and Homology of
Corpora Striata in Birds.

The results of these physiological experiments I will now
briefly sum up as follows :—

1. The ganglia, termed the corpora striata in birds, are not
strictly homologous with the same bodies in mammalia.
Each body consists in its deeper layer of a mass of nervous
matter (in immediate connection with the crus cerebri), which
represents the true corpus striatum of mammalia. The layer
of grey matter forming its upper and outer part, and which
blends with the thin grey layer representing the cerebral
hemisphere, is properly to be regarded as part of the latter.
In a bird, the upper parts of the corpus striatum and the
cerebral hemisphere present the same structure, and physi-
ological experiment appears to indicate that their function
is also the same. Removal of the upper gray layer, along
with the upper part of the corpus striatum, is attended by a
like result, loss of sensation. This is not the case after
experiments on rabbits, cats, dogs, rats, or monkeys. In
these animals injury to the wpper part of the corpora striata
always affects not only sensation, but also motion, paralysis
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8. The effects just deseribed canmot be due to irritation of
the ganglia at the base of the brain, which are well known
to be connected with motion; because, (1.) the current
- employed is (&) so weak, and passes (b) through such a short
distance between. the electrodes; and (¢) the resistance of
brain substance is so great that the current cammot reach
the deeper parts; and (2.) the muscular contractions stop
when the electrodes are slightly shifted.

9. The removal of the portion of the convolution acting as
a centre did not cause complete paralysis of the muscles with
which it was associated. For example, Fritsch and Hitzig
removed the centre for the muscles of the fore limb. The
limb was not entirely paralysed, but the muscular sense was
abolished. [Compare with result of Nothnagel’s experiment,
p. 33.]

9. The Method, and Experiments of Ferrier, by Irritation of
Surface of Brain by o weak Faradie current.

Dr Ferrier's! researches were made in the first instance,
in the pathological laboratory of the West Riding Asylum,
and afterwards in the laboratory of the Brown Institution,
London. In the month of August last, through the kind-
ness of Dr Ferrier, I had the opportunity of seeing a
repetition of many of these experiments. The demons-
tration was most satisfactory and convincing. Dr Ferrier
has experimented on pigeons, fowls, guinea-pigs, rabbits,
jackals, and monkeys. The method of experiment is that
already described as the one pursued by Fritsch and Hitzig.
The irritating current was derived from the secondary coil
of Du Bois-Reymond’s induction machine, the primary coil
of which was in connection with one Stohrer’s cell (with
carbon and zinc elements). By moving the secondary coil in
the sliding board, and thus increasing or diminishing the
distance from the primary coil, the strength of the current

1 The West Riding Lunatic Asylum Medical Report, Vol. iii. p. 30.
British Medical Journal, April 1873, p. 457. Turner and Humphrey's
Journal of Anatomy and Physiology, No. XIII., Nov. 1873, p. 152.
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to physiology and pathology. Conducted by one who is
thoroughly competent, by long and careful educational train-
ing for such work, these researches have, during their
progress, been rigidly scrutinised by many keen observers.
There can be no difference of opinion as to the facts made
out by Faradization of certain areas of the surface of the
brain. There will be no doubt much controversy regarding
the interpretation of these facts, Many speculations are
at once suggested. I can only refer to one,—namely, What
is the relation between these motor-centres and those other
centres which are more immediately related to mind ?
“Ferrier is of opinion, from the fact that there is an inti-
mate relation subsisting between thought or ideation and
the outward expression of the idea in museular action,
that there is a close anatomical association between the
ideational and the voluntary motor-centres. Thus, he says:
—“1T should incline to the opinion, that the organic centres
of word memory are situated in the same convolutions as
the centres which preside over the muscles concerned in
articulation. If this be so, then we ought to have a hand
memory, a face and eye memory. And thus we may ulti-
mately be enabled to translate into their physiological
signification, and localise phrenologically the organic centres
of various endowments.”"

It has always appeared to me, in connection with these
researches, an interesting speculation, to account for the normal
stimulus which acts, let us say, on the motor centres, regu-
lating the movements of the arm of a monkey, when it

' Since the above was written, objections have been urged by various
physiologists to the inferences drawn by Ferrier from these experimental
facts, It is still urged that there is no absolute proof that the nervous
influence causing the muscular movements originates in the part of the
surface of the brain to which the stimulating electrodes are applied. It is
possible the influence may be diffused, and it is also highly probable that a
change in the electrical condition of one portion of the brain will excite
a change in the electrical condition of an adjoining portion. This change
in the electrical condition of the second portion may, as in the familiar
experiment of Matteucci’s induced contractions, be quite sufficient to
stimulate nerve tubes in connection with it. Of all this, however, there is
no proof, and the fact that on stimulating certain areas on the surface of
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on a heating effect of the choroid ; and Mosier compared it
to the action of light on a sensitive photographic plate.

It is evident that, in accordance with the principle of the
transference of energy now universally accepted, the a,ctim. of
light on the retina must produce an equivalent result,.whmh
may be expressed, for example, as heat, chemical action, or
electro-motive power. It is well known that the electro-
motive force of a piece of muscle is diminished when it is
caused to contract by its normal stimulus, the nervous energy
conveyed along the nerve supplying it ; and similarly a nerve
suffers a diminution of its normal electro-motive force during
action. In the same manner, the amount and variations of
the electro-motive power of the optic nerve affected secondarily
by the action of light on the retina, are physical expressions of
certain changes produced in the latter ; or, in other words, are
functions of the external exciting energy, which in this case is
light. Considerations such as these led us to form the opinion
that the problem of what effect, if any, the action of light has
on the electro-motive force of the retina and optic nerve,
would require for its investigation very careful and refined
experiment.

The inquiry divided itself into two parts,—first, to ascertain
the electro-motive force of the retina and nerve ; and, second,
to observe whether this was altered in amount by the action
of light. The electro-motive force of any living tissue can be
readily determined by the method of Du Bois-Reymond. This
great physiologist found that every point of the external
surface of the eyeball of a large tench was positive to the
artificial transverse section of the optic nerve, but negative to
the longitudinal section. This he accomplished by the use of
his well-known non-polarizable electrodes, formed of troughs
of zine carefully amalgamated, containing a solution of neutral
sulphate of zine, and having cushions of Swedish filter paper
on which to rest the preparation. (To protect the preparation
from the irritant action of the sulphate of zine, a thin film or
guard of sculptor’s clay, moistened with a '75 per cent. solu-
tion of common salt, and worked out to a point, is placed on
each cushion.) These electrodes were connected with a gal-
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shell of glass, having -at least an inch of water between the
walls. N

The results we have arrived at are as follows :—

1. The action of light on the retina is to alter the amount
of the electro-motive force to the extent of from 3 to 7 per
cent. of the total amount of the natural current. |

2. A flash of light, lasting the fraction of a second, pro-
duces a marked effect. .

3. A lighted match, held at a distance of four or five feef,
is sufficient to produce an effect.

4. The light of a small gas flame enclosed in a lantern, and
caused to pass through a globular glass jar (12 inches in
diameter), filled with a solution of ammoniacal sulphate of
copper or bichromate of potash, has also produced a change
in the amount of the electro-motive power.

5. The action of light on the eye of the frogis as follows :—
When a diffuse light is allowed to impinge on the eye of the
frog, after it has arrived at a tolerably stable condition, the
natural electro-motive power is in the first place increased,
then diminished ; during the continuance of light, it is still
slowly diminished to a point where it remains constant; and
on the removal of light, there is a sudden increase of the
electro-motive power nearly up to its original position. The
alterations above referred to aré variables, depending on the
quality and intensity of the light employed, the position of
the eyeball on the cushions, and modifications in the vitality
of the tissues.

6. Similar experiments made with the eye of warm-blooded
animals, placed on the cushions as rapidly as possible after the
death of the animal, and under the same conditions, have
never given us an initial positive variation, as we have above
detailed in the case of the frog, but always a negative varia-
tion, The after inductive effect on the withdrawal of licht
occurs in the same way. i

7. Many experiments have been made as to effect of light
from different portions of the spectrum. This was accom-
plished by causing different portions of the spectrum of the
oxy-hydrogen lime-light to impinge on the eye. All these






