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Compar i son  of r egene ra t ion  of hematopo ies i s  in a r e a s  of bone mar row loca l ly  i r r a d i a t e d  in 
va r ious  doses  showed that these  p r o c e s s e s  take place much more  rapid ly  and comple te ly  in 
mice than in r a t s .  The obse rved  di f ference  in repopulat ion is a t t r ibu ted  to a r e l a t i ve l y  high 
lab i l i ty  of the s t em ce l l s  in mice .  With l a rge  doses  of rad ia t ion ,  in late s tages  a f te r  local  
i r r ad i a t i on  in mice and ra ts ,  a secondary  d e c r e a s e  in the cel l  population of the bone m a r r o w  
is found, coinciding with the onset of s c l e r o s i s .  

The p r e s e n c e  of a ce r t a in  quantity of undamaged hematopoie t ic  t i s sue  in an i r r a d i a t e d  animal  g ives  
a def ini te  the rapeu t ic  effect  [9]. The benef ic ia l  effect  of screening  is c h a r a c t e r i z e d  by a marked  inc rea se  
in the surv iva l  ra te  and in the indices  of r egene ra t ion  of the c i rcu la t ing  blood and bone mar row.  It is most  
marked  a f te r  the admin i s t r a t ion  of doses  causing death of most  an ima l s  7-20 days a f te r  i r r a d i a t i o n  f rom a 
bone m a r r o w  syndrome.  The chief mechan i sm of r e p a i r  p r o c e s s e s  is  cons ide red  to be the l ibe ra t ion  of i n -  
t ac t  polypotent  hematopoie t ic  ce l l s  f r o m  the sc reened  a r e a s ,  the i r  su rv iva l ,  and the i r  p ro l i f e ra t ion  in the 
i r r a d i a t e d  o rgan i sm.  

According  to some r e s u l t s ,  the abi l i ty  of s t em ce l l s  to migra te  spontaneously in the i r r a d i a t e d  o r -  
gan ism di f fers  f rom one spec ies  of an imal  to another .  Screening the leg of an i r r a d i a t e d  mouse for  5 h is  
sufficient to obtain the max imum effect  of an i nc rea se  in surv iva l  [6], whereas  in r a t s ,  to obtaIn th is  r e su l t  
the s c r e e n e d  a r e a  of bone m a r r o w  must  be p r e s e n t  in the i r r a d i a t e d  o rgan i sm for  a much longer  t ime  [13]. 
Screening of the f o r e a r m  bones (2 • 106 nuclea ted  bone m a r r o w  cel ls)  gives  high pro tec t ion  in mice i r r a d i -  
ated in a le thal  dose; in r a t s ,  to obtain the same r e su l t ,  both f emora  must  be p ro tec ted  (250 • nuclea ted  
m a r r o w  cel ls )  [3]. In th is  connection,  autograft ing of bone m a r r o w ,  like s t imula t ion  of hematopo ies i s  
(bleeding for  10 days before  subtotal  i r r ad i a t i on  in a lethal  dose) [7], r e m a i n s  effect ive in r a t s  if a r e l a -  
t ively g r e a t e r  volume of bone m a r r o w  is s c r eened  than in mice .  It can be pos tu la ted  on the bas i s  of these  
r e su l t s  that in mice ,  polypotent s t em ce l l s  p o s s e s s  a higher  degree  of mobi l i ty  and g r e a t e r  powers  of m i -  
gra t ion,  colonizat ion,  and su rv iva l  in i r r a d i a t e d  a r e a s  than in r a t s .  It is  in t e res t ing  to note that  in monkeys,  
p ro tec t ion  of an a r e a  of bone m a r r o w  (leg) is  r e l a t ive ly  l e s s  effect ive than in mice ;  subsequent  t rans fus ion  
of intact  bone  m a r r o w  f rom the s c r e e n e d  a r e a  t he re fo re  i n c r e a s e s  the i r  surv iva l  ra te  to a much g r e a t e r  
degree  [1]. 

To c l a r i fy  the mechan i sms  lying at the bas i s  of these  d i f fe rences ,  it was decided to compare  the r e -  
population of bone m a r r o w  t i s sue  in r a t s  and mice following local  i r r ad i a t i on  of the bone mar row under  con-  
di t ions when most  of the hemopoie t ic  t i s sue  r e m a i ns  intact ,  and the poss ib i l i t y  of i t s  r e c o v e r y  on account 
of bone m a r r o w  ce l l s  p r e s e r v e d  in the i r r a d i a t e d  a r e a  s eems  improbab le  because of the use of high doses  
of rad ia t ion .  Such a compar i son  is  p a r t i c u l a r l y  in te res t ing  in connection with exis t ing data showing that  
repopulat ion on account of spontaneous migra t ion  of ce l l s  f r om un i r r ad ia t ed  a r e a s  is  not obse rved  in man 
in a r e a s  i r r a d i a t e d  in doses  causing ap l a s i a  of the bone m a r r o w  [11, 12]. 
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Fig. I. Changes in number of karyocytes in bone marrow of tibia 

after local irradiation In mice (a) and rats (b). Ordinate, number 
of karyocytes in irradiated tibia (in % of control); abscissa, days 

after irradiation. I) Local irradiation in dose of 1500 R; 2) local 

irradiation in dose of 2000 R; 3) local irradiation in dose of 3000 R. 
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Fig. 2. Effect of autografting 

of bone marrow on dynamics 

of changes in number of kary- 

ocytes in tibial bone marrow 

following local irradiation in 

rats and subsequent auto- 

grafting of bone marrow. Ordi- 

nate, number of karyocytes in 

irradiated tibia (in % of control); 

abscissa, days after irradia- 

tion. I) Local irradiation in dose 

of 2000 R; 2) local irradiation 

in dose of 2000 R followed by 
autografting of bone marrow. 

D e sp i t e  the  f ac t  tha t  much  f a c tua l  m a t e r i a l  c o n c e r n i n g  the r a d i -  
a t ion  r e s p o n s e  of l o c a l l y  i r r a d i a t e d  bone m a r r o w  has  now been o b -  
t a i n e d ,  i n d i c a t i n g  tha t  r e p o p u l a t i o n  of d a m a g e d  t i s s u e  can  t ake  p l a c e  
on accoun t  of m i g r a t i n g  c e l l s  [2, 4, 5, 8], no s p e c i a l  c o m p a r a t i v e  i n -  
v e s t i g a t i o n s  on d i f f e r e n t  s p e c i e s  of a n i m a l s  have been  c a r r i e d  out.  
In add i t ion ,  in m o s t  s t ud i e s  the  r e s p o n s e  of the  bone m a r r o w  t i s s u e  
has  been  i n v e s t i g a t e d  only 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 .  

In the  p r e s e n t  i n v e s t i g a t i o n  r e p o p u i a t i o n  of l o c a l l y  i r r a d i a t e d  
bone m a r r o w  was  c o m p a r e d  in m i c e  and r a t s .  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male albino rats 

weighing 180-220 g and on noninbred male albino mice weighing 18- 

22 g. Local irradiation of the right leg was given from a type RUM-3 

x-ray apparatus in single doses of 1500, 2000, and 3000 R, at a dose 

rate of 92 R/rain. During irradiation, the animals were kept in a 

lead box with walls 1 cm thick, providing almost 100% protection as 

confirmed by dosimetry. The animals were sacrificed 3, 7, 15, and 

30 days and 2, 4, and 6 months after irradiation, 5-10 animals at 

each time. The dynamics of changes taking place in the locally ir- 

radiated bone marrow was judged from the total number of nucleated 

bone marrow cells in the leg. The bone marrow from the leg of in- 

tact animals and the screened legs of irradiated animals served as 
the  c o n t r o l .  

E X P E R I M E N T A L  R E S U L T S  

By the  3 rd  day a f t e r  i r r a d i a t i o n  of the  l eg ,  a s h a r p  d e c r e a s e  in the  t o t a l  l eve l  of n u c l e a t e d  bone m a r -  
row c e l l s  was  o b s e r v e d .  On the  a v e r a g e  20% of the  c e l l s  r e m a i n e d .  Th i s  was  fo l lowed  by a r a p i d  and c o n -  
s i d e r a b l e  i n c r e a s e  in the  n u m b e r  of c e l l s  r e a c h i n g  the c o n t r o l  l eve l  by the  15th day  (F ig .  l a ) .  

In e x p e r i m e n t s  on r a t s  (F ig .  l b ) ,  the  l e v e l  of n u c l e a t e d  c e l l s  in the bone m a r r o w  in the  t i b i a  on the  
3 rd  day  a f t e r  i t s  i r r a d i a t i o n  was ,  j u s t  a s  in m i c e ,  20% of the  i n i t i a l  v a l u e .  By the 7th day  the t o t a l  n u m b e r  
of k a r y o c y t e s  in the  i r r a d i a t e d  t i b i a s h o w e d  a s l igh t  i n c r e a s e ,  and by the  30th day i t  r e a c h e d  i t s  m a x i m u m -  
about  50% of the  c o n t r o l  l e v e l .  

Both in m i c e  and  in r a t s ,  the  d y n a m i c s  of the  c ha nge s  wi th in  the  l i m i t s  of the  r a d i a t i o n  d o s e s  of 
1500, 2000, and  3000 R u s e d  w a s  not  s u b s t a n t i a l l y  a l t e r e d .  

The r e s u l t s  i n d i c a t e  t ha t  c o n s i d e r a b l e  s p e c i f i c  d i f f e r e n c e s  e x i s t  in the  r a t e  and  d e g r e e  of r e g e n e r a -  
t ion  of l o c a l l y  i r r a d i a t e d  bone m a r r o w  in m i c e  and r a t s .  A f t e r  an i d e n t i c a l  d e c r e a s e  in the n u m b e r  of k a r y -  
o c y t e s  in the  i r r a d i a t e d  t i b i a ,  by the  15th day the n o r m a l  l e v e l  of bone m a r r o w  c e l l s  was  r e s t o r e d  in m i c e ,  
w h e r e a s  in r a t s  the  p r o c e s s  of r e g e n e r a t i o n  was  much  s l o w e r  and r e p o p u l a t i o n  to the  n o r m a l  l e v e l  d id  not  
t ake  p l a c e .  
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TABLE 1. Dynamics of Changes 
in Total Number of Karyocytes  
in Tibial Bone Marrow of Mice 
and Rats following Local 
I rradiat ion in Dose of 2000 R 
(in % of control) 

Animals 
15th 30th Days I 1 I 60r-h j120~ 180th 

Rats I 54 Mice 94 
I 

51 36 31 J 43 
82 93 70 I 41 

The fact that the dynamics of the changes is only slightly de-  
pendent on the dose suggests that the observed specific difference 
between rats  and mice are  not the resuR of differences in r a d i o r e -  
sistance of the bone mar row tissue of the animals compared,  but 
ra ther  that they are attributable to differences in the ability of their  
s tem cells to repopulate the damaged areas .  Confirmation of this 
hypothesis  is given by experiments  in which, after  local i rradiat ion 
of the leg in a dose of 2000 R, ra ts  were t rea ted  by autografting of 
bone mar row f rom a screened area.  If i rradiat ion in rats  prevented 
repopulation by directly injuring the i r radia ted a rea  of bone marrow 
and by creating conditions under which intact ceils cannot be i m -  
planted in it and develop, autografting of unirradiated bone mar row 
could neither lead to repopulation nor intensify it. However (Fig. 2), 

autografting immediately after  i r radiat ion considerably acce lera ted  recovery  and significantly increased 
the number  of karyocytes  in the i r radia ted tibia. These resul ts  suggest that in rats,  the s tem cells  are  less  
mobile than in mice,  and this may account for  differences in the course of recovery  p rocesses  in the ani -  
mals compared.  

In late periods af ter  i rradiat ion,  in animals locally i r radia ted in a dose of 2000 R, a considerable 
secondary decrease  in the number of bone mar row cells was found in the i r radia ted tibia (Table 1). This 
secondary decrease  is evidently connected with the sc lerot ic  changes developing at this time in the bone 
mar row s t roma.  

According to Knospe [10], autografting of bone mar row cells in the period of marked aplasia of bone 
mar row t issue in ra ts  in the late s tages after  i rradiat ion does not cause an increase  in the number of k a r y -  
ocytes in the i r radia ted  a reas .  This observation is in full agreement  with the observed secondary depopu- 
lation of an i r radia ted a rea  of bone mar row in the late stages after  i r radiat ion in large doses.  
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