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The media l  and l a t e ra l  zones  of the r e s p i r a t o r y  cen te r  differ  in the i r  neuronal  composi t ion and functional 
ro le  [1, 2, 4-9].  High-f requency s t imula t ion  of i n sp i r a to ry  and exp i ra to ry  s i tes  of the g igantocel lu lar  nucleus 
[5-7] changes the s ta te  of the overwhelming ma jo r i t y  of insp i ra to ry  and exp i ra to ry  neurons of the nucleus a m -  
biguus and nucleus r e t roambiguus  (ventral  r e s p i r a t o r y  nucleus) and nucleus of the t r ac tus  so l i ta r ius  (dorsal  
r e s p i r a t o r y  nucleus) and evokes  spike act ivi ty in them [6-8]. The p r e sence  of var ious  mutual  functional con-  
nections has been es tab l i shed  between neurons  of the insp i ra to ry  and exp i r a to ry  s i tes  of the g igantocel lu lar  
nucleus and the ven t ra l  and dorsa l  r e s p i r a t o r y  nuclei  [5-8]. No informat ion  is avai lable  on d i rec t  connections 
between neurons  of media l  and la te ra l  zones of the r e s p i r a t o r y  center ,  although there  a re  indi rec t  data sug-  
gest ing the i r  ex is tence .  One piece  of such indi rec t  evidence is  the r e c o v e r y  of spike activity of r e s p i r a t o r y  
neurons  when it has c ea s ed  during s t imula t ion  of i n sp i r a to ry  s i tes  [7, 8]. 

The object  of this invest igat ion was to study connections of neurons  of insp i ra to ry  and exp i ra to ry  s i tes  of 
the g igantocel lu lar  nucleus with r e s p i r a t o r y  and r e t i cu l a r  neurons of the vent ra l  and dorsa l  r e s p i r a t o r y  nuclei  
by analys is  of latent  per iods  of e l ec t r i ca l  r e sponses  of the neurons  to equivalent s t imula t ion  of these  s i t es .  

EXPERIMENTAL METHOD 

Experiments were carried out on 12 spontaneously breathing cats anesthetized with pentobarbital (40 mg/kg, 
intraperitoneally). The preparatory operations and the technique of conducting the observations were described 
in [7, 8]. Bipolar (interelectrode distance i00 #) or glass electrodes, filled with Wood's alloy, were used for 
s t imulat ion.  The t ips  of the g lass  e l ec t rodes  were  coated e lec t ro ly t ica l ly  with plat inum. E lec t r i ca l  act ivi ty was 
r eco rded  on the side of s t imula t ion  f r o m  the phrenic  ne rve  at levels  C4-C5. To r e c o r d  in tegra ted  activi ty of 
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Fig. 1. His tograms of synaptic responses  of r e sp i ra to ry  and re t icu lar  neurons to single st imulation of in- 
spi ra tory  and expiratory sites of gigantocellular  nucleus. Abscissa ,  intervals ,  in msec;  ordinate, number  of 
neurons.  Explanation in text. 

Fig. 2. Monosynaptic responses  of inspi ra tory  neuron of ventral r e sp i ra to ry  nucleus. Horizontally - evoked 
discharges  of neuron, ver t ica l ly  - volley activity of neuron. Explanation in text. 

r e sp i ra to ry  neurons and phrenic nerve an S1-18 dual -beam oscil loscope was used. After  pre l iminary  identifica- 
tion of the type of the r e sp i r a to ry  neuron, spontaneous unit activity was recorded  f rom another osci l loscope 
with one beam, and discharges  of the same units at different t imes of development of the resp i ra to ry  cycle in 
response to single stimuli  0.1 msec  in duration (negative polari ty),  applied f rom an ]~SU-2 e lec t r ica l  s t imula tor  
(current 3-20 HA) were recorded  with the other beam. The grea tes t  distance between the recording neurons and 
site of st imulation was 4 mm. The neuron responding to single st imuli  was identified by the resu l t s  of p r e -  
l iminary analysis of stable evoked unit activity and by comparing the magnitude of the discharges  during natural  
and evoked activity. 

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

Discharges  of 67 inspiratory,  25 expiratory,  and 76 re t i cu la r  (with no evident connection wi th the  phases 
of respiration) neurons were recorded  in the region of the ventral  and dorsal  r e sp i ra to ry  nuclei ext racel lu lar ly .  
To bursts  of st imulation and single stimuli  of inspi ra tory  si tes in the gigantocel lular  nucleus, with coordinates 
4 mm ros t ra l ly  to the obex, 0.5 mm lateral ly to the midline, and at a depth of 3.5 mm f rom the dorsal  surface,  
and also with coordinates 3, 2, and 4 mm respect ively ,  evoked discharges  were  obtained f rom 62 inspira tory,  
13 re t icular ,  and 1 of the 14 expira tory neurons.  Evoked responses  were  observed in nine of 11 expiratory 
neurons of the ventral  r e sp i ra to ry  nucleus in response  to the same stimulation of the expira tory site with co-  
ordinates of 2.5, 1.5, and 3 mm respect ively .  

His tograms of latent periods of synaptic responses  of inspi ra tory  neurons to single st imulation of insp i ra -  
tory  sites of the gigantocellular  nucleus (Fig. la) ,  of expira tory  neurons to st imulation of the expiratory site 
(Fig. lb),  and of re t icu la r  neurons to stimulation of the ipsi la teral  site with coordinates of 4, 0.5, and 3.5 mm 
(Fig. lc) ,  are  shown in Fig.  1. The latent period of the evoked discharge in 15 of 62 inspi ra tory  neurons was 
0.7-3.0 msec .  The latent period of d ischarges  of mos t  neurons was 4.0-6.5 msec .  

Synaptic responses  to sin_gle st imulation of a si te with coordinates 4, 0.5, and 3.5 mm were obtained in 
35 inspi ra tory  neurons c~ the ventral  r e sp i r a to ry  nucleus and seven neurons of the dorsal  nucleus.  Two neurons 
recorded  close to the nucleus ambiguus and one neuron close to the nucleus of the t rac tus  sol i tar ius gave mono-  
synaptic responses  to single stimulation. 

Evoked responses  of a complete inspiratory neuron are  shown in Fig. 2. Variat ions in latent periods of 
evoked discharges  of these neurons during the per iod of its discharge were noted. In the period between volleys 
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Fig.  3. Synaptic responses  of inspi ra tory  and re t icu lar  
neurons of ventral  nucleus, a, b) Responses to s t imula-  
tion of inspi ra tory  site of medial zone by one and two 
stimuli;  a: 1) integrative activity of inspi ra tory  neuron, 
2) of phrenic nerve (top beam), 3) responses  of re t icu lar  
neuron. Top beam shows discharges  of neuron, bottom 
beam shows electr ical  activity in splenic nerve.  Duration 
of inspiration indicated on right.  Jus t  as in previous f ig-  
ure,  movement  of f i lm is f rom below upward. 

no e lec t r ica l  responses  of the neurons were observed to threshold stimulation. If the stimulus a r r ived  at the 
end of the second third  of discharge of the neuron, the latent per iod was 0.7 msec,  whereas if it a r r ived  at the 
beginning of unit activity, it was 0.9-1.0 msec  (Fig. 2b, e). The minimal latent per iod corresponded to a definite 
time of generation of r e sp i ra to ry  d ischarges .  Increasing the strength of the cur rent  to 1.5 to 3 thresholds led 
to the appearance of evoked discharges  throughout the r e sp i ra to ry  cycle or  most  of it (Fig. 2e). Fluctuations of 
latent periods of evoked discharges  are explained on the grounds that the stimuli a r r ived  at different periods of 
the resp i ra to ry  cycle.  If, however,  st imulation was applied to the second third of the discharge of the neuron, 
evoked spike activit ies were superposed on one another (Fig. 2d). 

Polysynaptic  responses  of a complete inspira tory neuron of the ventral  nucleus during st imulation of the 
same  site are represen ted  in Fig.  3a. Stimulation by two st imuli  converted volley activity of the neuron to con-  
tinuous discharge (Fig. 3b). Pa i red  st imuli  caused facili tation of activity: In a se r ies  of runs at a cer tain mo-  
ment of generat ion of r e sp i ra to ry  spikes,  two discharges  were recorded.  It must  be special ly noted that in 
every  case the latent periods of the e lect r ical  responses ,  if they could be determined,  were  shor t  but the in- 
tervol ley period was always longer.  

During st imulation of the inspira tory si tes with coordinates of 3 mm ros t ra l ly  to the obex, 2 mm la tera l ly  
to the midline, and at a depth of 4 mm synaptic responses  were recorded  in 11 inspira tory neurons of the ven-  
t ra l  and nine inspira tory neurons of the dorsal  r e sp i ra to ry  nuclei. In two complete inspi ra tory  neurons of the 
dorsal  nucleus monosynaptic responses  were obtained (the latent period was 0.6-0.7 msec) .  The latent per iod 
of the remaining neurons var ied  f rom 2.3 to 6.5 msec .  Just  as during stimulation of the site descr ibed above, 
in most  cases  the shor tes t  latent per iod corresponded to a par t icu lar  moment of discharge of the neurons.  

In 13 of the 56 re t icu la r  neurons (their spike discharge was not always connected visually with the phases 
of respirat ion) ,  r ecorded  in the ventral  r e sp i r a to ry  nucleus and increasing their  discharge in response  to high- 
frequency st imulation of the inspiratory site (4, 0.5, and 3.5 ram) the latent per iods of the evoked discharges  
also were studied. A special  feature of the i r  responses  was that evoked discharges  in five neurons appeared only 
in the phase of inspiration (Fig. 3c). The latent per iod of ten neurons var ied f rom 0.7 to 2.0 msec  (Fig. lc) .  
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During stimulation of the expiratory site with coordinates of 2.5, 1.5, and 3 mm synaptic responses  with 
a latent period of 0.7-4.0 msec  were  obtained in eight of the nine expira tory  neurons of the ventral  r e sp i r a to ry  
nucleus. The latent period in complete and late neurons was under 1.2 msec .  During threshold stimulation 
evoked discharges  of expiratory neurons were observed only in the phase of expiration, but with an increase  in 
strength of the current ,  evoked activity was r eco rded  throughout the per iod of the resp i ra tory  cycle.  Only in 
one of the 19 inspira tory neurons of the ventral  nucleus were  evoked responses  with a latent per iod of 6.4 msec  
obtained to st imulation of the expira tory site.  

During stimulation of the s t ruc tures  descr ibed above in the gigantocel lular  nucleus, in some cases e lec -  
t r ica l  responses  of aonsynaptic origin were obtained, with a latent period of 0.3-0.4 msec,  which cor re la ted  
with the frequency of stimulation (up to 300 Hz). 

The resul ts  thus indicate the existence of connections of a var ied degree of complexity (including mono-  
synaptic) between neurons of the inspi ra tory  and expira tory  si tes of the gigantocellular  nucleus and the ventral  
and dorsal  nuclei. The lat ter ,  and also the marked  faci l i ta tory influences f rom these si tes on the resp i ra to ry  
neurons of the lateral  zone distinguish the sites descr ibed above [6-8] f rom others whose e lec t r ica l  st imulation 
switches the r e sp i ra to ry  phases.  
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Among the various methods of increasing res i s tance  to emotional s t r e s s ,  physical  methods are achieving 
ever - inc reas ing  popularity: exposure to uhf e lectromagnet ic  fields,  acupuncture,  increasing e lec t rodermal  
st imulation (EDS), etc. [1, 3, 4]. However, the mechanisms of action of physical  fac tors  on the course  of e m o -  
tional react ions  still remain  largely  unexplained. 

The aim of this investigation was to study the mechanism of the effect of increasing EDS on v i scerosomat ic  
responses  to e lec t r ica l  st imulation of negative emotiogenic zones of the ventromedial  hypothalamus (VMH). In 
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