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Invest igat ions c a r r i e d  out on man and animals  have shown that pass ive  movements  i nc r ea se  the 
pu lmonary  venti lat ion [2, 3, 7, 9]. This is explained by assuming  that when the ske le ta l  musc l e s  a r e  
s t r e t ched ,  the mechano recep t o r s  p resen t  in musc les  and tendons a r e  s t imula ted ,  caus ing r e f l ex  exci tat ion 
of the r e s p i r a t o r y  cen te r  and an i nc rea se  in the intensi ty of r e sp i ra t ion .  It  is cons idered  that these  r e -  
f l exes ,  commonly  ca l led  p ropr iocep t ive  r e s p i r a t o r y  re f l exes ,  play an impor tan t  ro le  in inc reas ing  the 
venti lat ion of the lungs during m us cu l a r  work.  

The question has been r a i s ed  whether  the influence of p ropr iocep t ive  r e s p i r a t o r y  re f l exes  (like other  
r e f l ex  influences act ing on the r e s p i r a t o r y  center )  is l imi ted  to a change in the magnitude of pu lmonary  
venti lat ion or  whether  they can fo r ce  a new rhy thm of r e sp i r a t i on  on the r e s p i r a t o r y  cen te r ,  coinciding with 
the rhy thm of the re f lex  influences.  

According to the v e r y  l imited informat ion in the l i t e r a tu re ,  during a r t i f i c ia l  r e sp i r a t i on  the rhy thm 
of na tura l  r e sp i r a t i on  is modified,  coming c lose  to the rhy thm of a r t i f i c ia l  inspi ra t ion  and expira t ion [4,8]. 
It  has a lso  been noted that during rhythmic  s t imulat ion of the mucous m e m b r a n e  of the r e s p i r a t o r y  t r a c t  
the r e sp i r a t i on  ra t e  s o m e t i m e s  coincides with the f requency  of s t imula t ion  of the mucous m e m b r a n e  [1]. 
Muscu la r  work  in man has also been shown to affect  the r e sp i r a t i on  rhy thm [2]. 

The object  of the p re sen t  invest igat ion,  c a r r i e d  out on an imals ,  was to de t e rmine  whether  during 
re f lex  action on the r e s p i r a t o r y  cen te r ,  it is dr iven by the rhy thm of s t imulat ion,  i. e. ,  whether  ~a hi ther to  
al ien rhy thm is adopted as its own" [5]. 

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on 70 ca ts  anes the t ized  with e the r  and urethane.  Ar t i f ic ia l  r e s p i r a -  
tion was c a r r i e d  out with an appara tus  making it poss ib le  to change the volume of a i r  pumped into the lungs 
and the f requency  of inhalation. The a r t i f i c ia l  r e sp i r a t ion  appara tus  was connected through a t h r e e - w a y  
tube to the t r achea  and to a M a r e y ' s  capsu le  a t tached to a "Diza" e l ec t romyograph ,  which was used to 
r e c o r d  the e lec t r i ca l  ac t iv i ty  of the r e s p i r a t o r y  musc l e s  and of the ne rves  supplying them.  

In one s e r i e s  of exper iments  the conditions of a r t i f i c ia l  r e sp i r a t ion ,  mainly  the f requency  of expan-  
sion of the lungs, w e r e  modified within wide l imi ts .  To p reven t  the development  of hypocapnia,  inf luenc-  
ing the r e s p i r a t o r y  rhythm,  3 - 4 ~  CO z was added to the a i r  blown into the lungs. In another  s e r i e s  of 
exper imen t s  the effect  of pass ive  l imb movements  on e l ec t r i ca l  act iv i ty  of the r e s p i r a t o r y  musc les  was 
studied.  These  movemen t s  we re  produced by e l ec t r i ca l  s t imula t ion  of the l imb musc les  or  they were  
c a r r i e d  out by the expe r imen te r ,  who modif ied the rhy thm of flexion and extension of the l imb (using a 
me t ronome) .  

In the 3 rd  s e r i e s  of exper imen t s  the changes  produced in the rhy thm of r e s p i r a t i o n  by s t imula t ion  
of the m e c h a n o r e c e p t o r s  of the t r achea l  mucous  m e m b r a n e  by a s t r e a m  of a i r  supplied at dif ferent  f r e -  
quencies  f r o m  the a r t i f i c ia l  c i rcu la t ion  appara tus  we re  studied.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Usually a few seconds a f t e r  changing to a r t i f ic ia l  r e sp i ra t ion ,  with a f requency  of lung expansion 
widely different  f r o m  the na tura l  r e sp i ra t ion  ra te ,  changes were  obse rved  in the e l ec t r i ca l  act iv i ty  of the 
r e s p i r a t o r y  m u s c l e s .  It  is c l e a r  f r o m  Fig. 1 that  1 rain a f t e r  the beginning of a r t i f i c ia l  r e sp i r a t i on  the 
duration of individual vol leys becam e  uneven and r e sp i r a t i on  was s l ight ly slowed. Af ter  a r t i f i c ia l  r e s p i r a -  
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Fig.  1. Dynamic driving of the new r e s p i r a t o r y  rhy thm during a r t i f i c ia l  venti lat ion of the 
lungs. A - e l e c t r i c a l  act iv i ty  (EA) of i n sp i r a to ry  and exp i ra to ry  musc les  during na tura l  
r e sp i r a t i on .  F r o m  top to bot tom: EA of d iaphragm;  integrat ion cu rves  of EA of in sp i r a to ry  
and exp i ra to ry  m us c l e s ;  pneumogram;  EA of in ternal  in te rcos ta l  musc l e .  B - E A  of 
r e s p i r a t o r y  musc l e s  1 rain a f t e r  beginning of a r t i f ic ia l  r e sp i r a t ion .  F r o m  top to bottom: EA 
of d iaphragm;  integrat ion cu rves  of EA of i n sp i r a to ry  and exp i ra to ry  musc l e s ;  cu rve  of 
a r t i f i c ia l  vent ial t ion of ltmgs; EA of in ternal  in t e rcos ta l  musc le .  C - E A  of r e s p i r a t o r y  
musc l e s  a f t e r  a r t i f ic ia l  r e sp i r a t i on  fo r  4 rain. Legend as in B. 
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Fig. 2. Effect of division of the vagus nerves in the neck-on driving by the rhythm of artificial 
respiration. A-before division of vagus nerves; natura~respiration. From top to bottom: EA 
of diaphragm; integration curves of EA of respiratory muscles; pneumogram; EA of internal 
intercostal muscles. B-58 rain after division of vagus nerves; artificial respiration (I0 rain). 
From Lop to bottom: EA of diaphragm; integration curves of EA of respiratory muscles; curve 
of artificial ventilation of lungs; EA of internal intercostal muscle. 
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Fig.  3. Dr iv ing of r e s p i r a t o r y  rhy thm during a r t i f i c ia l  venti lat ion of the lungs a f te r  admin -  
i s t ra t ion  of r e l axan t s .  A - N a t u r a l  r e sp i r a t ion .  F r o m  top to bottom: EA of d iaphragm; in-  
tegra t ion  cu rves ;  r ecord ing  of work  of a r t i f i c ia l  r e sp i r a t ion  appara tus  (stage not connected 
to animal);  EA of phrenic ne rve .  B - A r t i f i c i a l  venti lat ion of lungs a f t e r  injection of re laxant .  
Legend as in A. 
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Fig. 4. Dr iv ing of r e s p i r a t o r y  rhy thm by pas s ive  l imb movemen t s .  A - E A  of d iaphragm during 
repea ted  f lect ion and extension of l imb. F r o m  top to bottom: EA of d iaphragm before  pass ive  
movemen t s ;  EA of d iaphragm af te r  pass ive  f leet ions and extension of the l imb for  3 min; 
m e c h a n o g r a m  of f lect ion and extension of l imb.  B - E A  of r e s p i r a t o r y  musc les  during pass ive  
l imb movements  caused by repea ted  e lec t r i ca l  s t imulat ion of the l imb musc l e s .  F r o m  top to 
bot tom: EA of d iaphragm before  pass ive  movemen t s ;  EA of in ternal  in te rcos ta l  musc le  b e -  
fo re  pass ive  movement s ;  EA of d iaphragm af te r  pass ive  l imb movements  fo r  4 rain; EA of 
in te rna l  in t e rcos ta l  musc le  a f t e r  pass ive  l imb movements  for  4 rain; m a r k e r  of e l ec t r i ca l  
s t imulat ion.  
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t ion fo r  4 min (Fig. 1, C), the f requency  of i n sp i r a to ry  and exp i ra to ry  vol leys  inc reased  cons ide rab ly  and 
individual vol leys  coincided to a l a rge  m e a s u r e  in t ime  with the phase  of expansion of the lungs. In this 
c a s e  the na tu ra l  rhy thm of the r e s p i r a t o r y  cen te r  was rep laced  by the dr iving rhy thm of r e sp i r a t ion .  

The d is turbance  of the n o r m a l  r e s p i r a t o r y  rhy thm obse rved  a f t e r  changing to a r t i f i c ia l  r e sp i r a t i on  
m a y  be r ega rded  as re f lec t ing  a "confl ic t  ~ between the na tu ra l  rhy thm of r e sp i r a t i on  and the re f lex  influ- 
ences  on the r e s p i r a t o r y  cen te r  a r i s ing  during a r t i f i c ia l  venti lat ion of the lungs. During r e p e a t e d s t i m u -  
lat ion of the r e s p i r a t o r y  cen te r ,  the n o r m a l  rhy thm of r e s p i r a t i o n  is s u p p r e s s e d  by the dr iving rhythm.  
In mos t  exper imen t s  this adoption of the new r e s p i r a t o r y  rhy thm took place a f t e r  1-6 mi~ of a r t i f i c ia l  
r e sp i r a t i on .  If anes thes ia  was v e r y  deep, dr iving of the new rhy thm of r e sp i r a t i on  was sl ight  or  absent  
a l together .  Af ter  vagotomy,,  the abi l i ty  of the rhy thm of a r t i f i c ia l  venti lat ion of the lungs to dr ive  the 
r e s p i r a t o r y  cen te r  d i sappeared .  

I t  is c l ea r  f r o m  Fig.  2, B that  a f te r  vagotomy,  as might  be expected,  r e sp i r a t i on  b e c a m e  s lower  and 
r ema ined  the s a m e  despi te  the fac t  that  the f requency  of lung vent i la t ion was twice as f a s t  as the na tura l  
r e s p i r a t i o n  r a t e .  The blocking of p ropr iocep t ive  r e s p i r a t o r y  re f l exes  obse rved  a f t e r  intravenous injection 
of a re laxan t ,  while the vagus ne rve s  r e m a i n e d  intact ,  did not p revent  enforcement  of the dr iving rhythm.  
I t  may  be  seen  f r o m  Fig.  3, B that  a f t e r  injection of r e laxan t ,  a r t i f i c ia l  r e sp i r a t i on  fo r  3 rain caused  def in-  
ite synchronizat ion  of the phases  of the i n sp i r a to ry  vol leys  in the phrenic  ne rve  with the phases  of lung 
venti lat ion.  

During in te rmi t ten t  s t imulat ion of the t r achea l  mucous m e m b r a n e  by a je t  of a i r ,  d iscoordinat ion of 
the r e s p i r a t o r y  movemen t s  took place ,  but the r e s p i r a t o r y  rhy thm was not dr iven by the rhy thm of s t imu la -  
tion. Usual ly  a f t e r  a few minutes  of s t imulat ion of the t r achea l  mucous m e m b r a n e  the r e s p i r a t o r y  rhy thm 
r e v e r t e d  to n o r m a l .  This  sugges ts  that  in this pa r t i cu l a r  c a s e  the mechano recep to r s  of the t r achea l  
mucous m e m b r a n e  b e c a m e  adapted to the action of the mechan ica l  s t imul i .  

To de t e rmine  the ro le  of the p ropr iocep t ive  r e s p i r a t o r y  re f l exes  in enforcement  of the new r e s p i r a -  
to ry  rhy thm,  the effect  of pass ive  l imb movemen t s  of the exper imenta l  an imal  on the r e s p i r a t o r y  rhy thm 
was inves t igated.  Within a few seconds a f t e r  the beginning of pass ive  movemen t s ,  the r e s p i r a t o r y  rhy thm 
changed and diseoordinat ion of r e sp i r a t i on  developed as was obse rved  during a r t i f i c ia l  r e sp i r a t ion ;  l a t e r  
the r e s p i r a t o r y  rhy thm gradual ly  began to approach  the rhy thm of pass ive  movemen t s  m o r e  c lose ly  (Fig.4).  
This  driving of the r e s p i r a t o r y  cen te r  by the rhy thm of these  movemen t s  p e r s i s t e d  a f t e r  division of the 
vagus ne rves  in the neck,  and this may  be unders tood because  the a f fe ren t  f i be r s  of the p ropr iocep t ive  
re f l exes  enter  the cen t ra l  nervous  s y s t e m  through the spinal  cord .  It  r ema ined  to be d i scovered  whether  
only the bulbar  r e s p i r a t o r y  cen te r  can be dr iven by the new rhy thm of r e sp i r a t i on  or whether  this dr iving 
was due to the influence of higher  levels  of the b ra in  in c lose  assoc ia t ion  with the r e t i cu l a r  fo rmat ion  of 
the medul la .  To invest igate  this p rob lem,  cats  w e r e  d e c e r e b r a t e d  and invest igat ions were  c a r r i e d  out to 
d i scover  if the i n sp i r a to ry  and exp i r a to ry  e l ec t r i ca l  act iv i ty  of the i r  r e s p i r a t o r y  musc l e s  changed in 
r e s p o n s e  to changes in the f requency  of a r t i f ic ia l  lung venti lat ion.  I t  was  found that  a f t e r  dece rebra t ion ,  
dr iving of the r e s p i r a t o r y  rhy thm could s t i l l  take place.  

The  expe r imen ta l  r e su l t s  desc r ibed  in this paper  af ford  proof  that  the r e s p i r a t o r y  cen te r  can 
synchron ize  its act ivi ty  with the rhy thm of incoming s t imul i .  Although enforcement  of a new r e s p i r a t o r y  
rhy thm can s t i l l  take place a f te r  deee rebra t ion ,  when influences of higher  levels  of the bra in  on the bulbar  
r e s p i r a t o r y  cen te r  a r e  r em oved  in na tu ra l  condit ions,  as invest igat ions on man have shown [2, 6], the 
h igher  levels  of the cen t r a l  nervous  s y s t e m  play an impor tan t  ro le  in the fo rma t ion  and enforcement  of 
the new r e s p i r a t o r y  rhy thm.  
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