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Influence of Caffeine and Cysteine on Post-Irradiation Oxygen-Dependent and -Independent 
Components of Damage in Hordeum vulgare 

In  g e r m i n a t i n g  seeds and  o the r  ac t ive ly  m e t a b o l i z i n g  
sys tems,  t h e  app l i ca t i on  of caffeine (1, 3, 7 - t r ime thy l -  
x a n t h i n e )  du r ing  or i m m e d i a t e l y  a f te r  i r r ad i a t i on  po ten-  
t i a t e s  t he  damage~-5 ;  u n d e r  s imi la r  condi t ions ,  cys te ine  
decreases  t he  d a m a g e  ~, ~, s. B u t  in  d r y  (slowly metabo l iz ing)  
seeds, r ecen t  s tud ies  h a v e  shown  t h a t  caffeine e l imina te s  
p a r t  of t he  pos t - i r r ad i a t i on  o x y g e n - d e p e n d e n t  d a m a g e  ~ 
(POWERS~~ class I I I  damage)  b u t  enhances  t he  oxygen-  
i n d e p e n d e n t  (class I ~~ d a m a g e  zz. F u r t h e r m o r e ,  cys te ine  
was found  to  h a v e  no  inf luence  w h a t s o e v e r  on  t h i s  
c o m p o n e n t  of d a m a g e  ~. Hence,  i t  was fel t  necessa ry  to  
i nves t i ga t e  t he  inf luence  of cys te ine  on t he  p o s t - i r r a d i a t i o n  
o x y g e n - d e p e n d e n t  d a m a g e  in t h e  presence  and  absence  of 
caffeine. P r e l i m i n a r y  d a t a  r epor t ed  he re in  sugges t  t h a t  
cys te ine  exercises some p r o t e c t i v e  ac t ion  aga ins t  oxic b u t  
no t  anoxic  damage ,  and  t h a t  w h e n  b o t h  caffeine ai~d 
cys te ine  are appl ied  toge ther ,  t he  mode  and  m a g n i t u d e  of 
mod i f i ca t ion  are d e t e r m i n e d  b y  t h e  former.  

Materials and methods. Pure- l ine  seeds (caryopses) of a 
hull- less ba r l ey  s t r a i n  ( IB 65) were s to red  in a des icca tor  
over  ca lc ium chlor ide  un t i l  equ i l i b r a t ed  to  a mo i s tu r e  
c o n t e n t  of 7%.  These  seeds in vacuo  (25 seeds in each  of 
t he  3 sealed ampou le s  pe r  t r e a t m e n t )  were exposed  to 45 
k R  of y-rays  us ing  a y-cell (3680 Ci ~~ f rom A t o m i c  
E n e r g y  of C a n a d a  Ltd ,  a t  a dose- ra te  of 38.1 R/sec.  For  
de ta i l s  of e s t i m a t i o n  of. t he  mo i s tu r e  c o n t e n t  of seeds, 
e v a c u a t i o n  of t he  ampoules ,  seal ing etc., see our  earl ier  
paper s  9,1~ 

P o s t - i r r a d i a t i o n  h y d r a t i o n  med ia  consis ted  of oxygen-  
a t ed  or oxygen-f ree  w a t e r  1~ wh ich  was also used for 
p r epa r ing  3.8 • 10 -a M solu t ions  of caffeine (Sigma, USA)  
or L ( + ) c y s t e i n e  (E. Merck, G e r m a n y )  or b o t h  in 
equ imo la r  concen t ra t ions .  Soon a f te r  i r r a d i a t i o n  t he  glass 
ampou le s  were b r o k e n  a n d  t he  seeds were p laced  in t he  
respec t ive  h y d r a t i o n  med ia  a t  0 -2~  for 12 h. Appro-  
p r i a t e  cont ro l s  were inc luded  in t h e  e x p e r i m e n t a l  design.  
Af te r  t he  h y d r a t i o n  period,  t h e  seeds of each  rep l i ca t ion  
were p l a n t e d  s epa ra t e ly  on mois t  f i l te r  p a p e r  in  P e t r i  
d ishes  a n d  grown in a g r o w t h  c h a m b e r  for  8 days  a t  a 
t e m p e r a t u r e  of 24 -t- 1 ~ and  u n d e r  c o n s t a n t  i l lumina t ion .  
S ta t i s t i ca l ly  a n a l y z e d  d a t a  on  t he  8-day seedl ing g rowth  
are p re sen ted  in t he  Figure.  

Results and discussion. The  d a t a  show t h a t  caffeine a n d  
cys te ine  t r e a t m e n t s  as such  h a v e  no effect  on  u n i r r a d i a t e d  
seeds. Cys te ine  exercises a p p r o x i m a t e l y  60% more  radio-  
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Post-irradiation modification of oxygen-dependent and -independent 
components of seedling injury by caffeine and eysteine. 

p ro t ec t i on  t h a n  caffeine aga ins t  t he  class I I I  damage ;  
however ,  t h i s  a d d i t i o n a l  p r o t e c t i o n  is lost  w h e n  caffeine is 
appl ied  t o g e t h e r  w i t h  cys te ine  d u r i n g  o x y g e n a t e d  h y d r a -  
t ion.  There  is a l r eady  a sugges t ion  9,1,, la t h a t  t he  precur-  
sors of t h e  pos t - i r r ad i a t i on  oxic d a m a g e  are no t  a homo-  
geneous p o p u l a t i o n  b u t  cons is t  of d i f fe ren t  categories  of 
wh ich  some are e l imina ted  b y  h e a t  shock  and  caffeine 
while  o thers  are not .  I t  m a y  well  be  t h a t  cys te ine  r emoves  
q u a l i t a t i v e l y  more  categor ies  of the  p recursors  t h a n  caffei-  
ne. E x p e r i m e n t s  are  in progress  to  e luc ida te  t h e  mecha-  
n i sm  b y  wh ich  caffeine r emoves  the  add i t i ona l  level  of 
p r o t e c t i o n  afforded b y  cysteine.  

Caffeine p o t e n t i a t e s  t he  class I d a m a g e  b u t  cys te ine  has  
no inf luence on  it. These  obse rva t i ons  are in accordance  
w i t h  our  ear l ier  f ind ings  9, it. I t  is no t  k n o w n  w h e t h e r  the  
r a d i a t i o n - i n d u c e d  free rad ica l s  respons ib le  for t he  class I 
effect  are so shor t - l ived  t h a t  t h e y  comple te  t he i r  r eac t ion  
before  cys te ine  p o s t - t r e a t m e n t  could exercise a n y  pro tec-  
t ive  act ion.  Cur ren t  i n t e r p r e t a t i o n s  of t he  molecu la r  bas is  
of r ad iosens i t i z a t i on  b y  caffeine 3-5,~4-13 are largely  due  
to expe r imen t s  w i t h  ac t ive ly  m e t a b o l i z i n g  sys tems,  and  
hence  t h e y  m a y  no t  be va l id  for t he  p o t e n t i a t i o n  of an  
anoxic  c o m p o n e n t  in  a s lowly me tabo l i z i ng  sys tem.  There  
is no i n i t i a t i o n  of D N A  syn thes i s  w h e n  t h e  seeds are  sub-  
j ec ted  to  var ious  h y d r a t i o n  med ia  a t  0 -2~  for 12 h. 
F u r t h e r  e x p e r i m e n t s  are necessa ry  to e luc ida te  t he  mecha-  
n i sms  of ac t ion  of caffeine a n d  cys te ine  on the  oxic a n d  
anoxic  c o m p o n e n t s  of r a d i a t i o n  d a m a g e  ill s lowly m e t a b -  
ol iz ing sys tems.  

Rdsumd. L a  cyst6ine  est  u n  r ad io -p ro t ec t eu r  plus  effi- 
cace que la caf6ine con t re  le d o m m a g e  pos t - i r r ad i a to i r e  
dfi A l 'oxyg~ne.  2dais la cys t6ine  n ' exerce  aucune  inf luence  
sur  la p a t t i e  du  d o m m a g e  qui  ne d6pend  pas  de l 'oxyggne  
et  la caf6ine accen tue  ce dommage .  Dans  le t r a i t e m e n t  
s imu l t an6  de ca%ine et  de cyst6ine,  c 'es t  s eu l emen t  la 
caf6ine qui  d 6 t e r m i n e  l ' a m p l i t u d e  et  le genre  de modi f ica-  
t ion .  
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