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Shielding the leg saves the life of 32% of animals irradiated with x rays in an absolutely lethal 
dose (850 R). Autografting of bone marrow from the protected area, if carried out immediately 

after irradiation, greatly increases the shielding effect. This protective action on autografting 

continues if it is carried out during the first 5 days after irradiation. Later (on the 7th to 10th 

day after irradiation) autografting of bone marrow from the shielded area becomes less effec- 

tive. 
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The a d v a n t a g e s  of au to logous  o v e r  homo logous  bone m a r r o w  t r a n s p l a n t a t i o n  for  the t r e a t m e n t  of acu te  
r a d i a t i o n  s i c k n e s s  a r e  w ide ly  known. H o w e v e r ,  the n e c e s s i t y  of ob t a in ing  m a r r o w  b e f o r e  i r r a d i a t i o n  and the 
d i f f i c u l t i e s  of i t s  k e e p i n g  and p r e s e r v a t i o n  make  the u se  of th i s  me thod  in p r a c t i c e  much  m o r e  c o m p l i c a t e d .  

E x p e r i m e n t s  on r a t s  [ 7 ] ,  m i c e  [6 ] ,  m o n k e y s  [1 ] ,  and dogs  [8] in the w r i t e r s '  l a b o r a t o r y  have  shown tha t  
bone m a r r o w  a u t o g r a f t i n g  can  be s u c e e s s f u i  even  a f t e r  i r r a d i a t i o n  of a n i m a l s  if the  m a r r o w  i s  taken  f r o m  a 
s h i e l d e d  r e g i o n .  When th is  me thod  has  been  used  in c l i n i c a l  p r a c t i c e  fo r  the t r e a t m e n t  of c o m p l i c a t i o n s  of 
r a d i o t h e r a p y  in c a n c e r  p a t i e n t s  f a v o r a b l e  r e s u l t s  have  a l so  been  ob ta ined  [ 3, 4] .  

S ince  a u t o g r a f t i n g  of bone m a r r o w  taken  f r o m  the s h i e l d e d  r e g i o n  i m m e d i a t e l y  a f t e r  i r r a d i a t i o n  was  u sed  
in a l l  p r e v i o u s  i n v e s t i g a t i o n s ,  it  was  d e c i d e d  to i n v e s t i g a t e  the e f fec t  of t r a n s p l a n t a t i o n  of au to logous  bone 
m a r r o w  taken  f rom the s h i e l d e d  a r e a  at  l o n g e r  t i m e s  a f t e r  i r r a d i a t i o n .  B e s i d e s  i t s  p r a c t i c a l  i m p o r t a n c e ,  the 
s tudy  of th is  p r o b l e m  can  shed l ight  on the s t a t e  of the s h i e l d e d  bone m a r r o w  in the i r r a d i a t e d  a n i m a l .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out  on 269 a lb ino  r a t s  we igh ing  180-200 g. The  a n i m a l s  w e r e  i r r a d i a t e d  on 
the RUM-17 a p p a r a t u s  (15 mA,  200 kV, s k i n - f o c u s  d i s t a n c e  50 cm,  f i l t e r s  0.5 m m  Cu + 1 m m  A1). The  dose  
of i r r a d i a t i o n  in a l l  the e x p e r i m e n t s  was  850 R. The r a t s  w e r e  d iv ided  into the fo l lowing  g r o u p s :  1) w h o l e -  
body i r r a d i a t i o n ,  2) w h o l e - b o d y  i r r a d i a t i o n  with s h i e l d i n g  of the leg ,  3) i r r a d i a t i o n  with  s c r e e n i n g  of the l e g  
fo l lowed by a u t o g r a f t i n g  of bone m a r r o w  f r o m  the s h i e l d e d  a r e a  at  d i f f e r e n t  t i m e s  a f t e r  i r r a d i a t i o n .  The  a n i -  
m a l s  w e r e  kep t  in s p e c i a l l y  made  t r a n s p a r e n t  p l a s t i c  boxes  d u r i n g  i r r a d i a t i o n ,  and the le f t  hind l i m b  of the 
a n i m a l  was  abduc ted  and a l ead  s l e e v e  with  w a l l s  5 m m  th i ck  was  p l a c e d  o v e r  the leg .  The  c o n t r o l  r a t ,  whose  
l eg  was  u n p r o t e c t e d  by a sh i e ld ,  was  kep t  in a s i m i l a r  s o r t  of box u n d e r  the s a m e  cond i t i ons .  

Bone m a r r o w  was  t aken  in the v a r i o u s  s e r i e s  of e x p e r i m e n t s  by m e a n s  of a s p e c i a l  n e e d l e  unde r  s u p e r -  
f i c i a l  e t h e r  a n e s t h e s i a  i m m e d i a t e l y  o r  on the 3 rd ,  5th, 7th, and 10th days  a f t e r  i r r a d i a t i o n  by p u n c t u r e  of the 
p r o x i m a l  p a r t  of the leg.  A s u s p e n s i o n  of bone m a r r o w  c e i l s  was  p r e p a r e d  in 1 m l  p h y s i o l o g i c a l  s a l i n e  to 
which  sod ium c i t r a t e  was  added to p r e v e n t  Clott ing.  B e f o r e  i n j ec t i on ,  the n u m b e r  of nuc l ea t ed  c e l l s  in the s u s -  
pens ion  was  counted .  A bone m a r r o w  s u s p e n s i o n  con ta in ing  20.10 s n u c l e a t e d  c e l l s  was i n j ec t ed  i n t r a v e n o u s l y  
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F ig .  1. S u r v i v a l  r a t e  of r a t s  a f t e r  i r r a d i a t i o n  and s h i e l d i n g  of the leg :  
1) w h o l e - b o d y  i r r a d i a t i o n ;  2) s h i e l d i n g  of leg; 3) a u t o g r a f t i n g  of bone m a r -  
row i m m e d i a t e l y  a f t e r  i r r a d i a t i o n ;  4) on 3rd day a f t e r  i r r a d i a t i o n ;  5) on 5th 
day;  6) on ? th  day;  7) on 10th day.  Ord ina t e ,  s u r v i v a l  r a t e  (in %); a b s c i s s a ,  
days  a f t e r  i r r a d i a t i o n .  

into the  e x p e r i m e n t a l  a n i m a l s .  Ra t s  not  r e c e i v i n g  bone m a r r o w  a l so  w e r e  a n e s t h e t i z e d ,  t h e i r  l eg s  w e r e  punc-  
t u r ed ,  and they w e r e  g iven  an i n t r a v e n o u s  i n j ec t i on  of p h y s i o l o g i c a l  s a l i n e .  R e p a i r  of r a d i a t i o n  d a m a g e  was  
a s s e s s e d  on the b a s i s  of s u r v i v a l  of the a n i m a l s  fo r  30 days .  

E X P E R I M E N T A L  RESULTS 

Animals of all groups began to die on the 4th day after irradiation (Fig. i); in the case of whole-body 
irradiation (curve i) the mortality was higher and by the 12th day after irradiation all 50 rats of this group had 
died. The mortality curve of the shielded animals (curve 2) coincided with that of the unshielded animals until 
the seventh day after whole-body irradiation. The two curves then diverged, and by the 30th day 24 of the 75 
shielded animals, i.e., 32%, still remained alive. Migration of bone marrow cells autografted from the shielded 
region immediately after irradiation had a marked protective action (curve 3) compared with animals which 
were simply shielded. By the 30th day 62% of the animals (25 of 40) survived. This result agrees completely 
with previous observations under similar experimental conditions [7]. Autografting of bone marrow from the 
shielded area on the third day after irradiation (curve 4) was just as effective: 24 of the 36 animals (66~c) sur- 
vived. Bone marrow transplantation 5 days after irradiation also increased the survival rate of the animals 
considerably compared with shielding alone (curve 5): 6 of the 12 rats (50%) survived. As regards the effec- 
tiveness of later transplantation, if carried out on the seventh day after irradiation it did not increase the pro- 
tective action of shielding, for only 10 of the 28 rats (35%) survived. Transplantation on the 10th day not only 
did not increase the survival rate of the animals compared with shielding alone, but it actually increased their 
mortality: only 4 of the 28 rats (14%) survided; i.e., the mortality rate among these animals was close to that 
in the group of animals receiving whole-body irradiation. 

It can be concluded from the results of these experiments that transplantation of bone marrow from an 
uninjured region after subtotal irradiation can be carried out to good advantage not only immediately after i r -  
radiation, but also during the next 5 days. There is evidence in the literature of the beneficial action of inject- 
ing isologous (mouse), homologous, and heterologous (rats) bone marrow into animals 24 h and also on the 
third, fifth, and eighth day after whole-body irradiation on their survival rate [ 5, 9, 10]. Transplantation of 
autologous bone marrow in large animals (dogs and monkeys) has a better protective effect if carried out 
within 24 h after irradiation. With homologous bone marrow transplantations in dogs an increase in the sur- 
vival rate was found if the transplantation was carried out on the sixth and seventh days after irradiation, an 
effect regarded as due predominantly to the stimulating action of transplantation on development of the re-  
cipients' own hematopoietic cells [2]. The present investigation demonstrated the positive action of transplan- 
tation of autologous bone marrow, taken from a shielded area at different times after irradiation, in animals 
subjected to subtotal irradiation. The results also indicate that normal bone marrow is preserved for a con- 
siderable time (up to 7 days) in the region shielded during irradiation. This conclusion is in agreement with 
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results obtained in the writers' laboratory on mice by Sil'chenko. In her experiments bone marrow taken from 
the shielded region, when transplanted into irradiated recipients (by the method of Till and McCulloeh) pre- 

served its ability to produce exogenous colonies in the spleen. 
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