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Studying the reflex mechanisms of respiratory disorders in lesions of the lungs and upper respiratory tract,
we, like many other researchers (7], have often observed the complete conform1ty of the nose and diaphragm
re§p1rato_ry ‘motions in tracheotomized animals. -

We called these respiratory motions of the facial muscles in trachieotomized. animals "simulated respira-
tion" [8], as the phenomenon is similar to the "simulated feeding® of esophagotomized animals. *Simulated
feeding® ‘greatly affects the function of the gastro-intestinal act, and "simulated respiration” has a similar
effect on the act of respiration, .If the nostrils of a tracheotoinized animal are pinched, the animal's breathing
will become slower, even though there is nothing to hinder the intake of air through the trachea. We named
this phenomenon *simulated asphyxia.* Klod Bemnar [1] has already shown that constriction of the larynx causes
similar respiratory changes. o

From these observations, it follows that the inhibition of respiration up tq prolonged. pauses which occurs
from the very first moment.s of mcchanical asphyxw is actually of reflex origin

, “In the expetiments described above. we noticed the following fact. When simulated asphyxia was caused
'by pinching the laryx of a tracheotomized animal, the respiratory motions of the nose and thorax muscles dif-
fered considerably as to force, although they became equally retarded. The amplitude of the thorax motions
" remained about the same or even decreased, while the motions of the nose involved the greatest possible ex-

- ertion of the muscles.

The difference in the reactions of the different groups of réspuatory muscles in the phenomenon mention-
-ed is important to the study of the reflex mechanisms of true asphyxia, and therefore these observations were
made the subject of specfal investigations. We used the electromyographical method for this purpose, as by
that method one can record the activity of separate muscle groups.

In this work, we made comparative studies of the electric activity of two respiratory muscie groups — the
muscles of the alae nasi-and the main respiratory muscle of the diaphragm which principally determines the
vc lume of respiratory movements.



EXPERIMENTAL METHODS

The experiments were done on 14 rabbits welghling 2-3 kg each, ‘The :animals were fixed on thefr backs
and not axicsdlctlzcd. - We recorded the respiratory movements of the nose and diaphragm with an amplifier
and with a Scleifc oscillograph manufactured in' the precision tool shop of the Lensovict Leningrad Technolo-
gical Instftute. The usual amplification was uscd, with which the calibration Impulsc ampl(tudc was 10 mm
with a voltage of 1 mv,

Electrodes from a thin, steel needle covered with an insutating layer of shellac (except for the 1ast 6-8
mm at the tip of the needle) were inscried fnto the muscular part of the dlapfu'agm through the abdominal ér
thoracic wall (from the right) at least 1 cm apart. -The cntry of the necdle was controlled according to the
appearance of rhythmic group discharges, synchronlzcd to the fluctuations of a pneumograph (the tuctiations
of a ray from a small mirror attached to a Marey's capsule were recorded at the same time as the blocurrents
of the respiratory muscles). The electrodes were fixed by picrcing the diap‘tragrn, .€., by pricking it re-
peatedly near the place where the needle was inscrted.

The nose or-larynx was constricted with pinccrs wrapped in cotion.or by the experimenter's hand in a
rubber glove (the latter method was sufﬁcncmly cffcctive and less raumatic) until the. walls of the nostril or
larynx were pressed togethcr Ini most of the experiments with nose constriction, a definite reaction could be

. obtained by pinching only one nostnl This enabled us to use the other nostril to record electromyograms of
the nose muscles. ‘A second pair of needles was inserted into the nose muscles, into the upper and lower portions -
of the right nostril ~ the sections expanding most with inhalation (the largest muscles are the m. levator alae

nasi and the m. orbicularis oris).

EXPERIMENTAL RESULTS

The electric activity of the nose muscles with calm respiration was characterized by continuous impul-
sation, the rate of the pgedominant shythm being about 150-200 impulses per sccond, according to the matn-
tenance of constant tonicity of the open nostrils, "The average discharge amplitude ranged from 0.3-0.5 to
2my, incrcasing with mhalation ’ ' v

’_I‘huevwas a greater incre asc in the ‘dischargc"amplitudé'of the diaphragm during inhdlation, although
continuous dctivity is maintalned between inspiiarionsh the rabbit [13, 15,.16, 18, 20].

In-wrue asphyxia, the electric activity of the alar nose muscles and the dmphragm muscles is considcrably
Antensified. ‘As soon as the reflexogenic zone of the upper respiratory tract is contactcd ordinarily, a dischargc
of high- amplitudc impulscs arises In the muscles of both the nose and diaphragm. This reaction lasts § -1 sce-
ond and-is nonspecific, since it fs also observed with prcssure on any other part of the animal's body. Typicat
respiration retardation occurs immcdiately after ft, and-the amplitude of the nosc muscle action currents with
inspiration Increases sharply (to 4.5-5 mv, sometimes more). There are more sharply defined pauses with ex-
piration, sometimes a complete cessation of activity. Then the same type of. high- amplitude discharges also
appear with expxranon corresponding 10 the expiratory cfforts of the alar nose muscles,

In mechanical asphyxia, the changes in the ¢lectric activity of the diaphragm (as already described by
Ditder {13], Wachholder, McKinley [20], Gesell [14] and others) completely correspond to the changes in the
electric activity of the nose muscles (Fi 1,, 1).

-

, The same conformity has been observcd in the case where. asphyxia is caused by closing the opening of
the tracheal tube, i.e., with direct stimulation of the upper respiratory tract reflexogenic zone excluded, The
elecwic activity of the dlaphragm does not change immediately, but gradually, over a period of 3- 5 seconds, [14]
a3 does the electric activity of the nose muscles,

With simulated asphyxia, the electric acnvity of the diaphragm and nose muscles differed from that ob-
served with true asphyxia. ‘Although the impulsation from the alae nasi retained signs typical of true asphyxia
(sharp increase in amplitudc ~ up to 5 mv - more definite intervals betweer inspiration-and exspiration dis-_
charges), the lmpulsatlon from the dlaph.ragm was completely different.

The Inspiration discharges of the diaphragm, maintaining their gradually increasing character, became
longer and longer and slower and: slower; their amplimdc usually remained about the same, increasing not iore
than 13-2 times if at all, ncver cven approaching the sharp inercase in amplitude characteristic of the nose
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Fig. 1. Electtomyograms of the respiratory muscles in true asphyxia,

Curves from top te bottom show: action currents of nose muscles, action currents
of diaphragm, indication of time (in one sccond marks); a) original background;
b) two seconds after consmiction of the larynx — retarded respiration, simultaneous
Increase in discharge amplitudes of diaphragm and nose muscles.

muscles. We 4lso poted that the amplitude changes with Inspiration and expiration were less distinct (Fig. 2),
again in contrast to the nose muscles.

Now why did the action curtcnts of the nose Increase in amplitude with simulated asphyxia, while those
-of the diaphragm did not? It would scem that fmpulsation from the respiratory center, changing due to the
effect of extraordinary afferent stimulation from the constricted larynx or nose, would affect the constrictions
of both thediaphragm facial muscles equally.

Fig. 2. Elecromyograms of respiratory muscles ln simulated asphyxia causod by clos-
ing one nostril of a tracheotomized antmal.

Curves from top to bottom show: action currents of nose muscles, action currents of .
diaphragm muscles, pneumogram, {ndicatlon of stiraulatfon (closing nostril), indica-
tion of time (In 1 second marks), Respiration retarded as in true asphyxia, but chara-
cter.of changes in discharge amplitude {s different — action current discharges of nose
muscles are greater, those of the diaphragm muscles — smaller.

~The mechanism of this phenomenon scems to be associated with peculiarities in the neryous regulation
of the respiratory muscles. The tmpulses from the respiration center, before reaching the diaphragm and nose
muscles, enter their motoneurons, especially the nuclei of the facial nerve (in the brain stem) and- the nucled -
of the phrenic nerve in the cervical part of the spinal cord (G-
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The toaction of thew tnotoncutons to Iimpulses from the resplration center depends on thelr excltability,
which Is regniated by afferent Influcnces from the perlpliety, These fatter are different i true and sinmilated
asphyxia,

b true asphyxia, both the motonecurons of the upper respiratory tract muscles and motoneurons of the dia-
phragm undergo sharp afferentation distuthances: in the first, this s duc to the dircct stimulatlon of the upper
respiratory tract receptors caused by pressure on them, n the sccond, to the helghtening of {ntrapulmonic pres-
mre, This Jast factor Is lacking in stmulated asphyxia since, tn tracheotomized animals, the lungs have free
access to the outside alr through the opening in the trachea,

As a result, the oxcitability of the phrenic nerve center is lower than that of the facfal nerve center, which
causes the Impulsation froin the respiration center to be manifested especially strongly in the nose muscles, and
sometimes earlier than in the diaphragm.

Thercfore, It follows that n true asphyxia, the fntensificd operation of the diaphragm fs largely caused
by the hejghtencd excitability of its spinal center which, fn. tum, depends on the local, peripheral infliences
caused by cxtraordinary tmpulsation from the pleura, lungs and actual diaphragm.

The cxcltnblllty of the respiratory muscle montoncurons.can be ratsed by the Inﬂucncc of {mpnlsatfon
from the braln stemn centers regulating muscular tonicity, as well as from the pc,r!phcry due to {mpulsation from
the receptors of the respiratory tract. In this way, scrious respiratory disturbances, associated with a sharp in-
crease In musculartonicity, arc kiown to occur both clinfcally [2, 9] and experimentally [3, 4, 10, 11, 12, 17]
in decerebrate rigidity, These distuchances arc especially pronounced during attacks of rafsed muscular tonicity
[8]. Mislavsky [5] has already shown that these disturbances depend on disturbed montoncuron excitability, and
not on disturbances fn the functlon of the respiration center fn the moedulla oblongata. It has recently been es-
tablished that-theso resplratory disorders disappear when the stem fs transccted at the level of the VIII palr of
cranial nerves (helow Delter's nucleus), i.e., after a transcction ‘which also removes the phicnemenon of decere -
brate rigidity [10, 12, 19].

. ‘Theréfore, both our experiments and the literature datashow that, whon analyzing respiratory disturbances,
onc st consider the condition of the peripheral neurons as well as that of the respiration center. The qualita-
tive and quantitative characteristics of the respiration type in various pathological processes can evidently de-
pond on the excitability of these motoncurons.

SUMMARY

Elccirle actiyity of the muscles of the noseand of the diaphragm was Investigated fn rabbits. It was re*
vealed that the amplinides of action currents of these muscles grow simultancously in true asphyxrid. In "sinnla
“ted asphyxta,” Le., In distirhances of respiration cansed by obstruction of nestrils or trachea In trachcotomized
antmals, the clectzle acrivity of the diaphiagm is changed much-less than jn that- of niosc mmscles. - Ahalysisof -
this phenomenon suggests that the character of the movements of respiratory muscles is determined ot only by
the character of Tmpulses from the respiratory center, but adso by the change in excitabiltty of peripherat motonenrons.
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