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10 INNERVATION OF RESFIRATION.

than to attach the fork to the animal itself or to sew it on to the
ensiform process, as slight displacements of the latter cannot be
avoided. The length of the diaphragm-lever used by me was 125 mm;
its axis lay 90 mm. from the apex. The lower (scoop-shaped) arm
of lever is 35 mm. long and in rabbits reaches exactly to the
middle of the diaphragm. The scoop at the end of the lever is 18
mm. long, at its widest part 6 mm. broad. When the apparatus is well
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Fig. @ —Normal diaphragm reaplrations of a rabhit  a, With quick movement of the drom; &, with
slow movement of the drum.  (The curves all mn from left to rght; the inspirntions in dinphrago-
reapiration from below upwards.) J, Inspiration; B, Expiration.

arranged, then both the silk cords @, &, at both sides of the recording-
lever must form a horizontal line, while the small glass pen fixed to
the end of the recording-lever registers on the horizontal drum of the
Baltzar-Kymograph the eurves of respiration. If during inspiration
the diaphragm moves downwards, then the upper arm of the double
lever will be moved backwards towards the thorax of the animal, and
the registering lever follows in the same way. Accordingly, when the
paper is taken off the eylinder it shows respiratory curves of the kind
of which Fig. 2 is a facsimile. In this figure, the movement of inspira-
tion is directed upwards, and the movement of expiration downwards.
In order to judge of the method, I will insert here some of the curves:




DIAPHRAGM AND PHRENIC NERVES, 11

Fig. 2 shows the diaphragm-respiration of a strong rabbit which has
just been bound down and is tolerably restless, as follows: (@) with
quick and (b) with slow movement of the drum. Where there are no
special remarks, the curves are to be read from left to right; when no
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Fig. $.—Diaphragm-respiration of a rabbit, In the trachen of which a Gad's T-canula is fastencd,
a1, Nasal respiration; b, Tracheal respiration; e, when both wiys are fres.

“second” marks of time are given, the rapidity of the rotating cylinder-
covering is the same as the rate of movement of the drum given in
Fig. 2, a.

In Fig. 3 the diaphragm-respiration of a rabbit is shown after
tracheotomy and insertion of Gad’s tracheal canula, viz.: () arranged
so that animal breathed through the nose, the tracheal opening being
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by inspiration (towards the abdomen of the animal), backwards by
expiration, so that mow the registering point notes the inspiration

Fig. 4.—{To boread from below upwords.) Respiration of a rablit before, during, and after divislon
of both Phrenics. @, Mormal respirntion; at X, divislon of both Phrenles; b, irregular rezpiration after
division of the Phrenics; oand &, thornele respiration; at c strongly dyspmoic; gt o o little quieter (at ¢
and d the theracle inspirations run from above downwards, beennse the dinpheagm fs drawn into the
thorax by the inspirations). J, Inapiration; E, Expiration.

stroke in the opposite direction. In Fig. 4, ¢ and d, therefore, the
direction of inspiration is from above downwards, and of expiration
from below upwards. At the same time respiration becomes much
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slower, often by a half and more, while the duration of a single
breath very often iz doubled. In this way, respirations sank in
number, for instance from 85 to 42 in one minute; and at the same
time the length of a breath rose from 0-75 to 1'5%; in ancther case, the
number of respirations diminished from 56 to 20, while the duration
of & respiration rose from 11" to 3°; in a third case, before division of
phrenies, the rate of respiration was 62 in a minute; after the opera-
tion, 42 in one minute; and the length of a breath rose from 1" to 18"
In Fig. 4 we have a typical picture of respiration movements after
division of the phrenic nerves on both sides; the four curves, one
over the other, form a regular series; we recognize on curve a the
stoppage of the diaphragm; on curve b the irregular movements of
the muscles of the abdomen and thorax, and on ¢ and o the pure
thoracic breathing.

The phrenics, however (as Budge and later Panizza found), con-
tained sensory fibres, so when they were cut the animals gave signs of
pain.  The great restlessness and movements of the whole body seen
after division are probably mostly caused by this, so that often one
is not successful in obtaining tracings of the first respirations after
division or ligature of the phrenics. In order to avoid this restlessness
at the beginning, it is recommended to break the nerve connection by
means of sudden cooling after Gad's method. For this purpose, I have

Fig. 5. —Cooling of the Fhrenics necording to Gad, At o beginning of cooling; at @ trinsition of tho
disphragm respiration into thoracle reapiration. J, Inspiration; FE, expiration.

laid two small silver tubes under the phrenics, and 1 have allowed a
freezing solution giving a temperature of —5° C. to flow through them.
The sensory fibres are paralysed so quickly by this that the animal
remains quiet and one can now register exactly the movements from
the beginning of the suspension of the aetion of the motor fibres of
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the phrenic nerves thus caused by cooling. The effect on the
diaphragm is the same as after division, with this difference, that
the stoppage of the diaphragm does not take place so suddenly, but
by contractions becoming gradually smaller. Fig. 5 shows the effect
es the gradual transi-

of cooling the phrenic nerves, in which one se

Fig. #.—Thorscie respiration of & Fabbit sovernl doys after division of Phrenics an both sides.
{m) Reapiration through the nose; () respiration through the tracheal canula.

tion from diaphragmatic to thoracie respiration. We have observed,
that when in rabbits thoracie respiration appears after division of the
phrenic nerves (which under normal condition is latent), respiration
beeomes much slower, deeper, and at the same time dyspnoie.
Thoracic respiration is therefore hardly sufficient to replace abdominal
respiration. This dyspnoie thoracic respiration may be noticed for
weeks after the operation; the replacement will be somewhat more
complete when a tracheal fistula has been made, which diminishes








































a8 INNERVATION OF RESPIRATION.

nerves. In one ease, in which the medulla oblongata had been eut close
below the respiratory centre, so that even after long artificial respira-
tion no spontaneous respiratory movements appeared, strong induction
shoeks were able, even when they followed at long intervals of four
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Fig. 1L—HRespieatory sprsms after stimulation of the spinal cord with strong induction shocks uk
intervals of 3 to 5 seconds in deenpitated animals (balow the medulla obfongata). @, Respiratory spasm
of 4 seconds duration after 2 closing (* ) and 2 opening induetion shocks (") at intervals of 3 seconds, cofls
B mm. separate, £ Danlells, b, Group of short respiratory spaams after 4 siongle shocks at intervals of
4 secomils, coils 80 mm. separate, 2 Daniclls. ¢, Spasm group with resulting single spasm after 7 singls
ghocks, at intervals of 4 to 5§ seconds, eoils 7 mm. apart, 2 Daniells,

seconds, to induce respiratory spasms by summed-up stimulations.
Then very peculiar phenomena appeared, which give us a glimpse of
the mechanism required for the accomplishment of respiration. This
is illustrated by Fig. 11. We see (1), at @, a respiratory spasm having
a duration of four seconds, which appeared after four opening and
elosing induetion shocks, (at intervals of about three seconds,) had
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36 INNERVATION OF RESPIRATION,

of respiration follow, but there is also a disposition to fatigue of the
spinal respiratory centres, a property not peculiar to the latter.

This view is partly forced, and partly it does not account for the
facts. At a later period I will show that the vagi nerves are not
inhibitory nerves for respiration, and that, further, the fifth nerves are
only subsidiary nerves of respiration, whose division does not alter the
tﬂ;ﬁ of respiratory movement. We see, on the contrary, after division
of the medulle oblongaita, above the eentre of respiration in the fourth
ventricle, and of the vagi in the neck, respiratory spasms continuing

Fig, 1—3pinal-cord respiration in a young kitten, to which strychinine had beon given, after
geparntion of the medella ehlongata, and after suspension of artificial respiration.

for a long time. The animal lives in these circumstances much longer
than if the vagi had been left untouched. The state of shock, should
it appear at all, soon passes away, and the reflexes again become
normal; so it is not probable that the reasons urged by Langendorff
are to be made answerable for the cessation of respiration after sectio
bulbi.  In addition, the following experiment, which I have often
made, contradicts the interpretation of Langendorff. If we isolate the
respiratory centre from all the centripetal nerves, whose influence
comes in question with regard to the accomplishment of respiration,
respiration does not stand still, but the characteristic respiratory
spasms appear, which will oceupy us later on. These spasms continue
for a long time, and under their influence the animal becomes eold-
blooded.  If we divide the medulle oblongate from the cervieal
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remarkable contractions of the muscles,” says Richet, “were rhythmie.”
There were quiverings of the anterior extremities and of the dia-
phragm, which followed one another at intervals of about 4 to 10
seeonds.  Similar observations have been made on other muscles after
death—for instance, on the museles of the face in the bodies of
persons who had died from cholera (M. Brandt), and in the museles of
amputated limbs (Bennet Dowler), &e. Biedermann also found that
the muscle substance possesses the power, even by eontinuous action
of certain chemical stimulants, of passing into a rhythmic condition of
excitability. Well known and studied is the experiment, which con-
sists in dipping the hinder extremities of a reflex frog into a very
dilute solution of aecid (0:5—1°/_ sulphurie acid), as has been done by
Tiirck, W. Baxt, and Stirling. After the frog has remained quite quiet
for a certain time in this solution, it suddenly begins, first with the
toes quite gently, then with its legs, to make a series of rhythmic
movements; when these are over, the legs may again rest tranquilly
in the acid. I have allowed the frog to register its movements

Fig. 17.—Rhythmic movements of the leg of o decapitated frog which had been immersed in 05
per thousand solution of snlphuric ackd.

by a method similar to Stirling’s. Fig. 17 shows them; and every-
oneg will admit that they are very like the normal respiratory
movements of the rabbit. Still, no one will assert that under these
cireumstances, either in the spinal cord or in the legs of the frog, there
is an active spasm centre which liberates rhythmic movements. But
who knows! For those who recognize a centre in every ganglionic
cell, this presumption may be tempting. I come, therefore, to the




























RESPIRATORY CENTRES IN MEDULLA OBLONGATA, 47

it requires artificial respiration fo restore breathing. Once the shock
is over, respiration remains quite regular. The rate of respiration
after successful division of the medulle oblongata varies greatly in
different eases. When none of the neighbouring parts are injured,
i+ is the same as normal. I found in different animals, 82, 76, 67,
54, 52 respirations in oné minute, without any dyspnoa,—a pure
diaphragm respiration.

If the animals are not touched, they breathe quite regularly
like machines, and generally in this way—that the respirations
periodically increase and diminish in size, just as Mosso observed, and
represented by diagram, as oceurring in sleeping men and animals.

Fig. 18.—Dinphrage respiration of o mabbit whose medidin ohimgate had bren cat completely through
immediately under the fubsreacha aowetice.

Fig. 18 shows the respiration of a rabbit after complete transverse
division of the medulla oblongata immediately below the tubercula
acustica. But the further the ineision has gone down (and the very
smallest difference in level is in this region of the greatest influence)
then the greater the difference of the respiration from the normal.
At first it remains quite regular, but soon becomes slower and requires
greater exertion; and, in short, it assumes the character of the respira-
tion shown by normal animals after division of the vagi. If we cut
still lower down, till we are at the extreme visible point of the
ale cimeves, then respiration immediately becomes periodie. After
long pauses, there follows a series of two, three, four, and sometimes

even five respirations, of which the first is always the largest, while
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48 [NNERVATION OF RESPIRATION.

those following gradually fall off in size. In fig. 19 are shown periods,
ench of three hreaths. Quite similar periodic respiration is oceasionally
seen also after division of the medulla oblongate at a higher level, in
eases where, through a blood-clot in the region of the ale cinerec,
pressure has been exercised on the respiratory centre. When the clot
is removed, periodic respiration again disappears, as I have often
ohserved. Further, after perfect division of the medulle oblongata,

Fig. 19.—Feriodic (dinphragm) respiration of a rabbit after transverse division of the medulia shimgale
at the level of the external visible points of the ale cfnerea.

respiration, whieh before was quite regular, becomes in time
periodic, when the centre of respiration has been exposed to the air
for any time, an occurrence which often could not be avoided. If,
during the division, the point of the alw cineree has been touched,
respiration becomes discontinuous; the individual breaths follow one
another at long pauses, and already bear more of the character of
respiratory spasms.  When the division is practised still lower down,
respiration is immediately destroyed, and cannot be again revived
by artificial vespiration. The most noteworthy type of respiration,
after division of the medulle oblongate above the respiratory centre,
is undoubtedly the periodie, and the phenomenon requires a searching
investigation. During periodic respiration we find that the excita-
bility of the respiratory centre has not suffered in any way. Skin
reflexes, by nipping the tail or the paws, even by simply touching the
cutis, not only deepen the individual breaths but also inerease their
number, so that the periods of respiration are lengthened. But even
during the pauses, the skin reflexes always liberate a complete respira-
tory movement, so that by means of rhythmie pinching of the skin
the periodic respirations for a time almost disappear, and respiration
can be brought to its complete normal condition. With length of time,

























il INNERVATION OF RESFIRATION.

the normal respiratory eurves, by means of an opening induction
shoek, which were quite similar to the normal respirations. As a
general rule, when we stimulated during expiration an inspiration
appeared, and on stimulating during inspiration often an expiration
appeaved. When the stimulation took place during periodic respira-
tion, then a single shoek liberated a simple respiration, which, for
depth and duration, was equal to a normal one, and that at the end
of the period as well as during the pauses, so that respiration could be
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Fig. 20.—Direct stimnlation of the medulls obivmgata, above the resplratory centre, by means of single
induction shocks (300 Unit. 1 D) during & pause between two attacks of periodio respiration. The «
denotes moment of stimulation.

maintained in a rhythmic manner for a considerable time (fig. 20).
When the animal was made apnoie by means of artificial respiration,
then during the apnoea even the strongest single shoeks could not
liberate respirations. In cases where, after division of the medulle
oblongate with injury to the alm cinerew, the respiration was deficient
and dyspnoic, single shocks eould not liberate a respiration during the
pause; and only when the single shocks acted at an interval of some
seconds did one see that after a long series of such shocks the
respiratory periods became lengthened by supernumerary respirations.
Further, it was found that there was an analogy between the observa-
tions of Bowditch and Kronecker concerning the change of excitability
of the electrically-stimulated ventricle of the frog’s heart, and those
made by me, with the following results:—The stimulations, which
followed at intervals of some seconds, gained in effect, so that
shocks which before were just sufficient, eould now sometimes be
considerably weakened before they became completely ineffective;
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but after that, they had to be again brought back to their previous
high strength in order to have effoct. If the medulla oblongata
be stimulated by means of intermittent shocks, at an interval of
from & to o of a second, either eontinuously or rhythmically,
then shocks of far less intensity are sufficient (70 to 200 Umt.),
during normal respiration, to quicken the same, and, during periodic
respiration, to lengthen the periods, by increasing the number of
respirations during the period. In these ecireumstances, respiration
may become quite regular, so that the pauses entirely cease. In
this way, by rhythmic electric stimulation, it is possible to maintain

Fig. 21.—Direct stimulation of medulle oblongnta by intermittent currents (" interv. 176 Unit.) during
periodis respiration. @, Periodic respiration ; b. respiration during the stimulation.

artificial respiration by reflex action (fig. 21). Thus the diaphragm
generally becomes inereased in tonus, and therefore respirations are
accomplished while the diaphragm descends more in an inspiratory
position, and single respirations become lower. (Generally the tendency
to inspiratory movements prevails, so that sometimes one respiration
is followed by a second before the diaphragm has time to get into a
position of rest.

If one stimulates the medulla oblongate with strong intermittent
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dinphragm, and then in exceptional cases (as when respiration is
impeded) the muscles of the thorax, and lastly the whole of the sub-
sidiary museles, become innervated in their order by the respiratory
centre; so in the same way, the expiratory centre goes into action
later, and only under exceptional circumstances—as, for instance, in

Fig. 22— Diaphragm respiration of the rabhbit, on direct stimumlation of the medulla ehisngata by
means of rhythmic eleatric irritation, after the medulls ohlongate, above the respiratory centre and the
vigi in the neck, had been Aividedl, The respiratory movements, liberated Ly electricity, have becn
figured in the eurve of & preceding respiratory Spask.

some physiological and pathological movements, such as coughing,
sneezing, eructating, vomiting, as well as in eertain kinds of dyspncea.
But to refer normal rhythmic respiration to the alternate stimulation
of the inspiratory and expiratory centre is impossible, for this reason,
that expiration, as a rule, is a passive act. Tt would be as absurd to
assume that the inspiratory and expiratory effects obtained by direct
stimulation of the respiratory centre were produced by the electric
shacks alternately eausing the centre of inspiration and expiration to
come into play.

The most important fact gained by direct stimulation of the
respiratory centre is that the centre can only be electrically stimu-
lated in the same way as if the stimuli eame from the centripetal nerves,
and therefore we stimulate only the sensory ganglionie part of the
centre with intermittent currents. To bring the motor-ganglion part
in the centre to direct rhythmic action is attended with just as little
suceess as in the respiratory tracts situated in the spinal cord, where
we obtained no respirations but only respiratory spasms. Gathering





































CENTRIPETAL COURSES OF RESPIRATION. 71

interrupted (as happens after injury to the deep root or nucleus of the
vagus), then after division of the vagus in the neck, there appeared
very long pauses; and after these, sither one, or, following close upon
one another, two quick and deep (spasmodic) respirations, generally
with active expiration, if death did not immediately take place.

Fig. 23.—Diaphragm spasm after sepacation of medielia oblengata above the respicatory centre and
eooling of the vagl in the nock. Worve cooled to =567 C.  Doration of the diaphragm sjxasm {of which here
only the beginning and end acé vigible), 1756 minutes,

The separation of the glossopharyngei did not alter respiration in
any way, neither before nor after extirpation of the vagus, whether
the medulle oblongate remained intact or was separated.

b) Eaxtirpation of the vagi in a marmot during hibernation, together
with some observations pertaining thereto.

As we have now learned from the highly characteristic re-
spiration after division of the vagus to decide if the upper reflex
tracts of the brain still act on respiration or not, we may find out
whether, during sleep, the influence of the upper tracts continues to act
or has ceased to act, and whether all or any narcotics are capable of
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removing the respivatory reflexes from the brain, Single observations
which belong to this part have already been deseribed in the previous
seetion; for instance, the periodie respiration which Mosso observed in
sleeping children and old pecple; and the periodie respiration which
other experimenters have deseribed during the hibernation of different
animals; and the periodic respiration which some poisons cause, such
as chloral, morphia, digitalin, and musearin. That there are narcotics
which, during the deep sleep of animals, produce acceleration of respi-
ration as well as a stimulation of the respiratory centre, had already
been observed by Traube with opium, when it was administered in
large doses to dogs; the same was observed by Schmiedeberg with
urethan. But even in the sleep of hibernating animals, which can be
so deep that these animals may be operated upon and killed withont
awakening, the influence of the upper tracts on respiration does not
always disappear. I have been able to observe this in the marmot.
Unfortunately I could only obtain one specimen, as these animals
can only be caught in autumn, When the animal arrived after its
Jowrney it did not sleep soundly, but made single although only
weak movements of the head, and moved the paws slightly while it
was being tied and the diaphragm lever inserted. Respiration was

e v e i
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Fig. 24 —Dlaphragm respiration of a young marmot during light hibernation glesp, Atr,
stimulation of the akin,

tolerably frequent and quite regular (fig. 24), 16 respirations in one
minute.  Skin reflexes existed and always liberated an expiratory
movement. The lever was withdrawn, the wound sewed up, and the
animal removed to the cellar. After a few weeks, it still slept soundly,
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and did not awake when tracheotomy was performed, the vagi laid
bare and placed on threads. In performing this operation, the animal
was not tied down. This time, the respiration was registered by means

Fig. 25 —Respiration of a marmot in deep winter sleep pegdaterad by means of an air-capsuls
from one of the side tubes of the trachea canuln,

Fig. 6. —TReapiration of a marmot in deep sleep during and after divislon of the vagi. Atz
ligaturing the second vagus.

of an air-eapsule, which was in connection with the trachea by means
of a side tube. The respiratory opening of the tracheal canula could
be narrowed when desived by means of a clip, and thus the size of the
excursions of the air-capsule could be regulated. Respiration was very
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slow, not periodie but quite regular—1-14 in one minute with active
expiration, which generally directly followed the normal passive ex-
piration, and from which the thorax passed into a considerably long
respiratory pause in the position of rest (fig. 25). While the right
vagus was being ligatured, the animal made a deep active expiratory
movement without previous inspiration, and remained, after the tying,
in a lengthened respiratory pause (fig. 26). The second vagus was
then ligatured, and during the operation there appeared the same
phenomena as in the case of the right vagus. After extirpation of both
vagi, the long respiratory pauses were followed by more numerous
respirations—7-8 in one minute, without the animal becoming in the

Fig. 2i.—Respiration of & marmot in deap gleap after divislon of both vagi.

least wakeful (fig. 27). The respirations for a time were irregular:
larger respirations alternated with smaller ones, while the character of
the respirations remained the same throughout. Only oceasionally, and
a considerable time after an ordinary respiratory movement had been
made without active expiration, there appeared an active expiratory
movement, while, generally, the latter directly followed an inspiration.
Gradually the respirations increased in depth, inspiration as well as
active expiration, while the frequence increased only slightly. Pinch-
ing the tail, pricking the mueous membrane of the nose, even whistling,
liberated expiratory effects and especially increased the respiratory
pause. The animal continued to sleep quietly, moved itself from time
to time a little, apparently unconsciously, and it also yawned once. Its

























82 INNERVATION OF RESPIRATION.

means. The following experiments have led to the preceding econ-
siderations:— When one stimulates the cut surface of the medulic
oblongata above the respiratory centre with common salt, then very
peculiar movements of the diaphragm appear, which are quite different
from those liberated reflexly from the medulle oblongate by means of
electric eurrents. For instanece, the respirations which in the one ease,
on account of deep section of the medulla, were intermittent and
followed one another at long pauses, immediately became very
frequent—aquite irregular, and so small that one might have mistaken
them for heart-beats; but they oceurred much oftener than the heart-
beats. Between these there appeared, as before, at regular intervals,
the natural high respirations; during the latter these small respirations

Flg 0. —Diaphragm respiration of a rabbit during direct stimulation of the medeulla sllongnta hy
means of common salt (conmmon-salt dygres) At a and o', natural respiration movements.

continued, and appeared as teeth on the ascending and descending
limb of the natural respiration eurve, so that it gave quite the picture
of a blood-pressure wave eurve, with the Tranbe-Hering waves. I
opened the cavity of the abdomen during the experiment and could
distinetly feel the movements with my finger. They agitated the
diaphragm in its whole extent by a continuous vibration, and as was
to be ascertained from their form, they could not in any way be
mistaken for mere quiverings of the diaphragm. At the same time
one could feel the heart pulsating mueh slower. Thus before stimula-
tion, the number of respirations was six in one minute; during stimu-
lation, they rose to 120 in one minute. The height of an ordinary
respiration, on an average, was 1'6 em., while those which were caused
by common-salt stimulation werve 0°6—0'1 em. high; and while each
natural respiration lasted one second the artificial ones lasted from
02—04 seconds. Fig. 30 shows these respirations.
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(to be read from right to left). When the cooling was stopped, then
the original periods appeared as they were before the action of cold;
renewed ecooling showed the same condition. Seeing that after cessa-
tion of cguling; respiration again took the (11‘5;__}']1111]' periodic character,
the vagi were divided in the neck; immediately there appeared the
well-known picture of respiratory spasms. Renewed cooling during

Fig 82— Cold-dyspnma after division of the vagi. «, Respiratory spasm after division of the medulia
obfongate and of the vagl before the actlon of the cold; band ¢, change of the respiratory spasms cansed

by cold. Corves run from right to 1eft.

this time had a double action: first, the respirations became frequent
and regular, and the respiratory spasms disappeared in the same way
as if the medulla oblongate had been stimulated directly with inter-
mittent shocks; and second, there then appeared during inspiration
and expiration, as well as during the pause, the frequent small move-
ments of the diaphragm which gradually altered the original type of
respiration, go that respiration became similar to that obtained by the
application of great cold before division of the vagus. Fig. 32, which
is also to be read from right to left, shows at line a the rvespiratory
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the stoppage in the middle of expiration then the stimulation must
take place at the apex of the inspiration; and so on. The action of

Tnkery,
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e of respiration in the different stages of respiration
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Diaphragm respiration of a rabbit dering stimnlation of the central cut ends of the glossophinryngens with inter-

Fig. 33,
miitbent ahiooks

the stimalated glossopharyngeal, thervefore, consists in an absolute
inhibition of respiration, and lasts for about the time occupied by
three preceding respivations. Then respiration begins again, even
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vation, there is a fundamental difference when compared with the
superior laryngeal, as I shall show immediately. The glossopharyn-
geus is @ true inkibitory nerve of vespivation. That it possesses no
tonus I have already mentioned. It comes into action during respira-

Fig. 34.—Respiratory spasms modified by stimulation of the glossopharyogens during the diferent
stages of the spasm (" Intery. 450-500 Unit. 1 v} At A beginning, at & end of stimulation

tion only under exeeptional cirenmstances, as, for instance, during the
inhibitory mechanisn of swallowing; at the beginning of swallowing,
it inhihits the movement of respiration.

b) Effects of stimalating the superior laryngeal nerves,
Tonus of the swme.

Rosenthal diseovered the expiratory action of the superior laryngeal,
and he thought he had thus found the key to the contradietory results
to which stimulation of the vagus had hitherto led. He showed that
the effect of stimulating the superior laryngeal was quite the opposite
of that obtained by stimulation of the vagus itself, and he considered
the same as an inhibitory nerve of respiration. The fact that on
stimulating the laryngeals one observes stoppage of respiration in
expiration has been confirmed on all sides sinee the research of
Rosenthal, only V. Anrep and Cybulsky think they have proved that
in the superior laryngeal nerve there are not only expiratory but also
inspiratory fibres. But that this expiratory action was limited to the
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superior laryngeal nerve was often
denied, as, for instance, by Schiff, who
emphasized the fact that division of the
superior laryngeals neither alters the
number nor the form of the respiratory
movements. Further, aceording to Schiff,
a similar effect to that produced by
stimulating the superior laryngeal nerve
was observed after irritation of many
other nerves. P. Bert and others were
of the same opinion.

In fact, when one divides both the
superior laryngeal nerves in the neck
(always after extirpation of the upper
parts of the brain) respiration remains
absolutely unaltered in height as well
as in frequency. Nor with divided vagi
do the respiratory spasms sustain any
change after division of the laryngei.
If you now stimulate the central cut
ends of the laryngeus with very weak
intermittent currents (1 1. 10—30 Unit.
A" J) there appears, even with the
weakest currents, a slowing of respira-
tion, and a distinet lengthening of the
respiratory pause. In this way, single
respirations become deeper and longer,
and one sees plainly the summation of
the shocks; the respirations gradually
inerease in size, then they diminish.
With stronger shocks, there is arrest of
respiration, and this always in a posi-
tion of expiration. This stoppage may
last for a longer or shorter time accor-
ding to the strength of the stimula-
tion. I have observed relaxations of
the diaphragm corresponding to the time
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vents, one is suceessful almost without exception in liberating with a
shock an inspivation during the position of expiration; but during the
position of inspiration an expiration can only be liberated when several

single shoeks ave given at short intervals, or when the time of oecur-
rence of a natural expiration is not far distant. If one then allows
artificial respiration to act for a time without reaching apnoea, he will
be successful (soon after suspension of respiration) with single opening
and closing induction shocks in liberating a complete respiration,
or sometimes two respirations immediately following one another.
During apneea single shocks have no effect.  Further, if during sepa-

Flg 38 —Artificinl electrienl diaphragm respiration in a rbbit (which had been bled) by means of
stimulation of the central ends of the vagus with intermittent currents (%" interv.). a, long-continued
actlon of the ecurrents: effect of summation; &, rhythmic tetanizing stimulation (evéry 3 seconds),
alternate, rudimentary, and completo single respirations. A, beginuing, E, ¢nd of the atimulation.
ration of the medulle oblongafa, a partial injury to the respiratory
centre has taken place—the respirations following at long pauses being
short, deep, and spasmodie,—sometimes one is still successful, by means
of strong induction shocks, in liberating a respiration during the
respiratory pause. Sometimes this abdominal respiration is preceded
by a thoracie respiration. One ean accordingly obtain from the vagus,
by means of reflex action, with single shocks in the case of animals
which have remained very exeitable, single, deep, and long respiratory
movements; in other cases, sometimes an inspiration, or sometimes an
expiration is obtained, overbalancing inspiration. But the expiration
liberated by stimulation is never active.  When the central eut ends
of the vagus were stimulated with opening induetion shocks following
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one another quickly (for instance in J5—-% sec. interval), then one
was always successful in liberating each time a deep and long respira-
tory movement by reflex action even in those animals which no longer
breathed automatically, but in which the separated medulla oblongata
remained without injury to the floor of the fourth ventricle; as, for
instance, after bleeding from the basilar artery. This occurred even
after tetanus with medium enrrents (compare Fig. 38, a). When one
allowed the stimulus to act for a considerable time, then a series of
respiratory movements were liberated which gradually increased in
size (summation of the shoeks).

Such respirations are shown on fig. 38, A. In these cases also one

Fig. 20, —Reflex liberation of respiration by means of rhythmic (each 27 long) tetanizing stimulation
of the central vogus enids (4" interv.). A, beginning, ®, end of stimulation. Without stimulation,
respiratory spasms § per minnte ; with stimulation, 50 respirations per minute.

sees the preponderance of the inspiration, in so far as at the beginning,
the expiration is interrupted half-way from the next inspiration, till
at last a complete expiration takes place, but without active expiration.
If one allows the tetanizing shocks to act without pause during natural
respiration, then with short duration of the stimulation, one is always
successful in liberating an inspiration; and during the position of
inspiration in liberating an expiration, especially when the time of the
natural expiration is not far distant. Weaker tetanizing shocks, kept
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up for a considerable time, can strengthen the natural inspiration so
much that the animal in vain attempts to expire, and gets into such
a state of dyspneea that the thoracic vespiration steps in to assist.
During apneea, by means of tetanizing shoeks of short duration, one
can always obtain, although very incompletely, a respiration rather
unlike a normal one. The most favourable conditions with regard to
reflex stimulation of respiration naturally appear on rhythmic tetan-
izing stimulation of the central ends of the vagus.

When the animal breathes no longer automatically, as after bleed-
ing, then each period of stimulation represents a respiration, which at
first is small, gradually increases till the liberation of a respiration
normal in depth and length takes place, after which the series re-
commences (fig. 38 ). During natural respiration one may be
successful in produeing deep and long vespirations following one

Fig. 40.—HReflex liberation of respiration by means of rhythmie (each 5 long) tetanizing stimulation
of the central eut ends of the vagus (& interv.). o, beginning, 3, énd of the stimulation. During the
stimulation ¢ respirations por minute, before and after stimulation about 1 respiration per minute.

another regularly, as they are seen on fig. 39 and fig. 40, if the
requisite gradation of the shocks as regards intensity and duration
be obtained; for instance, by the application of a Du Bois-Reymond
sledge induetion-coil (about 4000 turns of the secondary spiral with a
slide for the coils of 20-15 em.) used in conneetion with two Daniell’s
elements, while the equalizing arrangement of Helmholtz is employed
to make the opening and closing induetion similar in intensity, and
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medulla oblongata, deep separation, &ec.). In these cases there also
appears with artificial electric respiration a pause between the single
respirations, therefore expiration appears to be lengthened; but here
also it is never active, as is shown by fig. 42. But otherwise we never

Fig. 42 —Respiration with expiration type in consequence of intermittent {every 37) tetanizing of the
vagl (15" Interv.). 0, beginning, B, énd of the stimulations,

succeeded in lengthening the expiration or the respiratory pause by
means of electric reflex stimulation of the central eut ends of the vagus,
while the liberation of expiration, and especially of inspiration, was
quickened. This econdition of the vagi, therefore, was in every respect
different from that of the laryngeals. With electrie stimulation of the
laryngeals, not only was inspiration always and immediately inter-
rupted and an expiration liberated, but expiration and the respiratory
pause could also be considerably lengthened; and while the respiration
liberated by rhythmic electrie stimulation of the laryngeals consisted
of short inspirations, long expirations, and of respiratory pauses, vary-
ing in duration, it is quite the opposite with the respiration obtained
by stimulation of the central vagi, which consists of long inspirations
and short expirations, and the respiratory pause generally altogether
disappears. Respiration in consequence of rhythmie electrie stimulation
of the vagi corresponds, when the vagus roots are not destroyed,
exactly to that which appears on direct stimulation of the medulla
oblongata; only with stimulation of the vagi, one is more successful in
regulating the shocks and in maintaining respiration, which is more
frequent and more like normal respiration.

What are we bound to conclude from these experiments? (Firstly)
That the trunk of the vagus contains no expiratory fibres, and that
Traube is partly correct when he attributes the action in this sense
to the sensory fibres of the 1i;&gus:. which, in} connection with the sen-
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continued artificial vespirations, to produce apncea even in decapitated
animals, and animals upon which vagotomy has been performed. We

then see the inspiration spasms grad-
nally becoming shorter, until at last
they completely disappear, and the
diaphragm finally follows the in-
sufflations without resistance. Fig. 43
shows such spasms gradually becom-
ing shorter. If one continues to ven-
tilate for a short time, and then in-
terrupts the artificial respiration,
the animal is apneeie, and remains
a minute or so in the position of
respiratory rest; then respiration
begins again immediately, first with
smaller respiratory spasms, which
quickly increase in size, but never
with regular respiratory movements.
During apneea the reflexes from the
skin remain without effect on the
respiratory centre. If one stimu-
lates during apncea the central eut
ends of the vagus in the neck, then,
as already deseribed, page 99,
single shocks have no action, while
intermittent shocks often liberate
very flat and long-protracted move-
ments of the diaphragm, which are
not similar to the normal respira-
tory movements. These respiratory
spasms during artificial respiration
show that the impulse in the re-
spiratory centre is not regulated
quantitatively according to the
change of gas. But since, by very
long-continued and complete venti-

lation, the spasms can be caused to disappear, one

on after division of the medulla oblengata alove the respiratory centra and the vagl in the neck. Respiratory spasmus:
&, without artificlal respiration, b, during artificial respiration; at g, € inspiratory spsins.

Fig. 48, —Artificinl respirati

must assume
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