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After uneven i r radia t ion of ra ts  (of the intestine in a dose of 1,050 R and the res t  of thebody 
in a dose of 735 R), leading to 100% morta l i ty  among the animals  in the course  of 3.5-5 days, 
bone mar row autografts  speeded up recovery  of the DNA content in the mucous membrane  
and weakened the inhibition of the enzyme-sec re t ing  function of the intestine. Many (40%) 
of the i r radiated rats  with bone m a r r o w  autografts  survived up to the 30th day of observation.  

It i.r general ly considered that death of animals i r radiated in doses of more  than 1,000 R (acute intes- 
final radiation death) in the course  of 3.5 days is due to injury to the gastrointest inal  t r ac t  [2, 8, 9]. At the 
same time, if par t  of the bone m a r r o w  is screened or  grafted into animals i r radia ted  in superlethal doses 
some of them will survive for this period of t ime [1, 5-7]. However, it is not yet  c lea r  to what extent the 
favorable effect of screening or  t ransfusions of bone mar row is reflected in the state of the g a s t r o i n t e s -  
tinal t rac t .  Only limited experimental  data on this question a re  available.  It is mere ly  stated that if dogs 
i r radia ted in doses of 1,000-2,400 R are  t reated with t ransfusions of bone m a r r o w  or  blood and injections 
of antibiotics and electrolytes ,  and if they survive for 3-4 days (all the control  animals died by this time), 
regenerat ion of the intestinal epithelium was complete by the ninth day af ter  t rea tment  [7]. However, the 
use of this combined t rea tment  makes it difficult to a s sess  the role of mar row transfusions in the mecha-  
n ism of intestinal recovery .  

The object of this investigation was to study the role of bone m a r r o w  in postradiat ion recovery  of the 
intestine in ra ts  af ter  uneven i r radia t ion leading to death in the course  of 3.5-5 days. 

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

Male albino rats  weighing 180-200 g were used. In the case  of i r radia t ion of the intestine in a dose 
of 1,050 and of the res t  of the body in a dose of 735 R 100% of the rats  died af ter  3.5-5 days. The effect of 
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Fig. 1. Incorporat ion of thymidine-C 14 into DNA of duod- 
enal mucous membrane  of i r radiated rats  on third day 
af te r  irradiat ion.  Unshaded c o l u m n -  i r radiated animal, 
undergoing mock operat ion (control); black c o l u m n -  in- 
t a c t  rats,  unevenly i rradiated (group 1); obliquely shaded 
c o t u m n - u n e v e n l y  i r radiated rats  with bone mar row auto- 
graf ts  (group 2). 
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bone m a r r o w  a u t o g r a f t s  on p o s t r a d i a t i o n  r e c o v e r y  of the  
i n t e s t i n e  was  s t u d i e d  in  a n i m a l s  i r r a d i a t e d  in th i s  way.  
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  
u n d e r  the  fo l lowing  c o n d i t i o n s :  250 kV, 15 mA ( f i l t e r s  
1 m m  Cu +1 m m  A1). I r r a d i a t i o n  was  c a r r i e d  out  wi th  
the  i n t e s t i n e  e x t e r i o r i z e d  f r o m  the a b d o m e n  u n d e r  hexo-  
b a r b i t a l  a n e s t h e s i a ,  wi th  o b s e r v a n c e  of the  r u l e s  of a s e p -  
s i s  and  a n t i s e p s i s .  Bone m a r r o w  was  o b t a i n e d  b e f o r e  
i r r a d i a t i o n  f r o m  the  f e m u r  by  punc tu re ,  p l a c e d  in  p h y s -  
i o l o g i c a l  s a l i n e  wi th  c i t r a t e ,  and  kep t  du r ing  i r r a d i a t i o n  
u n d e r  s t e r i l e  c ond i t i ons  in  the  co ld .  A f t e r  i r r a d i a t i o n ,  
about  40 x 106 bone  m a r r o w  c e l l s  w e r e  i n j e c t e d  i n t r a -  
venous ly .  

The  s t a t e  of  the  i n t e s t i n e  was  e s t i m a t e d  f r o m  the 
DNA conten t  in  the  duodena l  m u c o u s  m e m b r a n e  [4] b a s e d  
on the  i n c o r p o r a t i o n  of t h y m i d i n e - C  14 into  DNA. A l k a -  
l i ne  p h o s p h a t a s e  a c t i v i t y  was  i n v e s t i g a t e d  in  the  m u c o u s  
m e m b r a n e  of the  s m a l l  i n t e s t i n e  [3]. The  a n i m a l s  w e r e  
d e c a p i t a t e d  on the 1st,  2nd, 3rd,  5th, 7th, and 10th days  
a f t e r  i r r a d i a t i o n .  The r a t s  of g r o u p  1 w e r e  in tac t ,  i r -  
r a d i a t e d  a n i m a l s  and t h o s e  of g r o u p  2 w e r e  i r r a d i a t e d  
r a t s  r e c e i v i n g  bone  m a r r o w  a u t o g r a f t s .  U n i r r a d i a t e d  
r a t s  u n d e r g o i n g  the  s a m e  o p e r a t i o n  w e r e  u sed  a s  the  
c o n t r o l .  

EXPERIMENTAL RESULTS 

All the rats died within 3.5-5 days after irradia- 

tion of the intestine in a dose of 1,050 R and simulta- 

neous irradiation of the rest of the body in a dose of 

735 R. Autografting of bone marrow considerably mod- 
ified the dynamics of the mortality. In the 5-day pe- 

riod about 30% of the animals died. About 40~0 of the 

animals survived until the 30th day after irradiation. 

Data showing the state of the intestine of the in- 
tact irradiated rats and the rats receiving bone mar- 

row autografts are given in Table I. They show that 

by the second day after irradiation there was a consid- 

erable, and practically equal, decrease in the DNA con- 

tent in the duodenal mucous membrane of the two groups 

of animals. By the third day after irradiation the DNA 

content in the rats of group 1 continued to decline - to 

960• pg, whereas in the rats of group 2 the DNA 

level was actually slightly increased - to 1332 ~96.3/~g 
(P= 0.0027). In the rats of group I, which survived un- 

til the  5th day,  the DNA conten t  in the  m u c o u s  m e m -  
b r a n e  d id  not  r e a c h  i t s  i n i t i a l  l e v e l  a l though  i t w a s  h i g h e r  
than  on the  3 rd  day,  w h e r e a s  in  the  r a t s  of g r o u p  2 the  
DNA con ten t  r e a c h e d  the  c o n t r o l  l e v e l  and a c t u a l l y  e x -  
c e e d e d  i t  by  the  7th and 10th days .  

On the  t h i r d  day  a f t e r  i r r a d i a t i o n ,  when the  de -  
c r e a s e  in the  DNA con ten t  in  the  m u c o u s  m e m b r a n e  
was  g r e a t e s t  in  the  i n t ac t  i r r a d i a t e d  a n i m a l s ,  a t en -  
dency  t o w a r d  r e c o v e r y  was  o b s e r v e d  in  the  a n i m a l s  
wi th  bone  m a r r o w  a u t o g r a f t s .  Th i s  c o n c l u s i o n  i s  s u p -  
p o r t e d  by  the  da ta  f o r  i n c o r p o r a t i o n  of thymid ine -C14  
into the  DNA of the  m u c o u s  m e m b r a n e  a t  th i s  p e r i o d  
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of obse rva t ion  (Fig. 1). Incorpora t ion  of the label  in the r a t s  of group 2 was significantly higher than in 
group 1 (Fig. 1). The i r  specif ic  radioact iv i ty  a lso  was higher, evidence of m o r e  intensive DNA synthes is  
in the ce l l s .  

Intes t inal  alkaline phosphatase  act ivi ty in the ra t s  of group 2 was lowered to a l e s s e r  degree  than in 
group 1. Bone m a r r o w  autograf ts  apparent ly  delayed the dec r ea se  in enzyme act ivi ty.  Meanwhile r e s t o r a -  
t ion of alkal ine phosphatase  act ivi ty  in the r a t s  of group 2 took place m o r e  slowly than r ecove ry  of the DNA 
content.  Whereas  the DNA level  in the duodenal mucous m e m b r a n e  reached the control  value by the 5th 
day, alkaline phosphatase  act ivi ty  was not fully r e s t o r ed  until the 10th day a f t e r  i r rad ia t ion .  

These r e su l t s  thus show that bone m a r r o w  damage plays an essen t ia l  role in the m e c h a n i s m  of death 
of the i r r ad ia ted  an imals .  Bone m a r r o w  autograf ts  a f t e r  uneven i r rad ia t ion  reduced the mor ta l i ty  of the 
r a t s  in the " intest inal  phase"  (3.5-5 days).  

These  expe r imen t s  showed that inject ion of bone m a r r o w  s t imula tes  r e p a i r  p r o c e s s e s  in the intestine,  
d i rect  proof  of the role  of the bone m a r r o w  in the m e c h a n i s m  of pos t rad ia t ion  r ecove ry  of the intest ine in 
r a t s  i r r ad ia ted  in supe r - l e tha l  doses .  
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