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The  t o t a l  a m o u n t  of n o r a d r e n a l i n e  in t he  hea r t ,  as welt  
as  t h e  c o n c e n t r a t i o n  in t h e  hea r t ,  shows  a p r o b a b l y  
s ign i f i can t  increase  in t h e  t r a i n e d  guinea-pigs .  I n  t h e  
o t h e r  m e a s u r e d  p a r a m e t e r s ,  no  o v e r t  d i f ferences  a re  seen. 

Effect of chronic physical training on the catecholamine content of 
the heart and the adrenal glands of the guinea-pig 

Controls Trained animals 
(n = 14) (n = 13) 

Initial body weight 271 ~ 5 274 ± 4 
± S.E.M. (g) 
Final body weight 846 ± 18 808 -4- 16 
± S.E.M. (g) 
Heart weight ± S.E.M, (g) 2,29 ± 0.07 2.59 ± 0.04 
Heart ratio ± S.E.M. 0.27 :[: 0.005 0.30 -t- 0.003 ~ 
(g]I00 g body weight) 
Adrenal weight ± S.E.M. 0.46 4- 0.02 0.44 -[- 0.03 
(paired organs) (g) 
Total noradrenaline in 3.42 ± 0.32 4.26 ± 0.17 b 
heart 4-S.E.M. (~g) 
Noradrenaline concentra- 1,48 ± 0.12 1.78 ± 0.06 b 
tion in heart ± S.E.M. (tzg/g} 
Total adrenaline in 82 ± 5 88 -4- 5 
adrenals ± S.E.M. ([xg) 
Adrenaline btg/kg 100 : 1 : 7  110 ± 7 
body weight ± S.E.M. 

Discussion and conclusions. F r o m  the  p r e s e n t  s t u d y  i t  
is e v i d e n t  t h a t  a p ro longed  phys i ca l  t r a in ing ,  g iv ing  r ise 
to  a ca rd iac  h y p e r t r o p h y  as  i n d i c a t e d  b y  t h e  increase  in 
h e a r t  ra t io ,  does  n o t  lower  t h e  ca rd iac  n o r a d r e n a l i n e  
c o n t e n t .  O n  t h e  c o n t r a r y ,  a s l igh t  inc rease  is seen. I n  
t he  s tud ies  in  w h i c h  a decrease  in  a m o u n t  of  s y m p a t h e t i c  
t r a n s m i t t e r  of t h e  h e a r t  was  no t i ced  1 , ,  no  ca rd iac  h y p e r -  
t r o p h y  was obse rved .  T h i s  would  i n d i c a t e  t h a t  a low 
degree of phys i ca l  t r a in ing ,  no t  i n d u c i n g  ca rd iac  h y p e r -  
t rophy ,  ha s  t h e  oppos i t e  ef fec t  on  t he  a m o u n t  of sym-  
p a t h e t i c  t r a n s m i t t e r  in  t h e  h e a r t  to  a phys i ca l  t r a i n i n g  
g iv ing  rise to  ca rd iac  e n l a r g e m e n t .  The  reason  of t h i s  
d iscrepancy,  as well  as  i t s  f u n c t i o n a l  s ignif icance,  is 
obscure  a n d  requ i res  f u r t h e r  i nves t iga t ion .  

Zusammenfassung. E i n  l a n g d a u e r n d e s  T r a i n i n g  b e w i r k t  
ke ine  H e r a b s e t z u n g  d e r  C a t e c h o l a m i n e  in  He rz  u n d  Ne-  
b e n n i e r e n  des  Meerschweinchens .  
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Topographical Investigation of Cortical Afferents to t h e  R e d  N u c l e u s  i n  t h e  Cat 

A n a t o m i c a l  a n d  phys io log ica l  s tud ies  h a v e  shown  t h a t  
t h e  large cells of t h e  red  nuc leus  (RN) rece ive  a topo-  
g r aph i ca l l y  o rgan ized  p ro j ec t i on  f rom t h e  m o t o r  cor-  
t e x  x-4. I n  t h i s  e lec t rophys io log ica l  s t u d y  we h a v e  
a t t e m p t e d  to  e x a m i n e  in more  de t a i l  t h e  cha r ac t e r i s t i c s  
of t h e  c o r t i c o r u b r a l  r e l a t i on  a t  t h e  u n i t a r y  level.  

Techniques. Resu l t s  were o b t a i n e d  f rom 41 ca t s  
a n e s t h e t i z e d  w i t h  Chlora lose  a n d  p a r a l y z e d  w i t h  gal- 
l a m i n e  t r i e t h o d i d e  (Flaxedil) ,  Reco rd ings  f rom mesen-  
cepha l ic  n e u r o n s  were  m a d e  w i t h  t u n g s t e n  microe lec-  
t r o d e s  t h a t  h a d  a n  i m p e d a n c e  equa l  to  or  g r ea t e r  t h a n  
7 m~2 a t  1.000 Hz.  T h e  r u b r o s p i n a l  t r a c t  was  s t i m u l a t e d  
a t  a f r e q u e n c y  of 0.15 H z  a t  b o t h  t h e  ce rv ica l  (C2) a n d  
t h o r a c i c  (D9) levels  to  p e r m i t  a n t i d r o m i c  i den t i f i c a t i on  
of R N  cells. A d i sc re te  coagu l a t i on  was  m a d e  a t  t h e  end  
of e a c h  mic roe l ec t rode  descen t  in  o r d e r  to  local ize t he  
t i p  in  h i s to log ica l  sect ions.  

T h e  ef fec t  of s t i m u l a t i o n  of t h e  pe r i c ruc ia t e  co r t ex  
was  t e s t e d  on  cells y i e ld ing  a n t i d r o m i c  responses  to  
s t i m u l a t i o n  of t h e  r u b r o s p i n a l  t r ac t .  Cor t ica l  s t i m u l a t i o n  
was  a c h i e v e d  b y  m e a n s  of 7 pa i r s  of n ick le  need le  elec- 
t rodes  t h a t  were  v a r n i s h e d  e x c e p t  a t  t h e  t ip .  E a c h  elec- 
t r o d e  was  lowered t h r o u g h  a sma l l  b u r r  hole  in  t h e  skul l  
to  a cor t i ca l  d e p t h  of 1.5 m m  before  be ing  c e m e n t e d  
i n t o  place.  Cor t ica l  s t i m u l a t i o n ,  cons i s t ing  of 3 shocks,  
was  de l ive red  a t  a c o n s t a n t  c u r r e n t  of 300 ~A to  each  
of  t h e  e lec t rode  pai rs ,  w i t h  each  m e m b e r  of t h e  pa i r  
s e rv ing  a l t e r n a t i v e l y  as  t h e  ca thode .  I n  t h i s  s tudy ,  on ly  
sp ikes  evoked  b y  s t i m u l a t i o n  in t ens i t i e s  of 150 t~k or  
less a n d  w i t h  l a t enc ies  of 20 msec  or  less h a v e  b e e n  

inc luded .  F r o m  a t o t a l  of 173 a n t i d r o m i c a l l y  a c t i v a t e d  
cells on ly  72 a c h i e v e d  these  cr i ter ia .  

Results. The  cor t i ca l  a reas  exp lo red  b y  t h e  s t i m u l a t i o n  
were  t h e  a n t e r i o r  s igmoid  gyrus,  t h e  a n t e r i o r  p o r t i o n  
of t h e  pos t e r i o r  s igmoid  gyrus  a n d  t he  gyrus  p ro reus  
(F igure  1, left) .  T h e  cor t ica l  regions  f rom which  i t  was  
poss ib le  to  i nduce  spikes  in  r ed  nuc leus  un i t s  are  shown  
in  F igu re  1 r ight .  T h e  p o i n t s  are  found  in t h e  pre-  a n d  
p o s t - c r u c i a t e  co r t ex  of a rea  4 (according  to HASSLER 
a n d  MOHS-CLEME~T'S d iv i s ion  of cor t ica l  areas  5). S t i m u -  
l a t i o n  of a r ea  6 fa i led  to  evoke  spikes  in  t h e  red  nucleus ,  
w h i c h  is in  a g r e e m e n t  w i t h  SCHMIEDT'S evoked  p o t e n t i a l  
s t u d y  of c o r t i c o r u b r a l  p ro j ec t ions  s. The  zones of g r e a t e s t  
c o r t i c o r u b r a l  p ro j ec t i ons  are,  accord ing  to "WOOLSEY'S 
m o t o r  h o m u n c u l u s  for  t h e  ca t  r, t h e  s o m a t o m o t o r  a reas  
for  t h e  fo r e l imb  (i.e. t h e  l a te ra l  po r t i on  of t h e  a n t e r i o r  
a n d  pos te r io r  s igmoid  gyri) a n d  t h e  h i n d l i m b  (i.e. t h e  
med ia l  po r t i on  of  t he  pos te r io r  s igmoid  gyrus) .  
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The  p ro jec t ions  f rom the  s o m a t o m o t o r  cor tex  to  each  
R N  cell are well  organized  b u t  show a ce r t a in  degree  of 
convergence  as well. F igure  2 gives example s  of 4 ant i -  
d romica l ly  ident i f ied  R N  cells. The  2 cells wi th  axon  
t e r m i n a t i o n s  in t h e  cervical  cord are  found  in t h e  dorsa l  
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Fig. 1. Sites of cortical projections to RN neurons. A schematic 
reproduction of the somatomotor cortex, cr, eruciate SIIlCllS; cor~ 
coronal sulcus; pr syrv, presylv'ian suleus. The dotted line delimits 
area 6 (medial pre-erueiate) from area 4 (about the cruciate cortex). 
On the left is a summary illustration of the regions explored. Each 
point represents the position of a stimulating electrode. On the 
right, indicated on WOOLSE'Z'S ~ motor homunculus for the cat, are 
indicated the sites fronl which it was possible to induce spikes in 
red nucleus neurons. These sites are restricted to areas projecting 
to the limb musculature. 
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Fig. 2. Cortical projections to 4 RN cells. In the schematic drawing 
of the RN, the open circles indicate cervical cells and the filled 
circles lumbar cells. The size of the filled circles on the cortical 
sketch indicates the efficiency of the projection (i.e. the stimulation 
threshold required for each point to evoke a spike discharge in a 
RN unit). The largest circles indicate the lowest thresholds _< 50 ~zA, 
the smaller circles indicate thresholds between 50 and 150 [xA. 

por t ion  of t he  nucleus.  The 2 o t h e r  cells which  send the i r  
e f fe ren t  f ibers  to  t h o r a c i c o l u m b a r  segments ,  are loca ted  
in  t he  ven t r a l  R N  which  cor responds  wi th  t h e  k n o w n  
organ iza t ion  of t h e  nucleus.  I t  appea r s  t h a t  each  rubro-  
sp ina l  neuron  receives  a f fe ren t  p ro jec t ions  f rom a rela- 
t ive ly  wide  cort ical  a rea  some t imes  f rom d i s t inc t ly  dif- 
f e r en t  zones in sp i te  of t he  fac t  t h a t  t h e  p ro jec t ions  of 
g rea tes t  d e n s i t y  are re la t ive ly  topological .  

Mapp ing  of t he  p ro jec t ions  to  t he  R N  f rom each  p a r t  
of t h e  s o m a t o m o t o r  co r t ex  revea led  t h a t  t he  med ia l  
pos t -c ruc ia te  cor tex  (i.e. t he  h i n d l i m b  area) is p r inc ipa l ly  
connec ted  to  l u mb a r  neurons  loca ted  in t he  h i n d l i m b  
area  of t he  RN.  The la tera l  pre-  and  pos t -c ruc ia te  zones 
(the fore l imb area) p ro jec t  to  t he  ent i re  nucleus  a n d  to  
neurons  cont ro l l ing  the  m o t o r  func t ion  of t he  h i n d l i m b  
as well as t he  fore l imb.  

There  ex is t  a t  least  3 d i f fe ren t  f ac i l t a to ry  connec t ions  
be tween  t h e  s o m a t o m o t o r  cor tex  and  the  red nucleus ;  
t he  cor t icorubra l  p a t h w a y ,  the  col la terals  f rom tonic  
p y r a m i d a l  f ibers s and  the  co r t i co -pon to - in t e rpos i to - rub ra l  
p a t h w a y  9. A d i s t inc t ion  be tween  the  f i rs t  two  and  the  
th i rd  mu l t i s y n a p t i c  p a t h w a y  was  a t t e m p t e d  by  t r e a t i ng  
responses  w i t h  la tencies  infer ior  to  7.5 msec as s epa ra t e  
f rom those  w i t h  longer  latencies.  No dif ference b e t w e en  
the  charac te r i s t i cs  of these  2 popu la t ions  was found  and  
a f u r t h e r  a t t e m p t  to  d i s t inguish  be tween  the  f i rs t  two  
sys t ems  on the  basis  of l a t ency  was  no t  possible.  The  
conduc t ion  ve loc i ty  for these  2 p a t h w a y s  is of the  s ame  
order  (14 m/s  average  for tonic  p y r a m i d a l  f ibers and  
20 m/s  for cor t i corubra l  fibers4). In  ce r ta in  e x p e r i m e n t s  
we have  s t imu la t ed  the  cor t icospinal  t r a c t  an t id romica l ly  
and  caused collision in p y r a m i d a l  fibers, b u t  in t e rp re t a -  
t ion remains  diff icul t  because  the  l a t ency  of spikes appear -  
ing in the  red nucleus fol lowing cort ical  s t imula t ion  was  
h igh ly  var iable .  The ineff ic iency of t he  cor t icorubra l  
synapse  general ly  necess i t a ted  t e m p o r a l  s u m m a t i o n  by  
3 cor t ical  shocks to  p ropaga t e  ac t iv i ty  in R N  neurons .  

In  a n y  case, w h a t e v e r  p a t h w a y s  were ac t iva ted ,  t h e  
absence  of p ro jec t ions  f rom area  6 and  the  convergence  
of widespread  cor t ica l  areas on a single R N  neuron  a p p e a r  
to be tile sa l ient  charac te r i s t i cs  of t he  cor t i corubra l  
re la t ion.  This  o rgan iza t ion  of cor t i corubra l  p ro jec t ions  
impl ies  a concep t  of muscu la r  syne rg i sm for muscles  of 
a g iven l imb as well  as for coo rd ina t ion  of d i f f e ren t  
l imbs  10 

Rdsumd. II a ~t6 mont r6 ,  p a r  e n r e g i s t r e me n t  uni ta i re ,  
que  les aff6rences ~ p a r t i r  du co r t ex  m o t e u r  sur  les cel- 
luIes rubrosp ina les  p r o v i e n n e n t  s eu l emen t  de  l 'a i re  4. 
Ces p ro jec t ions  son t  organis6es de mani~re  top ique ,  b ien  
que  cer ta ines  cellules so ien t  act iv~es p a r  des zones cor- 
t icales  6tendues.  
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