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I n d u c e d  R a d i a t i o n  S e n s i t i v i t y  

w i t h  F o u r  R a d i a t i o n  P r o t e c t i v e  C h e m i c a l s  z 

M a n y  fac to rs  h a v e  b e e n  found  to in f luence  t h e  dose-  
s u r v i v a l  r e sponse  of va r ious  fo rms  of life. A m o n g  t h e  fac- 
to r s  s t ud i ed  ha s  been  t h e  p r e t r e a t m e n t  of m i c r o o r g a n i s m s  
a n d  o t h e r  cel lular  fo rms  w i t h  va r i ous  chemica l s  w h i c h  
i n d u c e  a n  increased  r e s i s t ance  to  s u b s e q u e n t  i r r ad i a t i on .  
Such  r a d i a t i o n  p r o t e c t i o n  h a s  b e e n  rev iewed  b y  HOL- 
LAENDER a n d  STAPLETON~, PART3 STAPLETON*, a n d  
o thers .  I n  t h e  course  of s eve ra l  i nves t iga t ions ,  we h a v e  
h a d  occas ion  to  use seve ra l  of these  p r o t e c t i v e  chemica l s  
on  mic roo rgan i sms  a n d  h a v e  e n c o u n t e r e d  d i s c r e p a n t  re-  
su l t s  f r om those  p r e v i o u s l y  r epo r t ed .  

T h e  m i c r o o r g a n i s m s  used  were  Nocardia corallina 
(ATCC 4273), Staphylococcus aureus (O. U. cu l t u r e  collec- 
t ion) ,  a n d  Escherichia colt B / r  (O. U. cu l t u r e  col lect ion) .  
N.  corallina was g r o w n  o n  n u t ~ e n t  a g a r  c o n t a i n i n g  1% 
f ruc tose  a n d  i n c u b a t e d  for  4 days  a t  29°C. Staph. aureus 
a n d  E. colt B / r  were g rown  on  n u t r i e n t  a g a r  a n d  i n c u b a t e d  
for  2 days  a t  37°C. Cell suspens ions  were  p r e p a r e d  in  
sa l ine  b l a n k s  w h i c h  were  s h a k e n  on  a v i b r a t o r y  s h a k e r  for  
5 ra in  a n d  t h e n  cen t r i fuged  for  4 ra in  a t  2000 g to  r e m o v e  
cell c lumps .  E a c h  f inal  su spens ion  was  e x a m i n e d  micro-  
scopica l ly  for  excess ive  c l u m p i n g  a n d  was  d i sca rded  unless  
it c o n t a i n e d  a t  l eas t  9 0 %  single  cells. 

T h e  chemica l s  used  were  C. P.  glycine,  p y r u v i c  acid,  
s o d i u m  hydrosu l f i t e ,  a n d  phenol .  E a c h  chemicM was  pre-  
p a r e d  in a one  m o l a r  c o n c e n t r a t i o n  w i t h i n  one  week  p r io r  
to  f ina l  d i lu t ion .  T h e  f ina l  c o n c e n t r a t i o n  for e ach  chemi -  
cal, as  d e t e r m i n e d  b y  to l e rance  tes ts ,  was  f o u n d  to  b e  
glycine,  0.01 M ;  p y r u v i c  acid,  0.1 M ;  s o d i u m  h y d r o -  
sulf i te ,  0.1 M ;  a n d  phenol ,  0.01 M .  One  m l  i n o c u l u m  of 
each  cell suspens ion  was  a d d e d  to  5 ml  of each  chemica l ,  
a n d  a f t e r  15 rain  con t ac t ,  t h e  o rgan i sms  were  cen t r i fuged ,  
washed ,  a n d  r e s u s p e n d e d  i n  s ter i le  phys io log ica l  sa l ine .  
T h e  r e su l t i ng  suspens ions  were  t h e n  i r r a d i a t e d  w i t h  e i t h e r  
X - r a y  or  u l t r a v i o l e t  l ight .  

X - i r r a d i a t i o n  was  o b t a i n e d  f r o m  a P i c k e r  p o r t a b l e  
field u n i t  o p e r a t i n g  a t  96 k v  a n d  4 m a  us ing  a l u m i n i u m  
f i l t ra t ion .  A t  t h e  t a r g e t  d i s t ance  used, t h e  dose r a t e  was  
1000 r ] m i n  as m e a s u r e d  w i t h  a ¥ i c t o r e e n  R mete r .  Cell 
suspens ions  were  X - i r r a d i a t e d  for  v a r y i n g  t imes ,  a p p r o -  
p r i a t e l y  d i lu ted ,  a n d  p l a t e d  in n u t r i e n t  agar .  U l t r a v i o l e t  
i r r a d i a t i o n  was  o b t a i n e d  f rom a Wi l l  Co rpo ra t i on  germi-  
c idal  l a m p  a t  a t a r g e t  d i s t ance  of 7 inches  for N.  corallina 
a n d  14 inches  for  Staph. aureus a n d  E. coli B/r .  Sur face  
p l a t e d  suspens ions  in  a p p r o p r i a t e  d i l u t i on  were  i r r a d i a t e d  
w i t h  t h e  u l t r a v i o l e t  l ight .  

The  p r o t e c t i v e  e f fec t  of p r e t r e a t m e n t  of E.  coli B / r  w i t h  
t h e  four  chemica l s  was  c o n f i r m e d  w i t h  b o t h  X - r a y  a n d  
u l t r a v i o l e t  l ight .  H o w e v e r  oppos i t e  resuI t s  were  o b t a i n e d  
w i t h  S. aureus a n d  N .  corallina. I n s t e a d  of d i sp l ay ing  a 
p ro t ec t i ve  effect,  e ach  of t h e  four  chemica l s  sens i t i zed  
S. aureus to  X - i r r a d i a t i o n  as s h o w n  in  F igu re  1. Glyc ine  
was found  to h a v e  t he  sma l l e s t  s ens i t i z a t i on  effect  a n d  
p y r u v i c  acid caused  t h e  g r ea t e s t  sens i t i za t ion .  The  ef fec t  
of t he  chemica l s  on  t he  u l t r a v i o l e t  dose - su rv ivo r  r e sponse  
of t he  o rgan i sms  is g iven  in  F igu re  2. W i t h  b o t h  s o d i u m  
h y d r o s u l f i t e  a n d  p h e n o l  t r e a t e d  cu l tures ,  t h e r e  was  no  
app rec i ab l e  chalxge f r o m  t h e  r a t e  of i n a c t i v a t i o n  of t h e  
u n t r e a t e d  cu l tu re .  H o w e v e r  b o t h  p y r u v i c  ac id  a n d  g lycine  
sens i t i zed  S. aureus to  u l t r av io l e t  l ight .  S imi la r  r e su l t s  
us ing  N .  coralli~za were  o b t a i n e d  w i t h  X - i r r a d i a t i o n  
(F igure  3) a n d  u l t r a v i o l e t  l i gh t  (F igure  4). 
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Fig. I .--The effect of four 'protective' chemicals on .the X-ray 
response of staphylococcus aureus 
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Fig. 2.--The effect of four 'protective' chemicals on the ultraviolet 
response of Staphylococcus aureus 

x This work was taken in part from a thesis submitted by the 
senior author to the Graduate Faculty of the University" of Oklahoma 
in partial fulfillment of the requirements for the M. S. degree. The 
work was supported in part by a grant from the Atomic Energy 
Commission under contract No. AT(40-1)-1976. 
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a G. E. STAPLETON, Ann. N. Y. Acad. Sci. 59, 604 (1955). 



[15, IV. 1960] Kurze Mitteitungen - Brief Reports 151 

100 

8 0  

0~ 
et  
O 
> 6 0  

p.. 
Z 
tel 
0 

O. 

30  

I ,  OONTROL 
2. ( ;LYOINE 

3.  SODIUM HYDROSULFITE 

4. PHENOL 
,1~. PYRUVIG AOIO 

f ............... I I ,  1 
O 2 4 6 8 

TIME OF IRRADIATION (MINUTES) 

Fig. 3.--The effect of four 'protective' chemicals on the X-ray 
response of Nocardia corallina 
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According to PA:FT ~, the radiation protective effect of 
pretreatment  of cell suspensions with various chemicals 
supports the premise tha t  many of the biological effects 
of radiation are indirect. This mainly involves the transfer 
of energy from radiation act ivated water molecules to 
essential biological components. Many of the protective 
effects could thus be explained on the basis of both the 
t reatment  chemical and some biological component com- 
peting for active radicals which are formed in the irra- 
diated water, However such simple competit ion cannot 
be used as an explanation in all cases, and therefore more 
complex energy transfer schemes have been postulated. 
I t  does not appear probable tha t  competi t ion for active 
radicals should be operative in E. coli B]r and not in 
S. aureus and N. corallina. 

STAlOLETON 4 suggested that  the lethal action of ionizing 
radiations on bacterial cells could be due to a radiation 
initiated chain reaction tha t  results in the ul t imate de- 
struction of a large number of biologically impor tant  
molecules. The terminal result of the chain reaction in the 
case reported here would be the inhibition of cell division, 
which is the cellular function which was used as an index 
of radiation effect. The inhibition of cell division could 
be caused by any one of many cellular alterations, so no 
single terminal  action of the radiation was detected. 

There is accumulated evidence tha t  some radiation 
damage has a delayed effect, and some radiation damage 
may  be repaired by the cell ~,e. Since a so-called protec- 
tive chemical may impart  increased radiation resistance to 
one genus and radiation sensitivity in another, i t  is con- 
ceivable tha t  the chemical alters the normal metabolism 
of the cell to such an extent  as to enhance or impair the 
radiation recovery ability of the cell. If such is the case, 
it would appear tha t  a s tudy of the protective action of 
various chemicals on cells of different metabolic types 
might yield bet ter  insight into the mechanisms involved 
in the protective action. 

A second explanation of the discrepant results reported 
here is tha t  an oxygen effect is the determining cause. 
Each of the cells studied may have different internal 
availabil i ty of oxygen which is altered in the chemically 
changed metabolic pat tern of the cell. If so, again the 
study of metabolic types could aid in a better  under- 
standing of protective action. 

JANICE FRADY and J. ]3. CLARK 

Department o] Plant Sciences, University o] Oklahoma, 
Norman, October 10, t959. 

Rdsumd 

L'act ion protectrice de la gtycine, de l 'acide pyruvique, 
du ph6nol, et  de la soude hydrosulfite COhEre les dommages 
caus6s ~ l'Escherichia coli par l ' irradiation aux rayons X 
ou bien aux rayons ultraviolets a 6t6 confirm6e. Toute- 
fois, il a 6t6 constat6 que ces corps chimiques rendent les 
cellules de Staphylococcus aureus et de Nocardia corallina 
plus sensibles ~t Faction de ces deux radiations. 
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Fig. 4.--The effect of four 'protective' chemicals on the ultraviolet 
response of Nocardia artallina 
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