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label led  (Figure  2). Th i s  is so in  follicles of e v e r y  size up  to  
a n  ave rage  d i a m e t e r  of 500 /~. I n  t he  fol lowing s tages  
labe l led  nuclei  are  n o t  obse rved .  Labe l l ing  affects  a g rea t e r  
p e r c e n t a g e  of nuc le i  in  spec imens  f ixed a t  l a t e r  i n t e r v a l s  
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Fig. 1. Nuclei of variable size in follicular epithelium. Feulgen. × 400. 

Fig. 2. 10 min after injection. The arrow indicates a labelled area 
around the nucleolus. Feulgen. × 1320. 

Fig. 3. 45 min after injection. A high percentage of nuclei are 
labelled. Feulgen. × 760. 

(Figure  3) a n d  a f t e r  3 h f rom in j ec t ion  affects  a l m o s t  eve ry  
nucleus.  

Conclusions. F r o m  c y t o p h o t o m e t r i c  m e a s u r e m e n t s  i t  
a p p e a r s  t h a t  more  or less c o n t i n u o u s  v a r i a t i o n s  in  D N A -  
a m o u n t s  a m o n g  d i f f e ren t  nuclei  of one  a n d  t h e  s ame  
follicle exist .  Th i s  can  be  exp l a ined  if one  a s sumes  t h e  
D N A  s y n t h e t i c  pe r iod  to  be  m u c h  longer  t h a n  t h e  in te r -  
s y n t h e t i c  one. Th i s  h y p o t h e s i s  is s u p p o r t e d  b y  t h e  h i g h  
n u m b e r  of nuclei  which,  on a u t o r a d i o g r a p h i c  ana lys is ,  
show labe l l ing  e v e n  a s h o r t  t i m e  a f t e r  in jec t ion .  T h e  D N A  
s y n t h e t i c  pe r iod  wh ich  is long c o m p a r e d  w i t h  t h e  non -  
s y n t h e t i c  i n t e rphase ,  m i g h t  be  caused  b y  a r e m a r k a b l e  
degree  of a s y n c h r o n y  in D N A - s y n t h e s i s  ex i s t i ng  a m o n g  
t h e  va r ious  c h r o m a t i n  e l e m e n t s  in t h e  s ame  nucleus .  Th i s  
is also s u p p o r t e d  b y  t h e  localized u p t a k e  of H 3 - t h y m i d i n e  
wh ich  is obse rved  in some nuclei.  

ltiassunto. I nuclei  delle cellule follicolari degli Af id i  
m o s t r a n o  n e l l ' a m b i t o  di uno  stesso 1ollicolo va r i az ion i  
pressoch~ c o n t i n u e  nel c o n t e n u t o  di DNA.  Dopo  b rev i  
in t e rva l l i  di t e m p o  da l l ' in iez ione  di t i m i d i n a  t r i t i a t a ,  u n a  
e l ev a t a  p e r cen t u a l e  di ques t i  nuclei  r i su l t a  m a r c a t a .  ~; 
s t a t a  I a t t a  l ' ipo tes i  che  ogni  ciclo di pol ip lo id izzaz ione  in 
ques t i  nuclei  si c o m p o n g a  di u n  lungo per iodo  di s in tes i  di  
D N A  segui to  d a  uno  b r e v e  di in te rs in tes i .  La  l u n g h e z z a  
del pe r iodo  s in te t i co  ~ d o v u t a  p r e s u m i b i l m e n t e  a l l ' a s in-  
c ron ia  ne l la  s in tes i  di  D N A  che  esis te  t r a  i var i  e l emen t i  
c romat i c i  in  u n o  s tesso nucleo.  
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Inf luence of Ha logenated  D e o x y u r i d i n e s  on the Radiat ion  Sens i t iv i ty  of Escherichia coli 

I t  has  been  s h o w n  t h a t  iodine  c o n t a i n i n g  c o m p o u n d s  
such  as i o d o a c e t a m i d e  1, iodoace t ic  acid s a n d  p o t a s s i u m  
iodide  °, w h e n  a d d e d  to  p h o s p h a t e  buf fe r  suspens ions  of 
r a d i o r e s i s t a n t  b a c t e r i a  c an  sens i t ize  t h e i r  i n a c t i v a t i o n  b y  
ion iz ing  r ad ia t ion .  The  m e c h a n i s m  of ac t ion  of these  com-  
p o u n d s  is be l ieved  due  to  sho r t - l i ved  rad ica l s  2.4 fo rmed  b y  
t h e  r eac t i on  of t h e  h a l o g e n a t e d  c o m p o u n d s  w i t h  t h e  rad io-  
lyr ic  p r o d u c t s  of water ,  h a v i n g  t h e  fo rm ~ R I  + OH"  --> 
R O H  + I" w i t h  t h e  iodine  a t o m  be ing  r e spons ib l e  for  en-  
h a n c e d  bac t e r i a l  killing. I f  t h i s  is t h e  case, t h e n  o t h e r  
iodine  c o n t a i n i n g  organ ic  c o m p o u n d s  would  be  e x p e c t e d  
to  a c t  as  r a d i a t i o n  sens i t izers  w h e n  p r e s e n t  in  t h e  m e d i u m  
d u r i n g  i r r ad ia t ion .  T h e  h a l o g e n a t e d  t h y m i d i n e  ana logs  a re  
power fu l  m u t a g e n s  w h e n  i n c o r p o r a t e d  in ce l lu lar  DNA,  
a n d  also e n h a n c e  t he  r a d i a t i o n  s ens i t i v i t y  of a v a r i e t y  of 
cells w h e n  i n c o r p o r a t e d  in t he i r  D N A  +. W e  dec ided  to  
e x a m i n e  t h e  effect  of t h e  h a l o g e n a t e d  d e o x y u r i d i n e s  u p o n  
bac t e r i a l  r a d i o s e n s i t i v i t y  w h e n  mere ly  p r e s e n t  in  t he  ir- 
r a d i a t i o n  m e d i u m ,  r a t h e r  t h a n  i n c o r p o r a t e d  in t he  DNA,  
p a r t i c u l a r l y  5 ' - iododeoxyur id ine .  

Materials and methods. 5 ' - B r o m o d e o x y u r i d i n e  ( B U D R ) ,  
5 ' - f l uo rodeoxyur id ine  ( F U D R )  a n d  5 ' - i ododeoxyur id ine  
( I U D R )  were  o b t a i n e d  f rom Calb iochem,  Los Angeles ,  
Cal i fornia ,  a n d  f resh ly  p r e p a r e d  as 1 0 - 3 M  so lu t ions  in 

s a l i n e - p h o s p h a t e  buf fe r  (pH 6.8). Th i s  c o n c e n t r a t i o n  was 
s h o w n  to  h a v e  no  toxic  effect  on  e i t he r  u n i r r a d i a t e d  or 
i r r ad i a t ed  bac te r ia .  I o d o a c e t a m i d e  (IA) a n d  p o t a s s i u m  
iodide (KI)  used in some e x p e r i m e n t s  for c o m p a r i s o n  w i t h  
I U D R  were r e a g e n t  g r ade  chemicals .  T h e  r a d i a t i o n  resis t -  
a n t  Escherichia coli B / r  (CSH), h a v i n g  a D 0 or  dose  to  
i n a c t i v a t e  6 3 %  of t h e  p o p u l a t i o n  (anoxic)  of 23 krads ,  was  
g rown f rom a loop in n u t r i e n t  b r o t h  (Difco) w i t h  a e r a t i o n  
a t  37 oC to  t h e  midd le  or  en d  of log p h a s e  (4 h) y ie ld ing  a n  
a p p r o x i m a t e  t i t e r  of 5 × l 0  s cel ls /ml.  T h e  cells were  re-  
f r ige ra ted  ove rn igh t ,  s p u n  down,  washed ,  r e s u s p e n d e d  in  
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sa l ine  p h o s p h a t e  buf fe r  (pH 6.8) a n d  s t a r v e d  a t  37 °C w i t h  
a e r a t i o n  before  use. T h e  a p p r o p r i a t e  v o l u m e  of sens i t izer  
so lu t ion  or buf fe r  for  t h e  con t ro l s  was  a d d e d  to  a t o t a l  
v o l u m e  of 2 ml  a n d  t h e  m i x t u r e s  he ld  a t  0 °C for  30 ra in  
p r io r  to  i r r a d i a t i o n  in screw cap  glass vials.  P r e - i r r a d i a t i o n  
b u b b l i n g  w i t h  e i t he r  oxygen  or  n i t r o g e n  was  car r ied  o u t  
d u r i n g  t h i s  ho ld ing  per iod.  T he  v ia ls  were t h e n  exposed  a t  
i c e b a t h  t e m p e r a t u r e  to  280 K V P  X - r a y s  f r o m  a dua l  b e a m  
P i c k e r  V a n g u a r d  Uni t ,  o p e r a t i n g  a t  280 K V  a n d  20 mA,  
a t  a dose r a t e  of 1.24 k r a d s / m i n ,  w i t h  c o n t i n u o u s  gas  
b u b b l i n g .  Samples  were  w i t h d r a w n  a f t e r  g r a d e d  X - r a y  
doses,  a n d  a f t e r  a p p r o p r i a t e  d i l u t i on  t h e  n u m b e r  of sur-  
v i v i n g  b a c t e r i a  was  d e t e r m i n e d  b y  p l a t i n g  on  n u t r i e n t  
agar ,  i n c u b a t i n g  a t  37 °C ove rn igh t ,  a n d  c o u n t i n g  t h e  
n u m b e r  of v i s ib le  colonies  p roduced .  

Results and discussion. T yp i ca l  s u r v i v a l  c u r v e s  o b t a i n e d  
for  anox ic  a n d  ae rob ic  E. coli B / r  (CSH) in  t h e  p resence  
a n d  absence  of d r u g  a re  s h o w n  in  t h e  Figure .  These  exper i -  
m e n t s  w i t h  t h e  h a l o g e n a t e d  d e o x y u r i d i n e s  showed  t h a t  
I U D R  as e x p e c t e d  ac t ed  as a power fu l  r ad iosens i t i ze r  
u n d e r  b o t h  ae rob ic  a n d  a n o x i c  r a d i a t i o n  cond i t i ons  w i t h  
E. coli B / r  (CSH),  whi le  F U D R  a n d  B U D R  h a d  n o  ef fec t  
on  b a c t e r i a l  r ad iosens i t iv i ty .  W h i l e  t h e  bac t e r i a l  s ens i t i v i t y  
was g r e a t e r  u n d e r  sens i t ized  ae rob ic  c o n d i t i o n s  t h e  degree  
of s ens i t i za t ion  b y  I U D R  was  g r e a t e r  u n d e r  anox ic  t h a n  
ae rob ic  cond i t ions .  T h e  a d d i t i o n a l  c o n t r i b u t i o n  to  ae rob ic  
s e n s i t i v i t y  was  be l ieved  due  to  tong- l ived  tox ic  p r o d u c t s  
of radiolysis .  Th i s  was  s h o w n  in  t he  fol lowing m a n n e r .  
W h e n  I U D R  a t  1 0 - 3 M  was  i r r a d i a t e d  a lone  a n d  a d d e d  to  
u n i r r a d i a t e d  E. coli B/ r  (CSH) a f t e r  10 sec, cell ki l l ing was  
o b s e r v e d  on ly  if t he  i r r a d i a t i o n  were  ca r r ied  o u t  ae robic -  
ally.  No cell k i l l ing was  seen b y  i r r a d i a t e d  so lu t ions  of 
B U D R  or  F U D R  w i t h  E. coli B/r .  However ,  w h e n  K I  a t  
10-* M was  i r r a d i a t e d  w i t h  10 kraxls a n d  a d d e d  a f t e r  10 sec 
to  u n i r r a d i a t e d  E. coli B / r  (CSH), s ign i f i can t  cell k i l l ing 
was  obse rved ,  i n d e p e n d e n t  of w h e t h e r  t h e  K I  was  i r radi -  
a t e d  ae rob ica l ly  or anox ica l ly  (Table) .  T h a t  t h i s  effect  is 
p r i m a r i l y  due  to  t h e  f o r m a t i o n  of iodine,  was  d e m o n s t r a t e d  
b y  i r r a d i a t i n g  so lu t ions  of IA,  I U D R  or KI ,  a n d  t h e n  
a d d i n g  s t a r c h  i n d i c a t o r  a f t e r  10 sec - a deep  blue  color 
was  obse rved  in I A  a n d  I U D R  so lu t ions  if i r r a d i a t e d  
ae rob ica l ly  b u t  n o t  anoxica l ly ,  whi le  K I  gave  a b lue  s t a r c h  
color  w h e t h e r  i r r a d i a t e d  anox ica l ly  or aerobical ly .  Th i s  
sugges ts  t h a t  in  t h e  p resence  of oxygen ,  i r r a d i a t e d  solu- 
t ions  of I U D R ,  I A  or K I  yield iodine  wh ich  a c c o u n t s  for 
t h e  a d d i t i o n a l  e n h a n c e d  aerobic  r ad io sens i t i z a t i on  s h o w n  
in t h e  F igure  c o m p a r e d  w i t h  t h e  anox ic  curve .  Since t he  
degree  of sens i t i za t ion  is g r ea t e r  u n d e r  anox ic  t h a n  ae rob ic  
condi t ions ,  I ,  is less ef fec t ive  in ki l l ing cells t h a n  21 ". U n d e r  
anox ic  condi t ions ,  iodine  is n o t  fo rmed  f rom I U D R  or IA  
hence  t he  p r o n o u n c e d  anoxic  r ad io sens i t i z a t i on  b y  I U D R  
(Figure)  is due  to t h e  sho r t - l i ved  iodine  a t o m  p roduc t .  
R a d i o s e n s i t i z a t i o n  b y  I U D R  the re fo re  has  2 c o m p o n e n t s ,  

Effect of pre-irradiation of drug followed by addition of unirradiated 
E. coli B/r CSH 

Drug/ Time % survival 
concentration elapsed 

before Anoxic Aerobic 
addition of 
bacteria 10 krad 30 krad 10 krad 30 krad 

a long- l ived aerobic  po i son  p r o d u c t  p a r t  (I,) a n d  a sho r t -  
l ived  anox ic  p r o d u c t  (I "). DEWEY a n d  MICHAEL 4 a t t r i b u t e  
t h e  en t i r e  r ad iosens i t i z ing  effect  b y  I A  a t  1 0 - S M  w i t h  
Serratia marcescens u n d e r  aerobic  cond i t i ons  to  t h e  shor t -  
l ived ( < i sec) i r r a d i a t i o n  p r o d u c t  of IA.  W e  f ind h o w e v e r  
t h a t  b y  us ing  h i g h e r  c o n c e n t r a t i o n s  (10-*M) a n d  la rger  
doses of r a d i a t i o n  (30 krad)  we can  also d e t e c t  t h e  long- 
l ived toxic  i r r a d i a t i o n  p r o d u c t  (I,) u n d e r  aerobic  cond i t i ons  
f rom I U D R  or IA, b u t  wh ich  is n o t  d e t e c t e d  if i r r a d i a t i o n  
is u n d e r  n i t rogen .  B U D R  a n d  F U D R  w h e n  p r e s e n t  in  t h e  
i r r a d i a t i o n  m e d i u m  are  n o t  r ad iosens i t i ze r s  for  E. coli in  
these  e x p e r i m e n t s  u n d e r  aerobic  or anox ic  c o n d i t i o n s  in- 
d i c a t i n g  t h a t  on ly  t h e  iod ine  a t o m  is i n v o l v e d  in  rad io-  
s ens i t i za t ion  b y  ha logen  c o n t a i n i n g  c o m p o u n d s  ~. 
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Dose survival curve for log phase E. coli B/r (CSH) irradiated in saline- 
phosphate buffer at 0 °C with 280 KV X-rays in the presence (filled 
symbols) or absence (open symbols) of I0-3M BUDR, FUDR or 
IUDR, under anoxie and aerobic conditions. 

Zusammenfassung. H a l o g e n i e r t e  D e o x y u r i d i n e  I U D R ,  
B U D R  u n d  F U D R  w u r d e n  im M e d i u m  als bak te r ie l l e  
Sens ib i l i sa to ren  fiir 1R6ntgens t rah len  u n t e r s u c h t .  Es  wi rd  
gezeigt ,  dass  n u r  I U D R  als Sens ib i l i sa to r  f u n k t i o n i e r e n  
k a n n ,  s c h e i n b a r  sowohl  d u r c h  die B i l d u n g  des  l ang leb igen  
g i f t igen  m o l e k u l a r e n  Jods  als a u c h  d u r c h  die ]3i ldung des  
ku rz l eb igen  g i f t igen  J o d - A t o m s .  
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