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During local  s t imulat ion of va r ious  medu l l a ry  s t ruc tu res ,  d i f fe rences  in the sensi t ivi ty  of r e s p i r a t o r y  
r e s p o n s e s  to methyldiaz ine  were  observed .  The r e s u l t s  indicate d i f fe rences  in the neurochemica l  organi -  
zat ion of the cen t ra l  regulat ion of r e s p i r a t i o n  and d i f fe rences  in the degree  of par t ic ipa t ion  of chol inergic  
media t ion in these  p r o c e s s e s .  

The re  is no genera l  ag reemen t  at the p re sen t  t ime  regard ing  the ro le  of acetylcholine in the central  
regulat ion of r e sp i r a t i on  [], 2, 6, ]1-15].  

The object  of the p resen t  invest igat ion was to examine the role  of chol inergic  mediat ion in the f o r -  
mat ion of r e s p i r a t o r y  r e sponses  in different  pa r t s  of the bulbar  r e s p i r a t o r y  center  by studying the action 
of the centra l  cholinolytic drug methyldiazine  [8]. 

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

R e s p i r a t o r y  r e sponses  to local  s t imulat ion of var ious  medul la ry  s t ruc tu re s  were  r eco rded  in acute 
expe r imen t s  on cats .  The method used p rev ious ly  [3] was modified so that two e lec t rodes ,  fixed into one 
holder  connected to the mic roman ipu la to r ,  were  i n se r t ed  s imul taneously  into the f loor  of the 4th vent r ic le ,  
so that  the i r  posi t ion could be adjusted ve r t i ca l ly  in s tages  with an accuracy  of up to 50 p. Stimulation 
was applied a l te rna te ly  through each e lec t rode .  At the end of the expe r imen t  the upper  and lower  points of 
s t imula t ion  were  des t royed  e lec t ro ly t ica l ly  through the s t imulat ing e l ec t rodes .  Brain sect ions  were  stained 
by Nis s l ' s  method and the location of the s t imula ted  points reproduced  in accordance  with the at las  of the 
ca t ' s  medulla  [7]. The pneumogram was r eco rded  by means  of a cannula, fixed into the p leura l  cavity.  
The a r t e r i a l  p r e s s u r e  was r eco rded  in the f emora l  a r t e ry .  

The physiological  c h a r a c t e r i s t i c s  of the r e s p i r a t o r y  r e sponse  were  de te rmined  f rom the threshold  
voltage of s t imulat ing cu r ren t  evoking a r e sponse ,  the type of r e sponse ,  and its change during a s tepwise  
i nc rea se  in the intensi ty  of s t imulat ion.  To judge whether  the s t imula ted  point belonged to the r e s p i r a t o r y  
center  o r  not, changes in a r t e r i a l  p r e s s u r e  were  recorded  s imul taneously .  Responses  before  and a f te r  
in t ravenous inject ion of one or  two doses  ( 0 . 1 - 5 m g / k g )  ofmethyld iaz ine  were  de te rmined  inthe s ame  a n i m a l .  
Control expe r imen t s  showed that r e s p o n s e s  a r i s ing  at  a given point during d i sp lacement  of the e lec t rodes  
in the do r so -ven t r a l  d i rect ion and vice v e r s a  we re  identical  to those obtained at the f i r s t  de terminat ion .  

EXPERIMENTAL RESULTS AND DISCUSSION 

Charac te r i s t i c  r e s p i r a t o r y  (expira tory  or  insp i ra tory)  and vascu la r  (p re s so r  or  dep res so r )  r e sponses  
appea red  during s t imulat ion of l a rge  a r ea s  of the f loor  of the 4th ven t r ic le .  Both r e s p i r a t o r y  and va scu l a r  
r e sponses  could a r i s e  during s t imulat ion of the s ame  point. It  was imposs ib le  to dist inguish between the 
zones respons ib le  for  each response .  The r e sponses  f rom different  morphological  zones were  essen t ia l ly  ind is -  
t inguishable in their  threshold of exci tabi l i ty (apart  f rom the zone of the t r ac tus  so l i ta r ius  and nucleus ambiguus),  
or  in the external  manifes ta t ion  of their  r e sponse .  Fundamental  d i f ferences  in the functional organizat ion of 
different  e lements  of the r e s p i r a t o r y  center  have been c lear ly  revea led  by pharmacologica l  invest igat ions [4,5,9]. 
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TABLE 1. Effect of Methyldiazine on Respi ra tory  Responses 
to Stimulation of Different Medullary St ructures  

Name of s t ruc ture  

Parvocel lu lar  r e -  
t icular  nucleus 
and zone of nucle-  
us of t ractus  
sol i tar ins 

Gigantocellular  r e -  
t icular  nucleus 

Ventral re t icu lar  
nucleus 

Character  of 
change in response  
produced by 
methyldiazine 

Suppression 
Strengthening 
Suppression 
Strengthening 
Suppression 
Strengthening 
No change 

Frequency o f r eco rded  
responses  

expi-  
ration 

13 
n 

19 
2 
6 

inspi-  
ration 

]5 

10 

6 
23 
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Fig.  ]. Effect of methyldiazine on vascular  and 
expira tory (A) and insp i ra t roy  (B) r e sp i r a to ry  
responses  to st imulat ion of the parvocel lu lar  r e -  
t ieular  nucleus (R.pe): 1) before injection of 
methyldiazine; 2) af ter  injection of 0.5 mg/kg  
methyldiazine.  F r o m  top to bottom: respirat ion;  
a r te r ia l  p ressure ;  marke r  of st imulation (in V); 
t ime marker ,  10 sec.  Localizat ion of stimulating 
e lect rodes  shown on diagram of section through 
medulla.  

In the present  investigation, methyldiazine had 
different effects on r e sp i r a to ry  responses  to s t imula-  
tion of different medullary s t ruc tures  (Table 1). 

Expira tory  responses  evoked by st imulation of 
the parvocel lular  re t icular  nucleus and zone of the 
nucleus of the t ractus  sol i tar ius  were  suppressed  by 
methyldiazineo The phase shift of resp i ra t ion  was 
reduced, and a higher intensity of s t imulat ion was 
required to obtain a response (Fig. ]A). The expi- 
ra to ry  apnea developing in the period of st imulat ion 
was often replaced in the control experiments  by 
maximal inspiration immediately  after  the cessat ion 
of stimulation, indicating the presence  of active inhi- 
bition of inspi ra tory  mechanisms during st imulat ion 
(the "rebound" phenomenon). During the action of 
methyldiazine, the rebound phenomenon disappeared 
completely.  Conversely,  the insp i ra tory  responses  
to stimulation of the same s t ruc tures  were  strengthened 
by the action of methyldiazine (Fig. 1B). Despite the 
fact  that the changes in the r e sp i r a to ry  responses  
were  in different direct ions,  the changes in a r te r ia l  
p ressu re  were uniformly inhibited by methyldiazine 
in all cases of stimulation of the parvoceI Iu la r  nucleus 
and the nucleus of the tractus solitarius (Fig. IA, B). 

Respiratory (expiratory and inspiratory) re- 
sponses to stimulation of the gigantocellular nucleus 
were strengthened by methyldiazine. The amplitude 
of the phase shift was increased, and a lower intensity 
of stimulation was required to produce the maximal 
response. A decrease in the amplitude of background 
respiration, accompanying the respiratory responses, 

and a slowing (in expiratory) or quickening of respi ra t ion  (during inspi ra tory  responses)  took place under 
the influence of methyldiazine at lower strengths of stimulation, and were more  marked (Fig. 2A). During 
expira tory responses ,  methyldiazine led to the appearance of a "rebound" phenomenon. 
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Fig. 2. Effect  of methyldiazine on r e s p i r a t o r y  and 
va scu l a r  r e sponses  to s t imulat ion of gigantocel lular  
(A) and ventra l  (B) r e t i cu l a r  nuclei (R.gc and R. v, 
respect ive ly) :  1) before  inject ion of methyldiazine;  
2) a f te r  injection of 0.5 m g / k g  methyldiazine.  R e -  
ma inder  of legend as in Fig.  1. 

The effects  of methyldiazine on r e s p i r a t o r y  
r e sponses  to s t imulat ion of the ven t ra l  r e t i cu la r  
nucleus were  inconstant.  In mos t  cases  the insp i -  
r a t o ry  r e sponses  were  unchanged and the exp i ra to ry  
were  s t rengthened.  In some  exper imen t s ,  the insp i -  
r a t o ry  r e sponses  were  s t rengthened (Fig. 2B). 
Methyldiazine also had an inconstant  effect  on the 
va scu l a r  r e sponses  obtained f rom these  s t ruc tu re s .  
However,  no para l le l  was obse rved  in this case also: 
inhibition of va scu l a r  r e sponses  could be accompanied  
by s t rengthening of r e s p i r a t o r y ,  and vice v e r s a .  
These facts  indicate definite d i f ferences  in the n eu ro -  
chemical  organizat ion of the cent ra l  mechan i sms  of 
regulat ion of r e sp i r a t i on  and of va scu l a r  tone. 

The effect  of the cholinolytic drug methy ld ia -  
zine on r e s p i r a t o r y  r e sponses  to s t imulat ion of 
different  medul la ry  s t r u c t u r e s  thus at t imes  differs  
in its essent ia l  pr inc ip les .  These  r e su l t s  support  
the previous  hypothesis  [5] that  s y s t e m s  par t ic ipat ing 
in the centra l  regula t ion of r e sp i r a t ion  differ  in the i r  
neurochemica l  organizat ion.  The dec r ea se  in amp l i -  
tude of exp i r a to ry  r e sponses  and suppress ion  of the 
rebound phenomenon obse rved  during s t imulat ion of 
the pa rvoce l lu l a r  nucleus and nucleus of the t r ac tus  
so l i ta r ius  obse rved  under  the influence of me thy l -  
diazine may be assoc ia ted  with inhibition of "an t i -  
insp i ra to ry"  neurons [6] and hence,  to the dis turbance 

of inhibitory m e c h a n i s m s .  This suggest ion concerning the chol inergic  nature  of these  r e s p i r a t o r y  zones 
ag r ee s  pe r fec t ly  with the h is tochemical  data indicating c lus ter ing  of neurons  containing a higher  concen-  
t ra t ion  of cho l ines te rase  in the region of the t r ac tus  so l i ta r ius  and the l a te ra l  nuclei which sur round it [10]. 
Since the medial  port ions of the r e t i cu l a r  fo rmat ion  contain ef fec tor  neurons whose act ivi ty  is under the 
influence of " p r i m a r y "  neurons of the l a t e ra l  nuclei [4, 7], the potentiat ion by methyldiazine  of r e s p i r a t o r y  
r e sponses  to s t imulat ion of the gigantocel lular ,  and in some  cases ,  the ven t ra l  nucleus in these exper imen t s  
can also be r ega r ded  as deinhibition resul t ing  f r o m  suppress ion  of the " p r i m a r y "  exp i ra to ry  ("an t i - insp i -  
r a t o ry" )  neurons .  In mos t  of the p r e s en t  expe r imen t s ,  changes in maximal  i n sp i r a to ry  or  exp i ra to ry  
r e s p i r a t o r y  r e sponses  were  obse rved  without any significant  change in the background r e sp i r a t i on  under  
the influence of methyldiazine.  These  facts  indicate not m e r e l y  d i f ferences  in the impor tance  of cholinergie 
media t ion in the act ivi ty of pa r t i cu l a r  r e s p i r a t o r y  zones,  and, evidently,  in the degree  of par t ic ipa t ion  of 
these  s t ruc tu r e s  in the n e r v o u s  regula t ion of r e sp i r a t ion ,  but also that changes in r e sp i r a t i on  toward expi -  
ra t ion  or  inspi ra t ion ,  as well as background r e sp i r a t i on  i tself ,  a re  coordinated by different  and independent 
mechan i sms .  
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