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The  Inf luence  of the  Extrace l lu lar  P o t a s s i u m  
C o n c e n t r a t i o n  on the  Glycos ide  Effects  U p o n  
Contrac t i l e  Force  and Act ion  Potent ia l  D u r a t i o n  

of the  G u i n e a - P i g  Pap i l lary  M u s c l e  

Prev io u s  i n v es t i ga t i ons  h a v e  s h o w n  t h a t  the  pos i t ive  
inot ropic  effect  of card iac  ac t ive  glycosides,  s u c h  as t h a t  
caused  b y  a d i m i n u t i o n  of t he  ex t race l lu l a r  p o t a s s i u m  
c o n c e n t r a t i o n  to 1.2 m M  or less, depends  u p o n  t he  s o d i u m  
c o n c e n t r a t i o n  in t h e  ex t race l lu l a r  fluid~, 2, in c o n t r a s t  to 
t he  ino t rop ic  effects  of ep inephr ine  and  x a n t h i n e  der iva-  
t ives  4. B o t h  s o d i u m - d e p e n d e n t  ino t ropic  effects  are ac- 
c o m p a n i e d  b y  a s h o r t e n i n g  of the  p l a t e a u  of t he  ac t ion  
p o t e n t i a l  (AP) 2,8. 

A v a r i a t i o n  in the  p o t a s s i u m  c o n c e n t r a t i o n  in t he  sus-  
pens ion  m e d i u m  of be tween  2.4 and  9.6 m M  also s t r ong ly  
a f fec ts  the  ino t rop ic  ac t ion  of 1 and  2 - 1 0 - 5 M  d ihydro -  
o u a b a i n  u p o n  the  pap i l l a ry  musc le  of t he  gu inea -p ig  
(Figur  e 1). T h e  force of con t r ac t i on  as obse rved  in a 
m e d i u m  wi th  4.8 m M  K+ is no t  c h a n g e d  b y  an  increase  
in t he  p o t a s s i u m  c o n c e n t r a t i o n  to 9.6 r a M ;  it  is s l igh t ly  
increased,  however ,  b y  a d i m i n u t i o n  of [K +] to 2.4 m M  
(Figure  la) .  Th e  gu inea-p ig  pap i l l a ry  muscle ,  therefore ,  
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Fig. 1. The action of dihydro-ouabain (2" 10 SM) upon force of 
contraction and action potential duration of the guinea-pig papillary 
nmscle as affected by the extracellular potassium concentration. 
Mean values of 6 different papillary muscles. Krebs-Henseleit solu- 
tion with 140 mM Na + and 3.2 mM Ca ++. Potassium concentration 
as indicated on the abscissa. Frequency of stimulation 1 e/see. 
Temperature 35 ~ (a) Absolute values of force of contraction before 
and after the addition of the glycoside (mean values • standard 
error). (b) Inotropie action of the glycoside expressed as the increase 
in contraction steepness (g/see). (e) Shortening of the AP-duration 
(msec) at different stages of repolarization (30%, 60% and 90%, 

as indicated in the graph). 

is s imi la r  to t he  c a t ' s  pap i l l a ry  musc le  in i ts  r esponse  to  a 
c ha nge  in the  ex t race l lu l a r  [K+] 5. As t he  p o t a s s i u m  con-  
c e n t r a t i o n  is lowered f rom 9.6 m M  to 2.4 m M ,  the  ino- 
t ropic  effect  of t h e  glycoside increases  cons ide rab ly  a nd  
a l m o s t  inve r se ly  p ropor t iona l  to t he  p o t a s s i u m  concen-  
t r a t i o n  (Figures  l a  a nd  b). E x p e r i m e n t s  w i th  ep inephr ine  
h a v e  s h o w n  t h a t  i ts  pos i t ive  inot ropic  ac t ion  does n o t  
increase  if t he  p o t a s s i u m  c o n c e n t r a t i o n  is lowered. 

T h e  i n c r e m e n t  in t he  inot ropic  g lycos ide  effect  is 
para l le led  b y  a n  increase  in t he  s h o r t e n i n g  of t he  ac t ion  
po t e n t i a l  d u r a t i o n  (Figures  lc  a nd  2). Th i s  is g r e a t e s t  a t  
the  p l a t e a u  p h a s e  (30% repolar izat ion) ,  

T h e  s h o r t e n i n g  of t he  p l a t e a u  of t he  A P  ind i ca t e s  a 
c h a n g e  in the  ionic c o n d u c t a n c e  of t he  cel lular  m e m b r a n e .  
The  que s t i on  ar ises  as to w h e t h e r  a c ha nge  in m e m b r a n e  
c o n d u c t a n c e  c a n  enlarge  the  degree  of a c t i v a t i o n  of the  
musc le  a nd  t h e r e b y  lead to  a n  inot ropic  effect.  I t  is 
d u r i n g  t he  t i m e  of t he  ear ly  p l a t e a u  p h a s e  t h a t  t he  
pap i l l a ry  musc le  s t a r t s  to develop  t ens ion  (Figure  2) ; a nd  
the  a c t i va t i on  of t he  pap i l l a ry  musc le  increases  un t i l  
a b o u t  ha l f  of t he  p e a k  t ens ion  is r eached  a. One e x p l a n a -  
t ion  for such  a m e c h a n i s m  would  be the  a s s u m p t i o n  t h a t  
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Fig. 2. The influence of dihydro-ouabain (2. 10 5M) on the iso- 
metric contraction curve and the action potential of the guinea-pig 
papillary muscle at 2 different potassium concentrations (2.4 mM 
and 9.6 raM, as indicated). Papillary muscle of the right ventricle, 
length 6.0 mm, diameter 0.71 mm, resting tension 0.4 g. Stimulation 
frequency 1 e/sec. Temperature 35 ~ Krebs-Henseleit solution with 

140 nlM Na + and 3.2 mM Ca ++. 
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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). 

M. REITER, F. J. STICKEL, 
and S. WEBER 

Pharmakologisches [nstitut der Universitiit Mi~nchen 
(Germany), July 78, 7966. 

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. 

1 H. LANGENDORFF and R. KOCH, Strahlentherapie 95, 535 (1954). 
2 C. J. DEAN and P. ALEXANDER, Nature, Lond. 796, 1324 (1962). 
3 M. R. BIANCHI, M. BOCCACCI, M. QUINTILIANI, and E. STROM, in: 

Progress in Biochemical Pharmacology (Ed. R. PAOLETTI and 
R.  VERTUA; S. Karger, Basel 1965), vol. 1, p. 384. 

4 H. FRITZ-NIGGLI, E. NICKEL, and D. MEIER, Naturwissenschaften 
52, 472 (1965). 

5 A. CHARI-BITRON and Y. AvI-DoR, Biochem. J. 71,572 (1959). 
6 W. C. YANG, Science 125, 1087 (1957). 


