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Radioprotect ive Effect of Isopentenyladenosine  in Mice 

MateriMs such as c y s t e a m i n e  x, 2, p h y t o h e m a g g l u t i n i n  ~, 
a n d  o the r  chemicals  4 have  been  used as r ad iop ro t ec t ive  
agents  in m a m m a l s .  The  m e c h a n i s m  of ac t ion  of these  
agents  is no t  ful ly es tabl ished,  b u t  a n u m b e r  of theor ies  
have  been p roposed  to  exp la in  t he  obse rved  rad iopro tec -  
t ion.  In  th is  c o m m u n i c a t i o n  we repor t  a p re l imina ry  ob- 
se rva t ion  of t he  r ad iopro tec t ive  effect  of N6-(A2-isopent - 
enyl) adenos ine  (iPAI (Figure 1) which  has  been  found  in 
t he  t R N A  f rom a va r i e ty  of microorganisms,  p l an t s  and  
m a m m a l i a n  t i ssues  s-L This  chemica l  is of unusua l  in t e res t  
because  of i ts  p roper t i e s  as a p o t e n t  p l a n t  h o r m o n e  (Cyto- 
kinin),  s t imula t ing  celI divis ion and  d i f fe ren t ia t ion  in 
p l a n t  s y s t e m s  8; as a c o m p o n e n t  of yeas t  9, ~o and  m a m m a -  
l ian ~ LRNA; and  as an  a n t i t u m o r  a g e n t  in an imals  lz. 

Materials and methods. 10-12-week-old Balb /c  mice, 
weighing  a p p r o x i m a t e l y  25 g were used tor  these  exper i -  
men t s .  In  each e x p e r i m e n t a l  group,  equal  n u m b e r s  of 
male  and  female  mice  were  used.  The  i P A  (Sigma Chemi-  
cal Co., St. Louis,  Mo O was dissolved in p h o s p h a t e  buf-  
fered saline (PBS),  f i l te red  (sterilized mil l ipore filter) and  
in jec ted  immed ia t e ly .  E a c h  an imal  of each e x p e r i m e n t a l  
g roup  rece ived  0.5 mI of d i lu ted  iPA (0.005, 0.01, 0.02, 
0.05, 0.1 ~xg/g of b o d y  weight)  or P B S  (control) by  i.p. in- 
ject ion.  Before t he  r ad iop ro t ec t i ve  e x p e r i m e n t s  were  con- 
duc ted ,  t he  t o x i c i t y  of the  c o m p o u n d  was  d e t e r m i n e d  xz 
and  the  levels e m p l o y ed  were  non- tox ic .  One half  a f te r  the  
iPA or P B S  inject ion,  t he  mice were exposed  to  830 f ads  
of °°Co y- rad ia t ion  a t  a dose- ra te  of 34.5 rads /min .  
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Fig. 1. Structure of N6-(AZ-isopentenyl) adenosine. 

ilPA was  seen in  t he  dose range  of 0.01 to  0.05 vglg. This  
r ad iop ro t ec t i on  as d e m o n s t r a t e d  b y  the  e x t e n d e d  surv iva l  
t ime  is shown graphica l ly  in F igure  2. 
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Fig. 2. A histogram showing the time of death for mice treated with 
Na-(AZ-isopentenyl) adenosine and following 830 rads whole-body 
irradiation. 

Results and Discussion. The d a t a  shown in t h e  Table  re- 
por t s  the  surviva l  of t he  mice  fol lowing 830 rads  whole  
b o d y  rad ia t ion  as a func t ion  of t he  i P A  dose. Mean sur-  
vival  t ime  was increased b y  near ly  a fac tor  of two  a t  in- 
t e rmed ia t e  doses of iPA.  Ne i the r  a low dose of i P A  
(0.005 ~g/g) nor  a h igh  dose (0.1 ~g/g) p rov ided  s igni f icant  
rad iopro tec t ion .  A measureab le  r ad iopro tec t ive  effect  of 

SurvivM time of mice treated with NS-(A~-isopentcnyl) adenosine 
following 830 rads whole-body irradiation 

Dose of iPA No. Mean survival time 
(~g/g body wt) of mice (days) 

Control(phosphate buffered saline) 10 7 
0.005 8 9 
0.0t 10 13 
0,02 10 13 
0.05 10 13 
0.1 I0 8 
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Th i s  p r e l i m i n a r y  re su l t  i nd ica t e s  t h a t  i P A  e x h i b i t s  a 
p r o t e c t i v e  effect  on  mice  exposed  to  l e tha l  doses of whole-  
b o d y  r ad ia t ion .  T h e  m e c h a n i s m  of r a d i o p r o t e c t i o n  of t h i s  
c o m p o u n d  is no t  k n o w n  a t  t h i s  t ime.  I t  is n o t e w o r t h y  t h a t  
i P A  can  e i the r  s t i m u l a t e  or  i n h i b i t  D N A  synthes i s ,  t r a n s -  
fo rma t ion ,  a n d  mi tos i s  in p h y t o h e m a g g l u t e n i n - s t i m u l a t e d  
l y m p h o c y t e s ,  d e p e n d i n g  on  t he  t i m e  of t r e a t m e n t  a n d  t he  
c o n c e n t r a t i o n  used  ~4,15. Our  resu l t s  show t h a t  i n t e rme-  
d i a t e  c o n c e n t r a t i o n s  of i P A  (0.01 to  0.05 tzg/g b o d y  wt.) 
p r o d u c e  a r a d i o p r o t e c t i v e  ef fec t  in l e t ha l l y  i r r ad i a t ed  
mice.  I t  is sugges ted  t h a t  t h i s  effect  in  mice  b y  i PA  occurs 
t h r o u g h  t h e  s t i m u l a t i o n  of t h e i r  l y m p h o c y t e s .  A d d i t i o n a l  
e x p e r i m e n t s  are  u n d e r w a y  w i t h  i P A  to  f u r t h e r  charac-  
te r ize  t h e  r a d i o p r o t e c t i v e  m e c h a n i s m  of th i s  c o m p o u n d s  ~e. 

Zusammenfassung. (iPA) b e w i r k t  bei  M~usen,  die m i t  
e ine r  l e t a l en  GanzkSrpe rdos i s  b e s t r a h l t  wurden ,  e inen  
Schu tze f fek t .  Diese Ver l i i nge rung  de r  m i t t l e r e n  ~Yber- 

l ebensze i t  w i rd  m i t  e iner  Dos ie rung  v o n  0,01 bis  0,05 vtg/g 
K 6 r p e r g e w i c h t  e r rc ich t .  
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E v o l u t i o n  d u  m 6 t a b o l i s m e  d e s  1 6 c i t h i n e s  dans la m e m b r a n e  6 r y t h r o c y t a i r e  a u  c o u r s  d e  l a  c o n s e r v a t i o n  

du sang  

Les d i f f6ren ts  c o n s t i t u a n t s  du  sang  sub i s sen t  des modi-  
f i ca t ions  au  cours  de la  c o n s e r v a t i o n  e t  il es t  i m p o r t a n t  de 
d 6 t e r m i n e r  l ' d t a t  m d t a b o l i q u e  d ' u n  s ang  apr~s u n  ce r t a i n  
t e m p s  de s tockage.  P lus ieurs  cr i t~res  p e u v e n t  6tre  ut i l is6s 
p o u r  ca rac tdr i se r  ces possibi l i tds  m 6 t a b o l i q u e s  p a r m i  les- 
quels  l ' a c t iv i t6  de la  b io syn th~se  des  phospho l ip ides  dry- 
t h rocy ta i r e s .  Ce t te  b io s yn t hbs e  qui  es t  assez fa ib le  in v ivo  
a 6t6 dtudide in v i t r o  sur  le sang  frais  p a r  i n c o r p o r a t i o n  de 
32p soi t  d a n s  le sang  t o t a l  s so i t  d a n s  les h 6 m a t i e s  ~,3. 
Apr6s  i n c o r p o r a t i o n  de a2p dans  les hdmat ies ,  PAYSANT- 
DIAMENT et  ~OLONOVSKI 2 c o n s t a t e n t  que  les acides phos-  
p h a t i d i q u e s  son t  t r~s  f o r t e m e n t  radioact i fs .  SCHMIDT e t  
al. 3 t r o u v e n t  de p lus  une  r ad ioac t i v i t d  i m p o r t a n t e  d a n s  les 
l y s o p h o s p h a t i d y l 6 t h a n o l a m i n e s ,  les 16cithines e t  les 
sphingomy61ines .  L a  biogen~se des phospho l ip ide s  a dtd 
6 g a l e m e n t  dtudi6e avec  les m e m b r a n e s  d r y t h r o c y t a i r e s :  
OLIVEIRA et  VAUGHAN 4, LANDS e t  al. s, 6 on t  m o n t r d  q u ' u n e  
ac t iv i t6  d ' a c y l t r a n s f d r a s e  p o u v a i t  6t re  raise en  6v idence  
darts les m e m b r a n e s  cel lulai res  des 6 r y t h r ocy t e s  h u m a i n s ,  
l ' ac ide  l inol6 ique  6 t a n t  p r6 fd ren t i e l l emen t  fix6 sur  le car-  
b o n e  2 d ' u n e  1-acyl-glyc6rol  phosphory lcho l ine .  

Pour .  dva luer  l ' 6 t a t  m 6 t a b o l i q u e  de la  m e m b r a n e  glo- 
bu la i r e  au  cours  de la c o n s e r v a t i o n  du  sang,  nous  a v o n s  
6 tudi6  l ' i n c o r p o r a t i o n  de l ' ac ide  l inold ique  p a r  les m e m -  
b r a n e s  d ry th rocy ta i r e s .  

Mdthodes. Nous  a v o n s  ut i l isd le sang  de douze  donneurs ,  
6 h o m m e s  e t  6 femmes ,  pre l6v6 sur  une  so lu t ion  c i t r a t e -  
glucose a y a n t  la  c o m p o s i t i o n  s u i v a n t e :  acide c i t r ique,  
H~O 0,67 g, c i t r a t e  t r i sod ique ,  2 H , O  2,63 g, glucose an-  
h y d r e  2 g, H 2 0  dist i l lde q.s.p.  100 ml.  

450 ml  de sang  son t  recuei l l is  sur  75 m l  de ce t t e  solu- 
t ion ,  le m61ange es t  ensu i t e  divis6 en  5 dchan t i l l ons  con-  
serv6s ~t 4 °C. Les m e m b r a n e s  6 r y t h r o c y t a i r e s  de  c h a q u e  
dchan t i l l on  son t  6tudides au  t e m p s  in i t i a l  e t  au  b o u t  de 
8 jours ,  15 jours ,  29 jours  e t  43 jours .  L a  p r d p a r a t i o n  des 
m e m b r a n e s  es t  effectude pa r  la m d t h o d e  de DODGE, MIT- 
CHELL et  HANAHAN 7 t o u t e s  les opdra t ions  son t  rdalis6es b. 
4°C. Le sang  es t  cen t r i fug6  p e n d a n t  20 miD ~ 1000 g, les 
6 r y t h r o c y t e s  o b t e n u s  son t  l a rds  3 fois p a r  u n  t a m p o n  
p h o s p h a t e  0 , 1 0 9 M  de p H  7,4, puis  h6molys6s  en  t a m p o n  
p h o s p h a t e  0 , 0 0 5 4 M  de  p H  7,4 p e n d a n t  30 rain.  Apr~s 
c e n t r i f u g a t i o n / ~  5000 g p e n d a n t  40 m i n , o n  o b t i e n t  u n  cu- 
lo t  de s t r o m a s  qui  es t  lavd 3 fois p a r  un  t a m p o n  p h o s p h a t e  
0 ,0054M.  Le  culo t  f ina l  es t  plac6 d a n s  3 ml  de t a m p o n  

0 , 0 0 5 4 M  de p H  7,4. On o b t i e n t  une  suspens ion  de m e m -  
b r a n e s  b l a n c h e  ou ldg6rement  rosde, homog6ne  au  micro-  
scope o p t i q u e  e t  d o r m a n t  des images  sa t i s f a i san te s  en  
microscopic  d lec t ron ique  s. Les  pro td ines  de la suspens ion  
m e m b r a n a i r e  son t  dosdes p a r  la  m d t h o d e  du  b i u r e t  ra-  
p ide  9 e t  l ' hdmog lob ine  p a r  la  m 6 t h o d e  de  STORCK et  
ARDY 1°, la q u a n t i t d  d ' h d m o g l o b i n e  p rdsen te  d a n s  les 
s t r o m a s  es t  t ou jou r s  tr~s faible.  

U n  v o l u m e  de  0,5 ml/~ 1 ml  de la suspens ion  de s t r o m a s  
c o r r e s p o n d a n t  ~ 3 m g  de p ro t6 ines  es t  mis  en  i n c u b a t i o n  
p e n d a n t  90 m i n u t e s  tt 37 °C avec  6,25 nmoles  de l inoMate  
de p o t a s s i u m  I*C, 125 vmoles  de  p h o s p h a t e  p H  7,4, 
3 [zmoles de MgCI~, 2 ~moles  d ' A T P  e t  0,1 tzmole de co- 
e n z y m e  A dans  u n  v o l u m e  t o t a l  de 3 ml.  Apr~s  i ncuba -  
t ion,  les l ip ides  son t  e x t r a i t s  du  mil ieu rdac t ionne l  p a r  la  
m d t h o d e  de  FOLCH ~1 e t  f r ac t ionnds  p a r  c h r o m a t o g r a p h i c  
sur  co lonne  d ' ac ide  si l icique,  l '61ution es t  effectude suc- 
c e s s i v e m e n t  p a r  d the r -benz~ne  1:1, 6 t h e r - t t h a n o l  1:1 e t  
m 6 t h a n o l %  L a  f r ac t i on  61ude p a r  le m d t h a n o l  es t  d tudide 
p a r  c h r o m a t o g r a p h i c  sur  couches  minces  de gel de silice G 
avec  le s o l v a n t  ch lo ro fo rme-md thano l - ac ide  acd t ique-eau  
( 6 5 : 2 5 : 8 : 4 )  e t  rdvd la t ion  p a r  l ' iode  ou le rdact i f  de D i t t -  
m e r  modifi612. La  pos i t ion  des  t a c h e s  r ad ioac t ives  es t  in- 
d iqude  p a r  a u t o r a d i o g r a p h i e  e t  la r ad ioac t iv i td  es t  me-  
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