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.Studying the reflex mechanisms ofrespiratury disorders in lesions of the lungs and upper respiratory tract, 
we, 1Lke many other researchers [7], have often observed the complete conformity of the nose and diaphragm 
respiratory motions in tracheotomized animals.- 

We cal led these respiratory motions of tile facial muscles in tracheotomized animals "simulated respka- 
tion" [8], as tlm phenomenon ts shnilar to the Wsimulated feeding" ofesophagotomized animals. "Simulated 
feeding" greatly affects the function of the gastro-intestinal tract, and "simulated respiration" has a similar 
effect on the act ofrespkation. I f  the nostrils of a trachcotomized animal are pinched, the animal's breathing 
wfl! become slower; even though there is nothing to hinder the intake of air through the trachea. We named 
thLs phenomenon.*slmulatcd asphyxia." Klod Bcmar [I] has already shown that constriction of the larynx causes 
similar respiratory changes: 

From these observations, tt follows that the inhibition of respiration up to. prolonged.pauses which occurs 
from. the very flr~t moments of mcch.alltcal asphyxia is actually o.f reflex origin. 

. . . -  . 

'In the experiments described above, we noticed the following fact. When simulated asphy'xia wa~ caused 
b y  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 posstble ex- 
~t ion of the muscles. 

The difference in the reactions of the different groups of resptratory 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 speeiaI investigations. We used the eleetromyographleal method for thIs purpose, as by 
that method one can record the activity of separate rrmsele groups. 

In this work, we made comparative Studies of the electric activity of two respiratory muscte groups - .We 
muscles of  the alae nasi-and the main respiratory muscle of.the diaphragm which principally determines the 
w '~ume of respiratory movements. 
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E X P E R I M E N T A L  METI IODS 

The experiments were done on 14 rabbits weighing 2-3 kg each~ The:animals Were fixed on tiielr back.~ 
and not anesthetized.  We recorded file respiratory movements of the  nose and dlapkragm with an amplifier 
and with a $clelfe oseillograpt! manufactured in the precision too ! shop of the D2nsovlCt Leningrad Tc!tmolt~- 
gleal Institute. The usual amplification was u~d, with which the calibration Impulse amplitude was 10 rant 
with a voltage of  1 my. 

gleetrodes from a thin, steel needle covered with an Insulating layer of shellac (except for the last 6- 8 
mm at the tip o f  the needle) were Inserted into the niuseular part ofthc dlapkragm through the abdomblal or 
lhoraelc wail ( f romlhe right) at least 1 cm apart. T h e  entry of the needle was controlled according to the 
appearance of rhythmic group discharges, synchronized :to the fluctuations of a pneumograph (the Iluentatlons 
of a ray from a small mirror attached to a Marcy's eapmle were recorded at the same tfme as the bloeurrents 
of the respiratory muscles). The electrodes were fixed by "piercing" the dlap!tragrn, I.e., by pricking it're- 
peatedly near the p lace  where the needle was Inserted. 

The nose orlarynx was constricted with pincers wrapped:hi cotton or by the experimenter's hand in a 
tubber glove (the latter method was sufficiendy effective and le~ I traumatic) until the walls of the nostril or 
larynx were pressed together~ In most of the experiments with nose constriction, a definite reaction could be 
obtained by pInchIng only one nostril. This enabled us to use the other nostril to record electromyogramsof 
the n0se muscles. A second pa i ro f  needles Was Inserted Into the nose muscles, Int0 the upper and lower portions 
of  the right nostr i l -  the sections expanding, most with inTialati6n (the largest muscles ,'u'e t h e m .  levator alae 
hast and the m. orbtcularls orts). 

E X P E R I M E N T A L  RESULTS 

The electric aciivity of the nose musics with calm respiration was Characterized by continuous impul- 
$ation, the rate of  the pgcdominant rl~ytinn being about 150-200 impulses per second, according to the main- 
tenance of constant tonlcity of the open nostrils. The average discharge amplitude ranged from 0.3-0.5 to 
2 my, increasing with inhalation. 

There was a greater increase in tile discharge amplItude o f  tile diapttragm during inhalation, although 
continuous activity ts maintained between inspirations in the rabbit [13, 15, 16, 18, 20]. 

In t rue  asphyxia, the electric activity of the alar nose muscles ,and the diaphragm mu~les is considerably 
Intensified. As soon as the reflexogenic zone of the upper respiratory tract Is contacted, ordinarily, a dtseh0rge 
of  high-amplitude impulses arises In the muscles of both the nose and diaptLragm. Thl.~ reaction lasts �89 sec- 
ond andis  n0nspecific, since It 1~ also observed with pressure on any other part of the-animal's body. Typical 
respiration retardation occurs immediately after It, and the amplitude o[ the nose muscle action currents With 
Inspiration Increases sharply (to 4.5-5 my, sometimes more). There are more sharply defined pauses with ex- 
piration, sometimes a complete cessation of activity. Tficn tim same type o f  high-amplitude discharges also 
appear with expiration, corresponding to rite expiratory efforts of the alar nose muscles. 

In mechanical asphyxia; the changes in the electric activity of the diaphragm (as already described by 
Dlttler [13], Wachholder, McKinley [20], Gcsell [14] and others) completely correspond to the changes in ttie 
eleetrtc activity o f the  nose muscles (Fig. 1). 

The same conformity has been observed In the case where asphyxia Is caused by closing die opening of 
the tracheal tube, I.e., with direct stimulation of the upper respiratory tract reflexogentc zone excluded. The 
electric .ac.tlvtty of the dlap..kragm doesnot change Immediately, but gradually, over a period of 3- 5 seconds, [14] 
�9 .s does the electric activity o f  the nose muscles 

With slrnulhted asphyxia, the electric activity of the diaphragm and nose muscles differed from that 0b- 
served with true asphyxia. Although the impulsation from the alae nast retaIned signs typical of Ixue asphyxia 
(sharp Increase In amplitude - up to 5 my - more definite intervals between inspiration and exsplratlon dis- 
charges), the lmpulsatlon from the diapitragm was completely different. 

The Inspiration discharges O f the diaphragm, maintaining their gradually increasIng Character, became 
tongef and longer and slower and slower; their amplltude usually remaIned about the same, increasingnot more 
than 1~ -2 tinles tf at all, nc:ver even approaching the sharp increase in amplitude characteristic of the nose 
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Fig. 1. glectromyograms of the respiratory muscles in true asphyxia. 
Curve*. from top to bottom show: action currants Of nose muscles, action currents. 
of diaphragm, indication of time (in one second marks); a) original background; 
b) two seconds after constzlctlon of thc larynx - retarded respiration, simultaneous 
increase in discharge amplitudes of diaphragm a~Id nose musclcs. 

muscles. We also noted that the amplitude changes with Inspiration and Oxpiration were less distinct fFig. 2), 
again tn contrast to the nora muscles. 

Now why did the action Currents of the nose Increase in amplitude with stnmlated asphyxia, while those 
o f  the diaphragm did not ? It would seem that tmpulsation 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. 

Flg. 2. E1ectromyograms of respiratory muscles in simulated asphyxia caused by Clos- 
ing one nostril ofa txacheotomlzed animal. 
Curves from top to bottom show; action currents of nose muscles, action currentsof 
diaphragm muscles, pneumogram, indication of s~mulatlon (closing nostril), indica- 
tion of tlme (in I second marks). Resptratlon retarded as in true asphyxia, but chara- 
ct~Lof changes in discharge amplitude Is differen t -action current discharges of nose 
muscles are greater, those of the diaphragm muscles- smalJer. 

�9 The mecnantsm of m! s phenomenon seems to be associated with pecullarities In the nervous regulation 
of the r~splratory muscles. The Impulses from the respiration center, before reaching the diaphragm and nose 
muscles, enter their rnotoneurons, espcclally the miclel of the facial nerve (in the brain stem) and the nuclei �9 
of the phrenic nerve in the ccrvlcal part of the spinal cord (C4). 

1060 



' l 'h0 ltJIIl~t|Oll ot' fllcra~' lllofoll(~UlOll~ In Impulse.~ fronl th~ l'cslflr,'lflOll C(;lltCl dcpt~'lld,l Olt their t~xcl tabl l l ly ,  
~bl th  I~ ~cgulat~d by affcrc.l hlfl .e.cc~ from fi,e p,:rlphety, Thc~ latter ,are different Ill trlle ,'l~ld sit,related 
t~phyxl~t. 

In true a~phyxla, both the motoneuror|~ of the upper reaplratory t r o t  mu~le~ and motoueuron~ of the dla- 
i ~ a g m  tmdergo ~harp afferentaflon dl.m,rbm~cc~: In the flr.~t~ thl.~ Is due to the direct stimulation of the upper 
m~lrarory tract receptors cau~d by pre.c~ure on them, In the  ~cond,  to the helyJ~tcning of lntrapuhnonle pres- 
rare, This last fad;tot Is lacking In simulated asphyxta since, tn tracheot0mlzcd animals, the lungs have free 
access to the outside air through the opening ht the trachea, 

&s a ~c~ult~ tim exc|tablllty of the phrenlc nerve center Is lower thma that of  the facial nerve center, which 
causes the hnptflsatlon from the re~lratlon c(:.tcr to be manliEr'ted especially .~trongly In the no~  mu.~cles, and 
tometlmes earlier thm~ In the diaphragm. 

Therefore. It follow.~ that In mm asphyxia~ the Intensified operation of the dlaphragrn Is largely eau~d 
by the heightened excitability of tt.~ sph,al center which, tn turn, depends on the loca), perlpheraI InflUEnces 
cau~d  by extraordinary hnp~Isatlon from the pleura, lungs and actuM diaphragm. 

The excitability of  the rc.~pirat0ry mu~le  montoneurons cm~ be ral~d by the Influenc e of lmpnlsatlon 
from tim brain ~tetn ccntcr.~ rcgulat!ng mu~ulm" tonlclty, as well a.~ from the periphery due to hnpulsatlon from 
the receptors of  the rc.~plratory tract. /J~ tiffs way~ ~crlous re~lratory dtsturbauccs, asmclatcd Wlth a sharp h~- 
crettm In nmsc.lart(,nlcity, are lumwn to occur both clinically [2, 9] .'rod experhncntally [3, 4, 10, 11, 12, 17] 
In deccrcbratc rigidity. "l'bcsc dlsturbmlces arc especially pronounced during attacks of  ra l~d mu:cular toniclty 
[g]. Mi~Iavsky [5] leas already ~town that the~c disturbances depeud on disturbed montoueuron excttabilfty, m~d 
not on dl.~turbauccs In the fimctlon of the rc.~plratlon center ht tile medulla oblongata, II has recently been es- 
tabll.~hed that these re.nplral0ry dl~rdcrs dlr, aplx;ar wben file stem Is tr,'ulsected at the level of the VIII pair of 
cranial ucrve~ (below Dclter's nucleus), I.e., after a tr.'mscctlou wh Ich aim removes the phenornelmn of deeerc - 
brate rigidity [10, 12, 719]. 

Therefor(-. both our experlnlcnts aml tht. lit(:rallwc data show thai0 whol! ,'malyzlng re~tratory disturbances, 
one nms~ co.sldcr thi; condition of the peripheral neurons as well ,'is that of the resptratloit touter. The quallta- 
five and q.antltatlve charactcrl~llcs of the respiration type In vario.s pathological proces.~cs -ca~ c vldently de- 
pond on the c• of these n~otolleuro~s. 

S U M M A R Y  

Electric ,'uzllvJty of the mu~les  of lh(..oscatld of tht~ diaphragm wa.q h|vcstigated hi rabbits. I t  wa:; re ~ 
vealcd Ih,nt the amplh.,Ics of action c.rrcnts of thc~ mu.~les grow shnult;u~eously In true asph).'xla, hi ".~iINNI:~. 
ted asphyxia~ I.e., In dl,~t,rbanccs ofresplralton caused by obglructlon of nostrll.~ or trachea In trach('otomtzed 
animals, th,J electric ,activity of the diaphragm ts changed nmch.lcss th.'ul tn that. of no~  m n ~ l e s .  Ahalysts'of 
this phcno,.an0u .-,.i;gcsts that tbc char;rarer of Ill(; movements of re.~ptralory liws('h's is th,lcrllfillcd ilot (rely by 
th~ (:haravt(:r {,l !ml).l.n~,a froth I111' r('sl)ir;tt()ry ~:('lll(~r, b.t  a l ~  I).y the ('hallg(' ill excltabilt lyoflwrlplwr:~l fllOtt)ilt'llF4~lfS. 
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