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The  m e a n s  a re  d i scussed  b y  w h i c h  t h e  o r g a n i s m  is 
ab le  to  d e l a y  t h i s  loss of op t i c a l  p u r i t y ;  a n d  i t  is s h o w n  
t h a t  all  poss ib le  m e a n s  to  do so a re  i n d e e d  used  b y  t h e  
o rgan i sm.  As t he se  m e a n s  c a n  d e l a y  b u t  n e v e r  com-  
p le t e ly  avo id  t h e  d e c a y  of op t i c a l  p u r i t y ,  t h i s  decay ,  
e v e n  if i t  be  slow, i.e. an ageing o/ optical puri ty ,  is a 
necessity in  the course o / the  li/e of a l i v ing  o r g a n i s m .  As 
a toss of op t i ca l  p u r i t y  m u s t  d i s t u r b  t h e  n o r m a l  m e t a -  

bo l i sm,  t h i s  m u s t ,  e v e n  if  n o  o t h e r  e v e n t s  occur ,  l im i t  
t h e  i n d i v i d u a l  life. 

E x p e r i m e n t a l  e v i d e n c e  w h i c h  wou ld  c h e c k  t h e  pred ic-  
t i o n  of a d e c a y  of  op t i c a l  p u r i t y  w i t h  age is i n c o m p l e t e  ; 
in  seve ra l  i n s t a n c e s ,  howeve r ,  t h e  e x p e r i m e n t a l  t ech-  
n i q u e  p e r m i t s  us  to  d e t e c t  a n d  to  fol low t h e  occur rence  
of f in i te  sma l l  a m o u n t s  of " u n d e s i r e d "  a n t i p o d e s ,  e .g .  
of some  a m i n o  ac ids  in  t h e  p r o t e i n s  of l i v i n g  o r g a n i s m s .  

Br ves c o m m u n i c a t i o n s  - Kurze  M i t t e i l u n g e n  
Brevi c o m u n i c a z i o n i  - Br ie f  Reports  

Les auteurs sont seuls responsables des opinions exprim6es darts ees communications, - Far  die kurzen Mittcilungen ist aussehliesslich 
der Autor verantwortlich. - Per le brevi eomunicazioni ~ responsabile solo l'autore. - The editors do not hold themselves responsible for 

the opinions expressed by their correspondents. 

R a d i c a l  Y i e l d s  i n  X - I r r a d i a t e d  A q u e o u s  S o l u t i o n s  

T h e  c h e m i c a l  e f fec ts  of h i g h  e n e r g y  r a d i a t i o n s  in  
a q u e o u s  s y s t e m s  are  i n t e r p r e t e d  as due  l a r ge l y  to  t h e  
u l t i m a t e  f o r m a t i o n  of t h e  species  I t  a n d  HO.  T h e  y ie lds  
of t h e s e  p r o d u c t s  pe r  u n i t  of e n e r g y  a b s o r b e d  ( =  G p e r  
100 e.v.)  c a n  in p r inc ip l e  be  o b t a i n e d  b y  m e a s u r i n g  t h e  
e x t e n t  of o x i d a t i o n  or  r e d u c t i o n  of s u i t a b l e  so lu tes .  
H o w e v e r ,  w i t h  m o s t  so lu t e s  t h e  p r o d u c t s  of r e d u c t i o n  
b y  H m a y  be  r e -ox id ized  b y  HO" a n d  vice-versa, so t h a t  
to  m e a s u r e  t h e  t o t a l  a m o u n t  of H a n d  HO" i t  is n e c e s s a r y  
t o  use  a so lu te  w i t h  w h i c h  b o t h  r e a c t  entirely to  give 
m e a s u r a b l e  p r o d u c t s .  F o r m i c  ac id  1 a n d  h y d r o g e n  
p e r o x i d e  s h a v e  b e e n  u sed  t o  t h i s  end.  

W e  f i nd  t h a t  t h e  e f fec t  of b o t h  r ad i ca l s  c a n  be  
m e a s u r e d  in  s o l u t i o n s  c o n t a i n i n g  c e r t a i n  ox id i zab l e  
o rgan i c  c o m p o u n d s  t o g e t h e r  w i t h  Cu 2+ a n d / o r  Fe  ~+. I n  
gene ra l  a mo lecu le  R H  will  be  ox id i zed  t o  R" ; 

R H  + HO" --> R" + H 2 0  

I t  h a s  b e e n  s h o w n  3 t h a t  F e  3+ ( a n d  m o r e  e f f i c i en t ly  
Cu 2+) wil l  ox id ize  b o t h  o rgan ic  r a d i c a l s :  

R" + H 2 0  + F e  ~+ -N R O H  + F e  2+ + H +  

a n d  h y d r o g e n  a t o m s  a H + Fe  3+ - ~  H + + F e  2+. P r o v i d e d  
t h e  c o n c e n t r a t i o n s  of R H  a n d  F e  ~+ a re  s u f f i c i en t l y  h i g h  
to  e l i m i n a t e  a l l  r e a c t i o n s  of R', H a n d  HO" o t h e r  t h a n  
t hose  above ,  t h e n  t h e  Fe  a+ f o r m e d  will e q u a l  t h e  s u m  
of t h e  H a n d  HO" p r o d u c e d  in i t ia l ly ,  i.e.GFe2+=GH+GHO. 
The  fac t  t h a t  h y d r o g e n  p e r o x i d e  is u s u a l l y  p r o d u c e d  
does  n o t  a f fec t  t h i s  c o n c l u s i o n  s ince  i t  r e a c t s  w i t h  F e  2+ 
to  g ive  HO" wh ich ,  b y  t h e  a b o v e  r e a c t i o n s ,  r e g e n e r a t e s  
Fe  ~+. H e n c e  t h e  o n l y  c h a n g e  is in  t h e  a m o u n t  of R H  
oxidized.  

A c r i t e r i on  t h a t  al l  HO ' ,  H a n d  R" does in  f ac t  r e a c t  
w i t h  R H  or Te a+ is t h a t  u l t i m a t e l y ,  a t  s u f f i c i e n t l y  h i g h  
[RI-I] a n d  LFe~+], GFe~ + s h o u l d  b e c o m e  c o n s t a n t .  T h e  
fo l lowing  va lues  of GFe 2+ were  o b t a i n e d  w h e n  d e a e r a t e d  
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s o l u t i o n s  c o n t a i n i n g  0-1 N HeSOt ,  5 x 10 -4 M Fe  2+, 
2 x 10 .3  M Cu 2+ a n d  t h e  o r g a n i c  c o m p o u n d  were  ir- 
r a d i a t e d  w i t h  190 k V  X - r a y s  a t  a b o u t  700 r / m i n  (based  
on  15-6 for  t h e  F r i c k e  dos ime te r ) .  

Table I 

Concentration GFe2 + Compound 

I. , 
M 

Ethy l  Alcohol 
Methyl Alcohol 
Formic Acid 
E ther .  
E thy l  Acetate  
Benzene 

0.07 
0.10 
0.10 
0.10 
0-06 
0-01 

5.5 
5.5 
5.4 
5.6 
5.6 
5-5 

These  y ie lds  were  o b t a i n e d  w i t h  low doses  so t h a t  t h e  
Fe  2+ d id  n o t  exceed  ca.  10 -4 M .  T h e  s a m e  v a l u e s  of 

Compound 

Acetic Acid 

Acetone.  

Succinic Acid 

Tr ie thylamine 

Methacrylic Acid.  

Urea 

Table I I  

Concentra- 
tion 

M x 102 

5.0 
2.5 
5.0 

13 
26 
13 
12 
24 
12 

3.0 
6.0 
3-0 
4-0 
2.0 
4.0 
7.0 
3.5 
7.0 

10z[ Cu~ +1 I GFe2+ 

2-0 2.4 
2.0 2.5 
5.0 3.3 
2-0 0.44 
2.0 0.61 
5,0 0.89 
2.0 3.7 
2.0 3.7 
5.0 5.0 
2.0 3,2 
2-0 3-8 
5.0 4.0 
5-0 1.7 
5-0 1-3 
2,0 1.3 
5.0 1.4 
5.0 1.1 
2.0 0'9 
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GFe ~+ w e r e  o b t a i n e d  w i t h  tw ice  t h e  a b o v e  so lu t e  con-  
c e n t r a t i o n s  or  w i t h  5 X 1 0 - ~ M C u  *+. W i t h  o t h e r  
c o m p o u n d s  c h a n g e s  in t h e s e  c o n c e n t r a t i o n s  a l t e r  
Gve ~ ~ as  s h o w n  in  T a b l e  I I .  

T h e s e  y ie lds  a re  i n v a r i a b l y  lower,  i n d i c a t i n g  t h a t  t h e  
Cu ~+ a n d / o r  t h e  o rgan ic  c o m p o u n d  c o n c e n t r a t i o n s  a re  
n o t  h i g k  e n o u g h  t o  r e a c t  w i t h  all t h e  i n t e r m e d i a t e s .  I t  
is poss ib le  t h a t  in  some  cases t h e  Fe  ~+ p r o d u c e d  m a y  
c o m p e t e  w i t h  R H  for  HO" or w i t h  Fe  ~+ or Cu ~+ for  R'x, 
a n d  p r o b a b l y  a c c o u n t s  for  t h e  e q u i l i b r i a  p r e v i o u s l y  
r e p o r t e d  on  s imi l a r  s y s t e m s  ~. These  c o m p l i c a t i o n s  m u s t  
be  a b s e n t  in  t h e  f i r s t  g r o u p  of c o m p o u n d s  s ince  we f ind  
t h e  y ie lds  i n d e p e n d e n t  b o t h  of t h e  dose  a n d  of Fe~+ 
a d d e d  in i t i a l ly .  H e n c e  we c o n c l u d e  t h a t  h e r e  G~e2+ is a 
m e a s u r e  of G H + G~o a n d  is 5-5 in t h e s e  c o n d i t i o n s .  

J .  H.  BAXENDALE a n d  D. SMITHIES 

Chemistry Department, University o/ Manchester, 
June 77, 1955. 

Rdsumd 

L a  v a l e u r  de GH + GOH p e u t  6 t re  o b t e n u e  e n  u t i l i s a n t  
des  s o l u t i o n s  aqueuses  de c e r t a i n s  compos6s  o r g a n i q u e s  
c o n t e n a n t  Cu ~+ e t / o u  Fe  a+. Les  ions  m 6 t a l l i q u e s  s o n t  
r 6 d u i t s  p a r  H e t  p a r  les r a d i e a u x  p r o d u i t s  p a r  l ' o x y d a -  
t i on  des  compos6s  o r g a n i q u e s  p a r  O H .  A c o n c e n t r a t i o n  
c o n v e n a b l e  des  r~act i fs ,  on  a;  G~,c ~+ -- G H + GOH. 
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Act ion  d'une dose  unique  de r a y o n s  X, a d m i n i s -  
tr6e en irradiat ion totale  ou locale ,  sur  Ies ac ides  
nucl6iques  de la moe l le  o s s e u s e  chez  le rat blanc:  

Au cours  de r e c h e r c h e s  an t~ r i eu res ,  nous  a v o n s  cons-  
t a t 6  que p o u r  une  m S m e  dose de r a y o n s  X e t  p o u r  une  
m~me  z6ne c u t a n ~ e  la  r d d u c t i o n  de l ' a c t i v i t 6  h e x o -  
k i n a s i q u e  de  la  p e a u  ~ t a i t  p lus  c o n s i d e r a b l e  apr~s  u n e  
i r r a d i a t i o n  corpore l l e  t o t a l e  qu'5- la  su i t e  d ' u n e  i r r ad i a -  
t i o n  locate  =. De m ~ m e  a v o n s - n o u s  n o t ~  q u e  ta  d i m i n u -  
t i o n  d u  p h o s p h o r e  ac ido-so lub le  t o t a l ,  de I 'A .T .P .  e t  du  
p h o s p h a g ~ n e  de la  p e a u  es t  p lus  i m p o r t a n t e  apr~s  une  
i r r a d i a t i o n  de  l ' a n i m a l  t o t a l  que  d a n s  l ' i r r a d i a t i o n  lo- 
cale  t o u j o u r s  p o u r  une  m ~ m e  dose de r a y o n s  X ~. 

D e v a n t  ces fairs,  il nous  a p a r u  i n t ~ r e s s a n t  de  r eche r -  
c h e r  si d a n s  le cas  des ce l lu les  de la  moel le  osseuse  pa r -  
t i c u l i ~ r e m e n t  sens ib les  au  r a y o n n e m e n t  l ' i r r a d i a t i o n  cor-  
pore l le  t o t a l e  p r o v o q u e  6 g a l e m e n t  des  e f fe t s  p lu s  ac-  
cuses  que  l ' i r r a d i a t i o n  locale.  Af in  d ' a p p r ~ c i e r  q u a n t i -  
t a t i v e m e n t  F a c t i o n  des  r a y o n s  X su r  Ia moel le ,  n o u s  
a v o n s  ~ tudi~  c o m m e  p a r  le pass~ * l ' ~ v o l u t i o n  des  ac ides  
p e n t o s e -  e t  d ~ s o x y p e n t o s e n u c l 6 i q u e s  (APN.  e t  A D N , )  
qu i  f o u r n i s s e n t  r e s p e c t i v e m e n t  les i n d i c a t i o n s  essen-  
t ie l les  su r  la  masse  c y t o p l a s m i q u e  e t  la  masse  nuc l~a i re ,  

Nos  essais  o u t  po r t~  su r  u n  t o t a l  de 100 r a t s  b l a n c s  de  
souche  W:STAR d ' u n  po ids  v a r i a n t  e n t r e  180 e t  300 g. 
Ces a n i m a u x  issus  d ' u n e  souche  r i g o u r e u s e m e n t  h o m o -  
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ggne 6 t a l e n t  g roup6s  en  lo t s  d u  m 6 m e  sexe  e t  d ' u n e  
m 6 m e  p o r t 6 e  p o u r  c h a q u e  exp6r i ence .  D a n s  u n e  pre-  
miere  s6rie d ' e s sa i s  qu i  p o r t a i t  su r  u n  t o t a l  de  76 ra t s ,  
40 a n i m a u x  o n t  sub i  une  i r r a d i a t i o n  t o t a l e  de 700 r en  
dose  u n i q u e  (Tens ion :  180 kV.  F i l t r e :  i Cu. D i s t a n c e  
f o y e r - r a t :  45 cm.  D 6 b i t :  25 r p a r  m i n u t e ) .  36 a u t r e s  
s u j e t s  o u t  s e rv i  c o m m e  t 6 m o i n s .  D a n s  u n e  d e u x i ~ m e  
s6rie d ' exp6r i ences ,  24 a n i m a u x  o u t  s u b i  une  i r r a d i a t i o n  
i d e n t i q u e  (Tens ion :  172 kV. S a n s  f i l t re .  D i s t a n c e  
f o y e r - r a t :  45 cm.  D 6 b i t :  200 r p a r  m i n u t e ) ,  m a i s  su r  les 
m e m b r e s  gauches  s e u l e m e n t ,  le co rps  de l ' a n i m a l  a y a n t  
~t6 p ro t6g6  c o n t r e  les r a y o n s  X p a r  u n  r e v ~ t e m e n t  en  
p l o m b .  Les  m e m b r e s  d ro i t s  du  m ~ m e  s u j e t  s e r v a i e n t  de  
t 6 m o i n s  p o u r  a p p r 6 c i e r  l ' e f f e t  des  r a y o n s .  Les  a n i m a u x  
o u t  6t6 sacrif iSs p a r  sa ign~e  5- des  i n t e r v a l l e s  s ' ~ t e n d a n t  
de 2 5- 21 j o u r s  ap r~s  l ' i r r a d i a t i o n .  Les  os  longs  des  
m e m b r e s  pos t6 r i eu r s  o u t  ~t6 pr~lev6s  r a p i d e m e n t  e t  
po r t6 s  ~ m o i n s  30 degr6s.  U n e  fois congel6s,  les os o n t  
6t~ f e n d u s  l o n g i t u d i n a l e m e n t  e t  les f r a g m e n t s  mis  d a n s  
de l ' a c ide  t r i c h l o r a c 6 t i q u e  5. 7 % g lacC L a  moel le  qu i  
coagule  r a p i d e m e n t  d a n s  ces c o n d i t i o n s ,  a 6t6 e n s u i t e  
s6par6e  des  os, pu i s  l av6e  t ro i s  fois 5- l ' a c ide  t r i c h l o r -  
ac6 t ique  5- 7 %, l ' e a u  e t  l ' a lcool  e t  e n f i n  d61ipid6e p a r  u n  
t r a i t e m e n t  5- l ' a lcool  e t  I ' ~ the r  b o u i l l a n t s .  Les  ac ides  
nuc l6 iques  o u t  6t6 d 6 t e r m i n 6 s  ap r~s  s 6 p a r a t i o n  se lon  l a  
t e c h n i q u e  de SCHMIDT e t  TI-IANNHAUSER 1 p a r  le d o s a g e  
des  p e n t o s e s  se lon BIAL e t  ~V[EJBAUM 2 e t  des  b a s e s  
p u r i q u e s  e t  p y r i m i d i q u e s  p a r  a b s o r p t i o n  d a n s  l ' u l t r a -  
v io l e t  h 2600 A p o u r  1 A P N . ,  p a r  la  d 6 t e r m i n a t i o n  du  
p h o s p h o r e  se lon  BRINGS 3 e t  des  d ~ s o x y p e n t o s e s  se lon  
D: scHE 4 p o u r  I ' A D N .  Af in  d ' ~ v i t e r  les e r r eu r s  d ' i n t e r -  
p r 6 t a t i o n  que  p e u v e n t  i n d u i r e  les d ~ t e r m i n a t i o n s  des 
t e n e u r s  en  ac ides  nuc l6 iques  q u a n d  les a u t r e s  c o n s t i t u -  
a n t s  des  t i s sus  v a r i e n t  6 g a l e m e n t ,  n o u s  a v o n s  r e t e n u  les 
ch i f f res  c o r r e s p o n d a n t  a u x  q u a n t i t ~ s  a b s o l u e s  d ' a c i d e s  
nuc l6 iques  de Ia moel le  des  os  longs .  N o u s  n o u s  s o m m e s  
assu r6s  a n t 6 r i e u r e m e n t  que  la q u a n t i t 6  ab so Iue  e n  
ac ides  nuc l6 iques  d ' u n  g roupe  d ' o s  longs  chez  des  an i -  
m a u x  du  m 6 m e  sexe; d ' u n e  m 6 m e  po r t~e  i ssus  de n o t r e  
souche ,  e s t  t r~s  vois ine ,  e t  q u ' i l  en  e s t  de m 6 m e  p o u r  les 
p a t t e s  d ro i t e s  e t  g a u c h e s  d ' u n  m ~ m e  a n i m a l .  

Les  r 6 s u l t a t s  de nos  essais  s o n t  cons ign6s  d a n s  les 
F i g u r e s  1 e t  2. 

Action d'une dose unique de rayons X sur les acides nucl~iques de la 
moelle osseuse (700 r). 

I p. 100 A.D.N. 
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Fig. 1. Action d'une dose unique de rayons X (700 r) administrGe en 
irradiation totale et locale sur les acides ddsoxyribonuclgiques (ADN.) 
de la moelle osseuse des membres post~rieurs chez'le rat. R~sultats 

exprim~s en pour-cent des valeurs t~molns. 

. . . . . .  Irradiation unilat~rale Irradiation corporelle totale 
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