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L e t o ' s  Spreading,  D e p r e s s i o n  
in t h e  C e r e b e l l u m  o f  R a t  

Slow p o t e n t i a l  changes  were  f o u n d  d u r i n g  s p r e a d i n g  
depress ion  (SD) or  i s chemia  ~,~ in t h e  m a m m a l i a n  neo-  
co r t exa :  I n  t he  p r e s e n t  p a p e r  s imi la r  r eac t ions  are de-  
sc r ibed  in c e r e b e l l u m  of a d u l t  a lb ino  r a t s  a n e s t h e t i z e d  
w i t h  Dial.  

tschemic depolarisation. I n  9 r a t s  t h e  p o t e n t i a l  d i f fe rence  
b e t w e e n  a t h e r m o c o a g u l a t e d  a n d  a s y m m e t r i c a l  n o r m a l  
a r ea  on  t h e  ce reb ra l  a n d  ce rebe l l a r  surface  was  r eco rded  
for  5 m i n  us ing  wick  ca lomel  e lec t rodes  a n d  a c h o p p e r  t y p e  
ampl i f ie r .  Th i s  i n j u r y  p o t e n t i a l  is s l igh t ly  lower  in  cere- 
b e l l u m  (15.1 4- 0.9 mV) t h a n  in ce rebra l  c o r t e x  4 (18.3 

2.5 mV).  Af t e r  d e c a p i t a t i o n  i t  decreases  to  one  ha l f  of 
t h e  in i t i a l  v a l u e  a f t e r  2.1 ~: 0.3 ra in  in  ce rebe l lum a n d  
a f t e r  1.8 :~ 0.1 ra in  in  t h e  ce r eb ra l  cor tex .  

Spreading depression. Local  a p p l i c a t i o n  of 0 .6% to  1% 
KC1 on  ce rebe l l a r  sur face  evokes  a r e m o t e  slow p o t e n t i a l  
c losely r e s e m b l i n g  t he  neocor t i ca l  SD (TaMe I ) .  Th i s  
r e a c t i o n  was o b s e r v e d  in  10 o u t  of 11 ra ts ,  b u t  i t  r a r e ly  
s p r e a d  f r o m  t h e  h e m i s p h e r e s  to  v e r m i s  or  across  snlci.  To  
exc lude  t h e  poss ib i l i ty  of superf ic ia l  KC1 diffusion,  in  
f u r t h e r  e x p e r i m e n t s  SD was  e l ic i ted b y  m i c r o i n j ec t i ons  of 
25% KC1 (0 .5-1 .0  ~xl) 1 -2  m m  u n d e r  t he  sur face  of ve rmis .  
The  s t e a d y  p o t e n t i a l s  were  led off b y  2 sa l ine  filled capi l -  
lar ies  (200 ~) i n t r o d u c e d  0.5-1 m m  below t h e  surface  of 
t h e  s ame  gyrus  (Figure  1C). I n  t h i s  w a y  SD could  be  
r e l i ab ly  el ici ted.  T h e  ce rebe l l a r  s low p o t e n t i a l  changes  
(F igure  1 C) h a v e  s imi la r  a m p l i t u d e ,  d u r a t i o n  a n d  ve loc i t y  
(Tab le  I) as t h e  cor t ica l  ones  (F igure  1B).  No s p a t i a l  
d e c r e m e n t  was  obse rved ,  t h e  a m p l i t u d e  a t t a i n i n g  7.2 
:t: 1.3 m V  a t  t h e  n e a r  e lec t rode  a n d  6.7 :]:_ 1.4 m V  a t  t h e  
d i s t a n t  one. F r e q u e n t  occurence  of a t y p i c a l  waves  (14%) 
is p r o b a b l y  due  to  c o m p l e x  gyr i f i ca t ion  of cerebe l lum.  

Ionic  shifts. A m e t a l  c a n n u l a  ( in t e rna l  d i a m e t e r  4 m m )  
was  f ixed  in  a c e n t r a l  t r e p h i n e  open i ng  (5 m m  in  d i ame te r )  
o v e r  t h e  ce rebe l lum.  T h e  ce rebe l l a r  su r face  was  w a s h e d  
w i t h  i so ton ic  sucrose  f lowing a t  a r a t e  of 130 ~ t / m i n  
t h r o u g h  t he  c a n n u l a .  C o n c e n t r a t i o n  of N a  + a n d  K + in t he  
ou t f lowing  f luid was  m e a s u r e d  b y  f lame p h o t o m e t e r .  Af te r  
t h e  ou t f l ux  h a d  b e e n  s tabi l ized ,  t h e  r a t  was  d e c a p i t a t e d .  
N a  + ou t f lux  fell w i t h  a h a l f t i m e  of 6 ra in  to  17% i h a f t e r  
d e c a p i t a t i o n .  No decrease  of K+ o u t f l u x  occu r red  d u r i n g  
t h e  s ame  per iod.  I n  a n o t h e r  g r o u p  of 16 r a t s  2, 4 -d in i t ro -  
p h e n o l  (3,4 x 10 -4 M )  was  a d d e d  to  t he  w a s h i n g  f lu id  
a f t e r  t h e  con t ro l  per iod.  D i n i t r o p h e n o l  inc reased  t h e  K+ 
o u t f l u x  a p p r o x i m a t e l y  twofo ld  b u t  t h e  N a+  o u t f l u x  was 
n o t  changed .  I n  T a b l e  I I  these  d a t a  are c o m p a r e d  w i t h  
resu l t s  o b t a i n e d  w i t h  t h e  s ame  t e c h n i q u e  in t he  ce reb ra l  
co r t ex  5.~. 

Discussion, RHOTON et  M. ~ e l ic i ted b y  e lec t r ica l  s t i m u -  
l a t i on  of c a t  ce rebe l lum a s low p o t e n t i a l  c h a n g e  s imi la r  to  
cor t ica l  SD b u t  t h e y  d id  n o t  follow i t s  spread ing ,  VA~ 

HARREVELD 8 found  a s p h y x i a l  d e p o l a r i s a t i o n  a n d  im-  
p e d a n c e  inc rease  in  ce rebe l lum a c c o m p a n i e d  b y  a c c u m u -  
l a t i on  of chlor ides  in  d e n d r i t e s  of P u r k y n ~  cells a n d  in t h e  
glial  f ibres  of t3e rgmann .  No signs of SD were obse rved ,  
however .  I n  ou r  e x p e r i m e n t s  some  of these  d a t a  were  con-  
f i rmed  in r a t s  a n d  in a d d i t i o n  l imi ted  s p r e a d i n g  of t h e  
s low p o t e n t i a l  c h a n g e  was  d e m o n s t r a t e d .  
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(A) tschemic depolarisation in cerebral and cerebellar cortices. 
(B) Spreading depression in cerebrM cortex. {C) Spreading depression 
in cerebellar cortex- typical slow potential change. (D) Spreading 
depression in eerebellar cortex- diphasic slow potential change at 
the nearer electrode. Electrode location indicated on the brain 

schemata. Calibration 10 mV; 1 rain. 
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Tab. I. Slow potential changes of spreading depression in cerebral and cerebellar cortices 

Cerebral cortex Spreading rate Cerebellar cortex Spreading rate 
Amplitude (mY) Duration ~ (see) {ram/rain) Amplitude (mV) Duration (see) (ram/rain) 

Surface recording 6.04-0.7 
n =  17 

Deep recording 7.24-0.4 
~ 100 

75,0 4- 5.0 4.6 4- 0.4 83.5 =1= 6.8 
n = 49 3.3 4- 0.1 n = 30 n = 28 2.7 4- 0.7 

59,6 4- 3.4 n = 21 5.7 -1:2.0 73.6 4- 3.6 n ~ 15 
n = 81 n =  76 n % 7 0  

Duration of negativity over 50% of maximum. 



15. XlI.  1961 Brevi comunicazioni - Brief Reports 573 

Tab. II. The effect of ischemia or spreading depression on ion outflux from cerebral and cerebellar cortices 

Ions Tissue ~0 mitt washing intervals 
Before decapitation After decapitation 
3 2 1 1 ~2 3 4 

Spreading depression 
Control 2,4 DNP Statistical 

significance 

K 
(mEq]l) 

Na 
(mEq]l) 

Cerebral cortex 0.038 0.040 0.039 0.047 
4- 0.003 4- 0.005 4- 0.006 4- 0.004 

Cerebellar cortex 0.056 0.039 0.047 0.050 
4- 0.007 4- 0.007 4- 0.007 4- 0.006 

Cerebral cortex 0.35~ 0.364 0.385 0.201 
=t= 0.058 4- 0.066 4- 0.015 4- 0.039 

Cerebellar cortex 0.487 0.460 0.478 0A83 
4- 0.050 =1= 0.050 =]= 0.049 ~ 0.020 

0.045 0.051 0.046 0.021 0.041 0.020 
4- 0.007 4- 0.009 4- 0.019 4- 0.001 4- 0.006 4- 0.05 

P 0.01 
0.069 0.051 0,056 0,026 0,052 0.026 
+ 0.011 4- 0,009 4- 0.006 4- 0.004 4- 0.008 4- 0.006 

P o.01 
0.064 0.043 0.044 0.215 0.289 0.074 
+ 0.019 :~ 0.009 -~ 0.018 4- 0.034 q- 0.035 =1:0.023 

P 0,05 
0.097 0.084 0.073 0.450 0.450 4- 0 
+ 0.01~ 4- 0.009 :k 0.008 4- 0.040 4- 0.040 N.S. 

Zusammen]assung. I s ch~mie  r u f t  in  de r  K l e i n h i r n r i n d e  
eine i ihnl iche Depo la r i s a t i on  h e r v o r  wie in  de r  Grossh i rn -  
r inde .  D u r c h  lokale  KC1-Appl ika t ion  e rh~ l t  m a n  in de r  
K l e i n h i r n r i n d e  l a n g s a m e  Po ten t i a lwe l l en ,  die in  Ampl i -  
t u d e  u n d  A u s b r e i t u n g s g e s c h w i n d i g k e i t  de r  , s p r e a d i n g  de-  
pression,~ yon  LEKo in  de r  G r o s s h i r n r i n d e  e n t s p r e c h e n .  
I s eh~mie  u n d  lokale  A p p l i k a t i o n  y o n  2, 4 - D i n i t r o p h e n o l  

b e w i r k e n  in b e i d e n  R i n d e n g e b i e t e n  gleiche V e r s c h i e b u n -  
g e n d e r  K a l i u m i o n e n .  

E.  FIFKOV~., J.  BUREg, 0 .  KH. t4£OSHTOYANTS, 
J. Ki~IV.~NEK, a n d  T. V~rEIss 

Institute o/Physiology, Czechoslovak Academy o[ Sciences, 
Prague, and Institute o[ Biological ~Physics, Academy o[ 
Sciences o /USSR,  Moscow, May 31, 1961. 
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Der  diesjAhrige Nobe lp re i s  fi ir  P h y s i k  w u r d e  zu g le iehen 
Tei len  a n  ROBERT HOFSTADTER in  W i i r d i g u n g  se iner  
A r b e i t e n  f iber die S t r e u u n g  y o n  energ ie re ichen  E l e k t r o n e n  
u n d  die d a m i t  erziet te  S t r u k t u r a n a l y s e  v o n  A t o m k e r n e n  
u n d  N u k l e o n e n  u n d  a n  RUDOLF M6SSBAUER ffir die E n t -  
d e e k u n g  des inzwischen  n a c h  i h m  b e n a n n t e n  Ef fek t s  in  
de r  Ke rn re sonanz f luo re szenz  vef l i ehen .  

R o b e r t  H o f s t a d t e r  

w u r d e  a m  5. F e b r u a r  1915 in  New Y o r k  geboren .  E r  s tu -  
d i e r t e  in  New Y o r k  u n d  P r i n c e t o n  u n d  p r o m o v i e r t e  1938; 
se ine  A r b e i t e n  aus  d ieser  Zei t  b e s c h ~ f t i g t e n  s ich m i t  I n f r a -  
r o t s p e k t r o s k o p i e  u n d  P ho t o l e i t f ~h i gke i t  y o n  Kr i s ta l l en .  
N a c h  e in igen  Jahrer~  T ~ t i g k e i t  a n  de r  Un ive r s i t l i t  yon  
P e n n s y l v a n i e n  u n d  a n  v e r s c h i e d e n e n  L a b o r a t o r i e n  k e h r t e  
er 1947 als Professor  n a c h  P r i n c e t o n  zurfick.  D o r t  ga i t  
sein In t e r e s se  der  darna ls  ge rade  a u f k o m m e n d e n  Szint i l la-  
t i ons spek t ro skop ie  yon  ? - S t r a h l e n .  W e s e n t l i c h e  F o r t -  
s ch r i t t e  in  de r  H e r s t e l l u n g  yon  Sz in t i l l a t ionskr i s t a l l en  
s ind se inen  d a m a l i g e n  U n t e r s u c h u n g e n  zu v e r d a n k e n .  

N a c h  se iner  l~bers ied lung  zu r  S t a n f o r d  Univers i t~i t  in  
t<al l fornien  im H e r b s t  1950 b e g a n n  I-IoFsTADTER a l sba ld  
m i t  de r  V o r b e r e i t u n g  de r  E x p e r i m e n t e  f iber  die S t r e u u n g  
y o n  h o e h e n e r g e t i s c h e n  E l e k t r o n e n  a n  A t o m k e r n e n ,  y o n  
d e n e n  m a n  Aufschl i isse  f iber  die e l ek t r i sche  L a d u n g s -  
v e r t e i l u n g  in  d e n  K e r n e n  e r w a r t e n  k o n n t e .  Die M6gl ich-  
ke i t  zu d e r a r t i g e n  U n t e r s u e h u n g e n  w u r d e  erSffne t  d u t c h  
den  in S t a n f o r d  im 13au be f ind l i chen  grossen E i e k t r o n e n -  
L i n e a r b e s c h l e u n i g e r  (HANSEN, GINZTON, PANOFSKY), m i t  
dessen Hilfe  HOFSTADTER m i t  e iner  Re ihe  yon  M i t a r b e i t e r n  
in den  fo lgenden  J a h r e n  - zun i ichs t  bei  180 MeV, spi i te r  

n a c h  E r w e i t e r u n g  des  ]3eschleunigers  bei  500 MeV u n d  
sei t  k u r z e m  bei  E l e k t r o n e n e n e r g i e n  bis  zu 900 MeV - in  
e iner  VielzahI  y o n  A r b e i t e n  jene  U n t e r s u c h u n g e n  m a c h e n  
konn t e ,  de ren  f u n d a m e n t a l e  B e d e u t u n g  j e t z t  d u r c h  die 
P r e i s v e r l e i h u n g  gewfi rd ig t  wurde .  

E l e k t r o n e n  h o h e r  E n e r g i e  s ind  die idea len  S o n d e n  zur  
U n t e r s u c h u n g  d e r  e l ek t r i s chen  Ladungsverteitang in d e n  
A t o m k e r n e n ,  d~t sie ke ine r  Bee in f lu s sung  d u t c h  die K e r n -  
k r~f t e  un t e r l i egen  u n d  i h r  D u r c h g a n g  d u t c h  die K e r n -  
ma t e r i e  n u r  v o n d e r  w o h t b e k a n n t e n  e l e k t r o m a g n e t i s c h e n  
W e c h s e l w i r k u n g  b e h e r r s e h t  wird.  Das  P r inz ip  de r  E x p e -  
r i m e n t e  is t  d a b e i  das  gleiche wie bei  de r  S t r u k t u r a n a l y s e  
y o n  Kr i s t a l l en  m i t  R 6 n t g e n s t r a h l e n  oder  de r  B e s t i m m u n g  
v o n  G i t t e r k o n s t a n t e n  aus  op t i s chen  B e u g u n g s v e r s u c h e n .  
M a n  l~sst  e inen  schar f  geb f inde l t en  S t r a h l  monoene rge -  
f i scher  E l e k t r o n e n  das  T a r g e t  d u r c h d r i n g e n  u n d  be-  
o b a c h t e t  die X¥inke tver te i tung  de r  v o n  den  A t o m k e r n e n  
des T a r g e t s  aus  d e m  p r i m ~ r e n  S t r a h l  e las t i sch  he r aus -  
g e s t r e u t e n  E l e k t r o n e n .  

Die Z a h l  de r  g e s t r e u t e n  E l e k t r o n e n  als F u n k t i o n  des  
S t r euwinke l s  h~ingt in  c h a r a k t e r i s t i s c h e r  Weise  yon  de r  
r~tumlichen V e r t e i l u n g  d e r  pos i t i ven  L a d u n g e n  i m  K e r n  
ab.  D e n k t  m a n  s ich die ge samte  L a d u n g  p u n k t f 6 r m i g  kon-  
zen t r i e r t  - was  bei  wesen t l i ch  n ied r ige ren  E l e k t r o n e n -  
energ ien  einc aus r e i chende  N~iherung is t  - ,  so e rh~ l t  m a n  
eine S t r euve r t e i l ung ,  die im wesen t l i chen  m i t  s in  -4 des  
h a l b e n  S t r euwinke l s  abf/i l l t .  D a  a b e t  in  W i r k l i c h k e i t  d ie  
L a d u n g e n  i m  K e r n  f iber  e in  endl iches  R a u m g e b i e t  v e r t e i l t  
s ind,  wi rd  diese S t r e u v e r t e i l u n g  d u r c h  , F o r m f a k t o r e n ,  
modi f iz ie r t ,  u n d  zwar  w e r d e n  d a d u r c h  grosse S t r e u w i n k e l  
n o c h  s t a r k e r  benach te i l i g t .  Aus  de r  e x p e r i m e n t e l l  e r m i t -  
t e l t e n  S t r e u v e r t e i l u n g  (den F o r m f a k t o r e n )  erh-Xlt m a n  u n -  
m i t t e l b a r  die L a d u n g s s t r u k t u r  des  Kerns ,  das  he i ss t  die 
rAumliche L a d u n g s d i e h t e  als F u n k t i o n  des  A b s t a n d s  v o m  
K e r n m i t t e l p u n k t .  Dabe i  s ind die noch  au f lSsba ren  S t r u k -  
t u r e i n z e l h e i t e n  - wie bei  j e d e m  B e u g u n g s p r o b l e m  - u m  so 
feiner ,  je k le ine r  die Wel len l~nge ,  also je  hOher  die E n e r g i e  


