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Incidence of mammary tumours in rats during one year experiment 

EXPERIENTIA 27/10 

Treatment Dose No. Rats dead during Rats sacrificed at the 
(mg/kg) of rats the experiment end of the experiment 

Without With Without With 
tumour tumour tumour tumour 

A b 

Total of 
tumour-bearing 
rats 
(A+B) 

Tumour histology (A + B) 

adenocarcinomas fibroadenomas 

Daunomycin 12.5 25 12 2 0 11 
Adriamycin 8.- 25 17 1 1 6 
Controls - 25 0 0 25 0 

13 11 2 
7 1 6 
0 0 0 

o b s e r v e d  1 r a b d o m i o s a r c o m a  of t h e  t h i g h  a n d  1 p o l y p u s  
of  t h e  u t e r u s ;  in  t h e  a d r i a m y c i n  g roup  1 m e n i n g i o m a  a n d  
2 u t e r i n e  p o l y p i  were  no t iced .  No t u m o u r s  were  f o u n d  in  
t h e  con t ro l  an imals .  14 of t h e  25 r a t s  t r e a t e d  w i t h  d a u n o -  
m y c i n  a n d  18 of t h e  25 r a t s  t r e a t e d  w i t h  a d r i a m y c i n  died,  
due  to  severe  r ena l  d a m a g e  or  b o n e  m a r r o w  aplas ia ,  
k n o w n  to  be  i nduced  b y  h i g h  doses of such  an t i b i o t i c s  8,10. 
No r e l a t i onsh ip  was  f o u n d  b e t w e e n  d e a t h  a n d  p re sence  or  
absence  of t u m o u r s ;  in  f ac t  m a n y  r a t s  d ied  before  t u m o u r  
occurrence ,  p a r t i c u l a r l y  in  t h e  a d r i a m y c i n  group.  

A f t e r  1 y e a r  of o b s e r v a t i o n ,  al l  su rv ivo r s  a n d  con t ro l  
r a t s  were ki l led a n d  e x a m i n e d  careful ly .  N u m b e r  of t r e a t e d  
a n d  con t ro l  ra ts ,  doses, n u m b e r  of r a t s  dead  or  sacr i f iced 
a n d  b r e a s t - t u r n o u t  inc idence  a re  p l o t t e d  in  t h e  Table .  I n  
each  t u m o u r - b e a r i n g  r a t  o n l y  1 b r e a s t  t u m o u r  a n d  no  
m e t a s t a s e s  were  f o u n d  o n  e x t e n s i v e  a u t o p t i c  a n d  h i s to -  
logical  e x a m i n a t i o n .  

Two  f ind ings  a re  to  b e  emphas ized ,  i.e. t h e  v e r y  h i g h  
inc idence  of t u r n o u t s  in  r a t s  s u r v i v i n g  u n t i l  t h e  e n d  of t h e  
e x p e r i m e n t ,  a n d  t h e  d i f f e ren t  h i s to logy  of d a u n o m y c i n  

t u m o u r s  (mos t ly  a d e n o c a r c i n o m a s ,  F i g u r e  1) in  r e spec t  to  
a d r i a m y c i n - o n e s  (mos t ly  f i b roadenomas ,  F i g u r e  2). T h e  
l a t t e r  f i nd ing  seems  of h i g h  re levance ,  due  to  t h e  close 
c h e m i c a l  s i m i l a r i t y  of  t he  2 an t ib io t i cs ,  wh ich  on ly  d i f fer  
in t h e  p re sence  of a n  h y d r o x y  g roup  l inked  to  t h e  C14, 
p r e s e n t  in  a d r i a m y c i n  a n d  a b s e n t  in  d a u n o m y c i n .  

Riassunto. L a  d a u n o m i c i n a  ( D a u n o r u b i c i n a )  e l ' ad r i a -  
mic ina ,  a n t i b i o t i c i  a n t i t u m o r a l i ,  p r o v o c a n o  dopo  u n ' u n i -  
ca  s o m m i n i s t r a z i o n e  endovenosa ,  neI r a t t o  Sp rague -Daw-  
ley di  sesso femmin i le ,  l ' i n so rgenza  a d i s t a n z a  di  a l eun i  
mes i  di  t u m o r i  m a m m a r i ,  nel  p r i m o  caso p r e v a l e n t e m e n t e  
adenoca rc inomi ,  ne l  secondo caso p r e v a l e n t e m e n t e  f ibro-  
adenomi .  
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T e m p o r a r y  Retardat ion  of Cart i lage  G r o w t h  in Mice  after Externa l  t - I r r a d i a t i o n  x 

P a r t i a l  w h o l e - b o d y  i r r a d i a t i o n  of mice  w i t h  e x t e r n a l  
*°Sr-9°Y app l i c a to r s  m a y  p r o v i d e  a w a y  t o  con t r o l  b o t h  
t h e  dose  r a t e  a n d  t i m e  of exposu re  of ske l e t a l  t i s sues  to  
fl-rays. I n  t h i s  way,  t o x i c i t y  i n f o r m a t i o n  can  be  o b t a i n e d  
w h i c h  is imposs ib l e  to  resolve  b y  t h e  use  of i n t e r n a l  emi t -  
t e r s  w h i c h  depos i t  n o n u n i f o r m l y  a n d  are  s u b j e c t  to  a 
c h a n g i n g  d i s t r i b u t i o n  w i t h  t i m e  owing  to  i n t e r n a l  r emo-  
del l ing.  T h i s  m e t h o d  h a s  a l r eady  b e e n  e m p l o y e d  b y  BRUES 
e t  al.  2,3 t o  s t u d y  sk in  carc inogenes i s  a n d  t h e  e p i d e r m a l  
cell  p o p u l a t i o n  k inec t i c s  in  mice  a f t e r  i r r a d i a t i o n  w i t h  
h i g h  doses  a t  a s low r a t e  (75 rads /h ) .  W e  h a v e  e x a m i n e d  
t h e  ske le tons  f r o m  some  of these  mice  exposed  to  b o d y  
surface  doses of 5000 to  7200 rads ,  whe re  t h e  r e spec t ive  
dose  r a t e s  to  t he  knee  j o i n t  t i ssues  a n d  m a r r o w  were 

e s t i m a t e d  to  be  of  t h e  o rde r  of  68 a n d  20-30  r ads /h .  T h e  
d a t a  i n d i c a t e  t h a t  ca r t i l age  g r o w t h  was  t e m p o r a r i l y  s t u n -  
t ed  a f t e r  t he se  h i g h  doses, b u t  t h a t  r e c o v e r y  was  ab le  to  
occur.  

Materials and methods. T h e  a n i m a l s  were  d r a w n  f rom 
3 gene t ic  s t r a i n s  of ma le  C57 mice,  b l a c k  (C57 BL/6 A N L  
[ANL 66]), ha i r l e s s  w h i t e  a n d  h a i r e d  ana logues .  A t  4 
m o n t h s  of age, t h e y  were  exposed  in  a t o t a l - b o d y  sur face  
f l - i r rad ia tor  (aoSr-9°Y) des igned  b y  AVERBACH a n d  BRUES 4. 
T h e  9°Sr-9°Y source  was  in  t h e  fo rm of c e r amic  micro-  
spheru les  e m b e d d e d  in  p o l y u r e t h a n e  sheets .  The  shee t  
fo rmed  t h e  i n n e r  l in ing  of a 4"  long  a l u m i n u m  t u b e  p laced  
ins ide  a w o o d e n  box,  w h i c h  was  sealed  b y  a 5116" t h i c k  
f ixed a l u m i n u m  shie ld  a t  one  end  a n d  a s imi l a r  b u t  move -  
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able  sh ie ld  a t  t h e  o ther .  I r r a d i a t i o n  was  p e r f o r m e d  b y  
in se r t ing  a m o u s e  conf ined  in  a v e n t i l l a t e d  Lus t e ro id  t e s t  
t u b e  w i t h i n  t h e  source  for  11 a n d  16 hours ,  b u t  t h e  h e a d  of 
the  m o u s e  was  sh ie lded  f rom i r r a d i a t i o n  b y  a 1 ~ t h i c k  
glass shield.  Dos ime t r i c  s tud ies  u s ing  solid f luorod  dosi-  
m e t e r s  in  L u c i t e  p h a n t o m s  i n d i c a t e d  a surface  dose  r a t e  
of 455 r a d s / h  w h i c h  decreased  to  68 r a d s / h  a t  a 3 m m  
d e p t h  wel l  w i t h i n  t h e  r a n g e  of t h e  surface  t i s sues  of t he  
knee  jo in t .  T h e  t o t a l  b o d y  surface  doses, t hen ,  for  11 h 
a n d  16 h i r r a d i a t i o n  per iods  were 5000 a n d  7200 rads ,  
respec t ive ly .  The  m a x i m u m  dose r a t e  de l ive red  to  t he  
cel lu lar  e l e m e n t s  in  t h e  e p i p h y s e a l  m e d u l l a r y  cav i t i es  
( abou t  5 r a m  f rom t h e  surface)  m i g h t  be  e x p e c t e d  to  be  
on  t h e  order  of 20-30 r a d s / h  u n d e r  o p t i m a l  geome t r i ca l  
cond i t ions .  However ,  i t  was  d i f f icu l t  t o  e s t i m a t e  t h e  a c t u a l  
doses  de l ive red  t o  t h e  knee  jo in ts .  W e  do n o t  know,  for  
ins t ance ,  if t h e  knees  were  in  c o n t a c t  w i t h  t h e  walls  of t he  
Lus te ro id  t u b e  d u r i n g  t h e  e n t i r e  11 a n d  16 h exposu re  
per iods .  A few con t ro l  an imals ,  b o t h  s t ressed  ( res t ra ined  
in t h e  t e s t  tubes )  a n d  uns t r e s sed  were  inc luded  in th i s  
p r e l i m i n a r y  s tudy ,  b u t  t h e y  were al l  sacr i f iced w i t h  t h e  
mice  ki l led 1 d a y  a f t e r  i r r a d i a t i o n  to  e s t a b l i s h  base  l ine 
values.  O t h e r  mice  (2-4 in each  s t ra in )  were sacr i f iced a t  
va r i ous  p o s t i r r a d i a t i o n  t i m e s  f rom 1-60 days .  

T h e  h i n d  l i m b s  of t h e  mice  were  r ecove red  a t  au topsy .  
T h e y  were  f ixed  in  10% n e u r a l  fo rmal in ,  decalc i f ied  in 
10% E D T A ,  e m b e d d e d  in p a r a f f i n  a n d  sec t ioned  longi-  
t u d i n a l l y  a t  5 microns .  T h e  sec t ions  were  s t a i n e d  w i t h  
h e m a t o x y l i n  a n d  eosin,  a n d  t h e  t h i c k n e s s  of t h e  p r o x i m a l  
t i b i a l  g r o w t h  ca r t i l age  was  m e a s u r e d  w i t h  a n  ocu la r  
m ic rome te r .  T h e  d a t a  for  each  p o s t i r r a d i a t i o n  t i m e  ha s  
been  a v e r a g e d  because  t h e  r e sponse  to  5000 a n d  7200 
fads  was  s o m e w h a t  s imi l a r  in  al l  t h e  mice  a n d  s t r a i n  
d i f ferences  were  n o t  r ead i ly  a p p a r e n t .  

Results and discussion. T h e  h i s t o p a t h o l o g i c  d a m a g e  
obse rved  in  t h e  bones  f r o m  t h e  mice  fo l lowing p a r t i a l  
w h o l e - b o d y  i r r a d i a t i o n  i n v o l v e d  car t i lage ,  m a r r o w  a n d  
v a s c u l a r  a n o m a l i e s  s imi l a r  to  t hose  p rev ious ly  desc r ibed  
for  r a t s  ~, e a n d  mice  ~. These  f ind ings  h a v e  b e e n  r e p o r t e d  
e l sewhere  8. W e  d id  n o t  obse rve  s ign i f i can t  t i s sue  disor-  
g a n i z a t i o n  o t h e r  t h a n  a few ins t ances  of ep iphysea l -  

d i a p h y s e a l  union ,  b u t  t h e  t h i c k n e s s  of t h e  ca r t i l ages  d id  
v a r y  a t  d i f f e r en t  p o s t i r r a d i a t i o n  t imes .  T h e  F igu re  shows  
t h a t  o n  t h e  f i r s t  day ,  t h e  ca r t i l ages  b e c a m e  25% t h i c k e r  
t h a n  no rma l ,  b u t  t h i n n e d  p rogress ive ly  f rom d a y  3-7.  
The rea f t e r ,  t h e r e  was a b r i e f  pe r iod  of r ecove ry  (days  9-13)  
which  is poss ib ly  s igni f icant ,  fol lowed b y  a second  decl ine  
on  d a y  14 a n d  a r e t u r n  to n o r m a l  b y  t h e  end  of t h e  3rd 
week. T h e  s t a n d a r d  er ror  ba r s  for each  p o i n t  on  t h e  g r a p h  
are  large,  doub t l e s s  re f lec t ing  to  some degree  t h e  gene t ic  
i n h o m o g e n e i t y  of t h e  mice.  

Because  t h e  pace  of e n d o c h o n d r a l  oss i f ica t ion  in 4- 
m o n t h - o l d  mice  is genera l ly  v e r y  slow, we be l ieve  t h a t  t he  
changes  in  t h e  ca r t i l age  were  due  m a i n l y  to  a n  ef fec t  of 
i r r ad i a t i on  u p o n  cell d iv i s ion  a n d  m a t r i x  syn thes i s .  W e  
d id  n o t  o b s e r v e  p o s t i r r a d i a t i o n  r ecove ry  clones of cells  in  
t h e  ca r t i l ages  as  d id  SAMS ~ a n d  KEMBER 9' Z0 a l t h o u g h  in  
mice  t he se  a re  r e l a t i ve ly  l a t e  effects  to  acu t e  X - i r r a d i a t i o n  
(9 weeks a f t e r  2000 R).  T h e  b o n e s  of o lder  mice  also seem 
genera l ly  less r e spons ive  to  i r r a d i a t i o n  p r o b a b l y  because  
t he re  a re  fewer  r ep l i ca t ive  cells a t  r i sk  s. I n  t h e  p r e s e n t  
s tudy ,  we suspec t  t h a t  b o t h  age a n d  t he  low dose r a t e  of 
b e t a  i r r a d i a t i o n  in f luenced  t h e  mi ld  r e sponse  in t h e  car t i -  
lages. I n  c o m m o n  w i t h  KEMBER'S 11 exper ience ,  t h e  c u r v e  
for ca r t i l age  t h i c k n e s s  shows a p a t t e r n  of r ecovery  suggest-  
ing a d a p t a t i o n  to  i r r ad ia t ion .  I t  resembles ,  pa r t i cu l a r ly ,  
t h e  p a t t e r n  of m e t a p h y s e a l  b o n e  cell  r e cove ry  in y o u n g  
r a t s  fo l lowing a c u t e  exposu re  to  X - i r r a d i a t i o n  a n d  s ingle  
in j ec t ions  of 32p whe re  t h e  cell  dose was  as  in  t h i s  expe-  
r i m e n t  e q u a l  to  or  s o m e w h a t  g r ea t e r  t h a n  300 fads .  

Rdsumd. Sur  les ca r t i l ages  de con juga i son  de souris  
adul te ,  on  a mesu r6  p a r  une  m 6 t h o d e  h i s to log ique  l ' e f fe t  
de  g r andes  doses  de  r a y o n n e m e n t s  b6 t a  de 9°Sr-9°Y 
app l iqu6es  g 68 r a d s / h  p e n d a n t s  11-16 h. Apr~s l ' i r r ad ia -  
t ion ,  les c h a n g e m e n t s  d ' 6pa i s seu r  du  ca r t i l age  o n t  sugger6 
u n  module  de  d o m m a g e s  e t  de  r6cup6 ra t i on  qu i  r e s s e m b l a  

une  r6ponse  a d a p t i v e  a u x  expos i t i ons  u n i q u e  de  I ' X -  
i r r ad ia t ion .  
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A plot of the thickness of the growth cartilage of mice versus the num- 
ber of days after partial-whole body fl-irradiation with 9°Sr-~oY ex- 
ternal applicators. The horizontal bars represent the standard errors 
of the means. Numerals enclosed in parentheses indicate the number 
of mice/group. The dotted line shows the thickness of the cartilage in 
unirradiated control mice. 
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