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Elec t r i ca l  act ivi ty of different  types of medul lary  r e s p i r a t o r y  neurons was r eco rded  ex t ra -  
ce l lu lary  in cats and rabbits  poisoned with botulinus toxin. During the development of a 
general  para ly t ic  syndrome of botul ism and para lys is  of r e sp i r a t ion  all types of medul lary  
r e s p i r a t o r y  neurons p re se rve  the i r  activity and its pa rame te r s  differed only slightly f rom 
the control .  

The genera l ized  paralyt ic  syndrome in botulinus poisoning develops, according to some observat ions ,  
as a r e su l t  of the blocking of conduction in myoneural  synapses [11], while according to others  it resu l t s  
f rom the se lec t ive  pathogenic action of the toxin on large motoneurons in the an te r io r  horns of the spinal 
cord  [7]. Para lys i s  of the r e s p i r a t o r y  musc les ,  on the other  hand, is f requently regarded  as the r e s u l t  of 
a disturbance of activity p r imar i ly  of the medul lary  r e s p i r a t o r y  cen te rs  [1, 2, 12]. The wr i t e r  has p r e -  
viosly shown that para lys is  of the r e s p i r a t o r y  muscles  a r i s e s  p r imar i ly  through inhibition of activity of the 
spinal r e s p i r a t o r y  motoneurons while the t r ansmiss ion  of information f rom the bulbar  r e s p i r a t o r y  centers  
r emains  intact  [8]. 

This paper desc r ibes  the r e su l t s  of a study of the cha rac t e r  of e lec t r ica l  d ischarges  of cells  of the 
bulbar  r e s p i r a t o r y  center  in the various stages of botulinus poisoning, including in the phase of complete 
cessat ion of spontaneous resp i ra t ion .  

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

Exper iments  were  ca r r i ed  out on oats and rabbits  of both sexes weighing 2-3 kg and poisoned by in- 
t ravenous inject ion of type B botulinus toxin in a dose of 2.5 mg/kg (1 MLD for mice = 0.00001 mg of the 
dried toxin). In eats a genera l ized  para ly t ic  syndrome usually developed 15-18 h af ter  poisoning, and in 
rabbits  3-3.5 h the rea f t e r .  Art i f ic ial  r e sp i r a t ion  was applied to the poisoned animals at the stage of cessa-  
tion of spontaneous external resp i ra t ion .  Exper iments  with in t racel lu lar  recording of the discharges  of 
bulbar  r e s p i r a t o r y  neurons were  c a r r i e d  out under  Nembutal (30 mg/kg) or  urethane (1.5 g/kg) anesthesia  
by the usual method [10]. Simultaneously with recording of unit activity of the r e s p i r a t o r y  neurons,  the 
pneumogram was r eco rded  by means of a t he rmis to r  t r ansducer  mounted in the cannula of a t racheot0my 
tube. Both p roc e s se s  were  r eco rded  on a type N-102 loop osci l lograph.  

Altogether the activity of 180 r e s p i r a t o r y  neurons in rabbits  and 358 neurons in eats were recorded ,  
but e lec t r i ca l  act ivi ty only of insp i ra tory  and expi ra tory  neurons was analyzed by plotting h i s tograms .  His-  
t egrams  of the dis tr ibut ion of f requencies  in the discharges  of the r e s p i r a t o r y  volleys (in sp ikes / see) ,  of 
thei r  absolute durat ion (in seconds),  and of the rat io between the t ime interval  of the volley and the period 
of the r e s p i r a t o r y  cycle (relative duration) were  plotted. 

A. A. Bogomoiets  Depar tment  of Pathological Physiology, Saratov Medical Institute.  (Presented by 
Academician of the Academy of Medical Sciences of the USSR P. N. Veselkin.) Trans la ted  f rom Byulleten '  
]~ksperimental 'noi Biologii i Meditsiny, Vol. 74, No. 8, pp. 16-20, August, 1972. Original a r t ic le  submitted 
November 5, 1971. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available [rom the publisher for $15.00. 

880 



Fig. 1. Record  of e l ec t r i ca l  d i scharges  of r e s p i r a t o r y n e u -  
rons  of a rabbi t  with genera l ized  botulinus pa r a ly s i s ,  main-  
tained on a r t i f i c ia l  r e sp i r a t ion :  A) i n sp i r a to ry  neurons;  B) 
exp i r a to ry  neurons;  C) i n s p i r a t o r y - e x p i r a t o r y  neurons;  ]3) 
neuron with continuous activity;  E) insp i ra to ry  neuron a f t e r  
b i l a t e r a l  vagotomy.  Legend: top line denotes d i scharges  of 
r e s p i r a t o r y  cel ls ,  bo t tom line pneuogram (inspirat ion u p -  
ward) .  Time m a r k e r  1 sec .  

EXPERIMENTAL RESULTS 

Unit activity of the medullary respiratory neurons were studied in rabbits and cats, i.e., in animals 
of species with high and low sensitivity to botulinus toxin, respectively. Four types of respiratory neurons 
could be identified in both species of poisoned animals during the development of severe dyspnea in associ- 
ation with a generalized .paralytic syndrome, and, finally, after complete blocking of external respiration, 
in the region of the bulbar respiratory center (just as under normal conditions [3]): inspiratory neurons, 
expiratory neurons, neurons with continuous activity modulating the firing rate with the phases of the res- 
piratory cycle, and '~ooundary" neurons, firing only at the boundary between the phases -inspiratory-expira- 
tory and expiratory-inspiratory (Fig. la, b). Among the inspiratory and expiratory neurons, variations 
were  found in the durat ion of the vol ley,  the t ime of its beginning and end re la t ive  to the cor responding  
phase  of r e sp i r a t i on ,  and the number  of spikes  in the vol ley and the point at  which the f ir ing ra te  r e a c h e s  
its max imum.  Simi lar  var ia t ions  have been obse rved  in no rma l  an imals  [4]. 

As the h i s t o g r a m s  (Fig. 2) show, in cats  with botulinus poisoning the development  of ex terna l  r e s p i r a -  
tory  fai lure  coincided with some  inc rease  in f ir ing ra t e  mainly of the in sp i r a to ry  neurons and shortening 
of the absolute  durat ion of the r e s p i r a t o r y  volleys in nerve  cells  of both types .  :[he p a r a m e t e r s  of re la t ive  
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Fig. 2. Histograms of inspiratory and expiratory neurons 
of bulbar respiratory center in cats under normal condi- 
tions and in botulinus poisoning~ 

durat ion of the vol leys  showed no signif icant  changes .  So fa r  as  the mechan i sm of the d is turbances  of 
ac t iv i ty  of the r e s p i r a t o r y  neurons  is concerned,  they can evidently be r ega rded  as the r e su l t  of the act ion 
of hypoxia developing in s e v e r e  bo t u l i s m  because  of inhibit ion of the moto r  act ivi ty  of the r e s p i r a t o r y  mus -  
c les  [6, 8]. Hypoxia,  however ,  usual ly  leads to an inc rease  in the f ir ing ra t e  of the insp i ra to ry  neurons ,  
shortening of the durat ion of the r e s p i r a t o r y  vol leys ,  and p r e s e r v a t i o n  of the no rma l  ra t ios  between the i r  
durat ion and the in terva l  of the r e s p i r a t o r y  cycle  [3, 4, 9]. 

In ca t s ,  in which botulinus poisoning develops  compara t ive ly  slowly, with a p ro t r ac t ed  per iod of onse t  
of  s e v e r e  ex te rna l  r e s p i r a t o r y  fa i lure ,  the ce i l s  of the bulbar  r e s p i r a t o r y  center  thus not only d i scharged  
rhy thmica l ly  throughout the per iod of poisoning, but they a lso  r ema ined  capable of responding to an oxygen 
def ic iency in the body. Rhythmic d i scha rges  of the r e s p i r a t o r y  neurons were  r eco rded  in the cats  even 
a f t e r  the end of spontaneous r e sp i r a t ion ,  and when it had been  b r ie f ly  r e s t o r e d  a few minutes a f t e r  a r t i f i -  
c ia l  venti lat ion of the lungs.  Sys temat ic  connection of the an imals  to the a r t i f i c ia l  r e s p i r a t i o n  appara tus  
delayed the i r r e v e r s i b l e  inhibition of spontaneous r e s p i r a t o r y  movemen t s  for  many  hours  (6 h or  more) .  
This fea ture  dist inguishing the course  of botulinus poisoning in ca t s ,  because  of the l imi ted  durat ion of the 
acute exper imen t ,  did not allow unit ac t iv i ty  of the bulbar  r e s p i r a t o r y  cen te r  to be inves t igated during the 
per iod of final r e s p i r a t o r y  a r r e s t .  This was an a rgumen t  in favor  of analogous expe r imen t s  on rabb i t s ,  in 
which all  s tages  of botulinus poisoning, including i r r e v e r s i b l e  total  pa ra ly s i s  of the ske le ta l  musc l e s ,  d e -  
veloped within a shor t  per iod of t ime (2-3 h). 

In these c a s e s ,  it was poss ib le  to inves t igate  unit ac t iv i ty  of the bulbar  r e s p i r a t o r y  neurons for  many 
hours  during the comple te  absence  of spontaneous r e s p i r a t i o n  when the  an imals  were  kept  al ive purely  by 
a r t i f i c i a l  venti lat ion of the lungs.  During the development  of total  pa ra ly s i s  of the ske le ta l  and r e s p i r a t o r y  
musc l e s  in r abb i t s ,  the rhy thmic  d i scha rges  of the r e s p i r a t o r y  neurons co r responded  to the phases  of a r t i -  
f icial  r e s p i r a t i o n  (Fig. lb ) .  As the h i s t o g r a m s  (Fig. 3) show, under  these  c i r c u m s t a n c e s  the f i r ing r a t e  of 
the i n sp i r a t e ry  neurons  was somewhat  r educed  while that  of the exp i r a to ry  neurons  was inc reased .  Ceils 
with an exp i r a to ry  f i r ing r a t e  were  obse rved  somewhat  more  frequently than usual ly  in the control  [4, 9]. 
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Fig. 3. H i s tog rams  of i n sp i r a to ry  and exp i r a to ry  
neurons of the bulbar  r e s p i r a t o r y  center  in r a b -  
bi ts  under  no rma l  conditions and in botulinus poi- 
soning a s soc i a t ed  with the cessa t ion  of spontaneous 
r e sp i r a t i on .  Absc i s sa  for  Fir ing r a t e ,  p u l s e s / s e c .  

P r e s u m a b l y  these changes appea red  because  of the appl icat ion of a r t i f i c ia l  r e sp i r a t i on  to the an imal  [5]. 
During this per iod b i l a t e r a l  vagotomy p r e s e r v e d  the vol ley act ivi ty  of the i n s p i r a t o r y  and exp i ra to ry  neu- 
rons  and, just  as  under no rma l  conditions, i t  led to the prolongat ion of the i r  vol leys  [4, 9]. 

It  can be concluded f r o m  the r e s u l t s  of these expe r imen t s  that  the development  of total  botulinus 
p a r a l y s i s  leads to r e s p i r a t o r y  a r r e s t  despite  the p r e s e r v a t i o n  of all  types of rhy thmic  d i scharges  of the 
bu lba r  r e s p i r a t o r y  neurons .  Informat ion  a r r i v ing  f rom the cel ls  of the r e s p i r a t o r y  center  during pa ra lys i s  
of the r e s p i r a t o r y  m us c l e s  is evidently quite sufficient  to cause exci tat ion of the motoneurons  of the r e s p i r -  
a tory  musc l e s .  This  is shown by the fact  that  the s lower  development  of the les ion to the nucleus of the 
phrenic  ne rve  on the side of p r e l i m i n a r y  hemisec t ion  of the spinal cord apprec iab ly  prolongs the surv iva l  
of an an imal  poisoned with a lethal  dose of botulinus toxin: because  of ac t iva t ion  of the c ro s sed  r e t i c u l e -  
spinal  t r a c t s ,  cont rac t ions  of the d i aph ragm r e c o v e r  on the side of hemisec t ion  of the spinal  cord.  In this 
way spontaneous ex te rna l  r e s p i r a t i o n  can take place even when all  other  regions  of the ske le ta l  musc le  a re  
pa ra lyzed  [8]. 
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