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21% de cellules activ6es e t  54% de cellules t6moin.  Ces 
observa t ions  s emblen t  m o n t r e r  que I 'ATP  acc61~re le 
processus d ' a b s o r p t i o n  du D N A - H  a exog~ne. 

Ces r6sul tats  de m~me que les exp6riences de ADAMS s 
e t  les t r a v a u x  de GROPP n sur  l 'effet  de I 'ATP  semblen t  
appuye r  l 'hypoth~se  d ' une  re la t ion 6troite en t re  pino-  
cytose  e t  absorp t ion  du DNA~4. 

Summary.  Cultures of H e L a  cells t r ea t ed  wi th  A T P  
show an  increased up take  of D N A - H  ~ for a shor t  per iod 
of t r e a t m e n t .  In  the  l ight  of GRoPP'S f indings on pino- 
cytosis  ac t iva t ion ,  i t  is t e m p t i n g  to  suppose t h a t  the  
s t imula t ion  of D N A - u p t a k e  by  A T P  is med ia ted  th rough  
an ac t iv i ty  of t he  la t t e r  on pinocytosis .  
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Fort marquage (n> 60) 42,7% 1% 
Faible marquage (n ~ 60) 21,6% 54,4% 

64,3% 55,4% 

Plus de 800 cellules ont 6t6 examindes pour chaque cas. n - nombre 
de grains par noyau. Un marquage infdrieur 5 10 grains par cellule 
n'a pas 6t6 pris en consid6ration. 

i4 Tous nos remerciements vont au Dr A. BILLA'U et & Mademoiselle 
F. CORNETTE (Rega Institut, Louvain) qui nous ont proeur~ les 
cellules HeLa utilis6es dans ees exp6riences et ~ Mr. P. CHARLES 
(Dfipartement de Radiobiologie, C.E.N.-S.C.K., Mol) pour le 
DNA-H 3. Travail effectu~ dans le cadre du contrat Euratom-CEN 
N ~ 053-64-3 BIOB. 

E n h a n c e m e n t  of O x i d a t i o n  P r o d u c t s  of Lipids  in 
Liver  M i t o c h o n d r i a  of W h o l e - B o d y  Irrad ia ted  

Rats  

There have  been  m a n y  repor t s  on the  early and mos t ly  
reversible damage  of the  s t ruc tura l  and  morphologica l  
in tegr i ty  of ra t  l iver mi tochondr i a  af ter  whole -body  X-  
i r radiat ion.  The observed changes  appear  ve ry  early, are 
of t r ans i en t  character ,  and  are soon recons t i tu t ed  up to 
the  pre- i r rad ia t ion  level. The  i r rad ia ted  mi tochondr i a  
still  keep the i r  repair  abil i ty.  Thus the  s ignif icant  de- 
pression in to ta l  mi tochondr ia l  count  per  liver was ob- 
served ve ry  ear ly  in pos t - i r rad ia t ion  and  r e tu rned  to  the  
normal  level wi th in  6 h and  kep t  the  normal  range t h ro u g h  
48 h pos t - i r rad ia t ion  1. Similar ly  the  increased ra te  of 
oxidat ive  phosphory l a t i on  was res tored  to  the  normal  
level 24 h af ter  who le -body  i r radia t ion  2. The e leva ted  
labi l i ty  of isolated mi tochondr i a  is d e m o n s t r a t e d  by  
swelling, lysis, and  dis integrat ion.  F r o m  this  po in t  of 
view, the  observed corre la t ion be tween  swelling, lysis and 
mi tochondr ia l  l ipid pe rox ida t ion  3-5 is ve ry  interes t ing.  
I t  is ve ry  probable  t h a t  the  p r ima ry  cause of mi tochon-  
drial  d is in tegra t ion  is t h e  pe rox ida t ion  of u n s a t u r a t e d  
f a t t y  acids, which  are p re sen t  in the  mi tochondr i a  in a 
re la t ive ly  h igh  concen t ra t ion  and  form the  special func- 
t ional  c o m p o n e n t  of phosphol ip id -pro te in  complex  of 
mi tochondr ia l  m e m b r a n e s  and  crista. 

According to  the  wel l -known toxic effects of peroxides ,  
the i r  h igher  solubil i ty and  the i r  m a n y  inh ib i to ry  proper -  
t ies to  various enzymes ,  i t  is possible to suppose an 
i m p o r t a n t  role in p r i m a r y  rad ia t ion  changes  6. 

We have  e s t ima ted  the  effect  of whole -body  X-i r radia-  
t ion on the  ox ida t ion  p roduc t s  of lipid mi tochondr ia  a t  
var ious t ime  in tervals  af ter  exposure  to  1400 r (Macrophos 
250, 235 kV, 14 mA, 0.5 m m  Cu, 1 m m  A1, dose ra te  
70 r/min).  The groups  of male  ra ts  weighing 160-180 g 
were i r rad ia ted  and killed a t  t ime in tervals  of 0, 3, 6, 12, 
24 and  48 h af ter  the  i r radia t ion.  For  12 h before t h e y  
were killed, the  animals  were  lef t  w i thou t  food. The  iso- 
la t ion of mi tochondr i a  was  pe r fo rmed  according to  

HOGEBOOM 7, and  the  final suspension was washed  twice 
wi th  isotonic NaC1 (0.15M NaC1 + 0 .02M Tris p H  7.4). 
The concen t ra t ion  of the  mi tochondr ia l  suspension was 
done  a t  a p ro te in  con ten t  (bovine a lbumin  - Mann) of 
1 mg /ml  of f inal  mi tochondr ia l  suspension.  P ro te in  was 
de t e rmined  by  the  b iure t  m e t h o d  s. Lipid peroxide  was 
measured  by  the  th iobarb i tur ic  acid colour tes t  (TBA~5) 
af ter  aerobic incuba t ion  in a Dubnof f  shaker  in the  
following m a n n e r :  an a m o u n t  of 4 ml  mi tochondr ia l  sus- 
pens ion  was p u t  into a flask of abou t  25 m m  d iamete r  
and  incuba ted  a t  37~ and  s imul taneous ly  shaken.  At  
t ime in tervals  of 15, 30, 60, 120, and  180 min, a sample 
of 0.5 ml  was t aken  for TBA colour reac t ion  in the  fol- 
lowing solut ion:  0.5 ml of incuba ted  suspension + 0.5 ml 
isotonic saline + 1 ml  5% TCA + 1 ml  1% TBA. The 
mix tu re  was hea t ed  for 10 min in a boil ing wa te r  ba th ,  
cooled, centr i fuged,  and the  clear s u p e r n a t a n t  direct ly  
measured  ( spec t ropho tomete r  CF 4 SB Optica,  525 nm). 

The following observat ions  were made.  At  zero t ime 
in te rva l  af ter  t he  whole-body  i r radia t ion,  the  a m o u n t  of 
T B A  chromogen  in mi tochondr i a  was elevated.  The en- 
h a n c e m e n t  was s ta t is t ica l ly  s ignif icant  up to 6 h af ter  
i r radia t ion;  a f te r  th is  per iod the  level r e tu rned  to  normal  
cont ro l  value (Figure 1). 

The p roduc t ion  of TBA chromogen  is linear, depending  
on the  incuba t ion  t ime. The ini t ial  values  af ter  15 min 
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Fig. 1. TBA chromogen values in irradiated rat liver mitochondria 
after 180 rain aerobic incubation at 37 ~ 
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Fig. 2. The dependence of TBA chromogen production on the irra- 
diation time in irradiated rat liver mitochondria. 

incuba t ion  were h igher  in i r r a d i a t e d  mi tochondr ia ,  b u t  
only  up to 6 h pos t - i r rad ia t ion  (Figure 2). 

The h igher  level of TBA ch romogen  is not ,  of course, 
an evidence of e levated  lipid peroxides  af ter  i r rad ia t ion  
in vivo. The cell has  a large n u m b e r  of s tabi l izing factors,  
some of which  m a y  be d a m a g e d  by i rradiat ion.  The  irra- 
d ia t ion  m a y  influence these  factors.  In  this  connec t ion  
i t  seems to be ve ry  in te res t ing  t h a t  a lipid f rac t ion  wi th  a 
s t rong  swelling effect  has  been  isolated f rom the  l iver of 
i r rad ia ted  rats.  The results  of th is  expe r imen t  show t h a t  
a l though  the  mi tochondr i a  are t r ans i en t ly  d amag ed  by  
i r rad ia t ion  in vivo, t h e y  are soon recons t i tu t ed  to  reach 
pre - i r rad ia t ion  level according to  the  recovery  of o ther  
morphologica l  and funct ional  changes  9. 

Zusammen/assung. Der Einf luss  der  ionis ierenden 
S t rah lung  auf die Bi ldung der  O x y d a t i o n s p r o d u k t e  von 
unges/ i t t ig ten  Fetts/~uren in Lebe rmi tochondr i en  ganz- 
k6 rpe rbes t r ah l t e r  Tiere wurde  unte rsucht .  Die TBS-  
Chromogenwer te  erhShen sich in bes t r ah l t en  Mitochon-  
dr ien s ta t i s t i sch  s ignif ikant  und  s inken in 12 h nach  der  
Bes t rah lung  wieder  zur Norm ab. 
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D i r e c t  A c t i o n  of  E x t r a c e l l u l a r  Ca I o n s  on  S k e l e t a l  
M u s c l e  

I t  is known t h a t  the  in t racel lular  Ca++ regu!ates the  be- 
hav iour  of the  contract i le  s t ruc tures  of muscle fibre and 
is also involved in exc i t a t ion-con t rac t ion  coupling.  The 
frog skeletal  muscle in vivo conta ins  a to ta l  of 1.4-2 - 10 .3 
N[ Ca/kg of wet  t issue. The intracel lular  free Ca ++ concen-  
t r a t ion  is ma in ta ined  at  a level of abou t  10 7M by  the  
calcium binding and s tor ing systems.  In  frog blood p lasma  
the  to ta l  calcium concen t ra t ion  was found to be abou t  
1.8 - 10 aM1. CaC12 is added  to the  physiological  saline 
solut ion in a concen t ra t ion  be tween  1 and 2 �9 10 -aM in 
order  to s imulate  the  extracel lular  ionic condi t ions  of cold- 
b looded animals.  

The lowest Ca ++ concen t ra t ion  necessary  to ma in ta in  
t he  physiological  proper t ies  of muscle m e m b r a n e  and  end 
pla te  is about  10 .4 M 2,a. B y  s tor ing the  muscles in Ringer ' s  
solut ion wi th  'normal '  Ca con ten t  (1 -2 .  10 aM), the  
a m o u n t  of in t racel lular ly  accumula ted  Ca essent ial ly  in- 
creases 4-6. This fact  leads SHANES and  BIANCHI 5 to the  
conclusion t h a t  a CaC1, concen t ra t ion  of 1 �9 10-a2~Z cor- 
responds  be t t e r  to  physiological  condi t ions  t h a n  h igher  
values. 

In  spite of the  observed Ca inf lux in skeletal  muscle i t  
was found t h a t  only a ve ry  h igh  Ca concen t ra t ion  in the  
ex te rna l  m e d i u m  induces  con t rac tu res  of low tens ion  7. 
These exper imen t s  were pe r fo rmed  wi th  muscles  pre-  
b a t h ed  for var ious  lengths  of t ime in Ringer ' s  solut ion 
wi th  1.8.  10 -aM CaC12. In  mos t  recent  invest igat ions ,  
the  au thors  found  t h a t  f reshly  dissected muscles  of Rana 
esculentct go in to  con t rac tu re  a f te r  being d ipped  into 
Ringer ' s  solution. The tens ion d e v e l o p m e n t  depends  on 
the  Ca concen t ra t ion  of the  ex te rna l  solution. The Figure 
shows the  con t rac tu re  tens ion at  the  various Ca concen-  
t r a t ions  expressed in the  pe rcen tage  of the  max i ma l  ten-  
sion deve lopmen t  of individual  muscle in isotonic CaC12 
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