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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.  
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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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va lues  for  e x t e n s o r  muscles,  wh ich  led to  a level l ing ou t  
of t h e  f l exo r - ex t enso r  dif ference.  These  resul ts ,  t o g e t h e r  
w i t h  obse rva t i ons  desc r ibed  above ,  are  cons ide red  as 
ev idence  for t he  increase  of 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  
in t he  a n t e r i o r  spinal  ho rns  for e x t e n s o r  musc les  a f t e r  
de -a f fe ren ta t ion .  
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XVeight changos in m. soleus and m. extensor digitorum longus after 
section of the dorsal roots LI-S 1 proximal to the spinal ganglia in the 
rat. The results are expressed in percentage of control muscle weight 
of the contralateral extremity (y axis). Muscles were weighed 3 days 
(7 animals), 7 days (26 animals), 30 days (32 animals) and 150 days 
(5 animals) after the operation (x axis). Values marked with a cross 
are statistically significant for p = 0.05, with a ring for p = 0'01 

and with a dot for p = 0"001. 

These  changes  in e x c i t a b i l i t y  lead to  musc le  a t r o p h y  
in e x t e n s o r  musc les  a f t e r  d e - a f f e r e n t a t i o n .  W e  s tud i ed  
we igh t  c h a n g e s  in m. soleus (physiological  ex tensor ,  an t i -  
g r a v i t y  group)  a n d  m. e x t e n s o r  d i g i t o r u m  longus  (f lexor 

.group) a f t e r  d e - a f f e r e n t a t i o n  in ca t s  and  ra ts .  I t  was  
found  t h a t  m. soleus p rogress ive ly  a t r o p h i e s  a f t e r  de-  
a f f e r en t a t i on ,  whi le  no w e i g h t  changes  were  n o t e d  in 
m. e x t e n s o r  d i g i t o r u m  longus  (see Fig.) .  S imi lar  resul ts ,  
on ly  less m a r k e d ,  were  o b t a i n e d  on m. g a s t r o c n e m i u s  a n d  
m. t ib ia l i s  an te r io r .  

The  d i f fe rences  due  to  changes  in exc i t ab i l i t y  are  
f u r t h e r  s h o w n  in e x p e r i m e n t s  in wh ich  musc le  h y p e r -  
t r o p h y  or r e c o v e r y  of we igh t  was  evoked .  On the  one  
hand ,  we used  un i l a t e ra l  a m p u t a t i o n  a n d  da i ly  " exe r -  
c ise"  of t h e  r e m a i n i n g  d e - a f f e r e n t e d  e x t r e m i t y  b y  r u n n -  
ing r a t s  (13 animals)  in a r o t a t i n g  d r u m  as a m e a n s  of 
p r o v o k i n g  musc le  h y p e r t r o p h y .  On t h e  o t h e r  hand ,  re in-  
n e r v a t i o n  of d e - a f f e r e n t ed  musc les  10, 20, a n d  30 days  
a f te r  c rush ing  the  ne rve  in 45 r a t s  s e rved  as a mode l  for  
we igh t  r e c o v e r y  a f t e r  d e n e r v a t i o n .  I n  b o t h  cases t h e  
resul ts  were  in a g r e e m e n t  w i t h  our  p rev ious  f indings .  In  
t he  a m p u t a t i o n  e x p e r i m e n t s ,  i t  was  f o u n d  t h a t  m. soleus 
a t rophies ,  whi le  m. e x t e n s o r  d i g i t o r u m  longus  h y p e r -  
t roph ies  s ign i f i can t ly  more  t h a n  in con t ro l  an imals .  
W e i g h t  r e c o v e r y  du r ing  r e i n n e r v a t i o n  is s ign i f i can t ly  
slower in m. soleus and  a l i t t le  f a s t e r  in m. e x t e n s o r  digi- 
t o r u m  longus  t h a n  in con t ro l  muscles .  

These  e x p e r i m e n t s  also show t h a t  t h e  a t r o p h y  of m. 
soleus a f te r  d e - a f f e r e n t a t i o n  is n o t  so m u c h  due  to  t h e  
toss of a d a p t a t i o n a l  ab i l i ty  of de - a f f e r en t ed  musc les  to  
increased  work  exer t ion ,  as to  t he  increase  of exc i t ab i l i t y  
in ex t enso r  m o t o n e u r o n e s  in t h e  an t e r i o r  sp ina l  h o r n s  
following de -a f f e ren ta t ion .  D e - a f f e r e n t a t i o n  a t r o p h y  ot 
e x t e n s o r  muscles  of t he  ca t  a n d  r a t  m a y  be cons ide red  to  
be ~/per ipheral  me tabo l i c  c o n s e q u e n c e  of th is  inc reased  

exc i t ab 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 .  We  do n o t  agree 
w i t h  KUR~ 11, X,¥YBURN 12 and  o thers ,  a cco rd ing  to  w h o m  
dorsa l  roo ts  c o n t a i n  t r o p h i c  ne rve  fibres,  because  a 
s imi lar  course  of musc le  a t r o p h y  was  n o t e d  in e x t e n s o r  
musc les  a f t e r  sp ina l  g a n g l i e c t o m y  in t h e  r a t  as a f t e r  
sec t ion  of t he  dorsa l  roo ts  p r o x i m a l  to  t h e  sp ina l  gangl ia .  

We m a y  conc lude  t h a t  me tabo l i c  r e c o v e r y  ( trophic)  
processes  are  in f luenced  b y  t h e  func t i ona l  s t a t e  of ne rve  
cent res ,  and  t h a t  i n a c t i v i t y  per se c a n n o t  ful ly  exp la in  
t he  onse t  a n d  ra te  of musc le  a t r o p h y .  

P. HNiK 

.Physiological Institute,  Czechoslovak Academy  o/ 
Sciences, Prague, February  21, 1956. 

Zusammen /as sung  

1. Die D e a f f e r e n z i e r u n g  tier h i n t e r e n  E x t r e m i t • t  bei 
R a t t e n  u n d  K a t z e n  v e r u r s a c h t  eine Ne igung  zur  E x t e n -  
sion, welche  s ich 7-10 Tage  n a c h  de r  O p e r a t i o n  zu ent -  
wicke ln  b e g i n n t ;  diese s eh r  ausgep r~g te  N e i g u n g  wird  
d u r c h  eine e r h 6 h t e  E r r e g b a r k e i t  der  m o t o r i s c h e n  Vorde r -  
hornze l l en  erkl/irt ,  we lche  die E x t e n s o r e n  innerv ie ren .  

2. An der  dea f f e r enz i e r t en  E x t r e m i t g t  a t r o p h i e r e n  die 
A n t i g r a v i t a t i o n s m u s k e l n  (m. soleus u n d  m. gas t rocne -  
talus),  w~ihrend m a n  bei  den  F l e x o r e n  (m. e x t e n s o r  digi- 
t o r u m  longus  u n d  m. t ibial is  anter ior)  kein  Anze ichen  
von  A t r o p h i c  f inde t .  

3. Die D ea f f e renz i e rungs -At roph ie  der  A n t i g r a v i t a t i o n s -  
mu s k e l n  ist  als eine in der  Pe r iphe r i e  e i n t r e t e n d e  me ta -  
bol ische  Folge  des v e r / i n d e r t e n  F u n k t i o n s z u s t a n d e s  der  
N e r v e n z e n t r e n  aufzufassen .  Diese  A n s i c h t  k o n n t e  mi t  
HiKe we i t e re r  E x p e r i m e n t e  ( R e i n n e r v a t i o n  u n d  Arbe i t s -  
h y p e r t r o p h i c )  best~ttigt  werden .  

11 K. KURI~, Y. NITTA, H. MATSUURA, and M. TsoJI, Z. ges. ex- 
per. Med. aO, 250 (1928). 

12 R. WYBURN-~IASON, Trophic Nerves (London, 1950). 

O n  the  S t a b i l i t y  and  the  R e a c t i o n s  of  the  H.,O + Ion  
in A q u e o u s  S o l u t i o n  

The  ex i s t ence  of t h e  H20+ ion in t h e  gaseous  s t a t e  has 
been  ful ly  e s t ab l i shed  by  m a s s - s p e c t r o m e t r i c  observa-  
t ions .  F r o m  a knowledge  of t h e  i on i sa t ion  p o t e n t i a l  of 
t h e  w a t e r  molecule  (12.6 e.v.) I a n d  of o t h e r  well  known  
t h e r m o - c h e m i c a l  da ta ,  i t  can  be s h o w n  t h a t  H20+ itself 
shou ld  h a v e  cons ide rab le  s t a b i l i t y  s ince t h e  associa t ion 
process  : 

H++ OH ~ H20++ 6.1 e.v. (1) 

is h igh ly  e x o t h e r m i c .  
In  aqueous  s y s t e m s ,  however ,  t h e  s i t u a t i o n  m i g h t  be 

d i f fe ren t ,  s ince he re  one has  to  t a k e  in to  a c c o u n t  the 
h y d r a t i o n  energies ;  u n d e r  t hese  cond i t ions ,  therefore ,  
t h e  equ i l i b r ium : 

HeO+ aq+ H20 ~ , HaO+ aq+ OH (2) 

shou ld  be of cons ide rab le  i m p o r t a n c e .  W i t h  r ega rd  to 
t h e  pos i t ion  of t h i s  equ i l ib r ium,  i t  c an  be sa id  t h a t  in 
v iew of t h e  s t r u c t u r a l  s imi l a r i t y  of t h e  H~O + and  HaO + 

1 C/. W. C. PRICE, Chem. Rev. 41, 257 (1947). 


