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pe rox idase  s - r e p r e s e n t  p u r e  h igh - sp in  complexes  ss. I n  
c o n t r a s t  to  this ,  c a t a l a se  c y a n i d e  shows  a t yp i ca l  low-sp in  
s p e c t r u m  w i t h  t h e  g- fac tors  gx = 2.78, g~ --=- 2.15, g3 ~ 1.60 
(F igure  2). T h e  m a g n e t i c  t i t r a t i o n  of t h e  ca ta l a se  w i t h  
p o t a s s i u m  cyan ide  m a d e  b y  THEORELL a n d  AGm~R ~ showed  
t h a t  on ly  3/4 of t h e  ca t a l a se  i ron  was  cyan-sens i t ive ,  whi le  
t h e  l a s t  1/4, t i le  n o n - h e m  iron,  was  n o t  a f fec ted  b y  
cyan ide .  Accord ingly ,  t h e  E S R  s p e c t r u m  of t i le  c a t a l a se  
c y a n i d e  shows  t h a t  t he  t o t a l  p o r p h y r i n - b o u n d  i ron e n t e r s  
a b i n d i n g  w i t h  cyan ide .  T h e  i ron  w h i c h  is n o t  p o r p h y r i n -  
b o u n d ,  h a v i n g  a g-va lue  of 4.2, does  n o t  r e a c t  w i t h  
cyan ide ,  t h a t  is t h e  a b s o r p t i o n  a t  g = 4.2 does n o t  c h a n g e  
u p o n  r e a c t i o n  of e a t a l a se  w i t h  p o t a s s i u m  cyanide .  T h e  
E S R  s p e c t r u m  of  ea t a l a se  azide  ind ica tes  t h a t  t h i s  com-  
p o u n d  m u s t  b e  a m i x e d  c o m p l e x  of t h e  h igh - sp in  a n d  
low-sp in  fo rm s imi la r ly  as  m e t h e m o g t o b i n  a n d  some  
m e t h e m o g l o b i n  c o m p o u n d s  ~, t h e  pe rox idase  c y a n i d  s a n d  
t h e  c y t o c h r o m e  c p e r o x y d a s e  1~. 

T h e  g-va lues  of c a t a l a se  az ide  a re  g± ~ 6.5 a n d  for 
gz = 2.66, g~ = 2.6, g~ = 1.7. 

S ince  t h e  m e a s u r e m e n t  of t h e  m a g n e t i c  suscep t ib i l i t y  
for  t h e  ca t a l a se  az ide  com pl ex  gave  a h i g h  vMue a t  20 °C 
w h i c h  co r r e sponds  to  5 u n p a i r e d  e lec t rons  x, i t  m u s t  be  
a s s u m e d  t h a t  a t  low t e m p e r a t u r e  t h e  low-spin  p r o p o r t i o n  
increases  as was  also o b s e r v e d  for  methemoglob inXL 

I f  ca t a l a se  azide  is a l lowed to  r eac t  w i t h  h y d r o g e n  
pe rox ide  or b a r i u m  pe rox ide  w i t h o u t  o x y g e n  a n d  is t h e n  
f rozen  i m m e d i a t e l y  a f t e r  t h e  reac t ion ,  t h e n  t he  E S R  
m e a s u r e m e n t  of t h i s  f rozen  so lu t ion  gives a s p e c t r u m  in 
w h i c h  t he  a b s o r p t i o n  a t  g ~ 6 is s t r ong ly  r educed  com-  
p a r e d  w i t h  t he  ca t a l a se  azide  spec t rum.  A t  t h e  s a m e  t i m e  
a n  i n t e n s i v e  n a r r o w  s ignal  occurs  a t  g = 2. Th i s  s igna l  

t t t t 
g-&.Z g~-2.78 A-2.15 #S=1.60 

Fig. 2. First derivative of electron spin resonance absorption spectrum 
from catalase cyanide. 

c an  be  a t t r i b u t e d  e i t he r  to  a free r ad ica l  or  to  ferro-  
ca t a l a se -n i t r i e  ox ide  w h i c h  is f o u n d  b y  FOULKES a n d  
LEMBERG 2° a n d  b y  NICHOLLS 21 as  a p r o d u c t  of t h e  re- 
ac t ion  f rom ca t a l a se  azide  w i t h  h y d r o g e n  peroxide .  Fe r ro -  
ca t a l a se -n i t r i c  oxide  will g ive a n a r r o w  E S R  s igna l  of t he  
same  w i d t h s  as a free r ad ica l  l ike h e m o g l o b i n - n i t r i c  
oxide  22. 

F ree  rad ica l s  h a v e  also b e e n  obse rved  in t h e  r e a c t i o n  
of h y d r o g e n  pe rox ide  w i t h  o t h e r  hemoproteids*,X2,2L T h i s  
f ind ing  is of i n t e r e s t  because  THEORELL a n d  EHRENBERa s 
h a v e  f o u n d  t h a t  t h e  az ide  ca t a l a se -H~O, -complex  in 
n i t r o g e n  or  CO a t m o s p h e r e  is a d i a m a g n e t i c  c o m p l e x  
f rom w h i c h  t h e y  conc lude  t h a t  a ferro  c o m p l e x  ha s  
fo rmed .  However ,  t h e  p resence  of a f ree  r ad i ca l  or  ferro-  
c a t a l a se -n i t r i c  ox ide  b y  t h e  r e a c t i o n  of h y d r o g e n  pe rox ide  
w i t h  ca tMase  az ide  i nd i ca t e s  t h a t  a c o m p l e t e  d i a m a g n e t -  
i sm c a n n o t  b e  possible .  I s  i t  poss ib le  t h a t  both, a free, 
r ad i ca l  o n  t h e  p r o t e i n  a n d  f e r roca t a l a se -n i t r i c  oxide,  are  
p r e s e n t  in  t h e  c o m p o u n d  f o r m e d  o n  t h e  a d d i t i o n  of 
c a t a l a se  az ide  w i t h  h y d r o g e n  pe rox ide  in  n i t rogen .  

E S R  s tud ie s  of t h e  r e a c t i o n  of c y t o c h r o m e  c pe rox idase  
w i t h  e t h y l  h y d r o p e r o x i d e ,  in  w h i c h  t h e  E S R  a b s o r p t i o n  
of t h e  p o r p h y r i n - b o u n d  i ron  d i s a p p e a r s  w i t h  s i m u l t a n e o u s  
f o r m a t i o n  of a free r ad i ca l  ~ ,  sugges t  t h a t  t h e  p r e s e n t  
ideas  a b o u t  t h e  process  of azide  ca t a l a se  h y d r o g e n  per-  
oxide  r eac t i on  requ i re  f u r t h e r  i nves t iga t ions .  

Zusammen/assung. R i n d e r l e b e r k a t a l a s e  u n d  einige 
K a t a l a s e k o m p l e x e  w u r d e n  bei  e iner  T e m p e r a t u r  yon  
77 °Ke lv in  m i t  de r  M e t h o d e  de r  E l e k t r o n e n s p i n r e s o n a n z  
u n t e r s u c h t .  Aus  den  E l e k t r o n e n s p i n r e s o n a n z s p e k t r e n  i s t  
zu e n t n e h m e n ,  ob  es sich be i  der  K a t a l a s e v e r b i n d u n g  u m  
e inen  Gros s - sp in -Komplex ,  u m  e inen  IZ le in - sp in -Komplex  
oder  u m  eine Misch fo rm be ide r  K o m p l e x a r t e n  h a n d e l t .  
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Striatal Bradykinesia Alleviated by Intracaudate 

I n  f o r m e r  e x p e r i m e n t s  i t  was  s h o w n  1 t h a t  p ro longed  
chemica l  s t i m u l a t i o n  of t he  c a u d a t e  nuc leus  in  ca t s  b y  
i n j ec t i on  of a l u m i n a  c r e a m  in to  th i s  gang l ion  induces  f i r s t  
a b r a d y k i n e s i a  a n d  l a t e r  a nea r ly  c o m p l e t e  a m n e s i a  a n d  
a c a t a ton i a - l i ke  cond i t ion .  T h e  chemica l  s t i m u l a t i o n  of 
t h e  c a u d a t e  nuc leus  s eemed  useful  for  a s t u d y  of t h e  effect  
of L-dopa,  w h i c h  is c o n v e r t e d  in to  d o p a m i n e  in t h e  t issues,  
u p o n  th i s  gangl ion.  Such  a s t u d y  seemed  of i n t e r e s t  in 
v iew of t h e  f ind ings  t h a t  t he  d o p a m i n e  c o n t e n t  of t he  
c a u d a t e  nuc leus  is low in  P a r k i n s o n ' s  disease 2, a n d  t h a t  
t h e r a p e u t i c  a d m i n i s t r a t i o n  of L-dopa is ab le  to  rel ieve 

Injection of L-Dopa 

some s y m p t o m s  of t h i s  disease,  p a r t i c u l a r l y  t h e  ak ines ia ,  
a t  l eas t  t e m p o r a r i l y .  

Experimental. Since i t  t a k e s  severa l  d a y s  u n t i l  t h e  
effect  of t he  a l u m i n a  c r e a m  in jec t ions  becomes  obvious ,  

1 E. A. SPIEGEL and E. G. SZEKEL% Arehs Ncurol., Chicago 4, 55 
(1961). 

2 H. FAIRINGER and O. HORNYKIEWICZ, Klin Wschr. 38, 2136 (1960), 
V. BIRKMAYER and O. HORNYKIEWlCZ, Wien Klin. Wschr. 73, 787 
(1961). 
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Effect of intracaudate injections upon speed of locomotion 

Specialia EXPERIENTIA 2411 

Tungstic acid effect {speed decrease) Dopa effect {speed increase) 

Series 1 Speed before Mean difference Speed after minus Mean difference 
N = 13 minus speed 2.56 4- 0,92 a speed before 2.35 4- 1.37 

after injection t ~ 10 injection ~ = 6.2 
p < 0.001 p < 0.001 

Tungstic acid effect Effect of solvent without dopa (control) 

Series 2 Speed before 1.93 4- 0.95 Speed after minus 0.3 4- 0.89 
N = 10 minus speed t = 6.4 speed before t = 1.1 

after injection p < 0.001 injection not significant 

Figures indicate number of rotations of pulley. One rotation corresponds to a locomotion of 8.5 cm on floor, t, mean difference divided by 
the standard error of the mean. 

a n d  t h e  c a t a t o n i a  becom es  so severe  t h a t  i t  c an  no  longer  
be  inf luenced ,  a f a s t e r  a n d  m i l d e r  m e t h o d  of chemica l  
s t i m u l a t i o n  was t r ied .  I n  p r e l i m i n a r y  e x p e r i m e n t s  car-  
h a c h o l  ~ was  i n j ec t ed  i n t o  t h e  c a u d a t e  nuc leus  of cats .  
F o r  tes t ing ,  t h e  an ima l s  were  s u s p e n d e d  in a h a m m o c k ,  
w i t h  t he  ex t r emi t i e s  pass ing  t h r o u g h  i ts  holes.  One  h i n d  
leg was  k e p t  b e t w e e n  a n  electr ic  b u l b  a n d  a pho toce l l ;  
t h e  o u t p u t  of t h e  l a t t e r  was  r eco rded ;  i t  f l u c t u a t e d  w h e n  
m o v e m e n t s  of t he  l imb  i n t e r r u p t e d  t he  l igh t  beam.  Al- 
t h o u g h  b y  th i s  m e t h o d  a r e t u r n  or  increase  of m o t i l i t y  
in  ak ine t i c  or  b r a d y k i n e t i c  a n i m a l s  could  be  d e m o n s t r a t e d  
fol lowing i n t r a c a u d a t e  L-dopa in jec t ions  4, t h e  records  d id  
n o t  a lways  give a c o m p l e t e  p i c t u r e  of t h e  leg m o v e m e n t s ,  
s ince these  m o v e m e n t s  fell s o m e t i m e s  ou t s ide  t he  p a t h  of 
t h e  l igh t  b e a m  to t he  photoce l l .  

A d i f f e ren t  t e c h n i q u e  was,  there fore ,  app l ied  in t h e  
p r e s e n t  series of e x p e r i m e n t s .  I n  33 a n i m a l s  t he  a n a t o m i c  
e x a m i n a t i o n  r evea l ed  a co r rec t  loca l iza t ion  of t h e  injec-  
t ions  in  a lb ino  ra ts .  T u n g s t i e  ac id  gel p r ev ious ly  used b y  
]3LtlM a n d  LIBAN 5 for  p r o d u c t i o n  of i r r i t a t i v e  loci in  t he  
h i p p o c a m p u s  a n d  a m y g d a l a  p r o v e d  v e r y  su i tab le .  Injec- 
tion of 4 - 8  /A i n t o  t h e  c a u d a t e  nuc l eus  was  suf f ic ien t  to  
i nduce  a de f in i t e  s lowing  of  t h e  a n i m a l s '  locomot ion .  I n  
o rde r  to  r ecord  t h e  r u n n i n g  speed  ( s p o n t a n e o u s  locomo-  
t i on  or  t h a t  i n d u c e d  b y  acous t ic  or  noc icep t ive  s t imul i ) ,  
a t h r e a d  was  c o n d u c t e d  f rom t h e  a n i m a l  o v e r  a lower  
a n d  a n  u p p e r  pu l l ey  to  a sma l l  weight .  W i t h  each  r o t a t i o n  
of t h e  u p p e r  pul ley,  t h e  d i scha rge  of a pho toce l l  was  
a c t i v a t e d  b y  a l i g h t  b e a m  pass ing  t h r o u g h  a hole  in  t h e  
u p p e r  pul ley.  E a c h  d i scha rge  i n d i c a t e d  a m o v e m e n t  of 
8.5 c m  on  t h e  floor. W h e n  t h e  s lowing was  def ini te ,  4 -8 / ,1  
of L-dopa  so lu t ion  (pH = 5) c o n t a i n i n g  80--160 /,g of 
L-dopa were  i n j ec t ed  i n t o  t h e  c a u d a t e  nucleus .  I n  con t ro l  
expe r imen t s ,  co r r e spond ing  a m o u n t s  of phys io logic  sal ine 
so lu t ion  or  of t h e  so l ven t  (HC1 so lu t ion  n e u t r a l i z e d  to  
p H  5) were  i n j ec t ed  i n to  t h e  c a u d a t e  nucleus .  

Results. T h e  m a i n  re su l t s  a re  s u m m a r i z e d  in t h e  Table .  
T h e y  show t h a t  t he  i n t r a c a u d a t e  i n j ec t i on  of t u n g s t i c  
acid gel i nduced  a s t a t i s t i ca l ly  h i g h l y  s ign i f i can t  s lowing  
of t h e  r a t ' s  locomot ion .  I n  f u r t h e r  ( n o n - t a b u l a t e d )  exper i -  
m e n t s  i t  was  f o u n d  t h a t  t h e  s lowing pers i s t ed  up  to  20 h, 
if no  o t h e r  t r e a t m e n t  was  appl ied .  I n j e c t i o n  of L-dopa 
in to  t h e  c a u d a t e  nuc leus  in  u n t r e a t e d  r a t s  increased  t h e i r  
r u n n i n g  speed for a b o u t  1~/~ h. I n t r a c a u d a t e  i n j ec t i on  of 
th i s  s u b s t a n c e  1 h a f t e r  t h e  t u n g s t i c  acid in jec t ion ,  w h e n  
t h e  s lowing was  def ini te ,  r e su l t ed  in a s t a t i s t i ca l ly  signifi-  
c a n t  increase  of t he  r u n n i n g  speed  w i t h i n  a few ra in  
(Table).  However ,  if t h e  t u n g s t i c  ac id  gel h a d  p r o d u c e d  
n o t  on ly  a b r adyk ines i a ,  b u t  a ca t a l ep t i c  s t a t e  (comple te  
akines ia) ,  t h e  L-dopa was on ly  ab le  to  p r oduce  s h o r t  

l ived,  i n c o o r d i n a t e d  r a p i d  m o v e m e n t s ,  b u t  n o t  a de f in i t e  
r u n n i n g  m o v e m e n t .  I n  con t ro l  e x p e r i m e n t s  (Table,  series 
2), i n j e c t i o n  of t h e  so lven t  or  of NaC1 in  a n l o u n t s  corre-  
s p o n d i n g  to  t he  L-dopa in jec t ions  fa i led to  a l t e r  signifi-  
c a n t l y  t h e  b r adyk ines i a ,  or th i s  e v e n  progressed,  so t h a t  
t h e  L-dopa effect  c an  no t  be  a t t r i b u t e d  to  t h e  m e c h a n i c a l  
i n j u r y  due  to t he  in jec t ion .  

Discussion. I n  a g r e e m e n t  w i t h  t he  a b o v e  desc r ibed  
f ind ings  t h a t  L-dopa c o u n t e r a c t s  t h e  effects  of chemica l  
s t i m u l a t i o n  of t he  c a u d a t e  nuc leus  are e lec t rophys io log ic  
s tud ie s ;  mac roe l ec t rode  4,6 as well  as mic roe lec t rode  re- 
cordings~, s i nd i ca t e  t h a t  L-dopa a p p l i c a t i o n  chief ly  de-  
presses  t h e  e lectr ic  a c t i v i t y  of t h e  c a u d a t e  nucleus .  I t  
shou ld  be  emphas ized ,  however ,  t h a t  t he  s t r i a t a l  effect  is 
n o t  necessar i ly  t he  o n l y  m e c h a n i s m  respons ib le  for  t h e  
benef ic ia l  ac t ion  of L-dopa obse rved  in P a r k i n s o n  pa t i en t s ,  
s ince d e c a r b o x y l a s e  c o n v e r t i n g  d o p a  in to  d o p a m i n e  is 
found  also in o t h e r  p a r t s  of t h e  c e n t r a l  n e r v o u s  s y s t e m  9 

Conclusions. T h e  b r a d y k i n e s i a  r e su l t i ng  f rom chemica l  
s t i m u l a t i o n  of t h e  c a u d a t e  nuc leus  can  b e  a l l ev ia t ed  b y  
in j ec t ion  of L-dopa i n t o  t he  gangl ion  i0. 

Zusammen/assung. Die d u r c h  chemische  R e i z u n g  des  
Nuc leus  c a u d a t u s  h e r a b g e s e t z t e  L a u f g e s c h w i n d i g k e i t  
k o n n t e  d u t c h  I n j e k t i o n  yon  L-Dopa in dieses Gang l ion  
wieder  den  u r sp r i ing l i chen  ",Verten n a h e g e b r a c h t  werden .  
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