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h e a r t s  wh ich  h a d  been  exc i sed  i m m e d i a t e l y  a f t e r  s t u n n i n g  
t h e  a n i m a l  a n d  h a d  b e e n  p l a c e d  in  ice-cold  w a t e r  whi le  
st i l l  b e a t i n g  v igorous ly ,  a d d i t i o n  of s a l t  c aused  a s h a r p  
rise in v iscos i ty ,  c o m p a r a b l e  in m a g n i t u d e  to  t h e  in~ 
crease c o s t u m a r i l y  o b t a i n e d  w i t h  a c t i n  f rom f resh  
ske le t a l  musc le .  In  t he se  i n s t a n c e s  t h e  s t e ro id  g lycos ides  
were  w i t h o u t  effect .  

Fo l lowing  t h e  d i s c o v e r y  b y  HORV,~TH et al. 1 of t h e  
i n f l uence  of c a rd i ac  g lycos ides  on  t h e  p o l y m e r i z a t i o n  of 
a c t i n  a v a r i e t y  of o t h e r  ef fec ts  of t he se  d rugs  o n  con-  
t r a c t i l e  musc l e  p r o t e i n s  were  d e s c r i b e d  in  t h e  l i t e r a t u r e .  
W h e t h e r  some  of t h e s e  e f fec t s  are  l ikewise  unspec i f i c  in  
t h e  sense  t h a t  t h e y  c a n  b e  r e p r o d u c e d  b y  s t r u c t u r a l  
a n a l o g s  d e v o i d  of c a r d i a c  a c t i v i t y  is a t  p r e s e n t  u n d e r  
i n v e s t i g a t i o n .  

This  work  was  u n d e r t a k e n  dur ing  tenure  of a Life In su rance  
Medical  Research  Fe l lowship .  I wish to express  m y  g ra t i t ude  to  Prof. 
T.REIenSTEX~ for a generous gift of emieymarin and alloemicymarin, 
and to Prof. A. STOLL for a generous gift of scillaren A and hexa- 
hydroseillaren A. I am also grateful to Dr. O. S.XELLMAY and Dr. 
B. GELOTrE for their interest and cooperation. 
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Zusammen/assung 

Die f 6 r d e r n d e  W i r k u n g  d e r  h e r z w i r k s a m e n  Glykos ide  
E m i z y m a r i n  u n d  Sz i l la ren  A a u f  die  P o l y m e r i s a t i o n  y o n  
A k t i n  aus  H e r z m u s k e l  w i rd  in d e m s e l b e n  Masse  y o n  d e n  
s t r u k t u r e l l  n a h e  v e r w a n d t e n ,  j e d o c h  h e r z u n w i r k s a m e n  
G l y k o s i d e n  A l l o e m i z y m a r i n  u n d  H e x a h y d r o s z i l l a r e n  A 
ausgef ib t .  

1 I. HORV.~TH, C. KIR.~LY, and J. SZERB, Na tu re  16t, 792 (1949). 
"~ Present  address:  Pharmakolog i sches  l n s t i t u t  der  Humbo ld t -  

Univers i t / i t ,  Ber l in  NW 7. 

Sull'ossidazione dell'acido lattico ed acido 
piruvico e di alcuni componenti  del ciclo citrico 

in omogenat i  di epitelio corneale 

Le r i ce rche  su l la  p a r t e c i p a z i o n e  del  ciclo c i t r i¢o di 
KREBS ne l l ' o s s i daz ione  de l l ' ac ido  p i r u v i c o  d a  p a r t e  di 
t e s su t i  ocu la r i  sono  scarse .  I n  due  mie  n o t e  x h o  r i f e r i to  
s u l l ' a t t i v i t A  d e i d r o g e n a s i c a  gene ra l e  de l la  cornea ,  c r i s ta l -  
l ino  e r e t i n a  m e d i a n t e  il T r i f en i l - t e t r azo l io ,  e su l la  
loca l izzaz ione  i s t o c h i m i c a  de l la  s u c c i n o d e i d r o g e n a s i  col 
B lu  Te t r azo l io .  I mie i  d a t i  h a n n o  p e r m e s s o  di  p o t e r  
loca l izzare  l ' a t t i v i t ~  d e i d r o g e n a s i c a  e l e t t i v a m e n t e  nel-  
l ' ep i t e l io  co rnea l e  ed in m i n i m a  p a r t e  ne l l ' endo te l i o .  
Ne l l a  p r e s e n t e  n o t a  r i fer isco i r i s u l t a t i  del le  mie  r i ce rche  
sul le  d e i d r o g e n a s i  del  ciclo c i t r ico  di  KREBS in o m o g e n a t i  
di  ep i te l io  co rnea l e  b o v i n o  m e d i a n t e  il Tr i fen i l  Te t razo l io .  

P e r  le mie  r i ce rche  h o  a d o p e r a t o  la  t e c n i c a  cons i g l i a t a  
d a  NORDMAN e NORDMAN 2. L ' e p i t e l i o  di c o r n e e  b o v i n e  
v e n i v a  sca r i f i ca to  e si p r e p a r a v a  u n  o m o g e n a t o  al  20 % 
n e l l ' o m o g e n i z z a t o r e  in  v e t r o  di  POTTER3; p e r  la  d e t e r m i -  
n a z i o n e  d e l l ' a t t i v i t ~  d e i d r o g e n a s i c a  la  m i s ce l a  d ' i n c u b a -  
z ione e ra  p r e p a r a t a  nel le  s e g u e n t i  p r o p o r z i o n i :  I n  t u b i  
d a  c e n t r i f u g a  si a g g i u n g e v a n o  1 m l  di  o m o g e n a t o  al  
2 0 %  (200 rag), 0,5 m l  P u f f e r  F o s f a t i  (Off M) p H  7,4, 0,5 
m l  di  s u b s t r a t o  (0,2 M) (acido l a t t i co ,  p i ruv ico )  (acido 
ci t r ico,  ~ - c h e t o g l u t a r i c o ,  succin ico ,  mal ico)  1 m l  di  
Tr i fen i l  T e t r a z o l i o  (0 ,1%)  si c o m p l e t a v a  a 4 m l  con  

1 E. DE BERARDINIS, Boil. Soc. itaI. Biol. sper. 27, 7 (1951); Zg, 
63 (1953). 

2 I. NORDMAN, R. NORDMAN, O. GAUCn~m'¢, Bull. Soc. Chim. 
biol. 33, 1826 (1951). 

a V. R. POTTER, I. Biol. Chem. 114, 495 (1936). 

a c q u a  d i s t i l l a t a  p r e v i a  a g g i u n t a  di  0,3 m l  di A T P  
(0,01 U ) .  

I t u b i  d a  saggio  si l a s c i a v a n o  i n c u b a t e  a 37°C per 
30'  a g i t a n d o  due  t r e  vo l t e  d u r a n t e  l ' i n c u b a z i o n e ,  si ag- 
g i u n g e v a n o  s u c c e s s i v a m e n t e  10 m l  di  ace tone ,  si a g i t a v a  
e si c e n t r i f u g a v a .  

I1 l i qu ido  s o p r a s t a n t e  v e n i v a  d e c a n t a t o  e si l eggeva  
l ' e s t i n z i o n e  in c o l o r i m e t r o  KLETT con  f i l t ro  420. I n  ogni  
p r o v a  si p r a t i c a v a n o  due  con t ro l l i  u n o  s e n z a  s u b s t r a t o  
ed  il s e condo  a n c h e  s e n z a  s u b s t r a t o  m a  con  a g g i u n t a  di 
u n a  d e t e r m i n a t a  q u a n t i t k  di  Te t r azo l io .  N e l l a T a b e l l a  
r i p o r t o  ta  m e d i a  dei  da f t  di  pifl e s p e r i m e n t i ,  l ' a t t iv i tA  
e n z i m a t i c a  ~ r i f e r i t a  in  /*g di  T e t r a z o l i o  r i d o t t o  in  30'  da  
1 m g  di  t e s s u t o  (peso fresco) .  

Deidrogenazione  de l l 'Aeido  Lat t ico ,  P i ruv ico  e di a lcuni  component i  
del cielo eitrieo in omogenati di epitelio eorneale 

Subs t ra t i  N. Esp .  
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Acido lat t ico . . . . .  
Aeido piruvico . . . .  
Acido citrico . . . . .  
Acido chetoglutarico . 
Acidosuccinico . . . 
Acido malico . . . . .  

t*g Tet razol io  
r id.  da  1 m g  

di tess.  30'  

0,10 
0,22 
0,63 
0,24 
0,78 
0,12 

Errore 
Standard 

i o , o 4  
± 0,05 
:~ 0,12 
ck 0,08 
:k 0,10 
± 0,03 

L ' e s a m e  de l i a  t a b e l l a  m o s t r a  che  in p r e s e n z a  di  t u t t i  
gli ac id i  de l  ciclo c l t r ico  s a g g i a t i  ~ s t a t o  poss ib i le  m e t t e r e  
in e v i d e n z a  ne l l ' ep i t e l i o  co rnea l e  u n a  n o t e v o l e  a t t i v i t ~  
de id rogenas i ca ,  e p e r t a n t o  si pub  a m m e t t e r e  che  anche  
ne l  t e s s u t o  co rnea le  c o m e  in t u t t i  i t e s su t i  il ciclo tri-  
ca rboss i l i co  a b b i a  u n ' i m p o r t a n z a  f o n d a m e n t a l e  nei 
process i  os s ida t iv i .  

Addendum. Mentre  la  p resen te  no ta  era  in  corso di pubblieazione,  
ho po tu to  p rendere  vis ione di a lcuni  lavor i  di  JAEGER 1 sullo stesso 
argomento. L'Autore adoperando lo stesso metodo, ha ottenuto 
r i su l t a t i  ehe eoncordano con i miei da t i .  

E .  DE B E R A R D I N I S  

Istituto di Clinica Oculistica Universit~ Napoli, il 
10 novembre J953, 

Summary 
D e h y d r o g e n a s e  A c t i v i t y  of some  c o m p o n e n t s  of ci t r ic  

cycle  in  c o r n e a l  E p i t h e l i u m  h o m o g e n a t e s  is d e t e r m i n e d  
b y  m e a n s  of 2-3-5 T r i p h e n y l t e t r a z o l i u m c h l o r i d e .  

1 W, JA~:GE~, Grafes Arch iv .  Oph tha lmoL 154, 142, 401, 431 
(1953). 

Cortical Representation 
of the Cort ico-Motoneuronal  Sys tem in Monkeys 

B u n c t i o n a l  e v i d e n c e  ha s  r e c e n t l y  b e e n  p r e s e n t e d  by 
B E R N H A R D ,  BOHM, a n d  PETERSI~N x a n d  b y  BERNHARD 
a n d  BOHM ~ for  a d i r e c t  a c t i v a t i o n  of t h e  s p i n a l  m o t o n e u -  
t o n e s  b y  d e s c e n d i n g  vo l leys  in  c o r t i c o s p i n a I  f ib res  in  the  
m o n k e y .  T h a t  f r a c t i o n  of t h e  c o r t i c o s p i n a l  s y s t e m ,  the  
d e s c e n d i n g  vo l l ey  in  w h i c h  a c t i v a t e s  t h e  s p i n a l  moto -  
n e u r o n e s  d i rec t ly ,  i.e. m o n o s y n a p t i c a l l y ,  we re fe r  to  as 
t h e  c o r t i c o - m o t o n e u r o n a l  s y s t e m  or  t h e  CM system. We 
h a v e  n o w  a t t a c k e d  t h e  p r o b l e m  c o n c e r n i n g  t h e  t opo  
g r a p h y  of t h e  co r t i ca l  r e p r e s e n t a t i o n  of t h e  CM s y s t e m  
for  d i f f e r e n t  musc les .  

1 C. G. BERNHARD, E. BOHM, a n d  I. PETERSi~N, Exper .  9, I l l  
(1953) ; A c t a  physiol .  Scand.  29, suppl .  106, 79 (1953). 

C. G. BERNHARD and  E. BoH.~I, A c t a  physiol .  Scand.  In  press 
(1954). 
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Single  a n d  r e p e t i t i v e  s q u a r e  wave  s h o c k s  of s h o r t  
d u r a t i o n  (0.5-1 ms) were  used  for  s t i m u l a t i o n  of t h e  
co r t ex  in na r co t i z ed ,  c u r a r i z e d  m o n k e y s  (Macaca 
mulalta) a n d  t h e  a c t i o n  p o t e n t i a l s  were  led off f r o m  
d i f f e ren t  p e r i p h e r a l  n e r v e s  in  t h e  fore  l imb .  T h e  ef fec t  of 
co r t i ca l  s t i m u l a t i o n  o n  t h e  m o n o s y n a p t i c  v e n t r a l  r oo t  
ref lex in t h e  l u m b e r  reg ion  was  also s tud ied .  

F i g u r e  1 shows  t h e  s h a p e  of t i le  e l ec t r i ca l  r e sponse  in 
the  t r i c eps  n e r v e  to  c o n t r a l a t e r a l  co r t i ca l  s t i m u l a t i o n  
w i t h i n  t h e  fore  l i m b  s u b d i v i s i o n  a t  a f r e q u e n c y  of 25 
pe r  s. T h e  p i c t u r e s  (A-F) t a k e n  a t  v a r i o u s  i n t e r v a l s  a f t e r  
t he  b e g i n n i n g  of t h e  r e p e t i t i v e  s t i m u l a t i o n ,  show a ser ies  
of s u p e r i m p o s e d  records  of t h e  a c t i o n  p o t e n t i a l s  fol low- 
ing u p o n  each  co r t i ca l  s t i m u l u s .  D u r i n g  t h e  f i r s t  two  
seconds  of r e p e t i t i v e  s t i m u l a t i o n  (Fig. 1 A-B) a n  e a r l y  
r e s p o n s e  a p p e a r e d ,  t h e  a m p l i t u d e  of wh ich  i n c r e a s e d  t o  
a m a x i m u m  (B). L a t e r  on  t h e  e a r l y  r e s p o n s e  d e c r e a s e d  
a n d  d i s a p p e a r e d  (Fig. 1C) in o rde r  to  a p p e a r  a n d  fal l  
aga in  (Fig. 1 D-F). These  f l u c t u a t i o n s  of t h e  a m p l i t u d e  
are t y p i c a l  for  t h e  ea r ly  r e sponse  w h e n  i t  is led  off f r o m  
n e r v e s  or  v e n t r a l  r oo t s  i n n e r v a t i n g  fore  a n d  h i n d  l i m b  
musc les .  

I n  d i f f e r en t  t y p e s  of e x p e r i m e n t s  i t  was  s h o w n  t h a t  
t he  ea r ly  response ,  w h i c h  in t h i s  e x p e r i m e n t  h a d  a 
l a t e n c y  of 3.4 ms  r e p r e s e n t s  a c t i v i t y  in m o t o n e u r o n e s  
wh ich  a re  m o n o s y n a p t i c a l l y  a c t i v a t e d  b y  d e s c e n d i n g  
vol leys  in  t he  c o r t i c o s p i n a l  n e u r o n e s L  A c c o r d i n g  to  o u r  
ear l ie r  i n v e s t i g a t i o n s ,  t h i s  c o r t i c o - m o t o n e u r o n a l  s y s t e m ,  
t he  CM s y s t e m ,  compr i s e s  t he  c o r t i c o s p i n a l  f ibres  w i t h  
h i g h e s t  c o n d u c t i o n  ra t e ,  i.e. a b o u t  70 M pe r  s corre-  
s p o n d i n g  to  t h e  d i a m e t e r  va lues  a r o u n d  12 -14  /* g iven  
b y  H2iGGQVIST 2 a n d  LASSEK 3. 

Fig. 1.--Superimposed action potentials in the left triceps nerve 
following each stimulus in a train of shocks (stimulation frequency 
25 per s} delivered to the fore limb subdivision of the right precentrat 
area. A-F, records obtained I(A), 2(B), 3(C), 8(D), 9(E), and 10(F) s 

after the beginning of the repetitive stimulation. Time in ms. 

T h e  p h a s i c  a m p l i t u d e  v a r i a t i o n s  of t h e  m o n o s y n a p t i c  
t r i ceps  n e r v e  r e s p o n s e  t o  co r t i ca l  s t i m u l a t i o n  w i t h  s ix  
d i f f e ren t  s t i m u l a t i o n  f r equenc ies ,  o b t a i n e d  in a s imi l a r  
e x p e r i m e n t ,  a re  i l l u s t r a t e d  g r a p h i c a l l y  in  F i g u r e  2. T h e  
a m p l i t u d e  va lues  of t h e  m o n o s y n a p t i c  t r i ceps  r e sponse  
are p l o t t e d  a g a i n s t  t i m e  f r o m  t h e  b e g i n n i n g  of t he  
r e p e t i t i v e  s t i m u l a t i o n .  T h e  d i a g r a m s  show t h a t  t h e  
l a t e n c y  of t h e  b u i l d i n g  u p  of  t h e  f i r s t  p h a s e  s h o r t e n s  
f rom a b o u t  8 s (a t  13 p e r  s) to  1 s (a t  25 pe r  s) in o r d e r  to  
increase  a g a i n  a t  a h i g h e r  s t i m u l a t i o n  f r e q u e n c y  (35 
per  s). I n  pa ra l l e l  to  t h i s  r e g u l a r  s h i f t  in  t h e  d e l a y  of t he  
f i rs t  p h a s e  t h e r e  is a r e g u l a r  v a r i a t i o n  of t h e  a m p l i t u d e  
of t h e  f i r s t  p h a s e .  As seen  t h e  s h o r t e s t  l a t e n c y  of  t h e  f i rs t  
phase ,  as wel l  as  t h e  h i g h e s t  a m p l i t u d e  of t h e  m o n o s y n -  

1 C. G. BERNHARD, E. BOHM, and I. PETERS£N, Exper. 9, 111 
(1958); Acta physiol. Seand. 29, suppl. 106, 79 (1953). - C. G. BERN- 
aARO and E. BOHM, Acta physiol. Scand., in press (1954). 

2 G. H~.GGQVtST, Aeta psyehiat, neurol. 12, 457 (1937). 
a A. M. LASSEK, J. eomp. neurol. 79, 407 (1943). 

a p t i c  r e sponse  d u r i n g  t h i s  phase ,  was  o b t a i n e d  a t  
f r equenc ies  a r o u n d  25 p e r  s. 

Since thus ,  s t i m u l a t i o n  f r eq u en c i e s  of  20-25  p e r  s were  
f o u n d  to  be m o s t  e f fec t ive  for  t h e  b u i l d i n g  u p  of t h e  
m o n o s y n a p t i c  response ,  t h e s e  f r e q u e n c i e s  were  used  in 
t h e  fo l lowing  m a p p i n g  e x p e r i m e n t s .  

% I '" 3s/,, LL\_ /  \ _  , 
1O 15 s e e  

Fig. 2.--&mplitude values of the monosynaptic response in the 
triceps nerve to eontralateral cortical stimulation with different 
frequeneies (13, 15, 17, 20, ~5, 30, and 35 per s) plotted against time 
from the beginning of the repetitive eortical stiDmlation. The ampli- 
tude values are given in per cent of the highest value obtained (100 

per cent in curve 25/s). 

E x p e r i m e n t s  were  p e r f o r m e d  in  w h i c h  t h e  a c t i o n  
p o t e n t i a l s  were  led  off f r o m  t h e  triceps nerve w h e n  
d i f f e r e n t  p o i n t s  w i t h i n  t h e  p r e c e n t r a l  co r t i ca l  a r ea  were  
s t i m u l a t e d .  F i g u r e  3 shows  t h e  su r f ace  of t h e  p r e c e n t r a l  
co r t i ca l  a r e a  f r o m  a t y p i c a l  e x p e r i m e n t  a n d  t h e  d i f f e r e n t  
p o i n t s  n u m b e r e d ,  i n d i c a t e  t h e  d i f f e r e n t  s i t es  o n  t h e  
co r t i ca l  su r f ace  o n  w h i c h  t h e  s t i m u l a t i n g  e l e c t r o d e  was  
p laced.  Curves  s i m i l a r  to  t h a t  in F i g u r e  2 (25/s) were  
d r a w n  on t h e  bas i s  of t h e  r e s u l t s  o b t a i n e d  w h e n  d i f f e r e n t  
p o i n t s  (1 -19  in F i g u r e  3) were  s t i m u l a t e d .  T h e  l a t enc i e s  
of t h e  f i r s t  p h a s e  of t h e  d i f f e r e n t  c u r v e s  were  t h e n  
m e a s u r e d .  I t  was  f o u n d  t h a t  t h e  m o n o s y n a p t i c  t r i c e p s  
r e sponse  to  s t i m u l a t i o n  of p o i n t  5 a p p e a r e d  w i t h i n  i s 
a f t e r  t h e  b e g i n n i n g  of t h e  r e p e t i t i v e  s t i m u l a t i o n .  Th i s  
p o i n t  is i n c l u d e d  w i t h i n  t h e  circle  d r a w n  in ful l  on  t h e  
m a p  in  F i g u r e  3 ( the  1 s " l a t e n c y  f i e ld" ) .  T h e  f ield 
s u r r o u n d e d  b y  a d a s h e d  l ine i nc ludes  t h e  p o i n t s  t h e  
s t i m u l a t i o n  of  wh ich  e l ic i ted  a m o n o s y n a p t i c  t r i ceps  
n e r v e  r e s p o n s e  w i t h i n  3 s a f t e r  t h e  b e g i n n i n g  of t h e  
r e p e t i t i v e  s t i m u l a t i o n  ( the  3 s " l a t e n c y  f ie ld") .  W h e n  
t h e  s u r r o u n d i n g  co r t i ca t  a r e a s  were  s t i m u l a t e d  t h e  
m o n o s y n a p t i c  r e s p o n s e  a p p e a r e d  s t i l l  l a t e r  d u r i n g  t h e  
cou r se  of s t i m u l a t i o n .  T h u s ,  w h e n  t a k i n g  i n t o  a c c o u n t  
t h e  r a p i d i t y  w i t h  w h i c h  t h e  r e sponse  is b u i l t  u p  b v  
r e p e t i t i v e  co r t i ca l  s t i m u l a t i o n ,  t h e  m o s t  e f fec t ive  f ie ld  
for  e l i c i t a t i o n  of t h e  m o n o s y n a p t i c  r e s p o n s e  in t h e  
t r i c e p s  n e r v e  is m a r k e d  b y  t h e  i n n e r  circle  d r a w n  in full.  
I t  was  also f o u n d  t h a t  t h e  l a r g e s t  m o n o s y n a p t i c  r e sponses  
were  e l ic i ted  f rom t h e  a r ea  t h e  s t i m u l a t i o n  of w h i c h  was  
also fo l lowed b y  a r a p i d  b u i l d i n g  u p  of t h e  m o n o s y n a p t i c  
r e sponse .  

As seen  in F i g u r e  1 (A, D, a n d  E)  t h e r e  are  a lso one  
or  s ev e ra l  l a t e  r e sponses .  T h e  l a t e  r e sponses  m a y  be  
b u i l t  up  in pa ra l l e l  to,  ear l ier ,  or  l a t e r  t h a n  t h e  m o n o -  
s y n a p t i c  r e sponse  d u r i n g  t h e  course  of t h e  r e p e t i t i v e  
s t i m u l a t i o n .  In  F i g u r e  1 t h e  a m p l i t u d e  of t h e  la te  
r e sponses  also f l u c t u a t e s  d u r i n g  t h e  course  of t h e  r epe t i -  
t i ve  s t i m u l a t i o n ,  a n d  the se  f l u c t u a t i o n s  m a y  a lso  s h o w  
one  or  t w o  phases .  I t  was  f o u n d  t h a t  t h e  l a t e  r e sponses  
cou ld  be  e l ic i ted  f r o m  a wide r  a r e a  t h a n  t h e  m o n o s y n a p t i c  
response .  A c o m p a r i s o n  ot  t h e  c h a r a c t e r i s t i c s  of t h e  
m o n o s y n a p t i c  r e sponse  a n d  those  of t h e  l a t e  r e s p o n s e s  
t h u s  shows  t h a t  t h e  co r t i ca l  r e p r e s e n t a t i o n  of t h e  d i r e c t  
c o r t i c o - m o t o n e u r o n a t  s y s t e m  for  one  musc le  is more  
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r e s t r i c t ed  t h a n  t h a t  of t he  s y s t e m  which  is respons ib le  
for t he  late  responses .  

The cor t ica l  r e p r e s e n t a t i o n  of t h e  CM s y s t e m  for t he  
biceps nerve was also m a p p e d  us ing  t h e  s a m e  exper i -  
m e n t a l  p rocedu re  as in t h e  t r i ceps  e x p e r i m e n t s .  The 
lower circles in F igure  3 show t h e  r e p r e s e n t a t i o n  of t h e  
CM s y s t e m  for  t he  b iceps  ne rve .  As seen t h e r e  is a 
r e s t r i c t ed  field where  s t i m u l a t i o n  was  fo l lowed by  a 
m o n o s y n a p t i c  b iceps  r e sponse  which  was  bui l t  up  
wi th in  1 s a f t e r  t he  beg inn ing  of t he  r epe t i t i ve  s t imu la -  
t ion (the 1 s " l a t e n c y  f i e l d " ;  circle d r a w n  in full). The  
two s u r r o u n d i n g  circles m a r k  the  2 a n d  3 s " l a t e n c y  
f ie lds" .  

In  a classical  i n v e s t i g a t i o n  SHERRINGTON and  HERING 1 
desc r ibed  e x c i t a t i o n  a n d  inh ib i t ion  of l imb  a n t a g o n i s t s  
to  cor t ica l  s t i m u l a t i o n .  The  effect  m a y  h o w e v e r  be due  
t o - o r  p a r t l y  due  t o - a f f e r e n t  back  r e sponses  f r o m  the  
musc les  du r ing  the  con t r ac t i on .  

In  specia l  ser ies  of e x p e r i m e n t s  we f o u n d  t h a t  t he re  
is a rec iprocal  b e h a v i o u r  of t h e  m o n o s y n a p t i c  r e sponses  
in t h e  ne rves  t o  t h e  t w o  a n t a g o n i s t i c  muscles .  S t imu la -  
t ion  of t h e  lower  p a r t  of  t he  " t r i c e p s  f i e ld"  was  found  
to  c o u n t e r a c t  t h e  m o n o s y n a p t i c  b iceps  r e sponse  e l ic i ted 
f rom t h e  u p p e r  p a r t  of the  "b i ceps  f i e ld"  and  vice versa. 
Since the  p r e p a r a t i o n s  were cu ra r i zed  t h e r e  were  no 
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Fig. a.--Map of the precentral area and orientation of the different 
points (1-19) stimulated in the experiments described in the text in 
which monosynaptic responses were recorded from the contralateral 
triceps and biceps nerves (stinmlation frequency "25 per s). Upper set 
of circles indicate the triceps fields (circle drawn in full, 1 s "latency 
field"; dashed circle, 3 s "latency field"). Lower set of circles 
indicate the biceps fields (circle drawn in full, 1 s "latency field"; 
dashed circle, 2 s "latency field"; dotted circle, 3 s "latency field"). 

For further explanation see text. 

s ame  m a g n i t u d e  as t h a t  found  for m o n o s y n a p t i c  t rans -  
miss ion e lsewhere ,  we conc luded  x t h a t  t he  t h e n a r  nerve  
m o t o n e u r o n e s  are also m o n o s y n a p t i c a l l y  a c t i v a t e d  by 
descend ing  vol leys  in t h e  cor t icosp ina l  f ibres.  
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Fig..t.-- .4. Map of the precentral area and orientation of the different 
points (1-25) stimulated in the experiment described in the text in 
which the monosynaptic responses were recorded from the contra- 
lateral thenar nerve (stimulation frequency 25 per s). Circle drawn in 
full, 3 s "latency field". Dashed circle, 5 s "latency field". Dotted 
line, lower border of the 8 s "latency field". For full explanation see 
text,--B. Same as in Figure 4A for the monosynaptic hypothenar 
nerve response. Circle drawn in full, "2 s "latency field". Dashed circle, 
4 s "latency field". Dotted line, anterior border of the 6 s "latency 

field". 

musc le  con t r ac t i ons .  T h u s  t h e  rec iproca l  b e h a v i o u r  
of t h e  r e sponses  desc r ibed  was  n o t  due  to  a f f e r en t  back  
responses  f r o m  t h e  muscles .  

E x p e r i m e n t s  s imi la r  to  t h o s e  de sc r ibed  above  were  
p e r f o r m e d  in w h i c h  the  r e sponses  to  c o n t r a l a t e r a l  
cor t ica l  s t i m u l a t i o n  were  led off  f rom the  thenar  a n d  
hypothenar  nerves ,  There  is a s t r ik ing  d i f fe rence  b e t w e e n  
the  r e sponses  o b t a i n e d  f rom the  t h e n a r  and  h y p o t h e n a r  
nerves  and  those  r eco rded  f rom the  t r i ceps  and  b iceps  
nerves .  The record  of t he  t h e n a r  ne rve  r e sponses  were  
ahvays  c h a r a c t e r i z e d  by  a p o v e r t y  in la te  d i scharges  
whereas  the  b iceps  a n d  t r i ceps  r e sponses  to  each  single 
s t imulus  cons i s t ed  of a whole  set  of ac t ion  p o t e n t i a l s  
fol lowing upon  the  m o n o s y n a p t i e  response .  

Since the  value,  r e p r e s e n t i n g  t h e  s y n a p t i c  de l ay  
b e t w e e n  cor t i cosp ina l  n e u r o n e s  a n d  t h e  t h e n a r  or  
h y p o t h e n a r  m o t o n e u r o n e s ,  was  also found  to  be of t h e  

1 C. S. SHERRINGTON and H. E. HERING, Proe. Roy. Soc. 62B, 
I~3 (1897). 

The  solid circle (in Fig.  4M) shows  the  field t he  s t imul -  
a t ion  of  wh ich  was  fo l lowed b y  a m o n o s y n a p t i c  t h e n a r  
ne rve  response ,  which  began  to  rise w i t h i n  3 s a f t e r  the  
beg inn ing  of  t he  r e p e t i t i v e  s t i m u l a t i o n .  The  dashed  
circle ind ica te s  t h e  5 s " l a t e n c y  f ie ld"  a n d  t h e  d o t t e d  
l ine t he  lower  b o r d e r  of  t he  8 s " l a t e n c y  f ie ld" .  T h u s  the  
circle d r a w n  in full m a r k s  t he  m o s t  p o t e n t  field for  the  
e l ic i ta t ion  of t h e  m o n o s y n a p t i c  t h e n a r  ne rve  response .  
The m o n o s y n a p t i c  r e sponse  of t he  h y p o t h e n a r  ne rve  was 
r eco rded  in t he  s a m e  e x p e r i m e n t  and  F igure  4 B  shows 
the  resu l t s  of t h e  m a p p i n g  of t he  CM s y s t e m  for the 
h y p o t h e n a r  nerve .  The  th ree  d i f f e ren t  circles indica te  
t he  2, 4, and  6 s " l a t e n c y  f ie lds" .  In  th is  p r e p a r a t i o n  the 
m o s t  p o t e n t  f ield for t he  e l ic i ta t ion  of m o n o s y n a p t i c  
h y p o t h e n a r  n e r v e  responses  was  s i t u a t e d  a b o v e  t h a t  of 
t h e  t h e n a r  nerve .  In  o t h e r  s imi la r  e x p e r i m e n t s  we found 
t h a t  t hese  t w o  fields m a v  over lap .  

1 C. G. BERNHARD and E. BOHM, Arch. Neurol. Psychiat., 
Chicago 1954 (in press). 
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Reco r ds  were a lso m a d e  of t h e  r e sponses  in d i f f e ren t  
ne rves  ipsilateral to  t h e  co r t i ca l  r eg ion  s t i m u l a t e d .  T he  
e x p e r i m e n t s  s h o w e d  t h a t  t h e  CM s y s t e m s  for t he  ne rves  
to  t h e  p r o x i m a l  a r m  musc les  a lso h a v e  a n  ips i l a t e ra l  
cor t ica l  r e p r e s e n t a t i o n ,  w h e r e a s  t h e v  i n d i c a t e  t h a t  th i s  
is n o t  t h e  case for  t h e  CM s y s t e m s  a c t i v a t i n g  t he  ne rves  
to t he  d i s t a l  h a n d  musc les  in  w h i c h  o n l y  c o n t r a l a t e r a l  
m o n o s y n a p t i c  r e sponses  to  co r t i ca l  s t i m u l a t i o n  could  
be r ecorded .  

I n  t h e  i n v e s t i g a t i o n s  m a d e  b y  p r ev ious  a u t h o r s  on  
the  ana ly s i s  of t h e  c o r t i c o s p i n a l  s y s t e m  in monkevs.  (see 
e.g. r e v i e w  b y  RucI~l) ,  t h e  m o v e m e n t s  or musc le  con-  
t r a c t i o n s  r e s u l t i n g  f r o m  cor t i ca l  s t i m u l a t i o n  were  
recorded .  In  o u r  e x p e r i m e n t s  t h e  r e sponses  in d i f f e r en t  
p e r i p h e r a l  n e r v e s  to  s ingle  co r t i ca l  s t imul i ,  as well  as to  
each s t i m u l u s  in a t r a i n  of co r t i ca l  shocks ,  were r ecorded .  
A s ingle  co r t i ca l  s h o c k  el ici ts  a d e s c e n d i n g  vo l ley  in t h e  
fas t  c o n d u c t i n g  c o r t i e o s p i n a l  n e u r o n e s  of t h e  p y r a m i d a l  
t r ac t " .  I n  o u r  e x p e r i m e n t s  we f o u n d  t h a t  s ingle  co r t i ca l  
shocks  do  n o t  e l ic i t  a n y  m o n o s y n a p t i c  r e sponses  in t h e  
d i f fe ren t  fore l i m b  n e r v e s  t e s t ed .  R e p e t i t i v e  s t i m u l a t i o n  
had  to  be used  a n d  d u r i n g  t he  course  of s t i m u l a t i o n  t h e  
m o n o s y n a p t i c  r e sponses  were  b u i l t  u p  in a r e g u l a r  way .  
I t  was  s h o w n  t h a t  t h e  r e p e t i t i v e  co r t i ca l  s t i m u l a t i o n  
bui lds  up  a " t o n i c "  a s y n c h r o n o u s  d i s c h a r g e  a n d  a long-  
l a s t ing  f a c i l i t a t o r y  a c t i o n  w h i c h  success ive ly  ra ises  t h e  
e x c i t a b i l i t y  of m o t o n e u r o n e s ;  a n d  f u r t h e r ,  t h a t  w h e n  
the  f a c i l i t a t o r y  a c t i o n  r eaches  a c e r t a i n  level ,  t h e  m o n o -  
s y n a p t i c  r e sponses  to  t h e  d e s c e n d i n g  vo l leys  in t h e  f a s t  
c o n d u c t i n g  CM f ibres  b r e a k  t h r o u g h .  I n  a se r ies  of 
e x p e r i m e n t s  in  w h i c h  t h e  c o n d i t i o n i n g  ef fec t  of r e p e t i t i v e  
cor t ica l  s t i m u l a t i o n  on  t h e  m o n o s y n a p t i c  ref lex was 
t es ted ,  i t  was  f o u n d  t h a t  t h e  co r t i ca l  field, f rom wh ich  
the  f a c i l i t a t i o n  of  a c e r t a i n  g r o u p  of  s p i n a l  m o t o n e u r o n e s  
was e l ic i ted,  n o t  on ly  cove r ed  t h e  r e s t r i c t e d  cor t i ca l  f ield 
r e p r e s e n t i n g  t h e  CM s y s t e m  w h i c h  a c t i v a t e s  t he  s a m e  
g roup  of m o t o n e u r o n e s ,  b u t  also e x c e e d e d  it. I t  is of 
g r ea t  i n t e r e s t  t o  n o t e  t h a t  " t h e  faci l i ta tor?"  a r e a "  a n d  
" t h e  CM a r e a "  for  t he  s a m e  g r o u p  of  sp ina l  m o t o n e u r o n e s  
have  t h e  s a m e  p o s t e r i o r  b o r d e r  t o w a r d s  t he  p o s t c e n t r a l  
gyrus ,  w h e r e a s  t h e  " f a c i l i t a t o r y  a r e a "  e x t e n d s  in t he  
a n t e r i o r  d i r e c t i o n  (see BERNHARD a n d  BoHMa). 

C. G. BERNH.~RD a n d  E.  BOHM 

Physiological Department I I ,  Karolinska Institutet, 
Stockholm, April  21, 1954. 

Zusammen/assung 

Es w u r d e n  A k t i o n s p o t e n t i a l e  v e r s c h i e d e n e r  N e r v e n  
reg is t r ie r t ,  we lche  a u f  j ede  k o r t i k a l e  R e i z u n g  in e i n e m  
Zuge y o n  r e p e t i t i v e n  S t i m u l a t i o n e n  fo lg ten ,  I e rne r  wur -  
den m o n o s y n a p t i s c h e  Ref lexe  n a c h  k o n d i t i o n i e r e n d e n  
k o r t i k a l e n  S t i m u l a t i o n e n  gepr t i f t .  

Die  g x p e r i m e n t e  e r g a b e n ,  dass  u n t e r  d e n  ve r sch iede -  
nen  k o r t i k o s p i n a l e n  S y s t e m e n  das  d i r e k t e  k o r t i k o m o t o -  
n e u r o n a l e  S y s t e m  (das C M - S y s t e m )  die a m  m e i s t e n  
a b g e g r e n z t e  k o r t i k a l e  R e p r / i s e n t a t i o n  bes i t z t .  

1 T. C. RUCH, Handbook o/ Experimental Psychology, ehapt. 5, 
p. 154 (1951). 

C. G. BERNIfARD, E. 13OH.~L and I. PETERSi:X, Acta physiol. 
Scan& .°9, suppl. 106, 79 (1953). 

C. G. BERNm~RD and E. BOHM, Acta neurol. Ps.vchiat., Chicago 
1954 (in press). 

P R O  E X P E R I M E N T I S  

Die lsolierung eosinophiler Leukozyten 
und ihrer Granula 

Fr i ihe re  Ve r suche  zur  G e w i n n u n g  e o s i n o p h i l e r  Zel len 
u n d  G r a n u l a  b e r u h t e n  au f  c h e m i s c h e n  M e t h o d e n .  WEmS t 
b e s c h r i e b  s c h o n  1891 die Res i s t enz  d e r  G r a n u l a  gegen  
F e r m e n t l 6 s u n g e n .  Die R e i n d a r s t e l l u n g  e o s i n o p h i l e r  
G r a n u l a  aus  P f e r d e b l u t  ge lang  Pt.:TRY-" 1908 m i t t e l s  
T r y p s i n .  NEUMAXN a isol ier te  die G r a n u l a  sp~tter u n t e r  
V e r w e n d u n g  a n d e r e r  l y t i s che r  Prozesse  ( N a O H ,  A u t o -  
lyse) u n d  s t e l l t e  m i t  de r  g e w o n n e n e n  R e i n s u b s t a n z  u m -  
f angre i che  p h y s i k a l i s c h - c h e m i s c h e  U n t e r s u c h u n g e n  an .  
I n  n e u e r  Zei t  hatVERCaUTeRV:N%osinophi le  G r a n u l a  au f  
re in  p h y s i k a l i s c h e r n  \Veg da rges te l l t ,  i n d e m  er  die Ge- 
s a m t l e u k o z y t e n  in e i n e m  H o m o g e n i s a t o r a p p a r a t  zer-  
t r i i m m e r t e  u n d  die  freien G r a n u l a  d u r c h  wiede rho l t e s  
f r a k t i o n i e r t e s  Z e n t r i f u g i e r e n  g e w a n n .  

E i n e  yon  BEHRENS u n d  TAt'BERT 5 e n t w i c k e l t e  Tech-  
n ik  e r l a u b t  n u n  e r s t m a l s ,  die e inze lnen  g e u k o z v t e n a r t e n  
des  B l u t e s  a u f  G r u n d  des  spez i f i schen  G e w i c h t e s  von-  
e i n a n d e r  zu t r e n n e n .  Es  ge l ing t  d a m i t ,  aus  P f e r d e b l u t  
e ine S u s p e n s i o n  eos inoph i l e r  G r a n u l o z y t e n  he rzus te l l en .  
S o m i t  s t e h t  uns  ein s eh r  zweckm~issiges A u s g a n g s m a -  
t e r i a l  zu r  r e l a t i v  e rg ieb igen  G e w i n n u n g  de r  eos inoph i l en  
G r a n u l a  zu r  Ver f i igung .  "~Vir v e r w e n d e n  fo lgende  Ar -  
b e i t s m e t h o d e  : 

1. Isolierung eosinophiler Granulozyten. L e u k o z y t e n  
werden  gewaschen ,  en tw/ i s se r t  u n d  n a c h  d e m  spez i f i schen  
G e w i c h t  g e t r e n n t .  Als A u s g a n g s m a t e r i a l  d i e n t  P fe rde -  
b lu t ,  d a s  s te r i l  aus  de r  H a l s v e n e  e n t n o m m e n  wird  u n d  
d u r c h s c h n i t t l i c h  3-5°, ,  E o s i n o p h i l e  enth~ilt .  200 cm a 
3 ,5%ige  N a - Z i t r a t - L 6 s u n g  ,~erden mi t  800 cm a B lu t  
bei  de r  E n t n a h m e  gu t  g e m i s c h t  und  in e ine r  S t a n d -  
f lasche s t ehenge Ia s sen ,  b is  s ich  die E r y t h r o z y t e n  au f  
h a l b e  H 6 h e  de r  Fl t i ss igkei tss / iu le  g e s e n k t  h a b e n .  Die 
e r fo rde r l i che  Zei t  be t r / ig t  je n a e h  S e n k u n g s g e s c h w i n d i g -  
ke i t  des  B l u t e s  ½ - 2  h. D a n n  wird  das  i i be r s t ehende .  
d e u t l i c h  ro tge f / i rb t e  P l a s m a  a b g e h e b e r t .  Es  en th / i l t  
n e b e n  L e u k o z y t e n  n o c h  m a s s e n h a f t  E r y t h r o z y t e n .  Die 
g e w o n n e n e  P l a s m a m e n g e  yon  e t w a  500 c m  a wi rd  in Por -  
t i o n e n  zu 100-150 e m  a 4 ra in  l ang  bei  e ine r  T o u r e n z a h l  
yon  1700/min  z e n t r i f u g i e r t  (Zen t r i fuge  Stock,  M a r b u r g ) .  
Das  S e d i m e n t  wi rd  v e r e i n i g t  u n d  in 30 c m  ~ l % i g e r  
NaC1-L6sung  a u f g e s c h i i t t e l t .  D u r c h  die  e t w a s  h y p e r -  
t on i s che  Sa lz l6sung  k o m m t  es zu e ine r  l e i ch t en  S c h r u m p -  
fung  de r  E r y t h r o z y t e n  u n d  de r  n e u t r o p h i l e n  G r a n u l o -  
zy t en ,  w~thrend die eos inoph i l en  Zellen ih r  V o l u m e n  
k a u m  v e r g n d e r n .  Bei  den  E o s i n o p h i l e n  des  P f e r d e s  
h a n d e l t  es s ich  o h n e h i n  u m  r e l a t i v  grosse  Zel len,  u n d  de r  
U n t e r s c h i e d  in de r  Zel lgr6sse lfisst sich so n o c h  a k z e n -  
t u i e r en .  

Die Zel len werden  w i e d e r u m  w/ ih r end  4 ra in  bei  e ine r  
T o u r e n z a h l  yon  1700/ ra in  zu B o d e n  zen t r i f ug i e r t .  Das  
S e d i m e n t  wi rd  z e h n m a l  g e w a s c h e n ,  j e d e s m a l  in 30 c m  a 
l qoiger NaC1-L6sung kr / i f t ig  a u f g e s c h i i t t e t t  u n d  kurz  
z e n t r i f u g i e r t  (2 1/,_, ra in  bei  1700 T.). I ) a d u r c h  l/isst s ich 
n i c h t  n u r  das  P l a s m a e i w e i s s  w e i t g e h e n d  e l imin i e r en ,  
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