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Abb. 4. a Besonders regclm~issige spontane Aktivittit eincr Querknospenreihe (\ on links nach rechts zu lesen), b Dasselbe l'riiparat 
bei Hi~t- nnd Herschwanke~ dec gesamten ~Vassermasse (ebenfalls yon links naeh rechts zu tesen}; kopfw/irts geriehtete ~Vasser- 

bewegung wirkt frequenzbe~chleunigend, schwanzwarts gerichtete hemmt die spm~ianeu Impulse. 

fl~iche e i n m a l  in  L g n g s r i c h t u n g  de r  K n o s p e n r e i h e ,  d a n n  
q u e r  zu ih r  a n z u s t r 6 m e n ,  e r g a b e n  e ine  e twas  gr6ssere  
W i r k s a m k e i t  im l e t z t e r c n  Fal l .  I ) a s  ga i t  a b e r  nur ,  w e n n  
die S t r (~mnng  d a b e i  y o n  h i n t e n  n a c h  v o r n  Iief; A n s t r S -  
m e n  in R i c h t u n g  v o n  v o r n e  n a c h  h i n t e n  b e w i r k t e  im 
Gegente i l ,  wie gesagt ,  H e m m u n g  de r  Impu l se .  

S. DIJKGRAAF 

I~zstitzt! /i$r "t'e~,leic]z.e~zde Plz ysiologie der U~iversitiil 
Ul~'echl, ffolla~Td, de~ 23. 2].[gf2 1956. 

E l e c t r o p h y s i o l o g i c a l  r e c o r d i n g  of t h e  s p o n t a n e o u s  
a c t i v i t y  f r o m  a s ingle  g r o u p  of l a t e r a l  sense  o r g a n s  on  
t h e  a b d o m e n  of Xenopus  lae~.,is r e su l t s  in a m o r e  or less 
r e g u l a r  ser ies  of la rge  spikes,  e i t h e r  all  of t h e  s a m e  
h e i g h t  or of t w o  d i f f e r e n t  sizes (each  g r o u p  is i n n e r v a t e d  
b y  two  " l a r g e "  l a t e ra l i s  f ibres) .  M e c h a n i c a l  s t i m u l a t i o n  
of s u c h  a g r o u p  m a y  c a u s e  a r ise or  a fa l l  of s p o n t a n e o u s  
impu l se  f r e q u e n c y .  T h e r e  is e v i d e n c e  f o r a  t w o - d i r e c t i o n a l  
s e n s i t i v i t y  of t h e  s a m e  u n i t  (ne rve  f ibre)  f r o m  a s ingle  
g roup ,  o u t  of t h e  m i d d l e  as well  as o u t  of t h e  dorsa l  
l a t e r a l  l ine.  

The Relat ion Between  G a m m a  Motor  Activity 
and the E lec troencepha logram 

T h e  g a m m a  m o t o r  f ibres  of LEKSELL 1 i n n e r v a t i n g  t h e  
i n t r a f u s a l  f ibres  of t h e  m u s c l e  sp ind les ,  h a v e  a wide  
r a n g e  of c o n n e c t i o n s  a n d  are  c o n t r o l l e d  n o t  o n l y  b y  
sp ina l  re f lexes  b u t  also t o  a g r e a t  e x t e n t  f r o m  s u p r a  
sp ina l  levels .  Di f fuse  c o n n e c t i o n s  b e t w e e n  t h e  g a m m a  
m o t o r  s y s t e m  a n d  m o s t  p a r t s  of t h e  b r a i n  h a v e  b e e n  
d e m o n s t r a t e d ,  a n d  t h e  phys io log ica l  s ign i f i cance  of t h e  
musc le  sp ind le  a c t i v i t y  h a s  r e c e n t l y  b e e n  e l u c i d a t e d  b y  
GRANIT a n d  his  c o l l a b o r a t o r s  2. i n  all  t h i s  work,  a t t e n -  
t i o n  has  been  d r a w n  to  t he  close r e l a t i o n  b e t w e e n  t h e  

g a m m a  m o t o r  s y s t e m  a n d  the  r e t i c u l a r  a c t i v a t i n g  sys t en l  a 
on t h e  one  h a n d ,  a n d  t h e  b u l b o - r e t i c u l a r  i n h i b i t o r y  
s y s t e m  4 on  t h e  o the r .  O n e  m i g h t  t h e r e f o r e  e x p e c t  to  
f ind c o r r e l a t i o n s  b e t w e e n  t h e  a c t i v i t y  of c e r e b r a l  co r t ex  
arid of musc l e  sp ind le s  u n d e r  c o n d i t i o n s  in  w h i c h  the  
i n f l uence  of sp ina l  re f lexes  on  muscIe  sp ind les  was 
m i n i m i z e d  a n d  k e p t  c o n s t a n t .  B y  r e c o r d i n g  e lec t ro  
e n c e p h a l o g r a m  a n d  t h e  a c t i v i t y  of s ingle  musc l e  sp indles  
s i m u l t a n e o u s l y  u n d e r  v a r i o u s  c o n d i t i o n s  in ca t s  an d  
r a b b i t s ,  t h i s  was  ver i f ied,  a n d  s o m e t i m e s  e x t r e m e l y  good 
c o r r e l a t i o n  was o b t a i n e d .  

E l e c t r o e n c e p h a l o g r a m s  f rom m o t o r ,  t e m p o r a l  and  
occ ip i t a l  a reas  of t h e  c o r t e x  were  r e c o r d e d  in l igh t ly  
a n a e s t h e t i z e d  ca t s  a n d  r a b b i t s ,  s i m u l t a n e o u s l y  w i t h  the  
a c t i v i t y  of s ingle  musc l e  sp indIes  led f rom f ine f i I amen t s  
of dor sa l  roots .  Need le  e l ec t rodes  for  s u b c o r t i c a l  s t i m u l a  
t i on  an d  h e a t i n g  e l ec t rodes  for  t h e  t h e r m o s e n s i t i v e  
s t r u c t u r e s  of t h e  a n t e r i o r  h y p o t h a l a m u s  were  inse r t ed  
s t e r e o t a x i c a l l y .  As a ru le  " a r o u s i n g "  s t i m u l i  s u c h  as  
n o c i c e p t i v e  p rocedure s ,  l ower ing  t h e  b o d y  t e m p e r a t u r e ,  
t w i s t i n g  t h e  p i n n a  or  e l ec t r i ca l  s t i m u l a t i o n  of t h e  mesen  
cepha l i c  r e t i c u l a r  f o r m a t i o n  were  f o u n d  to  " a c t i v a t e "  
( d e s y n ch ro n i ze )  t h e  co r t i ca l  a c t i v i t y  a n d  a t  t h e  same 
t i m e  to cause  i nc r ea sed  musc le  s p i n d l e  a c t i v i t y .  On the 
o t h e r  h a n d ,  p r o c e d u r e s  w h i c h  were  f o u n d  to  inh ib i t  
musc l e  sp ind le  a c t i v i t y ,  s u c h  as r a i s ing  t h e  b o d y  t en>  
p e r a t u r e ,  local  h e a t i n g  of t h e  h y p o t h a l a m u s ,  a n d  elici ta-  
t i o n  of s o m e  sk in  re f lexes  f r o m  t h e  u p p e r  t h o r a c i c  and 
n e c k  region,  were  u s u a l l y  a c c o m p a n i e d  b y  synch ron iza -  
t i on  of co r t i ca l  a c t i v i t y .  " S p o n t a n e o u s "  f l u c t u a t i o n s  in 
co r t i ca l  a c t i v i t y  were  s eve ra l  t i m e s  f o u n d  to be syn- 
c h r o n o u s  w i t h  t h o s e  seen  in  t h e  musc l e  sp ind le  record, 
c./. Figure .  T h e  a n a c s t h c t i c  leve l  had ,  howeve r ,  to  be 
c r i t i ca l ly  b a l a n c e d .  Doses  of a n a e s t h e t i c s  j u s t  large 
e n o u g h  to  g ive  slow wave  a c t i v i t y  in  t h e  e lect roence-  
p h a l o g r a m ,  d id  n o t  ab o l i s h  g a m m a  m o t o r  ac t i v i t y .  In 
such  cases,  h y p o t h a l a m i c  h e a t i n g  could  i n f l uence  muscle 
sp ind le  d i s cha rge  w i t h o u t  a n y  n o t i c e a b l e  effects  on  the 
e l e c t r o e n c e p h a l o g r a m .  U n i m p a i r e d  co r t i ca l  a c t i v i t y  was 
t h u s  n o t  n e c e s s a r y  for  h y p o t h a l a m i c  ef fec ts  on  g a m m a  
m o t o r  a c t i v i t y .  N e i t h e r  were  t h e  c h a n g e s  in cort ical  
a c t i v i t y  s e c o n d a r y  to  f l u c t u a t i o n s  in m u s c l e  spindle 
d i scharge ,  s ince t h e y  were  r e a d i l y  o b t a i n e d  in enc@ha le  
isol~ p r e p a r a t i o n s .  T h e r m o s e n s i t i v e  s t r u c t u r e s  in  the 
a n t e r i o r  p a r t  of t h e  h y p o t h a l a m n s  m a y  t h u s  influence 
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cerebra l  c o r t e x  anti  g a m m a  m o t o r  s y s t e m  by a c o m m o n  
relay s y s t e m  w i t h i n  t h e  r e t i cu la r  f o r m a t i o n  of t he  bra in  
s tem.  

. . . .  1 L~- N L t  . . . . .  At.--. | . t l l .  _.&.l . . . . . . . . . . . . . . . . . . . . . . .  

r a t e  of muscle  a t r o p h y .  A d i s t u r b a n c e  of the  t roph ic  in- 
f luence  of t he  ne rvous  s y s t e m  is gene ra l ly  assunled ,  b u t  
t he  t e r m  " t r o p h i c  i n fh l ence"  lacks a phys io logica l  de- 
f ini t ion.  

A n u m b e r  of p a p e r s  pub l i shed  by  ()UTMANN a n d  his 
co l l abora to rs  show t h a t  t h e  basis  of n e r v o u s  t roph ic  
inf luence  is in the  a c t i v a t i o n  of me tabo l i c  r e c o v e r y  pro-  
cesses fol lowing muscle  s t i m u l a t i o n  (GUTMANN, VOI)I(KA 
and  VRuovXl;  I~,ASS, (]-UTMANN and  \:-ODI(KA a and  
others) .  These  r e c o v e r y  processes  d i f fe r  in r a t e  a n d  ex- 

. _ ~  .a=.,L_,L ~..,L ,~at  . . t  ,,, ~ . . . .  ~.a . . . . . . . . . . .  t e n t  in normal  i n n e r v a t e d  and  d e n e r v a t e d  muscles .  T h e y  
3 . . . . . .  " - " ' -  " - ~ ' - ' " ~ ' ~ ' , - -  " ~ "  . . . . . . . . . . . . . . . . .  h a v e  been  found  to  be inf luenced  by  the  func t i ona l  s t a t e  

....... IIl~l~! II~m~Nllll of ne rve  cent res .  Fo r  e x a mp l e ,  coffe in  a c t i v a t e s  t h e s e  
_ __ ~.~* . . . . . . . . . . . . . . . . . . . . . . . . . .  --. . . . . .  , . . . .  I r ecovery  processes ,  while  b r o m i d e s  depress  t h e m .  Myleo-  

I - - ' i " ( ' ; -7~i~7i ,~ , i7£ , ; ,7 , ;  . . . .  ~-~.u~,]! ' i i - --][~,~,~}}li l~" t o m y  ((]UTMANN. XrOI)ICKA a n d  \rRBOVX1), as  well  as 
, reflex noc icep t ive  s t i m u l a t i o n  (GUTMANN ~lnd VOI)ICKA a) 

Rabbit. Chloralose-urethane. EI;;G from left inotor area. Muscle 
spindle afferent froin left gastroenemius. Note high frequency iv- 
regular spindle discharge simultaneously with periods of desyn- 
chronized ILEG. 3Insole spindle silent when slowwaves appear in Et'~G. 

Occas iona l ly  a muscle  sp indle  was  inh ib i t ed  syn-  
chronous Iy  wi th  cor t ica l  "'arousal" w h e n  s t i m u l a t i n g  the  
m i d b r a i n  t e g m e n t u m ,  ind ica t ing  t h a t  the  a c t i v a t i n g  
re lay s y s t e m  of t h e  b r a i n  s t e m  m a y  be func t iona l ly  
subd iv ided ,  or m a y  be  less func t iona l ly  uni form t h a n  is 
of ten be l ieved .  A n o t h e r  cons ide ra t ion  t h a t  has  to  be 
borne in mind  is t h a t  t he  single sp indle  a f fe ren t  sampled[ 
in such  an e x p e r i n l e n t  m a y  n o t  be typ ica l  of t he  g a m m a  
s y s t e m  as a whole.  E l e c t r o e n c e p h a l o g r a m  gives s t a t i s t i ca l  
i n fo rma t ion  of t h e  a c t i v i t y  in a g rea t  n u m b e r  of mmroues .  
The musc le  sp ind le  t e s t  migh t ,  on the  con t r a ry ,  tel l  us 
abou t  t he  s i t ua t i on  in a r e s t r i c t ed  p a r t  of t he  m o t o r  
s y s t e m  only.  Cons ider ing  th is  the  good cor re la t ion  gen-  
erally o b t a i n e d  is still  more  impress ive .  

C. VON EULER and  [2. S6t)F. RBERG 

The Nobel ins t i tu te  /or Neurophysiology,  K~rol inska 
I~st i t . te t ,  Stockholm 60, Sweden, Apr i l  9, 1956. 

Zusammen /assung  

Es w n r d e  gezeigt ,  dass  die \Veck reak t i on  im E E G  
me[st  mi t  E r r e g u n g  der  Muske l sp inde ln  v e r k n t i p f t  war.  
In t ie ferer  Narkose  k o n n t e n  die  Muske l sp inde ln  be[ Er-  
w~irmung des H y p o t h a l a m u s  noch  bee in f lu s s t  werden ,  
ohne dass  im E E G  n e n n e n s w e r t e  Ver~tnderungen auf- 
t ra ten .  T h e r m i s c h e  R e i zung  im H y p o t h a l a m u s  k o n n t e  
aber  auch  be[ der  ~enc6phale  isol6~)-Katze langsarne,  
grosse \Vel len  in G r o s s h i r n r i n d e n - A b l e i t u n g e n  hervor -  
rufen. \Vahr sche in l i ch  we rden  die Muske l sp inde ln  und  
die Akt iv i t f i t  de r  G r o s s h i r n r i n d e  dabe i  fiber dasse lbe  
Sys tem yore  H i r n s t a m m  bee inf luss t .  

E x c i t a b i l i t y  C h a n g e s  a n d  M u s c l e  A t r o p h y  A f t e r  
D e - a f f e r e n t a t i o n  

The p r o b l e m  of musc le  a t r o p h y  has  ab so rbed  the  
in teres t  of a large n u m b e r  of expe r i l nen t a l  and  clinical  
workers. In  sp i te  of m a n y  new fac ts  in th is  field i t  is no t  
possible, a t  t h e  p r e s e n t  t ime,  to  s t a t e  precisely,  which  
factors are m o s t  i r n p o r t a n t  in d e t e r m i n i n g  the  onse t  a n d  

have  a s imi lar  dep res s ing  ef fec t  on  t h e s e  m e t a b o l i c  re-  
cove ry  processes .  

Af t e r  sect ion of t he  dorsal  roots  in t he  ca t  a n d  the  ra t ,  
a t e n d e n c y  to  ex t ens ion  develops ,  which is in a c c o r d a n c e  
wi th  o b s e r v a t i o n s  desc r ibed  in l i t e r a tu re  (HEmNG ~, 
RANSON s et aL). W e  have  had  a m p l e  o p p o r t u n i t y  of 
obse rv ing  e x a g g e r a t e d  ref lex a c t i v i t y  of the  d e - a f f e r e n t -  
ed h ind  l imb, e.g. c rossed  e x t e n s o r  ref lex etc.  (see also 
T R E N D I : ; L E N B U R G  ~, I ~ R E M E R  7, ] { A N S O N  5 el al.). F r o m  our  
obse rva t ions ,  we have  been  able to  conc lude  t h a t  t e n d -  
ency  to  e x t e n s i o n  a f t e r  d e - a f f e r e n t a t i o n  does  n o t  
deve lop  i m m e d i a t e l y  a f t e r  t h e  ope ra t i on  b u t  by  t h e  7 tu- 
10 TM day,  and  is no t  d e p e n d a n t  on the  p re sence  of sp ina l  
ganglia.  I t  seems probable ,  therefore ,  t h a t  these  c h a n g e s  
of exc i t ab i l i ty  are of cen t r a l  (spinal) origin a n d  t h a t  
t e n d e n c y  to  ex t ens ion  is n o t  m e d i a t e d  by  t h e  sp ina l  
gangl ia  as RANSON 5 p o s t u l a t e d .  E x t i r p a t i o n  of  sp ina l  
ganglia  leads  to a s imi lar  t e n d e n c y  to  e x t e n s i o n  of 
sect ion of the  dorsal  roots  p r o x i ma l  to t he  gangl ion.  

I t  is possible to  i n t e r p r e t  t h e s e  f ind ings  in t e r m s  of  
C a n n o n ' s  Law of t ) e n e r w t t i o n  (CANNON and  I{OSEN- 
I~LU~):TH s) and  cons ider  t h e m  to be the  resu l t  of a f f e r e n t  
d e n e r v a t i o n  of spinal  neurones .  ])RAKE a n d  STAVRAKY 9 
have  pos tu Ia t ed  th is  ex t ens ion  of the  L a w  of D e n e r v a t i o n  
to  de -a f fe ren ta t ion .  We  have  offered t h e  fo l lowing ex-  
p lana t ion .  A n t i g r a v i t y  muscles  are mos t ly  c o n n e c t e d  to  
the  t oyo t a [ i t  2-neurone ref lex arc, so t h a t  d e g e n e r a t i o n  
of t he  cen t ra l  s t u m p  of t he  dorsa l  roo t s  leads  to  t h e  
des t ruc t ion  of s y n a p t i c  end ings  on e x t e n s o r  m o t o n e u -  
roues, while f lexor  m o t o n e u r o n e s  arc, m o s t  p robab ly ,  to  
a g rea t  e x t e n t  p r o t e c t e d  by  the i r  i n t e r n c u r o n e  pool.  

We have  fu r the r  ev idence  for the  increased  e x c i t a b i l i t y  
of e x t e n s o r  m o t o n e u r o n e s  a f t e r  de -a f f e r en t a t i on .  Chan-  
ges of c h r o n a x y  in ca ts  before  and  a f t e r  d e - a f f e r e n t a t i o n  
were s tudied,  C h r o n a x i m e t r i c  d i f fe rence  b e t w e e n  f lexor  
and  e x t e n s o r  muscle  g roups  is welI ma r k e d  u n d e r  n o r m a l  
condi t ions  in cats ,  s imi lar  to  m a n  (LAerC(2UEI°), and  is 
p re sen t  unt i l  a b o u t  the  10 TM (lay a f t e r  t he  opera t ion .  By  
this  t ime  we n o t e d  a g radua l  dec rease  in c h r o n a x i m e t r i c  
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