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G0 DR. J. 8. RISIEN RUSSELL ON THE INFLUENCE

1. Tntroduction.

I mave much pleasure in thanking Professor Vicror Horsrey for allowing me
to conduet the experiments whieh form the subject of this paper at the Pathological
Laboratory of University College.

It has always appearved to me contravy to the best established facts with regard to
the cerebral localisation of motor processes that some abduction of the vocal cords
should not be represented in the cerebral cortex. That abduction should be less
]u'm'q*]'ﬁﬂ]j" I‘f-.pl'vﬁﬂhtc[l in the cortex than adduction seemed clear, but that there
should be no centre at all to subserve this function in the eerebral cortex seemed
strange. 1 thervefore decided to test the matter on the lines suggested to me by
Dr. HugauiNes JAcksoN in connection with a recent investigation of eye movements,
when, after excluding the possibility of the lateral movements of the eyes to the
llpllm-}it:} side from the }|15||I1$1111L'T¢ stimulated l,:';]-:,itlg ||]:1{:¢_ ll}' ﬂ,i\-‘ii]ittg the muscles
which bring about these movements, I found that it was possible to evoke many other
movements of the eyes which hitherto couid not be obtained. The conclusion which
appeared warranted by these results was that the lateral movements of the eyes are
so powerfully represented in the cerebral cortex that they overpower all other move-
ments under normal circumstances.

It seemed quite possible that abduction of the voeal cords is in reality represented
in the eerebral cortex, but that adduetion is so much more powerfully represented
that it 1s impossible to obtain a stimulus strong enough to evoke abduction without
its diffusing to the more powerful adduetor centre, which is presumably situated at
no great distance from that for abduction.

Taking advantage of my previous observations, that it was possible fo separate in
the recurrent laryngeal nerve the bundle of abductor from that of adductor fibres,®
I came to the conclusion that if, in an animal exeitation of whose cerebral cortex only
vielded adduction of the wvoeal cords, I were to divide the adductor fibres of the
recurrent laryngeal nerve, without injury to the abductor fibres, it might be possible
to evoke the movement of abduction of the voeal eords from the cerebral cortex of the
same animal by exciting some area in close proximity to that excitation of which
resulted in the movement of adduetion before.

During the eonrse of these experiments I was led to investigate other points in
connection with the central innervation of the larynx, notably some points relating to
the state of the laryngeal apparatus, when SpENcER's arvea for arrest of respirationt
was excited. Inasmuch as I am at present engaged in a more extended inquiry
on the correlation of the respiratory and laryngeal central nervous mechanisms, in
conjunction with Mr. Seexcer, I will only refer to the effects on the vocal cords
without regard to the respiratory movements of the thorax, although many of my

* ¢ Proe. Roy. Soc.,’ 1892.
+ Spexcen, * Phil. Trans.," 168894,



OF THE CEREBRAL CORTEX ON THE LARYNX. Gl

contentions can only be satisfactorily proved by such an investigation as the joint
one to which I have just referved.

] [ Iff.#fllr'_f_f.

BourLnavp® destroyed the frontal lobes in dogs by means of a drill, or the
cautery, after which the animals did not bark, but whined when disturbed.

Ferrrert was the first experimenter who obtained any evidence of the repre-
sentation of laryngeal movements in the cerebral cortex, as shown by the results of
electrical stimulation. He obtained harking when the electrodes were applied to the
lower portion of the anterior composite gyrus from area (9) in his figure,

Durer], from ablation and compression experiments, eame to the same conelusion,

H. Kravse§ was, however, the first to find the focus in the dog’s brain exeitation
of which resulted in closure of the glottis, as brought about by bilateral adduction of
the voeal cords; the focus being the isthmus of the procerucial gyrus.

Fraxcors Frawci| observed that during an epileptic convulsion, induced by
cortical stimulation, the glottis is closed during the tonic stage, whereas during the
clonic stage the cords move in conjunction with the movements of the respiratory
muscles of the thorax and abdomen.

Masin1®, from exeitation and ablation experiments in dogs, concluded that the
movement of adduction of the vocal cords is represented over the whole motor
region, but maximally so in the centres for the movements of the soft palate and
tongue. While with strong currents he obtained bilateral adduetion, with weak
he obtained movement of the opposite vocal cord fivst, followed later by slower
movement of the cord on the side stimulated.

Aroxsoux *¥ could not decide whether the adductor movements of the vocal
cords which he obtained were due to the excitation of the hrain or not.

HorsLey and SeEmoxtt in an elaborate mvestigation of the central motor inner-
vation of the larynx, conducted in cats, dogs, and monkeys, obtained the following
results. As their results in cats corvespond more or less with those obtained in
dogs, with one important exception, it will suffice it we state that the cat was the
only amimal from whose cerebral cortex they were able to evoke pure abduction of
the vocal cords in the adult animal, In their investigations in the adult dog they

#* BoviLLavp, ‘ Journ, hebd. de 3éd.," Pavis, 1830, vi., p. 527.

t+ Feerier, * Functions of the Brain,” 1st ed., 1876,

1 Duger, f Traumatismes cérébranx,” 1878, p. 142,

§ Knrausg, * Arch, fiir Anat. und Physiol.,, Physiol. Abih.,” 1854,

[| Fraxce, * Legons sar les Fonetions Motrices du Cervean,” Paris, 1857, p. 145,
o Masid, f Avch. Ttal. di Laryngol.,' Napoli, April, 1888, p. 45,

®E Aroxsons, * Deuntsch, Med, Woch.," 18582,

1+ Horsuev and Sesox, * Phil. Trans.,” 1800, p, 187
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confirmed Kravse's observation as to the chief focus of adduction, but showed that
the movement could also be obtained in lessened degree from a wider area. They
were never able to obtain pure abduction in the adult dog, although they explored
the whaole of the frontal lobe on its orbital and external surfaces completely.
Aceeleration of respiration was obtained from a focus just above the adductor
centre, occupying the middle of the lower third of the praserucial gyrus. Intensi-
fication of the movements of the cords was obtained from the sigmoid gyrus, opposite
the lower or outer end of the crueial suleus, most markedly from the lower end of
the posterucial gyrus, at which point the intensifieation was oecasionally accompanied
by slowing.

In the monkey the area exeitation of which evoked adduetion of the voeeal cords
was at the lower extremity of the ascending frontal gyrus just behind the lower end
of the preecentral suleus. During epilepsy there was adduction in the tonie stage,
and sometimes a confusion between adduetion and respivatory (?) abduction; in
the elonie stage the movement of adduction alone oceurved in single spasms,

Morr® states that in ultmnpliug to differentiate an abductor ecentre in the
cerebral cortex he discovered no new facts. He confirmed Kravse's observation
that after ablation of the adductor centre on both sides the animal s still able to
bark. He also confirmed the observation of HorsLey and Semox that exeitation of
the I;u‘ynge:l] centre on one side alter l.'.\'til‘lril“ull of that on the other, results in
bilateral movements of the vocal cords,

Masixtt found that in dogs narcotised with morphia, a erystal of cocain placed on
the cortical laryngeal centre, or a solution of cocain injected into the substance of
the certex, produced first, slow adductor movements of the opposite voeal cord, and
absolute parvesis of it in five minutes,

LI Plan of Experimentation.

1. Operative Procedure,— After the animal was anwmesthetised, tracheotomy was
always performed and a glass eannula inserted into the distal end of the transversely
divided trachea. 'The free end of the cannula eommunicated with a short rubber
tube, connected with a funnel in which was placed some eotton-wool saturated with
ether, the vapour from which was thus inhaled by the animal. A flap was cut from
the front of the proximal end of the divided trachea, and gently raised so as to
expose the larynx from below, and care was taken not to exert undue traction on the
parts for reasons detailed in a former paper.] In one series of experiments, the vocal
eords were thus directly observed while the cerebral ecortex was being exeited ; but
in another series of experiments the movements of the vocal cords were graphically

® Morr, * Brit. Med, Journ,,' 1890, p. 1124
t Masixig, * Riv. di Pat. e Ter.," ete., 1894, No. 2.
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OF THE CEREBRAL CORTEX ON THE LARYNX. i3

recorded, in which case a small india-rubber bag, slichtly constricted at its middle,
closed at one end and communicating with a tube at the other, was inserted between
the voeal cords from below.,

The greatest care was taken to detach all swrrounding parts from the trachea
before tracheotomy was performed in order to avoid any possible injury to either
recurrent laryngeal nerve. In certain of the experiments each recurrent nerve was
carefully separated from the swrounding loose connective tissue prior to Faradic
excitation of the nerves. A subsequent procedure in many of the experiments
consisted in separating the abductor from the adductor bundle of fibres in the trunk
of the nerve; a fine ligature was gently passed round each, and the greatest care
observed in raising them into the air before stimulating them with the induced
current. Having thus ascertained which were the abductor and which the adductor
fibres, the latter were divided transversely in one or both nerves, as the case mizht
be. In later experiments the plan of passing a ligature round each bundle of fibres
and exciting the fibres with the induced current was abandoned as superfluous, as
the two sets of fibres could be distinguised from each other with great certainty from
their respective positions and eourse at their distribution. The abductor fibres are
situated on the inner, while the adduetors are on the outer side of the nerve.

In exposing the anterior part of one cerebral hemisphere, the eye on that side was
either excised or its contents evacuated (Hirzic). The zygomatic arch with the
muscles attached to it was removed, as was the coronoid process of the inferior
maxilla. These preliminaries allowed of free exposure of the cerebral hemisphere on
its external and orbital surfaces, the bone being removed piecemenl by means of bone
forceps.  All bleeding from the bone was arrested by means of wax,

The dura mater was only opened when all was ready to proceed with the exeitation
of the cortex ; and throughout the experiment the cortex was freely bathed with
normal saline solution at blood-heat, and carefully protected from the cooling
influence of the atmosphere, except at such times that the electrodes were about to
be applied to any spot on the surface of the hemisphere, when this was carefully
dried, without exerting any pressure on the cortex.

2. Electrical Excitation.—The excitation of the recurrent laryngeal nerve, or of
the cerebral cortex, was by means of electrodes whose fine platinum points were fixed
about 2 millims. apart. These were connected by means of insulated wires to the
secondary coil of a Du Bois-Reymond induectorinm, supplied by a single bichromate
cell, except in those cases in which graphie records of the movements of the vocal
cords were taken, in which case three bichromate cells were used on account of the
resistance of the electrical signals placed in the cireuit.

3. Graphic Records,—The small india-rubber bag which was inserted between the
vocal cords communicated with a MAREY's tambour by means of an india-rubber tube
and the writing point connected with the tambour recorded on the blackened surface
of a HURTHLE'S kymographion. The rate of movement of this was measured by a
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metronome bealing seconds and recording on the blackened surface by an electro-
magnet. An electromagnet also served to indieate the time during which the stimulus
was applied. The recording points of the tambour and of the electromagnet indi-
cating the duration of the stimulus were kept as nearly as possible vertically m line.

4. Anasthesie.—Ether was the anmsthetic agent exclusively employved, and the
animal was kept under its influence throughout the whole of the experiment, at the ter-
mination of which it was invariably killed while still under the influence of the narcotic.

The part played by the influence of the anwmsthetic in experiments such as those
which I am about to record is so important that 1 feel compelled to insist on this, in
spite of the fact that others (Hoorer, Semoy and Horspey) have recognised its
importance before me, for there are unfortunately still those who pay no regard to
the degree of narcosis, a fact which accounts for much of the contradictory results
which bave been obtained, It is of the greatest importance that we should carefully
note the depth of anmsthesia at the moment of excitation of any given area of the
cercbral cortex, for there can be no question that the differentiating effect of ether is
such that totally different effects may be obtained from the same focus at different
stages of narcosis, owing, no doubt, to the fact that some centres succumb under its
influence before others.

IV. Certain Preliminary Considerations.

As marked differences are known to exist in the peripheral laryngeal apparatus in
animals according to their age and the precise stage of narcosis at which Faradic
excitation of the recurrent laryngeal nerves is employed, it appears to me of primary
importance that in any investigation of the condition of the central apparatus of a
given animal, we should have some idea whether such differences in the peripheral
apparatus can in any way influence the effects obtained from the central apparatus.
For without such knowledge differences may be wrongly attributed to the central
apparatus which in reality depend on peripheral conditions. It will, I take it, not be
denied that the cortical ** sensorimotor ” centre, excitation of which results in addue-
tion of the voecal cords may be well developed and capable of responding most satis-
factorily to stimuli, and yet no closure, or only feeble closure of the glottis may result,
not because there is not a suflicient discharge of nerve force from the cortex, but either
because the muscles on which this force is expended are ineapable of responding
properly to it, or because the nerve fibres which transmit this force are incapable of
doing so properly from some cause or other. These considerations have led me to
adopt the plan, in one series of experiments, of first exciting each intact recurrent
laryngeal nerve in the neck with an induced current just strong enough to evoke a
response from the musecles of the larynx in the manner already explained. Having
ascertained whether such exeitation resulted in abduction or adduction of the vocal
cords, I next proceeded in one series of experiments to test the condition of the
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centres in the cerebral cortex, so as to ascertain whether the peripheral condition
influenced the effect obtained from the central mechanism. In testing the condition
of the peripheral apparatus a point of some importance was observed, which proves
that the result of excitation of one reeurrent larvngeal nerve is not necessarily any
eriterion as to the result which would be obtained }::.-' excitation of its fellow even at
the same stage of ether narcosis, for under such cireumstances [ have observed abdue-
tion of one cord and adduction of the other. Further, in an animal both of whose
cords have been addueted in superficial narcosis, I have seen abduction of the one and
adduction of the other in an intermediate stage of narcosis on excitation of their
respective reeurrent laryngeal nerves, ™

In another series, in an ammal exeitation of whose recurrent laryngeal nerves
resulted in adduction of the voeal cords, the adductors were separated from the
abduetor fibres in one of the nerves, and a thread passed earefully round each bundle,
so as to allow of their being held apart very gently, while ench in turn was excited
with a feeble induced current and the respective movements of the cords evoked.
The whole nerve was again excited, so as to be sure that one set of fibres was not
more damaged than the other in the process of separation. Having satisfied myself
that adduction of the vocal eord still resulted on excitation of the nerve, 1 then
divided the adductor fibres transversely, The result of this in all cases where the
abduetor fibres had not been unduly injured in the process of separation was to place
the vocal cord in a position of abduection. I next stimulated the trunk of the
vecurrent nerve proximally to the seat of section of its adduector fibres, and satisfied
myself that further abduction of the vocal cord on that side followed such a procedure,
and that there was no longer adduction of the cord as before the adductor fibres were
severed.

Having satisfied myself on this point, I next explored the cerebral cortex in order
to ascertain whether this preliminary procedure had effected any alteration as regards
the results to be obtained on excitation of the central mechanism.

The cevebral cortex was, therefore, stimulated under the following circumstances.

(e.) Both Recwrvent Lavyngeal Nerves Intact.—Excitation of the ecerebral cortex
with the induced ewrrent under these circumstances gave results in harmony with
those obtained by HorsLey and Semox,t except that in some instances abduetion of
the vocal cords could be obtained in the dog in addition to adduction, and that in the
cat an additional abductor eentre was found, corresponding in position somewhat
closely to that of the centre from which abduction was obtained n the dog. Certain
other new points, the outcome of these experiments, will be detailed later.

Considerable attention was paid to the question of unilateral representation of the

* 1 have tried to climinate any fallacy by raising the nerves well ont of the wound at the time of
excitation, and I have placed the electrodes on all parts of the civenmference of the nerves with the
same result,

4+ Loc. ¢if.

MDCCCXOVI—B. K
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voeal cords in the eerebral cortex as described by Masing® but the most careful
observation failed to detect any sign of what might be considered unilateral move-
ment of the vocal cords; in every nstance the effect of stimulating the adductor
centre in the cortex of either cerebral hemisphere appeared to be a perfectly bilateral
movement of the voeal cords, resulting in elosure of the glottis, nor could one eord
ever be said to commence to move before its fellow when the stimulus was applied to the
cortex ; indeed, the behaviour of the two cords appeared to be in every way identical.

() One Recwrvent Loaryngeal Nevve Intact and the other Divided.—In order to
test the question of unilaterality of represcntation further, it seemed to me that this
procedure was absolutely necessary.  With only one vocal chord in action then, both
cerebral hemispheres were explored, and it was found that the cord whose nerve was
intact could be influenced equally well from either cerebral hemisphere, the move-
ment of adduetion resulting when the adductor centre was excited.

(e.) The Adductor Fibves wlone Divided 6u one Recwivent Loryngeal Nepve.—It
was under these cireumstances that 1 first found any evidence of the representation
of abduction of the voeal cords in the cevebral cortex of the i.|n:,_1'. Under favourable
civeumstanees 1t 1s possible to evoke both adduetion and abduction on exeitation of
the vespective centres in either hemisphere, the only difference being that whereas
both cords participate in the abduetion, only that the adductor fibres of whose re-
cirent laryngeal nerve were intact was responsible for narvowing the aperture of
the glottis by its movements of adduction.

() e Recurvent Nevve completely Divided, and the Addductor Fibres alone
Phvided in the other.—Such a procedure enabled me to ascertain, under favourable
circumstances, that abduetion of the cord whose recurrent laryugeal nerve contained
intact abductor fibres could be elicited on exeitation of the proper centre in either
cerebral hemispliere,

(2.) The Adductor Fibres Dinided in both Recurrent Levypugeal Nepves.—Provided
that the abductor fibres had escaped injury on both sides, the glottis was widely
open after this procedure, but excitation of the ahductor centre resulted in still
wider opening of the glottis.  But this preliminary method was adopted more
especially with a view to test the question of inhibition of muscular action by cortical
excitation.

SHERRINGTONT has shown that it is possible to inhibit an antagonistic musele by
excitation of the cortical area of a musele responsible for a given movement., Thus,
after section of the nerves responsible for the supply of those ocular muscles which
tarn the eves to the left, for instance, the eyes may be somewhat inelined to the
right owing to the unantagonised tonus of the muscles which normally turn them in
this direction, and he found that by exciting the *eye-area” of the right cerebral
hemisphere, normally responsible for turning the eyes to the left, such a movement

® Loe. ril.
t Boerwixeroy, ' Proe. Roy. Soe.,' 1893,
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up to the middle line vesulted. In view of the fact that the muscles responsible for
this movement were no longer connected with the central nervous system, the only
way in which such a movement of the globes could result was by a relaxation of the
intact muscles which tended to draw the eyes to the right before the cortex was excited.

Now it appeared to me that the larynx would prove a favourable field in which to
test this hibition of muscles on cortical excitation. Accordingly, m animals the
adduetor fibres of whose reeurrent nerves had been previously severed, I applied
indueed ewrrents of varying strengths to the adductor centre in the preerucial gyrus,
and found that with strong currents the cords were arrested in the expiratory phase
of their excursions, but that there was no adduction bevond this point.,  To make
my meaning clear it is necessary for me to explain that when the adductor fibres are
divided in both recurrent nerves the cords, though abduected by the tonus of the
abductor museles are further abducted slightly at each inspiratory effort, but, during
the expiratory phase, they return to a position of less abduetion, but, of course, the
glottis is much wider open at this stage than when the adductor fibres are intact.
Now, it is in this expiratory phase, or one of less abduction, that the cords are
arrested in when the adductor centre is excited.”

This may mean that the abductors are inhibited to a certain degree ; but if due to
inhibition it wounld not be unreasonable to expect further relaxation of the abduector
tonus allowing possibly of the cords assuming the cadaveric position.

Another possible explanation of the phenomenon, and one which cannot as vet be
excluded, is the possibility that, owing to the very strong currents necessary, it may
be brought about by diffusion of the emrrent to SPENCER's area of arrest of respira-
tion, from which we shall see later that it is possible to arrest the movements of the
vocal cords. T am inclined to believe that this is the true explanation, and that
I cannot elaim to have in any way induced a degree of relaxation of abductor tonus
at all compatible with what might be expected if the excitation of the adductor
centre had been the means of inhibiting the abductor muscles of the voeal cords.

I now propose to give in detail the results which were obtained on exeitation of
different areas of the cerebral cortex in the dog and cat, commencing with the former
animal, and to indicate the position of the different foci on the surface of the hemisphere.
It has not been possible to publish tracings illustrating all the effects deseribed in
this Paper, but a tracing of each effect is preserved in the Arvchives of the Society.

V. The Dog.

1. Adduction of the Vocal Cords.— My results are in perfect harmony with those

of Kravset and of HorsLey and Semoxn,} who found that the chief focus in the

cortex, exeitation of which resulted in adduction of the voeal cords, was situated in

* It must be clearly understood that the extent of movement of the cords referred to under these
circumstances was exceedingly small, so that the differenees of position were also small,
t+ Loe, cif T Loc. cil.

#
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the }II':I'I:""I'III'i;I _*,{_Hi:-:..l'ttl.m'r where it terminates in the narrow isthmus which conneets
it with the anterior composite gyrus, The more extensive representation of the
movernment To o '-C]i_'_i'lll*l' extent, with this [llr]li1 as a foeus, as deseribed l'_"-' the latter
observers, has also been confirmed by my experiments. The chief foens for this move-

ment 15 !':":I'I'I.'FI'1||:r'-[ 1n f]f_:' l, and a "_"l'.l'!l]|i|' record of lEn- movement obtained in the

Left cerebral l‘li'lli:""Eli"'l'l'|' of the l.'lu'_f. 1 = adductor centre. Dand 3 = abdoetor centee I = aceelern.
tion 4 = clonie adductor effect. 6 = arrest in addoet on. 7 = arrest in abdaction. S = inten-
sification and acceleration.

ready deseribed is shown in fiz. 2. The three long strokes seen in the

manner i

tracing atter the stimulus was removed from the cortex represent movements of the

recording lever produced each time the animal swallowed, Apart from these

Adduction of the voeal cords.

swallowing movements, the tracing shows well how irregular the movements of the
vocal eords were immediately after the stimulus was removed from the cortex, as

COlTl l:i]'L'l.] with the perfect r'z-'_-".:||;1i'ir_'-.' of rhivthm of I_||.|_'i|' movements 'Ill.'l-l.ll".‘ lIH.' cortex
i I .

was excited. The irregular rhythm was always temporary, however, and after a
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variable interval the cords moved with as great regularity as theyv did before anv
stimulus was applied to the cortex.

2. Abduction of the Voeal Cords.—In some dozs abduetion of the voeal eords was
obtained on cortical exeitation with the reewrrent laryngeal nerves intact, but in
others the results were not satisfactory, as only feeble abdnetion resulted, and the
centre on which the movement depended appeared to be very quickly exhausted.
But the majority of the dogs examined in my earlier experiments presented no
evidence of the pn:’-u-sﬂ)ifit}' of :}vnf{?ng this movement of abduction of the vocal cords
on exeitation of the cerebral cortex, while the adductor fibres were intact in both
recurrent laryngeal nerves. [t was quite otherwise, however, when the adductor
fibres had been divided in one recurrent laryngeal nerve before the cerebral ecortex
was explored.  Under favourable cireumstances this procedure seldom failed to make
it possible to evoke unquestionable abduetion of both voeal cords on excitation of a
limited focus on the prorean gyrus just in front of and below Kravse's adduetor
centre already described, the two foei being separated by the supra-orbital suleus.
The resulting movement of abduction appeared to be bilateral and was obtained on
excitation of either cerebral hemisphere, irrespective of the side on which the
adductor fibres in the recurrent laryngeal nerve had been divided. This movement
of abduetion, as evoked from the cortex, could also be demonstrated when the
adductor fibres in both reeurrent laryngeal nerves were divided, but this was less
atisfactory owing to both cords being alveady somewhat far apart. Division of the
adductor fibres in only one reeurrent laryngeal nerve had the further advantage of
allowing adduction of the voecal ecord whose reeurrent nerve was wholly intact to be
obtained at the time that abduction of both cords was being obtained, i.e., at the
same stage of ether narcosis. It was then found that at a given time, when the
animal was not too profoundly under the influence of the anmsthetie, it was possible
to evoke adduetion of the voeal cord whose vecurrent nerve was intact by excitation
of the lower end of the praecrucial gyrus, and abduction of both cords on excitation
of the prorean gyrus in front of and below this last point. After what has been
insisted on with regard to the influence of the anmsthetic in vitiating the results
obtained, it will be readily understood how exceedingly important it is that it was
possible to demonstrate both the movement of adduction and that of abduction on
excitalion of the cerebral cortex when the animal was in precisely the same stage of
ether narcosis.

In my later experiments in which I have been able to evoke well marked abduetion
of the voeal cords on excitation of the cerebral cortex in dogs whose recurrent
laryngeal nerves were intact, the focus from which the movement could be best
obtained was on the anterior composite gyrus just hehind the supra-orbital suleus and
below the level of the imaginary prolongation of the coronal suleus, to touch the
supra-orbital sulcus (see fig. 1). This appears to be the true focus for abduection, and
is situated just posterior to that from which I first obtained the movement when the
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adductor fibres in one recurrent laryngeal nerve had been previously divided, the two
]J'Ii.ll'l.‘-i ]---ir:-,-_' --'I'"|r.'|'!':|:|‘.'l.| ]'l_'!.' l;]r' sUPr 4r1']|i!:|| rCH[l'l‘..\', |:1Il u1]|:-t'\'~'im- x']--h{- 1||_-_-L'|rl [u-r.
i1_‘ 3 I'q';11'l'-—'|-]|r_~: ] f!'::l'i]I:j of i|'.l' movements of IE]" ".'cul_':1| l_'u]‘I] 5|| H 1[--:_-', 1||-- :u]:ln.;_—trn'
libres of one of whose recurrvent ].II'.\'H_‘_"*. al nerves had been divided before the co lex
Wis f-.\'-'iin-L and shows Lhow the re _t'll|-|1' "EI_‘.':i.III and extent of the excursions of the
I:'lrl'll.-; wWis :|EI_-,_'I'-.--| :=|'I_r'[' 1_]|:- :7'1ir:'4||;||-' WS 2'-'111--1'1'1; from !Eu- cortex, T|||; 1]|||_~-- r[|_-|-|p
L*.\;L'Il!'ﬂ'i--rv-'. iljl 1||:- ]v'n.'x ' Wera 1,]||' 1'1*.&11]I g of h".'n.';l”'l‘n".'-lfi_:_*' MOovements on r;jl." F:;u]'l, of [|||-
animal. In |i:_-j. }, which is a record of abduection of the vocal cords i an animal both
of whose recurrent laryngeal nerves were perfectly intact, the vegular vhythm of the
movements of 1]“‘ HII'ii:ﬁ Wis ]||Iil:[1 I_i"-'.‘"- i[]:-jt:]l";{:tl h}' 1_]11_' excitation, :||!1|.1 no swallow in:_:

movements resulted.

A W W B W B B W T W W T o W

Abdoction of the voeal cords 1 an animal with Abduetion of the voeal cords in an animal with
the addactor hbres divided in one recurrent both recarrent laryneeal nerves intact.

]itl'lll"lllﬁ‘l'.l] NerEye

-y i.":'r l'lr';'-l'n'f.-lu.u.-n n|l'- .".'Inl ..||Irru'| il s ”,r' .I'r_lr ]-rsr el l{_';n.-'-u'rgc I_ ]IEl\'l‘ 5-:||]||i'-|_iu]|_'3 jrl':|||:i .|||;-_1-\.|

marked at the point on the priecrueial gyrus which HorsLey and Semox * considered

Liu* 1‘]|5['|' ﬁu'f.lr-:. ".".']Ii]“ il l.-rE!-']' tines il wWis tl-”.-‘l U]H:I'-IIII'I! {rom t|:|' It|-;n|‘-|' l']|<l of 1]|1'

r:l]lr]';i-lﬂ'}l'zl;ll suleus, the ll-rilll which Srexcenrt considered the chief foens for accele-
ration of respiration.

|]|l'-> '.ll.‘t.'t']l't'éllinll J‘-» \'n'” '-'x]IH'J.'Ll El"n' “]F' Il_;']';ltlluil.' IIII:‘[,I'II"'III, .'|1|1.i i‘_ I]]H_‘-.' be geen from '-;1I-:'|!
11':“'5“:_{':-1' 1]|.‘LE 1![E]']I:;’ l]u' time that l]ll" movements of the voeal L'-'«!':]:-l wWerse more |'.'||:|ii!.
the extent 1|f1l||1'i1' EXCUrSI0NS Was :—:]i_:h'.]}' lesz than before and after [|J-' stimulus
was applied to the eortex. The rhvthm of the movements of the cords was only
very slightly disturbed after the stimulus was discontinued in same instances,

lu some dogs it is not easy to obtain acceleration without some admixture of



OF THE CEREBRAL CORTEX ON THE LARYNX. 71
abduetion, or to obtain abduetion without some acceleration beine added, so that n
either case a double effect results. Even when the two effects can be separated by
exeltation of “H":T ]'l'-']ll'l'[i'n.'d' foel in l_]lU l;:l"l't']rl':i] cortex, 1t 18 ||-u11.'||.iI1.' [II'-."-Hl-llll' L
obtain the combined effect by exeiting some focus intermediate between the two
points where each movement is best represented. This combination of the two effects
i.-:., 'I.'|.1,'” _'-g.]||l‘.".'|| itJ ﬁ:,_';. 7] ".".']H'rl', 1.'n.'il|a '-.'n.'i_"||-r':1;11'|~;l'll :IFIIIUI_'H"IEJ IIF Lln* '-.'-n:*;l,| 1'--':'|!.~:, 1|||-||- i--.
in addition distinet evidence of acceleration of their movements in this abducted eon-
dition. In this instance the abduection is the chief effect and the aceeleration less
pronounced ; but I have in my possession tracings in which the aceeleration is the

clhief effect and the abduction much less obvious than i fig. 5.

Fig. 5. Yor,

=]

Abduetion and acceleration of the movements Arrest of the vocal cords in adduction.
Dr L-|:|1' 1.'|'-|'.|,|_ I._'IIJ'II.-‘.

4. A Clonie Adductor Fffect on the Cords,—This effect consisted in an adduetion
of the vocal chords beyond the |:|u.='il'EniL they assume in the expiratory phase of

respiration, after which further interrupted adduoctor movements of the cords were
| 1

added in quick suceession, giving rise to a sort of clonic effect, in which, after each
adductor effort, the cords returned to the position of adduction greater than that of
the expiratory phase of quiet respiration. This condition was met with on exeitation
of the anterior composite gyrus just behind the supraorbital suleus and just below
the anterior li[l of an imilgill.'ll'_'-.' |Jl'u]1l-|:_:':ilit.l:| of the anterior hIL|JI'4l-_‘L'|'-'i'|]| suleus to
{H-lll’:'l t]u‘. HHIH'EI'JI'IJEl:I] {-'l'L' 11; t}_ ’|I||Il:-'. WIS Liu_: 1'|:n._':|| |1x|]|1i, of |]I]?\ eftect, 'L'L'.t1i|'|:
wias, ]m‘n‘-'i_”-'t‘l', also obtained from a limited area avound this on the anterior E:H'IJ||1H--i11'
gyrus. It will thus be seen that the arvea from which these movements of the cords
were obtained is below that, excitation of which resulted in abduction of them. That
this eflect is a totally distinet one from that described by Spexcer as the snufling
movements in connection with the respiratory movements of the thorax, may be seen
by examining fig, 8, which i1s a record taken from the larynx when SPENCER's snufling

i
_
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eflect was elicited on excitation of the olfactory bulb, [t may readily be seen
that this differs from the effect I have just described, m that there 15 no tonic
adduction phase about it, but on the contrary an abductor tendency, and that
after each adductor effort the cord returns not only to the abduetor phase of

‘ = v U 1. .1 i i * 2
L-l't]lh::l'r 1'1'.*-'|1II'.'II|n||_ ].l”l to one of more active abduetion. ||_-|= two elfects

121 e
‘||:-l;|]|_“..' different, besides which an arvea of cortex, from which neither efiect can
he obtained, separates the ]'l"‘-[ll'(‘li't'.‘ foel from each other. Although what I have
described with recard to what 1 have ealled the clonic abductor effect 18 what ecounld
:lL'LlI:t”k' he seen when the vocal cords were under observation when this El:xl'l5|'1]|:|l'
area of the cerebral cortex was excited., vt from the lI'.'|l'i]|_lj'~: it was obvious thai

some other effect was being obtained also as shown by the depth of descent of the

Arrest of the voeal cords i abduetion Effect on the voeal covds duving snuthng movements
lever, but what the exaect effect on the '|>]|:|:'_\'r.-.'-: or any :-rlli-u'--t.l part was, it was
impossible to determine.  This mueh is however certain, viz., that the regularity
of the rhythm of the cords was more disturbed after excitation of this area
than after any other, and that a great many more swallowing movements followed
the removal of the stimulus from the cortex. Reecords from the same animal, in
il]rlilti T|Ll' Same sStaos of 4'1_|||']' ||;|]':':-n5:—~, .ﬂ]|-|'.".'|--| i :lili::-l'r]u'l* iIL 1||1‘ -.'r'!:*x'l --!-I.'lilu'li
m'l'iri"]-lllj_j lo the .HI.TI'EI_'_'“H; of the stimulus 4-1u|-|--j.|-|5|: with a stronger stimulus the
cords were held more in a tonic state of a lduction, there beine much less of the
clonic effect added, while with a weaker stimulus the clonie effect was much more
ohvious,

5. Awrest of the Vocal Cords in Adduction.—This consists in an arrest of the cords
in the [Jtr51ii-:r= th-:"g.' ocCupy le'i]n:_f the |-'-{[|i|'.|[-|r.1.' [|'“;L~:|_: ui'uluir_-t l'l;'hlliil'idl.-lﬂj:ll {ﬁL'L! Ii_:".

I}}’ there |JL‘it1:_:' no active adduetion of them bevond this P int as in the eflect last
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described. The focus from which it can be obtained is on the anterior composite
gyrus just behind the angle where the lower end of the supraorbital sulens joins the
rhinal (see fig. 1). It is not as a rule easy to separate this effect in the dog from
that just deseribed, and from that of arvest in abduction which will next be deseribed ;
but in the cat, as will :‘aullﬂmluvntl}' be seen, this focus for arrest In adduction is
E'HLHiI:.' separated both from the foeus for the clomie adductor effect and from that for
arrest of the cords in abduction. The effect is best obtained when the animal 1s
moderately under the influence of ether, as, in common with the focus for arvest
in abduction, in deeper narcosis slowing of the movements of the cords can alone he
obtained,

Fig, 9,

Arvest of the voeal eords in addnetion from Spexcenr’s arca
for arrest of respivation.

6. Avrest of the Vocal Cords in Abduction.—The foeus on the anterior composite
gyrus just belund that last dealt with is the one excitation of which results in arvest
of the cords in abduction. It is situated just below the level of the antevior end of
the anterior ecto-sylvian suleus (see fiz. 1) and corresponds clogely to the focus from
which HorsLEYy and SeEmox obtained abduction of the vocal cords in the cat. When
this focus is stimulated the voeal cords are arrested in abduction, as is shown in hg. 7,
i tl'-"LEiﬂ;_’; taken under such civeumstances, It is an effect more |':-:|~Eii}' obtained than
the last, but like it can only be evoked in a stage of moderate ether narcosis, as
excitation of the same area in deeper narcosis results in slowing of the movements of
the cords, or arrest in adduction, according to the precise degree of narcosis.

7. Intensification and Aeceleration of the Movements of the Voeal Cords—This is
not nearly so easy to demonstrate in the dog as comparved with the cat, owing to the
fact that the movements of the n:]ng’:-;. cords are as a rule Very L‘]IL'I‘;L‘li1', exceptl in the
deeper stages of narcosis. This being the case, in order to show the effect well in
dogs, it ie as a rule necessary to place the animal as deeply under the influence of
ether as is necessary to obtain slowing of the movements of the cords on excitation of

MDCCCXCVI.—B. L
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the two areas last described. Thus, in deep ether narcosis, at a stage in which
excitation of both the area for arrest in adduetion and that for arrest in abduction
nsually results in slowing of the movements of the cords, excitation of this focus,
which is immediately behind that for arvest in abduction, was responsible for distinet
intensification of the movements of the voeal cords, together with acceleration some-
tiroes. The intensification is accompanied by aceeleration, if narcosis is not too
profound, and the exact focus from which the effect is as a rule best obtained is about
the point of junction of the anterior sylvian and antervior composite gyri (see fie, 1).

8. SPENCER'S Area of Adrrest of Respiration.—Provided the animal be sufficiently
under the influence of ether, or if ether and morphia nareosis be combined, excitation
of the chief focus of this area resulis in arvest of the movements of the vocal cords in
the adductor position of the expiratory stage of rvespiration (see fiz. 9), a fact in
keeping with the result obtained by Seexcer with regard to vespivation, for he found
that in the dog excitation of this area resulted in arrest of respiration in expiration.
This foeus is on the olfactory lobe, with the olfactory tract and rhinal fissure bounding
it front and laterally, and with the sylvian artery behind, forming the base of the
triangular area of grey matter.

[nstead of the movements of the voeal cords being arvested, they were sometimes
only slowed, an event consequent on one of the following cavses: an insuflicient
amount of the anmsthetic, too much anmsthetic, or, with the proper degree of
anmwsthesia, an insufficient strength of Faradie current.

VI The Clui,

The same preliminarvies were gone throngh in cats as in dogs in attempting to
ascertain the condition of the peripheral laryngeal apparatus during moderate
narcosis, before the cortical areas were stimulated.

As in the dog, no difficulty was encountered in adjusting the cwrrent to such a
strencth as to elicit movement of the vocal cord whose intact recurrent laryngeal
nerve was excited, without producing any effect on the opposite voeal cord, In some
cats the resulting movement of each cord, when its corresponding recurrent nerve
was excited, was that of adduection, in others, it was abduction ; while in a few, at
the same stage of ether nareosis, abduction of one cord resulted when its nerve was
stimulated, while adduction of the opposite cord followed excitation of its nerve,

In accordance with what was found in the dog, the peripheral condition appeared
to in no way affect the results obtained on cortieal execitation, for in animals
whose cortical eentres vesponded to the stimulus adduction could be obtained on
excitation of the appropriate area, even in an animal excitation of whose recurrent
laryngeal nerves had resulted in abduction of the cords. So too stimulation of the
centre for abduction resulted in that movement in animals whose cords were adducted
on excitation of the veeurvent larvngeal nerves,
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1. .l.'fr-'rrf."."?.r!'ra H.l"- the |',,|-.-;,-' 'f_'r-."rl'l-*-'. --:'Ih' |'|'-‘=‘H|l~t 11§1|L I't-;:.'ll'll Lo this movement t|1|i1|'
agree with those of HorsLey and SEMox in this vespect, and, like these observers, 1

found that the most usual focus from which it could be evoked was on the corvonal

Left cerebral hemisphere of the eat. 1 = adductor centre. 2 = abduetor centre. 3 = aceeleration.
b = clonic adductor effect. & = arvest in addoction. 6 = arrest in abduction. ¥ = intensification

.LII:|. :Lt'll'l'll']'.'!f i.lilﬂ.

eyrus near its anterior end where 1t joins the anterior composite oyrus (see fic. 10);
but in a few instances the movement was best obtained from the area corresponding
to KRAUSE's E}huli:i!,inn centre in the t'[n;_':", viz., Ijl::-:i above and i front of the anterior

5

{_'I'IRI I:_,'IFI T_]II._: (!U]‘LJI!:I] :‘-ll]f‘ll"-'u, 11, 1 t'L‘EII‘L':iI']IE:'i H 1_]':11,‘;”_1_*' I'i- 1.|Ii‘*- II!I)TL"i]]_I:‘II,t- H-|- llll'

Fig. 11

Adduction of the voeal cords,

vocal cords, and it may be seen that the I'I'I;.."I,lltll of the movements of the cords was
not regular before the stimulus was apphed to the cortex, but that it became still
more irregular immediately after the stimulus was discontinued.

2. Abduction of the Vocal Cords-—Following the plan already detailed in
connection with my first attempts to obtain this movement in the dog, 1 divided
the adductor fibres in one recurrent larvngeal nerve before exciting the cerebral
cortex. Excitation of the cortex under these conditions showed that there was a
focus on the prorean gyrus, closely corresponding to the position of that deseribed in
the dog, excitation of which resulted in abduction of the voesl ecords: and in

L
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.~c1|||.~n-|[l1- 1t :-.\:]:g-l'ilm-nh‘ it became evident that no such J:-l'r]i]uiu;u'.\' procedure as
that of dividing the adductor fibves of one reeurrent laryngeal nerve was necessary
to allow this movement to be |r|r[:|i|r|'1], “I‘illl both recarrent nerves 'r]|r_:||'!> abduction

n'l-l.l|:| |Jt'u]r|;|i1|l'£1 f'l'niu I_[n- Iilrll:—:- i]l t|EI-‘HI.iHI| ‘-‘--IEi1 [|||_‘ :_‘|'l'£'i|1l'*~'l ['I-JIH[-:IHE'_".'_, 1] ]|e:]r'|'-.'

Abdaction of the voeal eords.

all cats, when the eerebral cortex as a whole was exeitable. This movement could
always he best obtained from the provean gyrus in front of. and below the level of,
the adduction centre, which corvesponds to Kravse's phonation centre in the dog,
t.e., it is in front of, and below the level of, the anterior end of the coronal sulcus,
and is separated from it by the supraorbital suleus (see fiz. 10). As a rule the
r-11'i‘|l,'.{l|l of the current ean be so I'cgll];lit:d as to elicit this movement alone, as is
shown in fiz. 12, in which case not even the regular rhythm of the movements of
the cords was disturbed after the stimulus was removed from the cortex, as we have
seen to be so common in connection with the evoking of other movements of the
cords. But when the movement of abduection is complicated by the simultaneous
oceurrence of any other effect on the cords, it was always acceleration of their
movements, so that with the cords in an abduector IH'IH][[I:H short 1';||Iit1 excursions of
them econtinued as long as the stimulus lasted. This resulted especially when the
stimulus happened to be applied between the chief abductor focus and the upper end
of the supraorbital suleus, from which latter point, as we shall immediately see,
acceleration of the movements of the cords, without abduction, can be obtained.

3. Adeceleration f:.l'I!.'rrr' Movemenis I:IIF.;H' Vocal Cords was found 1.'|"-"~l'|_\' associated
with the movement of abduction., as has Jurs.l:, been L-x]-hLim'-]_ |Jt-illg obtained on
excitation of the prorean convolution just at the upper end of the supra-orbital
sulens (see fig. 10). This corresponds with the focus for acceleration of respiration
as described by Spexcer. In many cats it was impossible to obtain a record of

acceleration uncomplicated by abduction, even when this the chief focus for accelera-
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tion was stimulated, but in some it was possible to differentiate this effect from that
of abduetion.

4. A Clonic Adductor Effect on the Cords—As in the dog, so in the cat, this
effect consisted in an adduction of the voeal cords beyond the position they oceupy
in the expiratory phase of respiration, though not so much as to close the glottis, to
which were added further rapid interrupted adductor movements, giving rise to
a clonic effect, in which the cords, though adducted, rapidly moved backwards and
forwards. This effect was obtained from the same avea as in the dog, viz. the
anterior composite gyrus just behind the supra-orbital sulcus, and just below the
imaginary prolongation of the anterior extremity of the anterior supra-sylvian
sulcus to touch the supra-orbital suleus (see fig. 10). In some instances the area
appeared to extend downwards and backwards so as to overlap that from which the
next effect to be described was obtained. Tracings of this effect showed that the
regular rhythm of the movements of the cords was greatly disturbed after the
stimulus was removed from the cortex. Records of the movements of the cords
during snuffing, as obtained on excitation of the olfactory bulb, showed that it s
totally different from the effect just described.

In some cats, as is well known, the voecal cords are held in abduction even in
comparatively superficial narcosis, and even in such an animal it is possible to
demonstrate this effect, which I have called a clonic adductor effect, on excitation of
the proper focus on the anterior composite gyrus. In such a case, after the stimulus
is removed from the cortex, a few irregular jerky movements of the voeal cords
oceurred, and they then once more returned to their former position of abduction,

5. Arrest of the Vocal Cords wn Adduction.—Here instead of there being an
adduction of the cords beyond the position they occupy in the expiratory phase of quiet
respiration, they were simply arrested in the adductor position which they normally
assume in the expiratory- phase of respiration. This condition of things could
only be brought about when the animal was not too deeply under the influence
of ether, for when that was the case, though the excitability of the cortex was not
abolished, the only result to be obtained from this and other contignous areas was
arrest of the cords in abduction. But even when the narcosis was not too deep it
was sometimes difficult to separate this effect from the last described, whose area of
representation apparently sometimes overlapped that from which the arrest in
adduection was obtained. The focus excitation of which resulted in this arvest was
on the anterior composite just behind the angle where the lower end of the supra-
orbital suleus and the rhinal fissure meet, i.e., slightly below the point where an
imaginary prolongation of the anterior extremity of the anterior ecto-sylvian suleus
would touch the supra-orbital suleus (see fig. 10).

6. Arrest of the Vocal Cords in Abduction.—This resulted both when the animal
was in the proper stage of narcosis to allow the last effect to be obtained, and also
when it was so deeply under the influence of ether that only arrest in abduction
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could be obtained from this and conbicunous areas. The foeus is situated behind that
which has just been deseribed, and evidently corresponds to the focus from which

SEMON L;'r:-]-;q-:l ?L]II]I.II'E i-'lj of the '-.'--:';ui :'u|'-l- iu the eat © for iE 15 on l||1'

HorsLey and
:|EJI:'|'iu]' L'iI:IJ]Jl""CII'lE‘ _-__r_-.']"|].=: u]lrlu' 1||'.= t'l".‘III:E[ 1i:-'.-'ti||'|.‘ '.Ltu] 1!!.']'!".'!-' I|ll' |.|l']H'I---.--i-II| repnte-
senting the antero-ecto-sylvian suleus (see fig. 10).

A _||r.'--"r’.--.*!-f..l'f'f'if-"a.-u-' e Aeceleration "_J."--"."-rr' Movements ‘_'.IrllfliIH Vool Cords. —This is an
effect which i1s much easier to demonstrate in the eat than in the doo, 2z normally
under a moderate amount of an anmsthetie, the movements of the eat’s voeal eords are
less vigorous than those of the dog, under similar circumstances. The area from
which this double effeet can be obtained is situated behind the last focus deseribed,

IiHHl -:I:llli'"."l? 1|I1'Ii|.I]I|'li1rI| 1~|-I]|1' :IIJLI.'I'i.HI' i}'l\'i;lh TyYIrus 1.1.'i[|'|; Li,._- anti |'i|-|' Co |---|i-'! ancl

extending somewhat on to the anterior sylvian gyrus, in front of the svlvian artery
{Hl.'t' |I:_':' Inl:l. thrlH'liIIH'H 1.|II'.' e, HLJII]I'I.iIi]L'H i]u' I:I'I]H"I' 1'!3;'|'f_ Wils '|_|||- maore j||.'|]']{|'|t
on exeitation of this area of the cortex, but, as a rule, the combined effect of ntensi-

fication of the movements with aceeleration was that obtained. Like the arrest

e 1 + 1
1. 1d, e, 14

Intensification and aceeleration of
5 :
LA T movements ol the wvoeal

cords in an animal whoze eords

Arvest of the vocal ecowds o alwluction, from were  in abduetion before the

SPENCER'S aven for arvest of respiration. cortex was excited

of the cords in adduetion, this effeet could n|||_1.' he obtained when the animal was
not oo ill.'t'|r|}' under the influence of ether, since in the *il".'[h.L' slagos of narcosis,
ifi 'I-'lh-li.‘ll 1.|I|' cortex was Hli]l 1'.\;I.'-I|.:Ill]l:'. arrest iljl tl'-l' '3."'|"|"' :-'|| :.I:J:!III'[i-':H WIS
obtained from the arei, as from all .'|||Ii-|'i||i||_:' areas in the same stage of narecosis. [
will thus be seen that, while in the |]g-;‘ it is necessary (Hh] make the movements of the
cords less energetie, by putting the animal rather deeply under the influence of ether,
i the cat, whose cords are, as a rule, very much less vigorous 1n their movements,
the effect can be best obtained in moderate narcosis. Even in those cats where the
cords were Ii.'ﬂ-llr-il.:lllf.]}' |'{"|?'1. In a ilnhiti-nti of abduection I'l.*j_‘-'ll"|‘it'.~.= of the stage of
NArcoss, this effect could ;Llu':i_}'ﬁ. be L"\'IIE{L‘[L as is well shown in Ii:_". 14, from which

Et 1IH1:'-" II{.‘ SERT l]J:Il. \';'I!Jil.l._' 'l||1' :'l:ul'l|=~ wWenrs I||-|lii--h]|:'r-=-- ILI| :Illl:l'il'"::"ll |---|:.|'|- Iil-!'
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stimulus was applied to the cortex, excitation of the proper focus immediately
resulted in active movements of the cords, which continued as long as the excitation
lasted.

8. SpENCER'S Area of Avrrest of Respivation.-——As in the dog, so in the cat,
excitation of this area on the olfactory lobe, between the olfactory tract and rhinal
fissure in front, and with the groove for the sylvian artery bounding it posteriorly,
resulted in arrest of the movements of the voeal cords ; but, instead of being arrested
in the expiratory position, as in the case of the dog, the cords were arrested in
abduction, i.e., the position which they ocecupy in the inspiratory stage of respiration
(see fig. 13), a fuct in keeping with SrENcER's vesults, for he found that excitation of
this area in the cat resulted in arrest of respiration in inspiration as a rule.

What has been said with regard to slowing of the movements of the cords in the
dog holds good for the eat also, and need not be repeated here.

VIL. Discussion of Resuls.

The rvesults of excitation of the recurrent laryngeal nerves make it obvious that
the effect produced on the voecal cord by excitation of this nerve on one side is no
absolute eriterion as to the effect which may be obtained on exeitation of the opposite
nerve in the same animal at the same stage of ether narcosis. As a rule the result
obtained on exeitation of one recurrent nerve is the same as that obtained on
excitation of its fellow, provided they be both stimulated when the animal is as
nearly as possible in the same stage of ether nareosis; but we have seen that in a
few animals, in spite of the stage of narcosis, the strength of current and the
frequeney of its interruptions being the same, abduction may be obtained on stimu-
lating one recurrent nerve, while adduction results on exeitation of the other.

On comparing the effeets obtained in the larynx, when the centres governing the
movements of the voeal cords are stimulated in the cerebral cortex, with the effects
obtained, in the same animal, on exeiting the recurrent laryngeal nerves, it becomes
clear that the condition of the peripheral laryngeal apparatus does not influence, at
any rate to any marked degree, the results produced in that apparatus by ecortieal
excitation. Adduction and abduetion of the wvoeal cords were obtained on
stimulating the respective centres on which these movements depend both in animals
excitation of whose recurrent laryngeals resulted in adduction of the voeal eords,
and in others in which a similar procedure was attended by abduetion of them.
This does not exclude the possibility that the condition of the peripheral apparatus
may influence or modify the effect of the cortical excitation, hut it nevertheless
proves that the cortical effect is largely independent of the condition of the
peripheral apparatus, provided, of course, that the peripheral apparatus is intaect.

With regard to the question of the representation of the movements of abduetion
and adduction in the cerebral cortex, my results point to somewhat different con-
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clusions to those arrived at by Horsney and Semox® in their researches in this
direction. Our results are in accord as far as the representation of the movement
of adduetion 1s concerned in the eat and dog; but it is otherwise with regard to the
question of the cortieal centre for abduction of the voeal cords. It is true that these
observers like myself obtained abduetion of the voeal cords on excitation of the
cerebral cortex in the eat: but my results point to the focus from which HorsLey
and SeEMoxN obtained abduction as probably the focus for arrest of the vocal cords in
abduction which probably accompanies the arrest of the respiratory movements of
the thorax described by Seexcer.  This conelusion is snggested to me by the
following considerations.  Well-marked abduction of the voeal cords can also be
obtained from quite a different area in the cortex from that from which HorsLey
and Semox obtained it.  Further, the avea for acceleration of respiration is that
situated neavest to the focus on the prorean gvrus from which I obtained abduetion
of the voeal cords ; whereas the proximity of Spexcer’s chief focus for the arrest of
respiration makes it possible for an effect obtained from Horsiey and Semox’s
abductor eentre to be in reality due sometimes to spread of the current to the
arrest eentre, and, apart from this, the foeus for abduction as indicated by these
observers comes within the peripheral limits of the arrest area as defined by SpENCER,
and comparable to the other foeus within SpPENCER's area of arrest of respiration
from which arrest of the cords in adduetion ean be obtained, sather than a centre for
abduetion comparable to that for adduetion which they found on the coronal gyvrus
in the cat.

The fact that I have obtained evidence of the existence of a focus in the cerebral
cortex of the dog, excitation of which results in abdunetion of the voeal conds, is at
variance with the results obtained by HorsLEy and SEMON in this animal, for they
were unable to find any evidence of the existence of such a foeus.  That this should
have been their experience is in no way surprising, for I feel sure that but for the
preliminary procedure of dividing the adduetor fibres in one recurrent laryngeal
nerve before exciting the cortex, which enabled me to find the first indieations of the
existence of such a focus, my conclusion would have been the same as theirs. 1t was
only after I had divided the adduector fibres in one or both recurrent laryngeal nerves
that I was able to evoke the movement of abduction of the voeal cords, by stimu-
lating the particular focus on the prorean gyrus. This, of course, led me to test the
excitability of this portion of the eortex with still greater care, in all stages of ether
navcosis, even in animals whose recurrent laryngeal nerves were both intact, with the
result already detailed. That abduction is not so readily obtained as adduection in
the dog, no doubt means that the latter movement of the voeal cords is so much
more powerfully represented in the cerebral cortex that it is difficult to find a
stimulus strong enough to evoke abduction, and yet delicate enough not te bring out
the preponderating adductor influence, which, if not actually resulting in adduction of

* [og, cil.
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the voeal cords, may yet be suflicient to prevent the abduector influence from showing
itself in au actual movement of abduction.  Another explanaticn of the condition of
affairs might be, that the adductor influence constantly exerted on the vocal cords
15 s0 great that it cannot be overcome IJ_"!.' the abductor impulse originated in the
cerebral cortex on electrieal exeitation. The former of these explanations appears the
more probable, however, when compared to the condition met with in connection with
the cortical representation of eve movements, for in that case there could be noe ques-
tion that the representation of the lateral movements of the eyes was so powerful,
that it was impossible to evoke the simple upward and downward movements of the
globes until it had been made impossible for these lateral movements to take place
by division of the lateral recti vesponsible for their produetion.

That the foeus that has thus been eliminated in the anterior composite and provean
gyri is probably the true abductor cortical centre for the voral cords, is made more
]i],-:e'[}' 'F}J.P the fact that it is I')!'t't:i:it’l:n.' in the same l'{-?f_r'lull in the eat’s brain that
this effect is to be obtained. The only difference being that in the eat abduction
of the cords can always be evoked on cortical exeitation whether the adductor
fibres in the recurrent laryngeal nerves be intact or not, whereas in the dog it is
sometimes necessary to divide the adductor tibres in one recurrent nerve before it is
possible to elicit abduction on exciting the eortex. This would appear to signify that
in the cat the cortical centres for abduction and adduction are more equally balanced,
and that there is not the preponderance of the adductor centre over the abductor as
in the case of the dog ; in fact there is rather a preponderance of the abductor over
the adduetor.

The relative position which I have aseribed to the abductor centre, as compared
with the adductor, is in accord with the results which Horsney and Seymox obtained
on exciting the fibres of the internal capsule, for they place the fibres, excitation of
whiech rave rise to abduction of the vocal cords, in front of those which, when execited,
resulted in adduoction of the cords. That these observers found such fibres in the
internal eapsule of the dog and monkev, as well as in the ecat, excitation of which
evoked adduction of the voeal cords, appears to me to be strong presumptive evidence
that a focus exists in the cortex of the dog and monkey, as well as in the cat,
excitation by which is responsible for abduction of the voeal cords. How are we to
otherwise explain the presence of these excitable fibres in the internal capsule which,
when stimulated, resulted in abduction of the cords ?

MDCCCX OV ——EB. M






T e S b

SoLp BT Harrisox a¥p Soxs, Sv. Marti's Laxe.
PHILOSOPHICAL TRANSACTIONS.
SBeries A. Containing Papers of a Mathematical or Physieal Character.
Vor. CLXXXVI. (1895), Part I., Price £1 14s., with 17 Plates.

Part IT., Price £1 35 6d., with 1 Plate.

1E rmn

Series B. . Containing Papers of a Biological Character,
Vor. CLEXXVI, (1895), Part L, Price £1 13s., with 13 Plates.
2 i Part IT., Price 16z, 6., with 17 Plates.

Poprisnen BY Crav axp Soxs, Ave Mamia Laxe.
CATALOGUE OF SCIENTIFIC PAPERS,
COMPILED BY THE ROYAL SOCIETY,

Vol. 11 (1874-83). Pet-Fyh. Price 23z, cloth. 325, hall-moroceo.

The back volumes on sale as follows :—Vaols. 1-6 (1800-G3), cloth (vol. 1 in half-moroces) £4 net
balf-morocco, £5 55, net. Vols. 7, § (1864-73), cloth, £1 11s. 6d. net; half-morocco, £2 5z net
ﬂiugle vols, cloth, 20z ; half-moroceco, 285z net. Volz, 9, 10 (1=574-53), cloth, £1 5z net; half-

morocen, £1 12z, net,
A redoetion of price to Fellows of the Royal Society.

Pornizner »y Krcaw Pavn, Teexon, Tripxer axp Co.
A few copies at the vedueed price of £1. 1: (published at £3).
Royal 4to, pp. iv.—936 cloth.
A MONOGRAPH OF THE HORNY SPONGES.
Br R. vox LENDENFELI.
With 51 Lithographic and Photographic Plates.

A further reduction of price to Fellows of the Royal Society,

SoLp pY Harrisoxn axp Soxs, St Marrmx's Laxe,
¥ pp. Bvo.,
LIST OF PORTRAITS AND BUSTS AND CATALOGUE OF MEDALS
IN THE POSSESSION OF THE ROYAL SOCIETY.

Price 1s.

Posrasner v Kesax Pavn, Teexcn, Trinver, axp Co.

In 1 vol, 4to. Pp. 500. With 6 Chromolithographs of the remarkable Sunsets of 1853 and
40 Maps and Diagrams.

THE ERUPTION OF KRAKATOA AND SUBSEQUENT PHENOMENA.
Beport of the Krakatoa Committee of the Royal Society.
Emrer By G. J. SYMONS, F.R.5.
Price 30s. To Fellows of the Royal Society, 20s.

¥ Puerisner By Kgeanw Pavr, Trexcu, Tripxer, axp Co.
ERoyal 4to. pp. xiv.—326, cloth. Price 21s.
OBSERVATIONS OF THE INTERNATIONAL POLAR EXPEDITIONS,
18821883,
FORT RAE.
With 32 Lithographic Folding Plates,

A reduction of prine to Fellows of the Royal Euuicl}'.

Continental ﬁ.gtntﬁﬂ the publications of the Rn_}'n] Sﬂ{"iﬁf:"’, Messrs, Frigprizver and Sox, Berlin.



Jusr Poecismen, axp Sorp sy Durav asp Co., Sono SqUARg. Gt ': i~ l't
SEPARATE PAPERS FROM THE *PHILOSOPHICAL TRANSACTION i
1895-6. et o

A. 170, The Kinematics of Machines. By T. A. Hgansox, M.Inst,C.E., Professor of Mechanism .ﬂi":‘{
Hydranlic Engineering, Rn-ya.'[ Indian Enginnﬁﬁng College, Ennpuu Hill. Price le. 64,

A. 171, Experiments on Fluid Viscosity, By A, Maurock. Price s Gd.

A. 172, Researches on the Electric Properties of Pare Substances,—No. 1. The Electrical Properties
of Pure Sulphur. By Ricnsrp Tureceann, MLA., Professor of Physics in the Tniversity of
Sydney, and Josern Hexey Dearer Brearisy, Deas-Thomson Scholar in the University of
Sydney. Priee 35 64,

A. 173 The Eubies of Burma and Associoted Minerals: their Mode of Oerenrrence, Drigin,' and
Metamorphoses. A Contribution to the History of Corundum, By C. Bannistron Brows
Esq., Assoe. R.S.M., F.G.8, and Prolessor Jonx W. Jops, CB, LLD, FRS., F.G.S.
Frice 4. Gd.

A 174 Alternate Current Dynamo-Electric Machines. By J. Hoekinsox, F.R.S., and E. Wirson.
FPrice 2= b

A. 175. Mathematical Contributions to the Theory of Evolntion.—I1I. Regression, Heredity, and °
Panmixia. By Kinn Pearsox, University College, London. Price 2s.

A 176. The Rotation of an Elastie Spheroid. By 8. 8. Hoven, M.A., Fellow of St. John's College,
and Isaae Newton Student in the University of Cambridge. Price 1s.

A. 177. On the Magnetical Hesults of the Voyage of H.ALS, * Pengunin,” 1800-03. By Captain
E. W. Ceeag, RN, F.R.5. Price 25 6d.

A. 178. A Magnetic Survey of the British Islea for the Epoch Jannary 1, 15891, Bj" A W. RiUckeR,
M.A., F.R.S, and T. E. Tnoreg, D.Sc., LL.D., F.R.8. [Shortly.]

A. 17%. Bakeria¥ Lectone—On the Diffnsion of Meials. By W. C. Roperrs-Averex, C.B, F.R.B.,
Professor of Metallorgy, Royal College of Becience; Chemist of the Mint. Pries 2

B. 127. On the Ascent of Sap. By Hexey H. Dizoy, B.A., Assistant to the Professer of Botany,
Trinity College, Dublin, and J. Jour, M.A,, Sc.D., F.R.S, Trinity College, Dublin,
Price 1s.

B. 128. Title, Contentz, Index, List of Illestrations, &e., Part 1., 1895. Price Gd.

B. 128, The Effect of Environment on the Uenﬂupmeut of Eehinoderm Larvee: an E:perimtnl
Inguiry into the Causes of Variation. By IH. M. Verxon, B.A. Price 2. 6d.

B. 130. Degenerations Consequent on Experimental Lesions of the Cerebellum. By J. 8. Risiex Russeny,
M.D., M.R.C.P., Research Scholar, British Medical Association, and Assistant Ph}“ﬁiciau and
Pathologist to the Metropelitun Hospital. Price ls. Gd.

B. 131. Thbe Pigments of the Pieride : a Contribution to the Study of Ezeretory Substances which
Function in Ornament. By F. Gowraxp Horkixs, M.B., B.Se., Demonstrator of Physiology,
and formerly Gull Research Student at Guy's Hospital. Price Ls.

B. 134, Forther Obgervations on the Orranization of the Fossil Plants of the Coal-Measures.—
Parc 11. The Ru;:lta' of Calamites. By W. C. Witcramzox, LL. T, F.R.5., Emeritus Professor
of Botany in the Owens College, Manchester, and D. H. Scorr, M.A., FL.D., F.R.5,
Honorary Keeper of the Jodrell Laboratory, Royal Gardens, Kew. Price 2a,

B. 138, Further Observations on the Organization of the Fossil Plants of the Coal-Measares —
Paxt 11, Lypinodendron and Heteranginm, By W. C, Wintiavsox, LL.ID, F.R.5., Emeritus
Professor of Botany in the Owens College, Manchester, and 1. H. Scory, M.A., Ph.D.,
F.R.5., Honorary Keeper of the Jodrell Laboratory, Hoyal Gardens, Kew. Price Gs.

B. 134, An Estimate of the Iegrees of Legitimate Natality as derived from o Table of Natality
compiled by the Author from bis Observations made at Budapest. By Josern Kdnisr,
Member of the Hongarian Academy of Sciences, Director of Municipal Siatistics.
Price s

B. 135. Title, Contents, Index, &c., 1805, Part 11, and General Title, &e., Vol. 186 (1895). Price Gd.

B. 136. On the Evolotion of the Vertebral Column of Amphibia and Amnicla. By Hixs Gapow,
BML.A., Ph.D.,, F.R.5. Price 25 6d.

Cloth cases for binding the Philosophical Transactions can be obiained of Hanrisoxn and Soxs,
St. Martin's Lane, Price la 64d,

e
'lI
R




