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The p r i m a r y  a f fe ren t  depolar iza t ion  caused hy s t imula t ion  of the vagus nerve  is ill defined when tested 
on the P wave of the c lec t ro ton ic  potential .  The I I e r i n g - B r e u e r  inhibi tory re f lex  is evhiently due to s t r y c h -  
n ine- res i s tanL pos tsynapt ic  inhibition. 

I t  has been shown [3] that  s t rychnine  has  no effect  on the t [ e r i n g - B r e u e r  inhibitory ref lex .  Eve~l a f t e r  
injection of subconvuls ive  doses  of s t rychnine ,  s t r e t ch ing  of the hmgs as a rule  caused r e s p i r a t o r y  a r r e s t  
and re laxa t ion  of the diapI~ragm. AccordLng to Eccles  [4], posts:~laptic inhibition is blocked by s t rychnine .  
On these gx'ounds, inhibition which is not blocked by  s t rychn ine  is r e g a r d e d  by Ecc les  as prcs3a!aptic inhibi- 
tion, caused by p r i m a r y  a f fe ren t  depolar iza t ion  (PAD) of the endings.  The t l c r i n g - B r e u e r  inhibi tory ref lex 
is caused by impulses  a r r i v i n g  h ' om tile s t r e t ch  r e c e p t o r s  of the hmgs  and spread ing  along af ferent  f ibers  
of the vagus ne rve  [2] .  

The object  of the p resen t  investigatiorL was accord ing ly  to sLudy the PAD of vagxLs nerve  endings.  

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

Expe r imen t s  were  p e r f o r m e d  on 20 cats  weighing f rom 2 to 4 kg and anesHlet ized with Nembutal  (30 
m g / k g ) .  The an ima l s  were  immobi l i zed  with k tbar ine  (1.5 m g / k g )  and maintained on ar t i f ic ia l  r e sp i r a t ion .  
The c a t ' s  head was fixed s e c u r e l y  in an appa ra tus  designed to turn the whole animal  through 360 ~ . St imu-  
lat ing plat inum b ipo la r  e l ec t rodes  were  applied on the cen t ra l  end of the divided vagus nerve  in the lower 
par t  of the neck.  The n e r v e  was s t imula ted  with s ingle  squa re  pu lses ,  0.5 m s e c  in durat ion,  and of m m d m a l  
s t rength  for exci ta t ion of A-  or  C - f i b e r s .  In some e x p e r i m e n t s ,  bes ides  single s t imul i ,  vol leys of five 
pulses  with a f requency  of 5 0 0 / s e e  were  applied.  The a f fe ren t  input was checked by record ing  the complex 
act ion potential  of tim vagus ne rve  with pla t inum b ipo la r  e l ec t rodes  placed neat" the ganglion nodosum. Elec-  
t rotonic potent ials  of the vagus ne rve  endings were  r eco rded  by a s i l ve r  wire  e lec t rode  in the region of the 
obex, above the project ion of the t r ac tus  soHta r iu s .  The s i l ve r  disc r e f e r e n c e  e lec t rode  was placed be-  
tnveen the occipi tal  zone and m u s c l e s .  The v a ~ t s  ne rve  was s t imula ted  by means  of a type StF s t imula to r  
with a spec ia l  a t t achment  supplying vol leys  of pulses .  Record ings  were  made  b y m e a n s  e ra  "DISA" 3-channel  
ampl i f i e r  and S1-4 osc i l l og raph .  

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

Stinmlation of the vagus ne rve  evoked a t h r e e - p h a s e  spike on the p o s t e r i o r  su r face  of the medul la  in 
the region Of the t r a c t u s  so l i t a r iu s ,  followed by a negat ive  N wave and posi t ive P wave.  The spikes  and N 
waves  appeared  in  r e s pons e  to threshold  s t imula t ion  of group A- f ibers ,  and in r e sponse  [o s u p r a m a x i m a l  
s t imula t ion  of the A - f i b e r s  the i r  ampli tude inc reased  and a P wave appea red .  With an inc rease  in s t rength  
of the c u r r e n t  to involve C - f i b e r s ,  no changes were  obse rved  in the e lec t ro ton ic  potent ial  of the vag~aS ne ~'ve. 

In con t r a s t  to the potential  of the pos t e r io r  su r face  of Lhe spinal  cord ,  the N and P waves of the e l ec -  
t rotonie  poten t ia l  in the region of the t r ac tus  soliLarius were  ill defined (Fig. 1A). The ampli tude of t!m N 
wave was 15-75 .uV and its durat ion va r i ed  f rom 1G to 25 m s e c .  The la tent  per iod of the N wave was 0.5- 
1.5 m s e c .  The ampl i tude of the P wave va r i ed  f rom 12.5 to 50 ~V and its durat ion was 50-160 m s c c .  In 
some  e x p e r i m e n t s  no P wave could be r eco rded .  St imulat ion of the vagus ne rve  with a volley of pulses  
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Fig .  1. E lec t ro ton ic  potent ia ls  in reg ton  
of t r a c tu s  so l i t a r ius  of a ca t  caused  by  
s t imula t ion  of left  vagus ne rve  (nine 
sweeps  of the beam;  A) and of the lef t  
super f i c ia l  rad ia l  ne rve  (three sweeps  of 
the beam;  B). 

caused  no inc rease  in the P wave.  The r e s p o n s e s  l ikewise were  
not i nc reased  hy intravenous injection of subconvuls tve  doses  of 
s t rychn ine ,  and onIy convulsive doses  of s t rychnine  in aome ex- 
p e r i m e n t s  produced a ba r e ly  percept ib le  i nc rea se  in the P wave. 
Maximal  r e s p o n s e s  were  found in the region 1-2  mm cran ia l ly  
and 2-3 m m  l a t e r a l l y  to the obex.  The r e s p o n s e s  were  recorded  
on the s ide of the s t imula ted  nerve .  When the con t ra l a t e ra l  
n e r v e  was s t imula ted ,  no r e sponse  was found in this region.  

No changes  in e lec t ro tonic  potent ia ls  with the phases  of 
r e s p i r a t i o n  could be found. 

In con t r a s t  to the effects  of s t imula t ion  of the vagus 
n e r v e s ,  s t imula t ion  of the super f ic ia l  radia l  ne rve  evoked a d i s -  
t inc t  P wave in this s a m e  region (Fig. IB) .  

In a c c o r d a n c e  with E c c l e s ' s  conception,  PAD causes  p re -  
synapt ic  inhibit ion. It is well knox~a that the P wave of the po- 
tent ia l  of the dorsa l  su r f ace  of  the spinaI cord  re f l ec t s  PAD of 
the endings of the dorsa l  spinal  r oo t s .  This idea was subse -  
quent ly  developed in re la t ion  to the P wave of e lec t ro tonic  po- 

tent ia ls  of the nuclei of the p o s t e r i o r  co lumns  [4] and the nuclei  of the t r igemina l  ne rve  [6]. It m a y  be sup-  
posed that  the P wave of the e lec t ro ton ic  potent ial  evoked by s thnula t ion  of the vagus ne rve  a lso  r e f l ec t s  
PAD of the vagus ne rve  endings.  

The P wave of the e lec t ro tonic  potent ial  on the su r f ace  of the medul la  r eco rded  in the region of the 
vagus ne rve  endings is ill defined or a b s e n t .  This  is p a r t i c u l a r l y  c l ea r  when it is c o m p a r e d  with the P wave 
evoked by  s t imula t ion  of the super f i c i a l  r ad i a l  ne rve ,  endings of which t e rmina te  in the nucleus cuneatus ,  
located in the immedia te  p rox imi ty  of the nucleus  so l i t a r i u s .  

F o r  this  r e a s o n ,  p re synap t i c  m e c h a n i s m s  ev ident ly  do not par t i c ipa te  in the H e r i n g - B r e u e r  inhibitory 
re f lex ,  o r  if they do they play only a mino r  r o l e .  This  inhibition is p robably  due main ly  to postsynapt ic  
m e c h a n i s m s ,  and it m a y  poss ib ly  be an example  of the r e c e n t l y  desc r ibed  s t r y c h n i n e - r e s i s t a n t  postsynapt ic  
inhibition [5]. 

The absence  of a c l e a r l y  de f ined  PAD of the vagus  n e r v e s  is evident ly  for a good r ea son ,  because  
PAD of the vagus ne rve  endings wouId b lock the flow of impulses  f rom the s t r e t ch  r e c e p t o r s  of the brags,  
and would thus p reven t  man i fes t a t ion  of the H e r i n g - - B r e u e r  re f lex ,  the pr incipal  r e f l ex  r e spons ib le  for the 
s e l f - r egu l a t i on  of r e s p i r a t i o n  [1]. 

The e x p e r i m e n t s  de sc r ibed  above a r e  a lso  i n t e r e s t i ng  in connection with the p rob lem of p resynapt ic  
inhibit ion as  a whole;  PAD is bes t  produced by s t imula t ion  of the skin,  and not n e a r l y  so well by s t re tch ing  
m u s c l e s .  This  has a l so  been found in the case  of e l e c t r i c a l  s t imula t ion  of n e r v e s .  A single s t imulat ion of 
cutaneous a f fe ren t  n e r v e s  is suff icient  to  evolve PAD. A vol ley  of pulses  mus t  be applied to produce PAD 
f r o m  m u s c l e  a f f e ren t s  [4]. During s t imula t ion  of autonomic n e r v e s  (afferents of the yag-us nerve) ,  the PAD 
is l e a s t  evident .  Ref lexes  e l ic i ted f r o m  the skin,  which is subjected to numerous  influences,  poss ib ly  r e -  
qu i re  s t ronge  r inhibition than r e f l exes  f r o m  the internal  mi l ieu ,  c h a r a c t e r i z e d  by its g r e a t e r  constancy.  To 
conf i rm this  hypothes is ,  bes ides  indi rec t  inves t iga t ions  of PAD by record ing  e lec t rotonic  potent ials  on the 
su r f ace  of the medul la ,  d i r e c t  invest igat ion of depo la r iza t ion  of the vagus ne rve  endings is n e c e s s a r y .  
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