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the  change  in ionic conduc tance  leads to  an increase of 
the  ne t  inf lux of calcium ions due to the  reduc t ion  of a 
backward  f lux of calcium dur ing  the  t ime  the  papi l la ry  
muscle  is depolarized.  

Zusammen/assung. Eine  Ver r ingerung  der  extrazel lu-  
l~Lren Ka l iumkonzen t r a t i on  im Bereich zwischen 9,6 und  
2,4 m M  fi ihrt  zu einer Zunahme  der  posi t iv  ino t ropen  
Glykosidwirkung am Meerschweinchenpapi l la rmuske l ;  
die Wi rkung  des Adrenal ins  wird  n ich t  beeinflusst .  Die 

Vergr6sserung der  ino t ropen  Wi rkung  geh t  paral lel  einer 
s t a rken  Zunahme  der Verki i rzung der  Akt ionspo ten t ia l -  
dauer,  besonders  in H6he des P la teaus  (30% Repolar isa-  
tion). 
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P o s t - I r r a d i a t i o n  I n d u c e d  S e n s i t i z a t i o n  of  I n h i b i -  
t i o n  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  b y  

I o d o a c e t a m i d e  
Dose 

The p o t e n t  su lphydry l  poison iodoace tamide  (IAA) (rad) 
and  the  re la ted  iodoace ta te  are known as radiosensi t izers  
on d e a t h  of m a m m a l s l ,  inac t iva t ion  of bacteriaS, loss of 
in t racel lular  po tass ium and hemolysis  of erythrocytes~,  
etc. The mechan i sm of act ion is still  largely unknown.  
W i t h  the  aim of inves t iga t ing  the  possibi l i ty  t h a t  iodo- 500 
ace tamide  inhibi ts  pos t - i r rad ia t ion  repair  processes e, we 1,000 

5,000 
inves t iga ted  the  effect  of I A A  on the  oxida t ive  phos-  10,000 
phory la t ion  dur ing and af ter  i r radia t ion  of ra t  l iver mito-  without 
chondr ia  in vitro.  IAA 

Method. The mi tochondr i a  of ra t  l iver were isolated in 10,000 
the  m a n n e r  descr ibed earlier% di luted in tr is  buffer  and  
i r rad ia ted  by  a Phi l ips-MG 150 appa ra tus  (6670 rad/min) .  
Af te r  i r radia t ion  the  mi tochondr i a  were r econcen t ra t ed  
and placed immed ia t e ly  in t he  incuba t ion  mixture .  (Each 
f lask conta ined  in 3.95 ml:  24 # moles MgCI~; 39/~ moles 
K F ;  5.76 /~ moles D P N ;  6.0 /~ moles t r is  buffer,  p H  
7.4-7.5; 59 # moles p h o s p h a t e  buffer ;  30 /~ moles AMP;  ~0 
0.6 mg  cy toch rome  c; 30 # moles  e -ke tog lu ta ra te ;  0.5 mg  N 

hexokinase ;  38.9 # moles glucose; 5 # moles ATP.) In  
one p a r t  of the  expe r imen t s  iodoace tamide  was added  
dur ing  the  i r radia t ion  a t  d i f fe rent  concen t ra t ions  to  the  Z0 
mi tochondr ia l  suspension in buffer  (pH 7.4 or 7.8). In  
ano the r  pa r t  IAA was given af ter  i r radiat ion,  e i ther  im- 
med ia te ly  in the  buffer  wi th  mi tochondr i a  or in the  reac- 

10 t ion  mix tu re  of the  W a r b u r g  vessels. Oxygen  consump-  
t ion  and  loss of inorganic  phospha t e  4 was t e s t ed  for 30 
min  at  20 ~ (equil ibrat ion t ime  10 min). 

A marked  inhib i t ion  of ox ida t ive  phosphory l a t i on  can 
be seen when  IAA is p resen t  dur ing  the  i r radia t ion  of the  
mi tochondr ia l  suspension d i lu ted  in t r is  buffer  and af ter  
r emova l  f rom the  suspension (total  expos i t ion  t ime:  15 
min) (Table I). IAA is known,  like the  iodoaceta te ,  as an 
uncoupler  of oxidat ive  phosphory la t ion  5 and an inhib i tor  
of oxygen  uptake% but ,  w i th  t he  concen t ra t ion  used of 
1 m M  IAA, the  P : O rat ios  are no t  deeper  t h a n  the  rat ios 
of non - t r ea t ed  controls.  I r r ad ia t ion  wi th  10,000 rad  alone 
al ters  only  s l ight ly  the  P :  O rat io  (inhibit ion 3-4%).  The 
sensi t iza t ion is largely d e p e n d e n t  on the  i r radia t ion  dose 
(Figure 1). W h e n  the  IAA was given immed ia t e ly  af ter  
i r rad ia t ion  in t he  d i lu ted  suspension and  r emoved  af ter  
10 min,  we also observed a depress ion of the  P : O  rat ios 
(Table II). Tile effect  still remains  when  IAA is added  
10 min  af ter  i r radiat ion,  b u t  t he  P :  O rat io  of un i r rad ia ted  
sample  is also depressed.  The sensi t izing effect  is rever-  

Table 1. Application of IAA (concentration 1 mM, total 12 ml sus- 
pension) during the irradiation 

No. of Change (%) P:O ratio 
measure- in 02 
ments uptake Unirra- 

diated 
Irra- 
diated 

Change (%) 
in P:O 
ratio 

6 -- 35.9 2.35 2.36 - 
6 + 13.5 2.39 2.14 -- 10.5 
6 -- 14.4 2.85 2.45 -- 14 

18 -- 12 2.08 1.53 -- 27.4 

18 -- 16 2.25 2.17 - -  3 . 6  

After, 
' 

, After 

I 
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Irradiation dose dependency of the sensitizing effect of IAA during 
(Table I) and after (Table II) irradiation. 
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Table II. Application of IAA after irradiation in the irradiated suspension (concentration 0.1 raM) and in incubation medium. Each flask 
contained 0.125 mM 

Dose Treatment with IAA No. of Change (%) in P: O ratio Change (%) 
(rad) measurements O 3 uptake in P: O ratio 

Unirradiated Irradiated 

10,000 Immediately after irradiation 18 -- 35.6 1.97 1.42 -- 27.9 
for 10 min, 0.1 mM 

10,000 10 min after irradiation for 18 -- 35.1 1.52 1.27 -- 16.5 
10 min, 0.1 mM 

10,000 0 6 -- 4.5 2.35 2.28 -- 3 

500 During incubation, 10 min after 6 -- 14.2 1.60 1.85 + 15.6 
irradiation, 0.125 mM 

1,000 During incubation, 10 rain after 6 -- 11.1 1.81 1.74 -- 3.9 
irradiation, 0.125 mM 

5,000 During incubation, 10 rain after 6 -- 11.8 1.84 1.67 -- 9.2 
irradiation, 0.125 mM 

10,000 During incubation, 10 rain after 6 + 15.8 2.28 1.82 -- 20.2 
irradiation, 0.125 mM 

sible, because  a f t e r  t w o  ca re fu l  w a s h i n g s  in s a c c h a r o s e -  
ve r s ene  so lu t i on  t h e  P : O  ra t io  b e c o m e s  n o r m a l  again .  To 
i n v e s t i g a t e  w h e t h e r  a m i n i m u m  a m o u n t  of  I A A  p r e s e n t  
d u r i n g  m e a s u r e m e n t  call i nh i b i t  o x i d a t i v e  p h o s p h o r y l a -  
t ion,  0.125 m M  of I A A  were  added  to  t h e  r e a c t i o n  m i x -  
t u r e s  (10 ra in  a f t e r  i r r ad ia t ion ) .  T h e  s a m e  e n h a n c e d  
r a d i o s e n s i t i v i t y  a n d  dose  d e p e n d e n c y  w a s  f o u n d  (Table  
II); 0.125 a n d  0.25 m M  I A A  alone  depres ses  on ly  o x y g e n  
u p t a k e  (Table  III). 

These  i n v e s t i g a t i o n s  s h o w  t h a t  one  of t he  m o s t  im-  
p o r t a n t  f u n c t i o n s  of t h e  cell, t h e  f o r m a t i o n  of a d e n o s i n e  
t r i p h o s p h a t e ,  c a n  be  s t r o n g l y  in f luenced  b y  t r e a t m e n t  
a f t e r  i r r ad i a t ion .  The  sens i t i ze r  i o d o a c e t a m i d e  d a m a g e s  
t h e  i r r a d i a t e d  m u l t i - e n z y m e  s y s t e m  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  e v e n  in t h e  s m a l l  a m o u n t  of 0.125 m M  given  
10 ra in  a f t e r  i r r ad ia t ion .  T h i s  can  exp l a i n  s o m e  sens i t i z ing  
effects  on m i c r o o r g a n i s m s  2,7 as  an  i n h i b i t i o n  of p o s t -  
i r r a d i a t i o n  r e p a i r  p rocesses .  T h e  lack of  A T P  e n h a n c e s  
the  i r r a d i a t i o n  d a m a g e .  Since, in  cel lu lar  d a m a g e ,  t he  
s u p p o r t  of A T P  shou l d  p r e s u m a b l y  be  t h e r e  i m m e d i a t e l y  
a f t e r  i r r ad i a t ion ,  a p o s t - i r r a d i a t i o n  t r e a t m e n t  of mic ro -  
o r g a n i s m  c a n  be  w i t h o u t  effect  on  t h e  cell s u r v i v a l  7. 

W e  cons ide red  t e n t a t i v e l y  t h e  pos s ib i l i t y  of e x p l a i n i n g  
t h e  r ad io sens i t i z i ng  effect  of I A A  b y  s u p p o s i n g  t h a t  I A A  

Table III .  Effect of iodacetamide on oxygen uptake and oxidative 
phosphorylation 

re leases  l a t e n t  r a d i o - i n d u c e d  A T P a s e  in m i t o c h o n d r i a ,  
b y  r e a c t i n g  w i t h  a n  A T P a s e - i n h i b i t o r  c o m p l e x  (see dis- 
cus s ion  on  l a t e n t  A T P a s e  a n d  A T P a s e  i n h i b i t o r  c o m p l e x  
in 5 a n d  8). I A A  u n m a s k s  a l a t e n t  i r r a d i a t i o n  d a m a g e  
w h i c h  m a y  be a defec t  in t h e  m e m b r a n e .  T h e  pos s ib i l i t y  
n o t  exc luded  is t h a t  I A A  r ea c t s  w i t h  D N A  a n d  R N A  
p r e s e n t  in t h e  m i t o c h o n d r i a ,  a l t h o u g h  the  f u n c t i o n  of 
nucle ic  acid in m i t o c h o n d r i a  is u n k n o w n .  F u r t h e r  w o r k  is 
in  p rogres s .  

Zusammen[assung. Z u g a b e  v o n  I o d a z e t a m i d  w ~ h r e n d  
u n d  n a c h  tier B e s t r a h l u n g  v o n  i so l i e r t en  L e b e r m i t o -  
c h o n d r i e n  der  R a t t e  sens ib i l i s ie r t  die s t r a h l e n i n d u z i e r t e  
H e m m u n g  der  o x y d a t i v e n  P h o s p h o r y l i e r u n g .  Die N a c h -  
b e h a n d l u n g  l~sst  e inen  l a t e n t e n  S t r a h l e n s c h a d e n  s i c h t b a r  
w e r d e n ,  der  se lbe r  v e r m u t l i c h  in e ther  P r o d u k t i o n  l a t e n t e r  
A T P a s e  b e s t e h t .  E s  is t  w a h r s e h e i n l i c h ,  da s s  die b e k a n n t e  
s t r a h l e n s e n s i b i l i s i e r e n d e  W i r k u n g  y o n  I o d a c e t a m i d  bet  
L e b e w e s e n  u n d  Zellen au f  d ieser  H e m m u n g  de r  A T P -  
P r o d u k t i o n  b e r u h t ,  we lehe  E r h o l u n g s p r o z e s s e  e r s c h w e r t .  
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Concentration of P: O Change in 
IAA in incuba- ratio 
tion medium 02 uptake P : O ratio 

- 2.07 - - 
0.125 mM 2.28 -- 50.56 + 10.14 
0.25 mM 2.09 -- 43.33 + 0.97 
0.31 mM 1.84 -- 32.56 -- 11.1 
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