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Stimulation of the phrenic nerve evokes ear ly  (latent period 8-12 msec) and late (latent period 
30-40 msec) sur face-pos i t ive  potentials in the contra la tera l  sensomotor  cortex. The ear ly  po-  
tentials a r i se  in two local ized a reas  of the pos te r io r  sigmoid gyrus - near  the medial edge of 
the postcrucia te  dimple and near  the la tera l  edge of the crucia te  sulcus. The late potentials, on 
the other  hand, are  recorded not only over  the whole surface of the pos te r ior  sigmoid gyrus ,  
but also in the anter ior  sigmoid gyrus .  The ear ly  component of the response is evidently evoked 
by stimulation of the f i r s t  group of muscle afferents.  Impulses reaching the cor tex from the 
phrenic nerve may perhaps par t ic ipate  in the mechanism of the sensation of brea th lessness .  

KEY WORDS: phrenic nerve; p r ima ry  responses;  cor t ical  representat ion of f i rs t  group of mus-  
cle afferents;  dyspnea. 

The representa t ion of all the l a rge  somatic  and v iscera l  nerves in the ce rebra l  cortex has been de- 
scr ibed [1, 2, 12, 16, 17]. The only exception is evidently the phrenic nerve, the cor t ical  representat ion of 
which is not yet known. However, this is a mat ter  of great  in teres t  in connection with analysis of the role of 
impulses spreading along the phrenic nerve in the mechanism of the senation of brea th lessness .  

The investigation descr ibed below showed that the phrenic nerve is represented  in the f i rs t  somatosensory  
a rea  of the cor tex at two points, coinciding roughly with the representat ion of the f i r s t  group of muscle a f fer -  
ents of the forelimb. 

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

Experiments  were car r ied  out on 21 cats weighing 3~2-3.9 kg anesthetized with a - ch lo ra lose  (60-70 
mg/kg,  intraperitoneally).  Cortical  evoked potentials were recorded from the right hemisphere  by a mono- 
polar  technique with s i lver  ball e lectrodes ,  lightly pressed  against  the surface  of the cortex by means of mini-  
ature spring clips. The re fe rence  electrode (a steel needle) was fixed in the nasal bones. Cort ical  responses  
were  evoked by stimulation of the left phrenic nerve, the left g rea te r  splanchnic nerve,  and the left forel imb. 
The fore l imb was stimulated by bipolar needle electrodes inserted beneath the skin of the dorsal  surface of 
the foot o r  into the central  footpad. To st imulate the phrenic and g rea te r  splanchnic nerves the animals were 
ar t i f ic ial ly  ventilated, the 5 or  6 last  r ibs were removed on the left side, and the central  ends of the nerves 
divided near the diaphragm were placed on bipolar  platinum electrodes.  The thorax was then covered with 
vinyl chloride film to prevent  the nerves from drying. Cortical  responses  were recorded in animals im-  
mobilized with tubocurarine.  

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

Stimulation of the phrenic nerve evoked responses  in the f i rs t  somatosensory  area  of the cortex of the 
cont ra la te ra l  hemisphere  which began with a surface-pos i t ive  wave of potentials (Figs. 1A, B, E and 3A). The 
ear l ies t  component of the response had a latent period of 8-12 msec,  a duration of 18-28 msec,  and an ampli-  
tude of 30-90 #V. This was followed as a rule by a second posit ive wave, which merged smoothly with a longer 
negative wave. The latent period of the second positive wave was 30-40 msec and its amplitude 30-120 ~tV. 
The latent period, shape, and amplitude of the negative wave were much more  variable than those of the positive 
components of the response.  
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Fig. 1. Responses  of p o s t e r i o r  s igmoid gy rus  to s t imulat ion of con t ra l a t e ra l  splenic ne rve  
(A, C, E), con t r a l a t e ra l  g r e a t e r  splanchnic ne rve  (D), and con t ra l a t e ra l  fo re l imb  (F). P o -  
tent ials  r eco rded  nea r  medial  b o r d e r  of pos tc ruc ia t e  dimple (A-D) and nea r  l a t e ra l  bo rde r  
of c ruc ia t e  sulcus (E, F) in th ree  cats:  A-B,  C-D, and E - F .  After  crushing of the phrenic  
nerve  p rox ima l ly  to the point of s t imulat ion r e sponses  to s t imulat ion of this ne rve  d i s -  
appeared  (B). Voltage cal ibrat ion:  50 #V (for C, D), 100 ~V (for A, B,  E), and 400 #V (for 
F). T i m e  ca l ibra t ion  20 msec .  

Fig.  2. Scheme of do r sa l  su r face  of r o s t r a l  p a r t  of ca t  cor tex .  A r e a s  of cor tex  in which 
the ea r ly  component  of r e sponse  to  s t imulat ion of con t r a l a t e r a l  phrenic  ne rve  w a s  
r e c o r d e d  a re  showninb lack .  PCD} Pos t c ruc i a t e  dimple .  

Crushing the phrenic  nerve  above the point  of s t imulat ion comple te ly  abolished this r e sponse  (Fig. 1B). 
Consequently,  it was  caused by a f fe ren t  impulses  spreading  along the phrenic  nerve .  

The la ten t  per iod  of the ea r ly  component  of the r e sponse  coincided with the la tent  per iods  of c l a s s i ca l  
cor t i ca l  p r i m a r y  r e sponses  to s t imulat ion of the con t r a l a t e ra l  fo re l imb  and the con t r a l a t e ra l  g r e a t e r  splanchnic 
nerve .  This  fac t  is i l lus t ra ted  in Fig. 1, C - F .  Responses  r eco rded  at two points of the p o s t e r i o r  s igmoid gy rus  
a r e  i l lus t ra ted  here :  Nea r  the medial  edge of the pos tc ruc ia t e  dimple (C, D) and nea r  the l a t e r a l  edge of the 
c ruc ia t e  sulcus (E, F). Responses  n e a r  the pos t e ruc i a t e  d imple  were  evoked by s t imulat ion of the con t r a l a t e ra l  
phrenic  n e r v e  (C) and the con t r a l a t e ra l  g r e a t e r  splanchnic ne rve  (D). Responses  nea r  the l a te ra l  edge of the 
c ruc ia te  sulcus appeared  to s t imulat ion of the con t r a l a t e ra l  g r e a t e r  splanchnic ne rve  (E) and the con t ra l a t e ra l  
f o r e l imb  (F). The la tent  per iods  of all th ree  r e s p o n s e s  evidently a lmos t  coincided. They  were  9.7 msec  (C), 
9.3 msec  (D), 12 m s e c  (E), and 11.5 msec  (F). The la tent  per iods  of the r e sponses  to s t imulat ion of the sp lan-  
chnic ne rve  (D) and fo re l imb  (F) agreed  with those desc r ibed  in the l i t e r a t u r e  [3, 6, 11, 12]. 

Like known cor t i ca l  p r i m a r y  r e s p o n s e s ,  the ea r ly  component  of the r e sponse  to phrenic  ne rve  s t imulat ion 
was r eco rded  in v e r y  local ized a r e a s  of the cor tex .  These  a r e a s  a re  shown in Fig. 2 as black ovals .  They a re  
located in two regions  of the p o s t e r i o r  s igmoid gyrus  - nea r  the medial  edge of the pos tc ruc ia te  d imple  and 
nea r  the l a t e ra l  edge of the c ruc ia te  sulcus.  Moving the record ing  e lec t rode  only 2-3 m m  away f r o m  these  
a r e a s  led to d i sappea rance  of the ea r ly  component  of the response  f r o m  the record .  The late  waves  w e r e  r e -  
corded f r o m  wider  a r e a s  of the cor tex:  They could be recorded  not only in all pa r t s  of the p o s t e r i o r  s igmoid 
gyrus ,  but even in the an t e r io r  s igmoid gyrus .  

An impor tan t  d i f fe rence  between the ea r ly  component  of the r e sponse  desc r ibed  h e r e  and p r i m a r y  r e -  
s p o n s e s  evoked by s t imulat ion of the fo r e l imb  and g r e a t e r  splanchnic ne rve  is that the ea r ly  component  was 
s t rongly  dependent on t e m p o r a l  summat ion .  As Fig. 3 shows, a w e l l - m a r k e d  cor t ica l  r e sponse  occur red  only 
to appl icat ion of a h igh- f requency  vol ley of pu l ses  to the phrenic  ne rve  (A), and a single s t imulus  evoked no 
r e sponse  (B). Converse ly ,  t e m p o r a l  summat ion  was not requi red  for  the p r i m a r y  r e s p o n s e s  evoked f r o m  the 
fo re l imb  or  the g r e a t e r  splanchnic nerve:  If the s t imulat ing cu r r en t  was s t rong enough max ima l  p r i m a r y  r e -  
sponses  appeared  not only to a h igh- f requency  vol ley  of s t imul i  (C), but also to a s ingle s t imulus  (D). 
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Fig. 3. Dependence of r e sponses  evoked in c o r -  
tex by phrenic  ne rve  s t imulat ion on t empora l  s u m -  
mation.  Responses  nea r  medial  edge of pos t -  
c ruc ia te  d imple  (A, B) and nea r  l a t e ra l  edge of 
c ruc ia te  sulcus (C, D) evoked by s t imulat ion of 
con t r a l a t e ra l  phrenic  ne rve  (A, B) and con t ra l a t e ra l  
f o r e l imb  (C, D). Response  to s t imulat ion of 
phrenic  ne rve  a r i s e  to h igh-f requency s e r i e s  of 
s t imul i  (A) only and not to single s t imulus  (B). Con- 
v e r s e l y ,  during s t imulat ion of fo re l imb  r e sponses  
a r e  independent of whether  they a r e  evoked by high-  
f requency  s e r i e s  of s t imul i  (C) or  single s t imulus 
(D). Voltage cal ibrat ion:  100 ~V (A, B) and 500 pV 
(C, D). T ime  cal ibra t ion 20 msec .  

The ea r ly  pos i t ive  waves  of potent ia ls  descr ibed  in this pape r  mus t  evidently be a p r i m a r y  response .  
This  is shown by the latent  per iod  of this wave, which was the s ame  as that of the p r i m a r y  cor t i ca l  r e sponse  
to s t imulat ion of the fo re l imb  and of the g r e a t e r  splanchnic nerve ,  and the v e r y  smal l  s ize  of the a r e a  of cor tex  
in which this wave was recorded .  Th i s  p r i m a r y  r e sponse  was evoked by  impulses  which evidently sp read  
along the f i r s t  group of musc le  a f fe ren t s  of the phrenic  nerve .  This  is shown not only by the shor t  la tent  per iod,  
but more  espec ia l ly  by the local izat ion of the response ;  it coincided a lmos t  exact ly  with the represen ta t ion  of 
the f i r s t  group of musc le  a f fe ren ts  of o ther  ne rve s  par t ic ipat ing,  l i k e  the phren ic  nerve ,  in the brachia l  plexus 
[14-16]. F u r t h e r  suppor t  is given by two other  f ea tu re s  dist inguishing this p r i m a r y  response :  I ts  e x t r e m e l y  
low ampli tude and its s t rong dependence on t empora l  summation.  These  fea tu res  a r e  known to be c h a r a c t e r -  
is t ic  of p r i m a r y  r e s p o n s e s  evoked by s t imulat ion of a ve ry  smal l  number  of p r i m a r y  af ferents ,  l i t e ra l ly  only 
two or  th ree  f ibe r s  [4, 9, 10]. His tological  invest igat ions [8] have shown that  the phrenic  ne rve  in the cat  con-  
ta ins  just  this smal l  num be r  of f i be r s  belonging to the f i r s t  group of musc le  a f fe ren ts .  

The l a t e r  pos i t ive -nega t ive  wave of potential  with a la ten t  per iod of 30-40 msee  is a n o n p r i m a r y  response .  
The la tent  per iod,  shape,  and local izat ion of this wave a r e  c h a r a c t e r i s t i c  of evoked potent ials  known as non- 
p r i m a r y  r e s p o n s e s  of the second type [5]. 

The view was or ig inal ly  widely held that d i scomfor t  due to b r ea th l e s snes s  is caused by impulses  f rom 
the r e s p i r a t o r y  musc les  of the ches t  [7]. However,  it was l a t e r  found that dyspnea can stil l  develop when these  
impulses  a r e  blocked by spinal  anes thes i a  and r e sp i r a t i on  is maintained by the act ivi ty  of the d iaphragm alone 
[13]. The data desc r ibed  in this pape r  suggests  that in this case  the dyspnea may  be caused by impulses  
spreading  along the phrenic  nerve .  
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AGE D I F F E R E N C E S  IN T E M P E R A T U R E  D E P E N D E N C E  

OF R E P O L A R I Z A T I O N  OF T H E  

A D R E N O C O R T I C A L  C E L L  M E M B R A N E  

E.  N. G o r b a n '  UDC 612.674.53.014.423.014.43 

In experiments on isolated adrenals of male rats of two age groups (5 and 28-29 months) no age 
differences were found in the membrane potential of cells in the zona fasciculata of the cortex. 
The temperature  dependence of repolarization of the cell membrane in the zona faseiculata of 
the adrenal cortex was investigated in rats of different ages within the temperature  range from 
7 to 17~ after  prel iminary cooling of the adrenals. The temperature  coefficient of repolar iza-  
tion, calculated in old animals (Q10 = 2.732) was significantly higher than in the young animals 
(Q10 = 1.481). With age, the contribution of reactions with high activation energy increases in 
total balance of processes  determining repolarization of the adrenocortical cell membrane. 

KEY WORDS: Aging of the endocrine system; adrenal cortex; membrane potential; temperature  
dependence. 

An important place in the study of the mechanisms of age changes in the functions of cells is occupied 
by the study of their biophysical propert ies ,  which are mainly determined by the state of the membrane: its 
polarizaiion, excitability, and transport  function. The level of polarization of the cell membranes plays an 
important role in the control of cell metabolism also [1, 5, 14]. 

Much fgctual evidence has now been gathered on age changes in the glands of internal secretion [2, 4, 6, 
7], yet there is no information on the electrical  propert ies  of their  cell membranes: the membrane potential 
(MP), details of active transport,  and the supply of energy for it. 

MP of the cells of certain organs and tissues (the liver,  various s tructures  of the nervous system, 
muscles, some epithelial cells) p reserves  its relative constancy during aging, despite significant changes in 
the concentrations of electrolytes in the t issues,  and a decrease  in the intensity of formation and in the con- 

cen t ra t ion  of high-energy phosphorus compounds, which provide for the work of the sodium pump [3, 8, 9, 15]. 
It can therefore be postulated that during aging changes ar ise  in the mechanism of maintenance of MP of the 

c e l l s .  
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