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The cause  of the dep res s ion  of r e sp i r a t i on  and the development  of a re f lex ia  in the f rog  a f te r  exclu-  
s ion of the a f fe ren t  s y s t e m  of the vagus ne rve s  has not been  f inal ly se t t led .  Af te r  b i l a t e r a l  vago tomy or  
blocking confined to the aor t ic  ref lexogenic  zone, some  authors  [4, 6] have obse rved  i r r e v e r s i b l e  r e s p i r a -  
tory  a r r e s t  and a re f lex ia ,  t e rmina t ing  in death of the f rog .  The r e su l t s  of many  invest igat ions [1-6] have 
shown that the act ivi ty  of the r e s p i r a t o r y  cen te r  in amphibians in mainta ined by  a f fe ren t  impu l ses  a r r iv ing  
mainly  f r o m  the ao r t i c  ref lexogenic  zone, and fo r  that r e a son  humora l  s t imul i  a r e  no longer  adequate for  
s t imula t ing  its act iv i ty  a f t e r  deafferenta t ion.  Invest igat ion of the constant  po lar iza t ion  potenials  (CPP) of 
the f r o g ' s  medulla  be fo re  and a f t e r  vagotomy r evea l ed  the development  of hyperpolar iza t ion ,  agains t  the 
background of which p a r o x y s m a l  insp i ra t ions  developed and r e sp i r a t ion  ceased .  Since the h y p e r p o l a r i z a -  
tion developed at a t ime of def ic iency of a f fe ren t  excitation, i twas  desc r ibed  by  G. N. Sorokhtin [6] as 
pass ive ,  in con t r a s t  to the act ive p r o c e s s  of hyperpo la r i za t ion  inhibition. It has been concluded f r o m  the 
invest igat ions of Yu. B. T e m p e r  [7] that the r e s p i r a t o r y  a r r e s t  and a re f l ex ia  a r i s ing  a f t e r  division of 'the 
supe r io r  l a ryngea l  b ranches  of the vagus ne rves  a r e  r e v e r s i b l e ,  for  the r e sp i r a t i on  and r e f l exes  were  
r e s t o r e d  fully and spontaneously  within a few hours .  It has a lso  been r e p o r t e d  that appl icat ion of the ca th -  
ode of a d i rec t  cu r r en t  to the medul la  [1, 3], and s t imula t ion  of the cen t ra l  end of the divided vagus [4] o r  
sc ia t ic  [5] ne rves  r e s t o r e d  r e sp i r a t i on  in a per iod  of comple te  apnea.  

The object  of the p r e s e n t  invest igat ion was to continue the study of the CPP not only in the medul la ,  
but a lso  in the spinal  cord  and ske le ta l  musc le ,  by record ing  the s ta te  of the r e sp i r a t ion ,  r e f l exes ,  and 
ca rd iac  au toma t i sm  a f te r  deaf ferenta t ion  of the r e s p i r a t o r y  cen te r .  

E X P E R I M E N T A L  M E T H O D  

Deafferenta t ion was c a r r i e d  out e i ther  by applying a sponge soaked in 2% proca ine  solution to the 
dorsa l  su r face  of the b i furca t ion  of the aor ta  or  by b i l a t e ra l  vagotomy as desc r ibed  p rev ious ly  [4, 5]. The 
inves t igat ions  were  conducted in the autumn and winter  on Chinese (Rana chensinensis)  and g r a s s  (Rana 
t empora r ia )  f rogs .  The i r  CPP were  m e a s u r e d  by the method of graded  compensat ion ,  using a P-307  high- 
r e s i s t a n c e  po ten t iomete r .  The null indicator  was a m i r r o r  ga lvanomete r  (sensi t iv i ty  10 -s  A / m m / m ) .  The 
CPP were  detected by Dubo i s -Reymond ' s  nonpolar iz ing e l ec t rodes ,  and the indif ferent  e lec t rode  was ap-  
pl ied to the dene rva ted  and humora l ly  i so la ted  zone of the r ight  leg.  The ac t ive  e l ec t rodes  were  used  to 
r e c o r d  the CPP a l t e rna te ly  f r o m  the medulla  and the dorsa l  su r face  of the clara ove r  the l umba r  en l a rg e -  
ment  of the spinal  cord.  The third ac t ive  e lec t rode  r eco rded  the potent ial  f r o m  the su r f ace  of the exposed 
gas t rocnemius  musc le  of the left  leg. Concurrent ly ,  by means  of an osc i l lograph ,  the r e s p i r a t o r y  m o v e -  
ments  and the hea r t  r a t e  we re  recorded ,  and the re f lexes  to tact i le  and mechan ica l  s t imula t ion  of the skin 
of the fo re l imbs  were  per iod ica l ly  tes ted.  

EXPERIMENTAL RESULTS 

After anesthesia of the aortic rcflexogenic zone or bilateral vagotomy, the frogs stopped breathing 
and p a r o x y s m a l  insp i ra t ions  (gasps) appeared .  Gradual ly  the gasps  b e c a m e  l e s s  f requent  and were  r e -  
p laced  by osci l la t ions  of the buccal  d iaphragm.  Apnea then followed, and the re f lex  exci tabi l i ty  was de-  
p r e s s e d  and gradual ly  ext inguished comple te ly .  The f rog  appeared  to be dead, and only the cont rac t ions  
of i ts  hea r t  showed that it was in a s ta te  r e s e m b l i n g  s leep.  Some tens of minutes  l a t e r  groups  of r e s p i r a -  
tory  movemen t s  re turned ,  and eventual ly t rue  r e s p i r a t o r y  movements  were  r e s t o r e d .  Af ter  the r eappea rance  
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TABLE. Magnitude and Duration of Changes in Constant Polar iza t ion  Potent ia ls  in 
the Central Nervous System and Skeletal Muscle a f te r  Deafferentation of the Re-  
sp i ra to ry  Center l~ean Data). 

Duration(in rain) 

2nd phase of 
P lace  of m e a s u r e -  1st phase of Ihyperpolarizat ion 

merit depolar izat ion I i  inc rease  ]decrease 
] 

blocking of r ecep to r s  of aor t ic  zone 

Spinal cord  21• [13• 40• 0.8• 
Skeletal muscle  27• [34• 55• 1.1• 

b i la te ra l  vagotomy 

Medulla [ 7• 119• [ 53• ! 1.2• 
Skeletal muscle  16• [ 25• 62• 0'9+0.29 

of respi ra t ion ,  the ref lexes  and movements  of the boby re turned .  Pa ra l l e l  with the 
hyperpolar iza t ion developed in the medulla and spinal cord  and also in the skeletal  

Magnitude of I 
hyperpola rization[ Number o f  
(in mV) ] exper iments  

] 

13 
20 
36 

10 
10 

phenomena descr ibed,  
muscle  (see Table). 

At f i r s t  when the sponge with proca ine  solution was applied to the bifurcat ion of the aorta ,  r e s p i r a -  
tion was s t imulated and p r i m a r y  depolar izat ion developed in the medulla (Fig. 1). Respira t ion then stopped, 
coinciding with repolar izat ion,  soon changing into hyperpolar izat ion.  Against this background of an in-  
c reas ing  e leet roposi t ive  potential,  gasps appeared and evoked shor t  e lectronegat ive waves,  which did not 
i n t e r f e re  with the p rogress ive  inc rease  in hyperpolar iza t ion .  In the p rocess  of development of hyperpo la r i -  
zation in the medulla,  the osci l la t ions of the buecal  diaphragm were  rapidly extinguished and by the 22rid 
minute r e sp i ra t ion  stopped. Hyperpolar iza t ion continued to increase  for  a short  t ime, and then gradually 
dec reased .  When the potential of the medulla had re tu rned  to its initial level,  the r e s p i r a t o r y  movements  
were  r e s t o r e d  and were  accompanied by slow negative waves, with a potential measur ing up to -1 inV. 
With the r e tu rn  to normal  respi ra t ion ,  the fluctuations of potential  gradually became less  f requent  and 
sma l l e r  in amplitude. As the activity of the r e s p i r a t o r y  center  was subsequently r e s to r ed ,  it was no longer 
re f lec ted  in the curve of the CPP. 

As a resu l t  of the procaine  block the p r i m a r y  depolarizat ion in the spinal cord  was more  prolonged 
(Fig. 1, II1). It developed against the background of the gasps and continued throughout the per iod  of r e -  
sidual activity of the r e sp i r a to ry  center .  Hyperpolar izat ion began to develop in the spinal cord  only when 
the act ivi ty of the r e s p i r a t o r y  center  had ceased  and the hyperpolar izat ion of the medulla had r eached  a 
considerable  level .  In the per iod  of r e e o r e r y  of resp i ra t ion ,  negative waves were  also r eco rded  in the 
CPP. However, the sma l l e r  amplitude and the constancy of these waves indicated that they also were  
supraspinal  in origin.  

The p r i m a r y  depolarizat ion ar is ing in the skeletal  muscle  af ter  the procaine  block was sti l l  more  
prolonged and also gave way to increas inghyperpolar iza t ion(Fig .  1, II). The onset  of development of hyper -  
polar izat ion of the skeletal  muscle  coincided with the mammal  level of hyperpolar iza t ion of the medulla.  
In the per iod of decline of the hyperpolar iza t ion in the medulla and spinal cord,  the hyperpolar iza t ion of 
the skeletal  muscle  reached  its maximum. Return of the CPP of the skeletal  muscle  to its initial level  
coincided with the res to ra t ion  of re f lex  activity.  In the exper iments  with b i la tera l  vagotomy (see Table; 
Fig.  2) s imi la r  resul t s  were  obtained. 

In the control  exper iments  division of the vagus nerves  was ca r r i ed  out on frogs previous ly  chord-  
otomized at the level  of ve r t eb rae  II-IIL After  vagotomy the ref lex  excitabil i ty of the hind l imbs pe r s i s t ed  
throughout the exper iment ,  whereas  the crania l  re f lexes  disappeared.  Correspondingly,  in all 12 of these 
control  exper iments  hyperpolar izat ion developed only in the medulla.  In the spinal cord  and skeletal  
muscle ,  the CPP remained at a constant level .  P r e l i m i n a r y  ligation of the femora l  a r t e r y  (in 5 control  
exper iments  on frogs with an intact brain) did not modify the usual course  of the exper iment  af ter  b i la tera l  
vagotomy. After  p re l iminary  division of the sciat ic  ne rve  (in another 5 control  exper iments)  but with 
p rese rva t ion  of the circulat ion in the hind limb, vagotomy did not modify the CPP of the gas t rocnemius  
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Fig. 1. Changes in constant  po la r iza t ion  po-  
tent ials  (CPP) in the b r a i n a n d m u s c l e  follow- 
ing blocking of the ao r t i c  r e c e p t o r s  with p r o -  
caine (mean r e su l t s  of all exper imen t s ) .  I - 
CPP of the medulla;  I I -  CPP of the skele ta l  
muscle ;  I I I -  CPP of the spinal  cord; 1) pul -  
mona ry  rexpira t ion;  2) gasps;  3) osci l la t ions  of 
the buccal  d iaphragm; 4) hea r t  ra te ;  5) p r e s e n c e  
of r e f l exes .  A r r o w - p r o c a i n e  block.  
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Fig.  2. Changes in the constant  p o l a r i z a -  
tibn potent ia ls  (CPP) in the b ra in  and 
musc le  a f te r  b i l a te ra l  vago tomy ( m e a n r e -  
suits  of all exper imen t s ) .  I - C P P  of m e -  
dul la ;  I I - C P P  of ske le ta l  muscle ;  1) 
pu lmonary  resp i ra t ion ;  2) gasps;  3) 
osc i l la t ions  of the buccal  diaphragm; 4) 
hea r t  ra te ;  5) p r e s e n c e  of r e f l exes .  
A r r o w - b i l a t e r a l  vagotomy.  

musc le ,  despi te  the development  of hyperpo la r iza t ion  in the medulla  and spinal  cord.  B. D. Kravchinski i  
[4] showed that depress ion  of the spinal  r e f l exes  is the r e su l t  of blocking of the aor t ic  ref lexogenlc  zone, 
during which a s ta te  r e s e m b l i n g  shock sp reads  f r o m  the medulla  down the spinal  cord in a caudal direct ion.  

The r e su l t s  of these  expe r imen t s ,  together  with informat ion  r epo r t ed  in the l i t e r a tu r e ,  sugges t  that 
b i l a te ra l  vagotomy or  exclusion of the aor t ic  ref lexogenic  zone should be r e g a r d e d  as an exci ta t ion deficit ,  
causing a s ta te  of pa s s i ve  hyperpo la r i za t ion  in the medul la .  The constant  o r d e r  in the development  of 
hyperpo la r iza t ion  obse rved  in expe r imen t s  with deafferenta t ion  of the r e s p i r a t o r y  center  should be noted. 
Hyperpolar iza t ion  of the medulla  developed f i r s t ,  a f te r  a longer  t ime in te rva l  this was followed by h y p e r -  
po la r i za t ion  of the spinal  cord,  and only a f t e r  the c rea t ion  of this background of hyperpo la r iza t ion  of the 
medul la  and spinal  cord  did the ske le ta l  musc le  i t se l f  become  hyperpo la r i zed .  

The t e m p o r a r y  cessa t ion  of act iv i ty  of the r e s p i r a t o r y  cen te r  evidently led to the r e m o v a l  of i ts  
descending tonic influences on the mo to r  neurons  of the spinal  cord.  It may  be a s s u m e d  that this m a r k e d  
impulse  defici t  evokes  a s ta te  of pa s s i ve  hyperpo la r i za t ion  of the moto r  neurons of the spinal  cord,  and 
l a t e r  in the ske le ta l  musc l e .  The o r d e r  of development  of the hyperpo la r iza t ion ,  s ta r t ing  f r o m  the r e s p i r a -  
to ry  cen te r ,  and spread ing  then to the spinal  cord  and u l t imate ly  to the ske le ta l  musc le ,  cow,firms this 
hypothes is .  
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