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E F F E C T  OF S T I M U L A T I O N  O F  T H E  M E D I A L  A N D  L A T E R A L  Z O N E S  

O F  T H E  R E S P I R A T O R Y  C E N T E R  ON E L E C T R I C A L  A C T I V I T Y  O F  

T H E  D I A P H R A G M ,  I N T E R C O S T A L  M U S C L E S ,  A N D  P H R E N I C  N E U R O N S  

N.  A.  G o r d i e v s k a y a ,  M. V .  S e r g i e v s k i i , *  UDC612.28+612.217 
a n d  V.  E .  Y a k u n i n  

Expe r imen t s  on ca ts  showed that  the nucleus of the t r ae tu s  sol[ tar[us  contains zones during 
s t imula t ion  of which e lec t r i ca l  act iv i ty  of the phrenic  neurons and d iaphragm is se lec t ive ly  
s t imula ted  o r  inhibited. St imulat ion of i n sp i r a to ry  and exp i ra to ry  zones of the nucleus a m -  
biguus influences the e lec t r i ca l  act ivi ty  of the external  in te rcos ta l  musc le s .  During s t i m -  
ulat ion of the cor responding  zones in the g igantocel lu lar  nucleus e lec t r i ca l  act ivi ty  is 
changed in both groups  of i n s p i r a t o r y  musc l e s  s imul taneously .  It is postulated that the 
act ion of s t imula t ion  of the zones of the g igantoce l lu lar  nucleus on both groups  of i n s p i r a -  
to ry  musc l e s  is indi rec t  in i ts  mechan i sm,  through neurons of the nucleus of the t r ac tu s  
so l i t a r ius  and nucleus ambiguus.  

KEY WORDS: r e s p i r a t o r y  center ;  phrenic  neurons;  d iaphragm; in te rcos ta l  musc le s .  

The r e s p i r a t o r y  cen te r  contains groups of neurons connected se lec t ive ly  with cen te r s  for  the phrenic  
and in te rcos ta l  ne rves  [1,5-6, 8, 10]. Without the i r  connections with the r e s p i r a t o r y  center ,  the l a t t e r  cannot 
mainta in  the rhy thmic  a l te rna t ion  of phases  of the r e s p i r a t o r y  cycle  [3, 4, 7, 10]. 

This  p a p e r  g ives  the r e s u l t s  of observa t ions  on r e sponses  of the phrenic  neurons ,  d iaphragm,  and i n t e r -  
costa l  musc l e s  to e l ec t r i ca l  s t imula t ion  of the nucleus of the t r ac tus  sol[ tar[us  , nucleus ambiguus,  and gigan-  
toce l lu la r  nucleus in o rde r  to c o m p a r e  the effects  of such s t imulat ion.  The f i r s t  two nuclei lie in the l a t e ra l  
zone and the third in the medial  zone of the r e s p i r a t o r y  center .  

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

Obse rva t ions  were  made on 74 anes the t ized  (pentobarbital ,  40 mg/kg ,  in t raper i toneal ly)  ca ts .  The an i -  
mals  w e r e  fixed in a s t e reo tax ic  appara tus .  The medul la  and ce rv i ca l  pa r t  of the spinal cord  were  exposed 
f r o m  the dorsa l  aspect .  Stimulation by squa re  pulses  (1-6 V, 5 msec ,  100-200 Hz) was applied through b ipo la r  
e l ec t rodes  (distance between them 150 #) inse r ted  into the b ra in  in accordance  with coordinates  of a s t e r e o -  
taxic  a t las  [12]. Action potent ia ls  of the r e s p i r a t o r y  m u s c l e s  w ere r eco rded  with b ipo la r  e lec t rodes .  Spike 
d i scha rges  of the neurons  w e r e  r eco rded  by g lass  m i e r o e l e e t r o d e s  with a tip not m o r e  than 8# in d i ame te r ,  
fi l led with 3 M KC1 solution.  Resp i ra t ion  was r eco rded  by means  of the MT-54 m i c r o t h e r m i s t o r ,  mounted in 
the t r a cheo tomy  tube. 

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

Altogether  96 r e s p i r a t o r y  neurons  were  r eco rded  in 4-6 ce rv ica l  segments  (70 insp i ra tory ,  24 e x p i r a -  
tory ,  2 combined i n s p i r a t o r y - e x p i r a t o r y ) a t  a depth of 3-5 m m  and si tuated 1-1.4 m m  f rom the midline.  P r o b -  
ing of the nuclei  at in te rva l s  of 0.5 m m  in th ree  planes revea led  zones whose s t imulat ion evoked act ivat ion or  
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Fig. 1. Select ive  ac t ion  of s t imula t ion  of nuclei of l a t e ra l  zone on e lec t r i ca l  act ivi ty  
of d iaphragm and in te rcos ta l  musc l e s .  A) Inhibition of combined e lec t r i ca l  act iv i ty  
on d iaphragm during s t imulat ion of nucleus of t r ac tus  so l i t a r ius  in zone 5 m m  r o s -  
t ra l ly  to obex, 2 m m  la te ra l ly  to midline,  and at a depth of 2.5 m m  f r o m  dorsa l  s u r ,  
face  of medul la  (cal ibrat ion 200 ~V); B) inhibition of combined e l ec t r i ca l  act ivi ty of 
i n sp i r a to ry  in te rcos ta l  m u s c l e s  during s t imula t ion  of nucleus ambiguus in zone 5 
m m  r o s t r a l l y  to obex and 3.5 m m  la t e ra l ly  to midl ine (ca l ibra t ion 100 and 180 #V); C) 
i nc r ea s e  in e l ec t r i ca l  act iv i ty  of insp i ra to ry  in te rcos ta l  musc l e s  during s t imulat ion 
of nucleus ambiguus in zone 2 m m  r o s t r a l l y  to obex and 3.5 m m  la te ra l ly  to midline 
(cal ibrat ion 100 and 120 pV). Top r e c o r d  in A, B, and C r e p r e s e n t s  combined e l ec -  
t r i ca l  act ivi ty  of d iaphragm,  bot tom r e c o r d  the s a m e  of i n sp i r a to ry  in te rcos ta l  m u s -  
c les ,  with m a r k e r  of s t imulat ion below. 
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Fig. 2. Responses  of i n sp i r a to ry  phrenic  neuron to e l ec t r i ca l  s t imula t ion  of 
nucleus of t r ac tu s  so l i t a r ius  and gigantocel lu lar  nucleus. A) Resp i ra t ion  and unit 
ac t iv i ty  during s t imulat ion of nucleus of t r ae tu s  so l i t a r ius  in zone 3 m m  r o s t r a l l y  
to obex, 2.5 m m  la t e ra l ly  to midl ine,  and at  depth of 2.5 ram; B) s t imula t ion  of 
unit ac t iv i ty  during br ie f  s t imula t ion  of gigantocellula~ nucleus in zone located 
2.5 m m  r o s t r a l l y  to obex, 1.5 m m  la te ra l ly  to midline,  at depth of 3 mm;  C, D, E) 
r e s p i r a t i o n  and unit ac t iv i ty  during prolonged s t imulat ion of s ame  zone. Top 
r ec o rd  in A-E  r e p r e s e n t s  pneumogram,  bot tom r eco rd  act ivi ty  of i n sp i r a to ry  
neuron,  with m a r k e r  of s t imulat ion below. 
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Fig. 3. Effect of s t imulat ion of gigantocel lular  nucleus on electr ical  
activity of diaphragm and intercostal  muscles .  A) Stimulation of zone 
located 3 mm ros t r a l ly  to obex, 2 m m  lateral ly to midline, and at depth 
of 4 mm (calibration 100 pV); B) st imulation of zone located 4 mm r o s -  
t ra l ly  to obex, 0.5 mm la tera l ly  to midline, and at depth of 3.5 mm (cal- 
ibrat ion 100 and 200 #V); C) st imulation of zone located 2.5 mm ros t ra l ly  
to obex, 1.5 mm la tera l ly  to midline, and at depth of 3.5 mm (calibration 
100 #V). Top r eco rd  in A-C represen t s  combined e lect r ical  activity of 
diaphragm, bottom record  the same of intercostal  muscles ,  with m a r k e r  
of s t imulat ion below. 

inhibition of the per ipheral  component of the r e sp i r a to ry  system.  In the nuclei of the lateral  region 22 such 
zones were found, some of them with a select ive influence on the phrenic neurons and disphragm (located 
mainly in the nucleus of the t rac tus  sol i tar ius;  Figs.  1A and 2A), zones whose stimulation evoked a response  
of the intercostal  muscles  (located in the region of the nucleus ambiguus; Fig.  1B, C), and zones whose s t im-  
ulation was accompanied by responses  of the diaphragm and intercostal  muscles  in the same direction. These 
zones were  found over  the whole a rea  of the nuclei of the la teral  region. Zones whose st imulation evoked 
activating and inhibitory responses  were  mos t  numerous at the level of the obex and 3 mm ros t ra l ly  to it. The 
mean discharge  frequency in the volley f rom the inspi ra tory  neurons of the diaphragm during stimulation of 
the nucleus of the t rac tus  sol i tar ius  at this level was increased in 42.6% of observat ions (Fig. 2A) by 63.5 
17.9% (P < 0.01), in 45.7% of observat ions it was reduced by 33.6• (P < 0.001), and in 11.7% of obse rva -  
tions it was unchanged. The spike d i scharge  of the expiratory neurons was increased  in 23.5% of observat ions 
by 97.0=~49.4% (P > 0.05), in 58% of observat ions it was reduced by 53.1 ~-10.8% (P < 0.001), and in 18.5% of 
observations it was unchanged. In the more  ros t r a l  region of the nucleus there  were  significantly fewer  such 
zones. In about half of the observat ions the combined e lect r ical  activity of the external intercostal  muscles  in 
response  to st imulation of the nucleus of the t rae tus  sol i tar ius  was increased or  reduced. During st imulat ion 
of the nucleus ambiguus in the zone of the obex and 2 mm ros t ra l ly  to it, the combined e lect r ical  activity of the 
insp i ra tory  in tercosta l  muscles  was select ively increased and activity of the diaphragm (Fig. 1C) and of its 
insp i ra to ry  neurons (64.2%) was depressed  by 52.8 • In the other observat ions the mean discharge  f r e -  
quency in the volley of these neurons was unchanged. In response to stimulation of more  ros t ra l  regions of the 
nucleus ambiguus combined activity of the' external  intercostal  muscles  was inhibited (Fig. 113). The combined 
activity of the diaphragm in this case  was reduced in 80% of observat ions and in the res t  it was unchanged. 

Stimulation of five zones of the gigantocel lular  nucleus had a select ive action on discharges  of the dia-  
phragm, intercostal  muscles ,  and phrenic neurons.  The responses  were  manifested as activation of both 
groups of inspi ra tory  muscles  in response  to st imulation of the inspi ra tory  zones (Fig. 3A, B). Stimulation 
of the expi ra tory  zone caused an increase  in the combined spike activity of the internal intercostal  muscles  
and depress ion  of act ivi ty of the disphragm and external intercostal  muscles  (Fig. 3C). Inspi ra tory  zones 
were  found 4 mm ros t r a l ly  to the obex, 0.5 mm la tera l ly  to the midline, and at depths of 3.5 and 4 mm, as well 
as 2 mm ros t ra l ly  and at depths of 4 and 4.5 ram, and 2 mm lateral ly  to the midline. The expira tory  zone was 
located 2.5 mm ros t ra l ly  to the obex, 1.5 mm la tera l ly  to the midline, and at a depth of 3.5 ram. In one case  
st imulat ion of the expira tory  zone evoked expira tory apnea and continuous activity of a phrenic inspiratory 
neuron (Fig. 2B, C, D, E). The volume of the zones of the gigantocel lular  nucleus was g r ea t e r  than the volume 
of the zones of the la tera l  region whose st imulation evoked responses  of the diaphragm and intercostal  muscles  
in the same direction; the intensity of the responses  to st imulat ion of the corresponding zones of the giganto-  
cel lular  nucleus also was g rea te r .  
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The la tent  per iod  of r e sponse  of the r e s p i r a t o r y  neurons of the l a t e ra l  zone evoked by s t imulat ion of 
the g igantocel lu lar  nucleus var ied  f r o m  5 to 50 m s e c  but was always s h o r t e r  than the latent  per iod of the 
phrenic  neurons .  

The r e su l t s  of these  observa t ions  conf i rm seve ra l  fac ts  d i scove red  by o ther  w o r k e r s  [2, 6-11]. At the 
s a m e  t ime,  new data were  obtained on the effects  Of s t ruc tu r e s  of the r e s p i r a t o r y  cen te r  on the moto r  mechan-  
i s m  of the r e s p i r a t o r y  movement s .  A speci f ic  effect  followed s t imulat ion not of the whole nucleus of the t r a c -  
tus so l i t a r ius ,  nucleus ambiguus,  and g igantoce l lu lar  nuclet~s, but only of ce r t a in  zones of them.  These  medu l -  
l a ry  nuclei a r e  thus functionally he terogeneous .  Each of them contains zones whose s t imulat ion evokes no 
r e sponses  of the neu romoto r  appara tus  of the r e s p i r a t o r y  sys t em.  In the nuclei  of the la te ra l  region there  
a r e  s t r u c t u r e s  whose s t imulat ion is accompanied  by r e sponses  of act ivat ion and depress ion  of the act ivi ty  of 
di f ferent  groups  of i n sp i r a to ry  m us c l e s  (d iaphragm and in tercos ta l ) .  Final ly,  s t r uc tu r e s  whose s t imulat ion is 
accompanied  by a c l e a r l y  se lec t ive  action were  found in the nuclei of the l a t e ra l  region.  Special at tention mus t  
evidently be paid to the fac t  that s t imula t ion  of p a r t i c u l a r  zones of the g igantoce l lu lar  nucleus regu la r ly  evokes 
a Coordinated i n c r e a s e  in e lec t r i ca l  act iv i ty  of the d iaphragm and in tercos ta l  musc les .  The action of s t imu la -  
tion of the i n sp i r a to ry  and exp i r a to ry  zones of the g igantocel lu!ar  nucleus sugges ts  that  these  zones d i f fer  in 
the i r  physiological  ro le  f r o m  the other  zones of the g igantocel lu lar  nucleus.  In the w r i t e r s '  view, these  a r e  
" integrat ing"  zones of the r e s p i r a t o r y  cen te r .  

It can be concluded f r o m  the r e su l t s  of this c o m p a r i s o n  of the l a t e n t p e r i o d s  of r e sponses  of neurons in 
the l a t e ra l  region and of phrenic  neurons  to s t imula t ion  of the g igantocel lu lar  nucleus that  the action of that 
nucleus on the spinal  e f ferent  m e c h a n i s m  is exer ted  indirect ly ,  through neurons of the la te ra l  region of the 
r e s p i r a t o r y  center .  
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