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Table I. The effect of histones and protamine sulphate on fibrinolysis Table If. Built-up bistones and protamine sulphate to tile structure 
and proteolysis of fibrin by plasmin thrombin-clotted fibrin evaluated with arginine and tyrosine 

Histones, prot- Fibrinolysis time (min) Proteolysis (tyrosine Histones, prot- Arginine (~g/ml) Tyrosine ([xg/ml) 
amine (final /xg/ml) amine (final 
concentration concentration Histones Protamine Histones Protamine 
mg/ml) Histones Protamine Histones Protamine mg/ml) 

2.5 120.0 26.0 25.0 24.0 2.5 333.0 390.0 37.0 30.0 
2.0 75.0 26.0 25.0 23.0 2.0 315.0 372.0 35.5 29.5 
1.5 55.0 20.0 24.0 23.2 1.5 298.0 361.0 32.9 30.0 
1.0 35.0 14.0 23.0 24.0 1.0 292.0 329.0 31.0 29.8 
0.5 18.0 8.0 23.5 22.0 0.5 281.0 293.0 30.5 28.5 
0.25 6.0 8.0 22.0 22.0 0.25 262.0 285.0 29.8 29.0 
0.125 5.0 5.0 21.9 22.0 0.125 241.0 250.0 28.4 28.0 
0.0 5.0 23.0 0.0 240.0 29.0 

Fibrinolysis test system: 0.2 ml of histones or protamine + 0.2 ml 
of plasmin 0.1% + 0.2 ml of FSF-free fibrinogen ~ 0.35% + 0.2 ml of 
thrombin 10 U/ml. Proteolysis test system: 0.5 ml of plasmin 0.1% + 
0.5 ml of histories or protamine + 0.5 nil of FSF-free fibrinogen 
0.35% + 0.5 ml of thrombin 10 U/ml. After 15 min incubation at 
37~ 1 ml of TCA was added and the amount  of TCA-soluble tyrosine 
in the supernatant  was estimated t~ 

Test system: 1 ml of FSF-free fibrinogen 0.33% + 1 ml histones or 
protamine + 2 ml of thrombin 5 U/ml was incubated at 37~ for 
30 nfin. The clot after separation was solubilized by heating ill 2 ml 
of 2 N NaOH at 100~ for 5 mill and amount  of arginine ll and tyro- 
sine was estimated. 

a m i n e ,  w h e r e a s  t h e  i n c r e a s e  in  t y r o s i n e  w a s  o b s e r v e d  o n l y  
w h e n  h i s t o n e s  w e r e  a d d e d  (T ab l e  II). T h e  i n c r e a s e  of  a r -  
g i n i n e  w a s  c l o s e l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of  t h e s e  
p r o t e i n s  a n d  w a s  h i g h e r  w h e n  p r o t a m i n e  w a s  a d d e d .  T h i s  
c a n  be  e x p l a i n e d  b y  t h e  f a c t  t h a t  p r o t a m i n e  c o n t a i n s  m o r e  
a r g i n i n e  t h a n  h i s t o n e s .  W h e n  o n l y  p r o t a m i n e  w a s  a d d e d ,  
n o  i n c r e a s e  in  t y r o s i n e  w a s  f o u n d  b e c a u s e  p r o t a m i n e  d o e s  
n o t  c o n t a i n  t h i s  a m i n o a c i d .  

T h e  r e s u l t s  of  t h e  p r e s e n t  r e p o r t  h a v e  s h o w n  t h a t  t h o u g h  
h i s t o n e s  a n d  p r o t a m i n e  e x h i b i t  h i g h  a n t i f i b r i n o l y t i c  p r o -  
p e r t i e s ,  t h e y  do  n o t  i n h i b i t  t h e  p r o t e o l y t i c  a c t i v i t y  of  
p l a s m i n .  T h e  a n t i f i b r i n o l y t i c  a c t i o n  of  h i s t o n e s  a n d  p r o t -  
a m i n e  s e e m s  to  be  b r o u g h t  a b o u t  b y  b u i l d i n g - u p  t h e s e  
p r o t e i n s  i n t o  t h e  f i b r i n  c lo t  a n d  b y  m o d i f i c a t i o n  o f  i t s  
s t r u c t u r e  m a k i n g  t h e  c lo t  r e s i s t a n t  to  t h e  f i b r i n o l y t i c  ac -  
t i o n  o f  p l a s m i n .  

R e c e n t l y  i t  h a s  b e e n  s u g g e s t e d  t h a t  b a s i c  p r o t e i n s  w h i c h  
a r e  w i d e l y  d i s t r i b u t e d  in  m a m m a l i a n  t i s s u e s ,  a n d  w h i c h  
m i g h t  be  r e l e a s e d  i n t o  c i r c u l a t i o n ,  m a y  be  a n  i m p o r t a n t  
f a c t o r  c o n t r i b u t i n g  t o  t h e  f o r m a t i o n  a n d  d e p o s i t i o n  o f  
f i b r i n - l i k e  m a t e r i a l  in  c l i n i ca l  c o n d i t i o n s  ~. I t  m a y  be  con -  
n e c t e d  w i t h  t h e  d e s t r u c t i o n  of  t i s s u e s  f r o m  t h e  d i s i n t e g r a t e d  
t u m o r  cells ,  n e c r o t i c  cel ls ,  d a m a g e  of  g r a n u l o c y t e s  a n d  
i n t r a v a s c u l a r  f o r m a t i o n  of  p l a t e l e t  a g g r e g a t e s  1, s, s. I n  s u c h  
cases ,  b a s i c  p r o t e i n s  b y  b u i l d i n g - u p  i n t o  t h e  s t r u c t u r e  of  
c lo t ,  e x h i b i t  t h e  a n t i f i b r i n o l y t i c  p r o p e r t i e s .  

Zusammen[assung. I n - v i t r o - V e r s u c h e  f iber  b a s i s c h e  E i -  
w e i s s k 6 r p e r  ze igen ,  d a s s  P r o t a m i n e  u n d  H i s t o n e  in  d ie  
S t r u k t u r  d e s  u n t e r  T h r o m b i n - E i n f l u s s  e n t s t e h e n d e n  Fi -  
b r i n s  e i n g e b a u t  w e r d e n .  E i n b a u  b a s i s c h e r  P r o t e i n e  f i i h r t  
z u r  ~ - n d e r n n g  d e r  F i b r i n s t r u k t u r  u n d  z u r  " W i d e r s t a n d s -  
e r h 6 h u n g  a u f  d ie  P l a s m i n w i r k u n g .  E s  s c h e i n t ,  d a s s  d ie  b a -  
s i s c h e n  P r o t e i n e  d ie  f i b r i n o l y t i s c h e  A k t i v i t / i t  d e s  P l a s m i n s  
s p e z i f i s c h  h e m m e n .  
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The Effect of Antamanide  and Perhydroantamanide  on the Permeabi l i ty  of Model and Biological  
M e m b r a n e s  

T h e  cyc l i c  d e c a p e p t i d e  a n t a m a n i d e  f r o m  Amanita 
phalloides 1 is  a t t r a c t i n g  c o n s i d e r a b l e  a t t e n t i o n  as  a n  
i n h i b i t o r  of  p h a l l o i d i n e  a n d  a m a n i t i n s  ( the  t o x i c  p r i n c i p l e s  
o f  t h e  t o a d s t o o l  Amanita phalloides) a n d  as  a K + a n d  N a +  
C o m p l e x o n e  w i t h  m a r k e d  p r e f e r e n c e  fo r  Na+2.  T h i s  c o m -  
p l e x i n g  p e c u l i a r i t y  of  a n t a m a n i d e  i n d i c a t e d  i t s  p o s s i b l e  
u s e  as  s e l e c t i v e  p r o m o t e r  of  N a + - f l o w  t h r o u g h  m e m b r a n e s ,  
a n  a p p l i c a t i o n  of  c o n s i d e r a b l e  i n t e r e s t  a s  no  s u b s t a n c e s  

h a v e  as  y e t  b e e n  f o u n d  t h a t  c o u l d  s e r v e  as  s u c h  a n  i n s t r u -  
m e n t  in  m e m b r a n e  s t u d y .  A c c o r d i n g l y  we  i n v e s t i g a t e d  
t h e  a c t i o n  of  a n t a m a n i d e  on  a v a r i e t y  of  m o d e l  m e m b r a n e s ,  
m o n o l a y e r s ,  b i l a y e r s ,  l i p o s o m e s  a n d  o n  m i t o c h o n d r i a  a n d  
a l so  d e t e r m i n e d  i t s  a n t i m i c r o b i a l  a c t i v i t y .  A s i m i l a r  s t u d y  
w a s  a l so  c a r r i e d  o u t  o f  p e r h y d r o a n t a m a n i d e ,  a c o m p o u n d  
o b t a i n e d  f r o m  a n t a m a n i d e  o n  h y d r o g e n a t i o n  o v e r  a n  
A d a m s  c a t a l y s t  s so  t h a t  i t  p o s s e s s e d  L - e - c y c l o h e x y l -  
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a l a n y l  i n s t e a d  of  L - p h e n y l a l a n y l  r e s i d u e s .  T h e  c o m p l e x i n g  
p r o p e r t i e s  of  p e r h y d r o a n t a m a n i d e  p r o v e d  t o  be  v e r y  
s i m i l a r  to  t h o s e  of a n t a m a n i d e  ( a c c o r d i n g  to  a p e r s o n a l  
c o m m u n i c a t i o n  b y  TH. WIELAND, p e r h y d r o a n t a m a n i d e  
d o e s  n o t  i n h i b i t  t o x i n s  f r o m  A m a n t i a  phalloides), w h e r e a s  
i t s  s o l u b i l i t y  in  n o n - p o l a r  o r g a n i c  s o l v e n t s  is s o m e w h a t  
h i g h e r  3. 

E x p e r i m e n t s  o n  b i l a y e r  p h o s p h o l i p i d  m e m b r a n e s ,  h o w -  
ever ,  s h o w e d  n o  m a r k e d  c h a n g e s  in  t h e i r  c o n d u c t i v i t y  o n  
a d d i t i o n  of  e i t h e r  a n t a m a n i d e  or  p e r h y d r o a n t a m a n i d e .  
F o r  i n s t a n c e ,  t h e  m e m b r a n e  r e s i s t a n c e  in  0.1 M NaC1 or  
0.1 M KC1 c o n t a i n i n g  1 0 - 7 - 1 0  -6 M a n t a m a n i d e  o r  p e r -  
h y d r o a n t a m a n i d e  w a s  p r a c t i c a l l y  t h e  s a m e  as  t h a t  m e a -  
s u r e d  in  s o l u t i o n s  n o t  c o n t a i n i n g  t h e  d e c a p e p t i d e  (R m = 
1 • 10 8 o h m  •  2 for  m e m b r a n e s  f r o m  o x  b r a i n  l i p id s  
a n d  1 • 10 7 o h m  • c m  2 for  m e m b r a n e s  f r o m  egg  l e c i t h in ) .  

W e  n e x t  c o m p a r e d  t h e  p e n e t r a t i o n  of  a n t a m a n i d e  a n d  
p e r h y d r o a n t a m a n i d e  i n t o  l i p i d  m o n o l a y e r s  a n d  s t u d i e d  
t h e i r  e f f ec t  on  t h e  c a t i o n  p e r m e a b i l i t y  of  l i p o s o m e s .  O n  
a d d i t i o n  of  a n t a m a n i d e  to  t h e  u n d e r l y i n g  s o l u t i o n ,  t h e  
s u r f a c e  p r e s s u r e  of  t h e  l e c i t h i n  m o n o l a y e r  c h a n g e d  b u t  
s l i g h t l y ,  a n d  a n t a m a n i d e  d i d  n o t  p e n e t r a t e  t h e  m o n o l a y e r s  
a t  p r e s s u r e s  a b o v e  20 d y n e / c m .  A d d i t i o n  of  p e r h y d r o -  
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Fig. 1. Penetration of antamanide and perhydroantamanide into egg 
lecithin monolayers. ~, initial surface pressure; zl~z, surface pressure 
increase after addition of an ethanolic solution of the decapeptide 
(0.02 ml, 10-4M); 1. Antamanide;  2. Perhydroantamanide.  Cell sur- 
face area equals 200 em~; cell volume 250 tin 3. 
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Fig. 2. The effect of antamanide (1), perhydroantamanide (2) and 
valinomycin (3) on K+-ion transport in rat liver mitochondria. Incu- 
bation medium : 250 mmole sucrose, 8 mmole tris-HC1, K + 0,5 �9 10-3M, 
Na + 0,15 �9 10-3M, p H  7.0, -27 ~ 5 mg mitochondrial protein per ml 
(oxidative phosphorylation was measured at K + 2 �9 10-SM). 

a n t a m a n i d e ,  o n  t h e  c o n t r a r y ,  r e s u l t e d  in  a s i g n i f i c a n t  in -  
c r e a s e  of A:z ( F i g u r e  1), s h o w i n g  t h a t  i t  p e n e t r a t e s  t h e  
m o n o l a y e r s  f a r  m o r e  e a s i l y  t h a n  t h e  p a r e n t  d e c a p e p t i d e .  
W i t h  r e s p e c t  to  l i p o s o m e s ,  T a b l e  I c l e a r l y  s h o w s  t h a t  
a n t a m a n i d e  d o e s  n o t  i n c r e a s e  t h e i r  c a t i o n  p e r m e a b i l i t y ,  
n o t  o n l y  in  t h e  p r e s e n c e  of c h l o r i d e  b u t  e v e n  in  t h e  
p r e s e n c e  of  n i t r a t e  ions ,  a l t h o u g h  t h e  l a t t e r  a re  k n o w n  a s  
p r o m o t e r s  of  c a t i o n  t r a n s p o r t  t h r o u g h  m e m b r a n e s  t r e a t e d  
w i t h  v a l i n o m y c i n  4. O n  t h e  o t h e r  h a n d ,  t h e  a d d i t i o n  o f  
p e r h y d r o a n t a m a n i d e  p r o d u c e d  a m a r k e d  i n c r e a s e  i n  
l i p o s o m e  p e r m e a b i l i t y ,  p a r t i c u l a r l y  in  t h e  p r e s e n c e  of  
n i t r a t e  ions .  I n  s h o u l d  be  n o t e d ,  h o w e v e r ,  t h a t  no  d i f fe r -  
e n c e  is o b s e r v e d  b e t w e e n  t h e  K +  a n d  N a +  l e a k a g e  f r o m  
t h e  ' n i t r a t e '  l i p o s o m e s .  S u c h  loss  of  K + / N a +  d i s c r i m i n a t i o n  
m i g h t  be  d u e  t o  t h e  spec i f i c  p r o p e r t i e s  of  t h e  n i t r a t e  ions ,  
s i n c e  a s i m i l a r  d e c r e a s e  in  d i s c r i m i n a t i n g  a b i l i t y  h a s  b e e n  
a l so  f o u n d  w i t h  t h e  v a l i n o m y c i n - t r e a t e d  l i p o s o m e s 4 .  

F r o m  t h e  a b o v e ,  i t  f o l lows  t h a t ,  a l t h o u g h  a n t a m a n i d e  
s e l e c t i v e l y  b i n d s  N a  + ions ,  i t  e x h i b i t s  no  v a l i n o m y c i n  
t y p e  of m e m b r a n a l  a c l i v i t y  6. T h e  m o r e  l i poph i l i c  p e r h y d r o -  
a n t a m a n i d e ,  h o w e v e r ,  e x e r t s  a p r o n o u n c e d  if n o t  s e l e c t i v e  
e f f ec t  on  t h e  c a t i o n  p e r m e a b i l i t y  of  a r t i f i c i a l  m e m b r a n e s .  

F u r t h e r  to  a s s e s s  t h e  m e m b r a n e  a c t i v i t y  of  a n t a m a n i d e  
a n d  i t s  h y d r o g e n a t e d  a n a l o g u e ,  we  s t u d i e d  t h e i r  b e h a v i o u r  
in  a se r i e s  of  s t a n d a r d  b i o - a s s a y s  u s e d  for  m a c r o c y c l i c  
c o m p l e x o n e s  of a l k a l i  m e t a l s .  I t  w a s  s h o w n  t h a t  a n t a r e s -  
h i d e  a f f e c t s  a l t h o u g h  w e a k l y  K + - i o n  t r a n s p o r t  in  t h e  r a t  
l i ve r  m i t o c h o n d r i a .  A t  10 6 2VI t h e  i n d u c e d  K +  ion  f l u x  
w a s  a b o u t  5 %  of  t h a t  o b t a i n e d  w i t h  v a l i n o m y c i n  a t  
10 -7 M ,  t h e  e f f ec t  of  p e r h y d r o a n t a m a n i d e  w a s  t w i c e  as  
s t r o n g  as  t h a t  of  a n t a m a n i d e  ( F i g u r e  2). I t  is n o t e w o r t h y  
t h a t  b o t h  cyc l i c  d e c a p e p t i d e s  we re  f o u n d  to  b e  s t r o n g  
d e c o u p l e r s  of  o x i d a t i v e  p h o s p h o r y l a t i o n  in  m i t o c h o n d r i a ,  
c o n s i d e r a b l y  e n h a n c i n g  t h e  o x y g e n  u p t a k e  a t  c o n c e n t r a -  
t i o n  10 .6 HI. A n t i m i c r o b i a l  t e s t s  r e v e a l e d  no  a c t i v i t y  in  

Table I. Leakage of Na + and K + from lecithin lipos0mes in the pre- 
sence of antamanide and perhydroantamanide ~ 

Salt Leakage of cations, as % of initial s a l t  

content, after 10 min 

Afitamanide Perhydroantamanide 

NaC1 < 1 < 1 
KC1 < 1 3 
NaNOa < 1 18 
KNO 3 < 1  14 

Liposomes were prepared by conventional technique 4 in 0.15M salt 
solutions. Na + and K + leakage was measured with cation sensitive 
glass electrodes. Concentrations of cyclic depsipeptide in the cell was 
5 x 10-aM/1. 
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Prod., Russian) 4, 469 (1971). 
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5 M.M. SHEMYAKIN, YU. A. OVCHINNIKOV, V. T. IVANOV, V. K. AN- 
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EVSTRATOV, I. A. LAINE, E. I. MELNIK and I. D. RYABOVA, J. Mem- 
brane Biol. 7, 402 (1969). 



15.4. 1972 Specialia 

Table II. Antimicrobial activity of antamanide and perhydroantamanide 

401 

Minimal growth inhibiting concentration (7/inl) 

Comp0ulfd Staph. aureus Staph. aureus Strept. ]aecalis Sarcina lutea B. subtilis C. albicans Mycob. phlei E. coli 
209 P UV-3 

Antamanide > 50 > 50 > 50 > 50 > 50 > 50 > 50 > 50 
Perhydroantamanide > 50 18 6-9 > 50 > 50 > 50 > 50 > 50 

a n t a m a n i d e  whi le  p e r h y d r o a n t a m a n i d e  was found  to  
be  ac t ive  aga ins t  some g ram-pos i t i ve  s t r a ins  (Table  II). 

The  above  resul t s  ind ica te  t h a t  t he  biological  ac t ion  of 
a n t a m a n i d e  is p r o b a b l y  n o t  connec t ed  w i t h  increase  in 
ca t ion  t r a n s p o r t  t h r o u g h  m e m b r a n e s .  As for pe rhyd ro -  
a n t a m a n i d e ,  i ts  c o m p a r a t i v e l y  h i g h  l ipophi l ic  p roper t i e s  
and  m a r k e d  effect  on  t he  t r a n s m e m b r a n a l  t r a n s p o r t  
p rov ides  a clue for t he  p r e p a r a t i o n  of new a n t a m a n i d e  
ana logues  for m e m b r a n e  s tudies .  The  r a t i o n a l  search for 
such  ana logues  has  been  g rea t ly  fac i l i t a t ed  now t h a t  t he  
t h r ee  d imens iona l  s t r u c t u r e  of t he  a n t a m a n i d e - s o d i u m  
complex  has  been  proposed6.  

Zusammen/assung .  U n t e r s u c h u n g e n  m i t  A n t a m a n i d  u n d  
P e r h y d r o a n t a m a n i d  d e u t e n  d a r a u f  h in ,  dass  ffir le tz teres  
die Bee in f lussung  des T r a n s p o r t e s  von  Na+- u n d  K+- Ionen  
d u t c h  M e m b r a n e n  yon  B e d e u t u n g  sein kann .  
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A l t e r s b e d i n g t e  A b n a h m e  von  K r e a t i n p h o s p h a t  und )~nderungen  der A d e n i n n u k l e o t i d e  in der  Ske le t t -  
m u s k u l a t u r  yon  Rat ten  

I n  f r i iheren  U n t e r s u c h u n g e n  k o n n t e  gezeigt  werden,  
dass  m i t  z u n e h m e n d e m  Al te r  der  G e h a l t  an  K r e a t i n p h o s -  
p h a t  (KP)  in der  S k e l e t t m u s k u l a t u r  von  R a t t e n  s t a r k  
a b s i n k t  1, ohne  dass  sich dabe i  die Menge des G es am t k rea -  
t i n s  / indert .  Die Akt ivi t /~t  der  K r e a t i n p h o s p h o k i n a s e  
(E.C. 2.7.3.2.) b l ieb  u n v e r / i n d e r t  2, 3. Diese Be funde  d e u t e n  
d a r a u f  hin,  dass  die R e a k t i o n  K r e a t i n  + A T P  - - - - +  K P  + 
A D P  (LoHMANNa) im Al t e r  ges t6 r t  ist. Da  die S t 6 r u n g  
n i c h t  auf  eine A b n a h m e  de r  K r e a t i n p h o s p h o k i n a s e  zurt ick- 
gef i ihr t  werden  kann ,  h a b e n  wi t  in  Muske ln  yon  R a t t e n  
ve r sch i edenen  Al ters  ausser  K P  a u c h  die A d e n i n n u c l e o t i d e  
Adenos inmono- ,  -di- u n d  - t r i p h o s p h a t  (AMP, ADP,  ATP)  
b e s t i m m t .  

2Vlethoden. J u n g e  (5-6 Monate)  u n d  a l te  (20-30 Monate)  
W i s t a r - R a t t e n  der  A l t e r s zuch t  des I n s t i t u t e s  w u r d e n  ver-  
wende t .  Da  ke ine  Gesch lech t sun te r sch i ede  im K P-  u n d  
N u k l e o t i d g e h a l t  der  M u s k u l a t u r  ge funden  wurden,  be- 
n t i t z t en  wir  m/ innl iche  u n d  weib l iche  Tiere zusammen .  Die 
R a t t e n  w u r d e n  m i t  N e m b u t a l  (i.p. 2.5 rag/100 g K6rper -  
gewicht)  na rko t i s i e r t  u n d  racis t  n a c h  40-45 MJn. d u r c h  
H e r z s c h n i t t  und  A u s b l u t e n  ge t 6 t e t  ( abweichende  Zeit-  
d a u e r  der  Narkose  s. Tabel le  II) .  

Die weissen Muske ln  (M. rec tus  femoris,  M. g lu taeus  
max imus ,  pe r iphe re r  Tell  5) w u r d e n  sogleich in Ae thano l -  
Trockene is  gefroren,  gewogen u n d  anschl iessend  in Per-  
chlorsgure  (PCA) w g h r e n d  30 Sek. homogen i s i e r t  (Ul t ra-  
tu rax) .  Die Suspens ion  wurde  10 Min. bei  3000 > g  zent r i -  
fug ier t  u n d  der  U b e r s t a n d  m i t  5N K O H  auf  p H  7.5 ge- 
b r ach t .  Der  KC104-Niederschlag wurde  w/ ihrend  5 Min. 
bei  3000 • g abzen t r i fug ie r t .  

Die Krea t i n -  und  K P - B e s t i m m u n g  erfolgte  nach  den  
M e t h o d e n  yon  EGGLETON et  al. 5, ENNOR u n d  STOCKEN 6 
u n d  ENNOR 7. Dabe i  wird als <~totales Kreatin~> die S u m m e  
des f re ien plus  des im K P  vor l i egenden  K r e a t i n s  bezeich-  
net .  I m  P C A - E x t r a k t  wi rd  das  freie und,  n a c h  S/~urehy- 
drolyse,  das  t o t a l e  K r e a t i n  b e s t i m m t ;  d u r c h  S u b t r a k t i o n  
e r r echne t  s ich der  Ante i l  des als K P  vor l i egenden  Krea-  
t ins.  Bei  der  B e r e c h n u n g  des als K P  vor l iegenden Krea t in s  
in P r o z e n t e n  des t o t a l e n  K r e a t i n s  mt issen  na t i i r l i ch  die 
un t e r sch i ed l i chen  Molekula rgewich te  von  K r e a t i n  und  K P  
ber t i cks ich t ig t  werden,  falls K r e a t i n  u n d  KP,  b ie r  in m g  
pro  g Muskel  ausgedrf ickt ,  d i r ek t  m i t e i n a n d e r  verg l ichen  
werden  (Tabel le  I). Die K P - W e r t e  in Tabel le  I mtissen 
desha lb  i m m e r  zuers t  d u r c h  1.62 d iv id ie r t  werden,  will 
m a n  sic m i t  den  W e r t e n  ffir das  to t a l e  K r e a t i n  in Bezie~ 
h u n g  br ingen .  

Die B e s t i m m u n g  der  A d e n i n n u k l e o t i d e  wurde  n a c h  
S /~ulenchromatographie  e n t s p r e c h e n d  der  Methode  yon  
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