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On the  Effect  of  A m a n t a d i n e  on A T P  Content  and A T P a s e  Act iv i ty  in  B r a i n  and B l o o d  of Rats  

A c o n s i d e r a b l e  e x p e r i m e n t a l  a n d  c l in i ca l  m a t e r i a l  h a s  
b e e n  c o l l e c t e d  o n  t h e  a c t i o n  o f  a m a n t a d i n e  a s  a n  a n t i -  
p a r k i n s o n i a n  a g e n t  ~-4, b u t  l i t t l e  is  k n o w n  a b o u t  t h e  
e x a c t  m e c h a n i s m  of  t h e  d r u g  i n  p a r k i n s o n i a n  p a t i e n t s  6 -~ .  
T h e  c l in i ca l  o b s e r v a t i o n s  h a v e  r e v e a l e d  t h a t  a m a n t a d i n e ,  
w h e n  a d m i n i s t e r e d  p r i o r  t o  o r  s i m u l t a n e o u s l y  w i t h  
L - D O P A ,  i n c r e a s e s  t h e  e f f ec t  a n d  u t i l i z a t i o n  o f  L- 
D O P A  ~-~*. W e  s u g g e s t e d  t h a t  t h i s  p r o p e r t y  of  a m a n t a -  
d i n e  m i g h t  be  t h e  r e s u l t  of  a n  i m p r o v e d  cell  m e m b r a n e  
p e r m e a b i l i t y ,  w h i c h  d e p e n d s  on  K - N a - A T P a s e ,  t h e  l a t t e r  
h y d r o l y z i n g  A T P  (for t h e  s u p p l y  of  e n e r g y ) .  M o r e o v e r ,  
A T P  ~cogether w i t h  a p r o t e i n  p a r t i c i p a t e s  i n  t h e  s t o r a g e  o f  
c a t e c h o l a m i n e s  (CA) in  g r a n u l e s  15q~, w h i l e  A T P a s e  
p l a y s  a n  i m p o r t a n t  ro le  in  t h e  s p o n t a n e o u s  l i b e r a t i o n  of  
t h e  a m i n e s  f r o m  t h e  v e s i c l e s  d u r i n g  e x c i t e m e n t  ~5. 
I n v e s t i g a t i o n s  o n  t h e  a d r e n e r g i c  n e r v e  e n d i n g s ,  cm ' r i ed  
o u t  in  v i t r o ,  h a v e  s h o w n  t h a t  t h e  s t o r a g e  of  C A  d e p e n d e d  
e x c l u s i v e l y  o n  A T P  a n d  A T P a s e  ~s W i t h  t h e  p u r p o s e  of  
e l u c i d a t i n g  t h e  m e c h a n i s m  of  a c t i o n  of  a m a n t a d i n e  a s  a n  
a n t i p a r k i n s o n i a n  a g e n t ,  we  s t u d i e d  t h e  e f f ec t  of  a m a n -  
t a d i n e - H C I  o n  A T P  c o n t e n t  a n d  A T P a s e  a c t i v i t y .  I n  
a d d i t i o n ,  i n v e s t i g a t i o n  a n d  c o m p a r i s o n  w e r e  m a d e  of  t h e  
i n t e r a c t i o n  of a m a n t a d i n e  w i t h  r e s e r p i n e ,  w h i c h  i n d u c e s  a 
d e p l e t i o n  of  m o n o a m i n e s  f r o m  t h e  a m i n e  g r a n u l e s  ~9-2a. 

Mater ia l  and methods. A d u l t  r a t s  of  2 0 0 - 2 2 0  g b o d y  
w t .  w e r e  t w i c e  i n j e c t e d  i .p.  w i t h  50 m g / k g ,  a n d  o t h e r s  
w i t h  100 m g / k g  a m a n t a d i n e .  O t h e r  g r o u p s  of  a n i m a l s  
w e r e  t r e a t e d  c h r o n i c a l l y  s .c .  for  1 0 - 1 5  d a y s  w i t h  1 - 2  m g /  
k g  of  r e s e r p i n e .  A f t e r  t h e  d e v e l o p m e n t  of  p a r k i n s o n i a n  
s y m p t o m a t o l o g y ,  t h e  l a t t e r  g r o u p  w a s  d i v i d e d  i n t o  
2 s u b g r o u p s .  T h e  r a t s  f r o m  t h e  1s t  s u b g r o u p  w e r e  k i l l ed  
a n d  e x a m i n e d ,  w h i l e  t h o s e  of  t h e  2 n d  s u b g r o u p  w e r e  
t r e a t e d  w i t h  a m a n t a d i n e ,  50 o r  100 m g / k g  for  1 0 - 1 2  d a y s .  
A 3 rd  g r o u p  of  r a t s  w e r e  s i m u l t a n e o u s l y  t r e a t e d  w i t h  
r e s e r p i n e  a n d  a m a n t a d i n e  in  t h e  s a m e  d o s e s  fo r  10 d a y s .  
C o n t r o l  r a t s  w e r e  i n j e c t e d  w i t h  t h e  s a m e  d o s e s  of  s a l i n e  
da i l y .  T h e  r a t s  w e r e  k i l l ed  6 0 - 8 0  r a i n  a f t e r  t h e  l a s t  
i n j e c t i o n .  T h e  h e a d  of  t h e  k i l l ed  a n i m a l  w a s  d r o p p e d  i n t o  
l i q u i d  n i t r o g e n ,  a f t e r  w h i c h  t h e  b r a i n  w a s  r a k e d  o u t .  
B i o c h e m i c a l  a n a l y s e s  of  A T P  w e r e  c a r r i e d  o u t  w i t h  
b i o c h e m i c a l  t e s t  c o m b i n a t i o n  B o e h r i n g e r  b y  t h e  m e t h o d  
of  ADaM 2~. K - N a - A T P a s e  a c t i v i t y  w a s  m e a s u r e d  in  a n  
i n c u b a t i o n  m e d i u m  of  30 m]l/I tris-HC1 w i t h  p H  = 7.4, 
10 m M  NaC1, 30 m M  KC1, 6 m M  MgCI~ 3 m M  A T P  a n d  
0.1 m l  of  1 0 %  h o m o g e n a t e  w i t h  b u f f e r  tris-HC1. A T P a s e  
a c t i v i t y  w a s  e s t i m a t e d  f r o m  t h e  e x c r e t o r y  a m o u n t s  of  

i n o r g a n i c  p h o s p h a t e  b y  a n  i n c u b a t i o n  p e r i o d  of  10 m i n ,  
a n d  p h o t o m e t r i c a l l y  a n a l y z e d  i n  a s p e c t r o p h o t o m e t e r  
O p t o n  a t  720 n m .  T h e  p r o t e i n  c o n t e n t  w a s  e s t i m a t e d  b y  
t h e  b i u r e t  m e t h o d .  
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ATP content (mM/g body wt.) and K+-Na+-ATPase activity ([zg/P/mg protein/h) in brain and blood of rats, treated with amantadine.  HC1 
and Reserpine (1-2 mg/kg) 

Rats No. mg ATP/ ATP content K-Na-ATPase activity 
experiments 100 ml blood 

Brain stem Hemispheres Brain stem Hemispheres 

Control 10 19.23 1.620 4- 0.128 1.430 • 0.118 81.44 • 0.24 57.32 4- 0.92 

Amantadine (50 mg/kg) 10 32.46~ 1.602 4- 0.112 1.413 • 0.101 99.41 _~ 0.68 �9 56.08 4- 0.98 

Amantadine (100 mg/kg) 10 34.22 �9 1.438 4- 0.082 1.328 4-4- 0.117 102.48 • 0.84 ~ 58.02 4- 1.08 

Reserpine 8 10.82 ~ 1.038 4- 0.098 ~ 1.402 4- 0.192 77.15 4- 0.32 56.98 4- 1.15 

Reserpine + Amantadine (100 mg]kg) 7 18.28 0.892 4- 0.093 ~ 1.128 4- 0.089 122.14 -r 0.92 ~ 70.20 4- 1.16 

Amantadine (50 mg/kg) by chr. reserp. 9 22.41 ~ 1.070 :t= 0.205" --  80.42 4- 0.46 

Amantadine (100 mg/kg) by chr. reserp. 8 23.61b 1.098 4- 0.099 ~ --  83.49 :t: 0.73 

The differences between control and experimental groups were assessed by  t-test. �9 p 0.001. b p 0.01. ~ p 0.05. 



396 Specialia EXPERIENTIA 30/4 

Results. The  a d m i n i s t r a t i o n  of a m a n t a d i n e  a lone  in a 
dose of 100 m g / k g  induced  c o n s e q u e n t l y  p a r k i n s o n i a n  
s y m p t o m s ,  such  as t r e m o r  and  h u m p b a c k  followed b y  a n  
increased m o t o r  ac t iv i ty .  W h e n  in jec ted  s i m u l t aneous ly  
w i t h  reserpine,  a m a n t a d i n e  a g g r a v a t e d  all m a n i f e s t a t i o n s  
of t he  mode l  of reserp ine  p a r k i n s o n i s m  in ra ts .  W h e n  
a d m i n i s t e r e d  w i t h  a t h e r a p e u t i c  pu rpose  on  t h e  back-  
g roup  of p a r k i n s o n i a n  s y m p t o m a t o l o g y  p rev ious ly  
i nduced  b y  chronic  reserp in iza t ion ,  a m a n t a d i n e  de layed  
t he  pers i s tence  of t he  p a r k i n s o n i a n  s y m p t o m s  in t he  
animals .  

The  Tab le  shows t h a t  a m a n t a d i n e  in doses of 50 a n d  
100 m g / k g  increased  K - N a - A T P a s e  a c t i v i t y  in  t he  s tem.  
The  A T P  c o n t e n t  a n d  A T P a s e  a c t i v i t y  in  t h e  s t em of 
chron ica l ly  reserp in ized  an i m a l s  were s ign i f i can t ly  de- 
creased as c o m p a r e d  w i t h  t he  controls .  The  an ima l s  
t r e a t e d  s i m u l t a n e o u s l y  w i t h  reserp ine  a n d  a m a n t a d i n e  
e x h i b i t e d  a s ign i f i can t ly  decreased  A T P  c o n t e n t  and  an  
increased  A T P a s e  ac t iv i ty .  As can  be  seen f rom t he  Table ,  
t he  a m a n t a d i n e  t h e r a p y  of chron ica l ly  reserp in ized  
an ima l s  led to n o r m a l i z a t i o n  of A T P a s e  a c t i v i t y  and  to  a 
more  di f f icul t  r e s t o r a t i on  of A T P  c o n t e n t  in t he  b r a i n  
s tem.  The  a m a n t a d i n e  increases,  whi le  reserp ine  decreases  
t he  b lood A T P  level.  

Discussion. The  resu l t s  of our  i nves t iga t ions  on  r a t s  
t r e a t e d  w i t h  a m a n t a d i n e  p o i n t  to  a n  increased  K-Na-  
A T P a s e  ac t iv i ty .  A sti l l  h ighe r  a c t i v i t y  is found  in t he  
b r a i n  s t em of an ima l s  g iven  s i m u l t a n e o u s  chronic  t r ea t -  
m e n t  w i t h  reserp ine  a n d  a m a n t a d i n e .  Th i s  gives us 
reason  to  consider  t h a t  t he  m e c h a n i s m  of a m a n t a d i n e  
consis ts  in  an  ac t ion  on  t h e  t r ans f e r  m e c h a n i s m s  in wh ich  
t he  o u a b a i n  sens i t ive  K - N a - A T P a s e  t akes  an  ac t ive  pa r t .  
W e  found  a decreased  A T P a s e  a c t i v i t y  a n d  A T P  c o n t e n t  
in  t h e  b r a i n  s t em of chron ica l ly  reserp in ized  rats .  The  

s torage  of CA in t h e  amine  g ranu les  is shown  b y  m e a n s  of 
a m e c h a n i s m ,  wh ich  is d e p e n d e n t  on  A T P  a n d  A T P -  
ase 18-~1. The  decreased  A T P  c o n t e n t  a n d  increased  A T P -  
ase a c t i v i t y  in  t he  b r a i n  s t em of t h e  an ima l s  t r e a t e d  w i t h  
reserp ine  and  a m a n t a d i n e ,  exp la in  also to  a g rea t  e x t e n t  
t he  pha rmaco log ica l  p o t e n t i a t i o n  of t he  rese rp ine  effect  
b y  a m a n t a d i n e .  The  reduced  c o n t e n t  of t he  b i n d i n g  
a g e n t  - ATP,  and  t h e  increased  m e m b r a n e  p e r m e a b i l i t y  
(raised K-Na-ATPase ) ,  lead to  a n  e n h a n c e d  m e m b r a n e  
t r a n s f e r  a n d  in t ense  release of CA 25. 

A m a n t a d i n e  increases  t h e  t o t a l  b lood  A T P  level  in  
t h e s e  animals .  Th i s  m i g h t  also be  ev idence  in s u p p o r t  of 
our  v iew for  t h e  m e c h a n i s m  of ac t ion  of a m a n t a d i n e  u p o n  
cell p e r m e a b i l i t y  and  t he  s torage  of CA in t h e  b lood  cel ls .  

I t  seems l ike ly  t h a t  t h e  good t h e r a p e u t i c  effect  of 
a m a n t a d i n e  a lone in p a r k i n s o n i a n  p a t i e n t s  is due to i ts  
p r o p e r t y  to  exer t  a n  inf luence  on  t h e  t r a n s f e r  mechan i sms ,  
w h i c h  are d i s t u r b e d  in p a r k i n s o n i s m  25. The  resu l t s  of our  
i nves t i ga t i ons  m a k e  us be l ieve  t h a t  t h e  a m a n t a d i n e  
effect  consis ts  in  an  increase  of cell m e m b r a n e  p e n e t r a -  
t ion.  

Zusammen/assung. Nachweis ,  dass  A m a n t a d i n - H C 1  die 
A k t i v i d i t  de r  K - N a - A T P a s e  im H i r n s t a m m  yon  R a t t e n  
e rh6h t .  F i i r  diese W i r k u n g  bet  e x t r a p y r a m i d a l e n  Syn-  
d r o m e n  wird  die Ver~tnderung der  M e m b r a n p e r m e a b i l i t & t  
v e r a n t w o r t l i c h  gemach t .  
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Mutagenic Activity of the Insecticide Oxydemetonmethyl  in a Resistant Strain of 
Drosophila melanogaster 

O x y d e m e t o n m e t h y l  (0, 0 -d imethy l -  S-2- (e thylsulf inyl)-  
e thy l  p h o s p h o r o t h i o a t e )  is wide ly  used as a sys temic  and  
con t ac t  insect ic ide  for t he  con t ro l  of insec ts  and  mi tes  
I t  has  a r ange  of ac t ion  s imi la r  to  t h a t  of d e m e t o n m e t h y l  
of which  i t  is a m e t a b o l i c  p r o d u c t  1. I t  h a s  been  sugges ted  
t h a t  th i s  insect icide,  wh ich  has  been  p r o v e d  to be  a 
m o n o f u n c t i o n a l  a l k y l a t i n g  agent ,  causes  fo rward  m u t a -  
t ions  in  Escherichia colt ~ and  produces  t rp - conve r s ions  in 
Saccharomyces cerevisiae 3. Therefore,  we were in t e re s t ed  

1:0 ~&O mM~l.5 m A ~  0.4~ 
0.4 ruff 

_. / 

0 1 2 3 4 5 6 7days 

Dosage-mortality relationships to oxydemetonmethyl for males of 
the Hikone R strain (HR) and the Berlin wild strain (Bw). 

in w h e t h e r  th i s  c o m p o u n d  m i g h t  also be  m u t a g e n i c  in a 
h igher  o rgan i sm like Drosophila. 

The  s t r a ins  used were Ber l in  wild  a n d  Hikone  R (t-IR) ; 
H R  shows res i s tance  to a series of insect ic ides  such  as 
DDT,  chlordane ,  p a r a t h i o n ,  and  d in i t rocreso l  (DNOC)~, 5. 
I t  is, however ,  h igh ly  suscep t ib le  to  p h e n y l t h i o u r e a  8 
B o t h  m o r t a l i t y  and  t he  i n d u c t i o n  of X - l i n k e d  recessive 
le tha ls  as a f unc t i on  of dose were c o m p a r e d  b y  t r e a t i n g  
1-2-day-old a d u l t  males  of b o t h  s t r a ins  us ing  t h e  adu l t  
feeding t e c h n i q u e  descr ibed in de ta i l  e l sewhereL 

O x y d e m e t o n m e t h y l  was d issolved in 5% sucrose 
so lu t ion  a n d  fed to  t he  a d u l t  males  for e i the r  17 h or for 
severa l  days.  1-2-day-old t r e a t e d  (control)  males  were 
m a t e d  i nd iv idua l ly  (229: 16) to  v i rg in  scSl I n  S B w a se a 
(for genet ic  symbo l s  see tel.S). Recess ive  l e tha l s  were 
t e s t ed  for in t h e  t he  F v A b reed ing  s c h e m a  cons i s t ing  of 
3 b roods  of 3 days  d u r a t i o n  each  was se t  up, so t h a t  t r e a t e d  
m a t u r e  spe rm (brood I), s p e r m a t i d s  (and sperm) in  
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