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Bone  m a r r o w  f r o m  i r r a d i a t e d  m i c e  t r e a t e d  with  i n j e c t i o n  of au to logous  m a r r o w  and f r o m  u n t r e a t e d  
m i c e  Was t r a n s p l a n t e d  into d i f fus ion  c h a m b e r s .  On the  5th day  a f t e r  i r r a d i a t i o n  the m a r r o w  had no o s t e o -  
gen ic  p o t e n t i a l .  The  o s t e o g e n i c  p o w e r  of  the  i r r a d i a t e d  m a r r o w  b e g a n  to b e  r e s t o r e d  on the 10th day  a f t e r  
i r r a d i a t i o n ,  and by  the  15th day  i t  was  c l o s e  to n o r m a l .  The  o s t e o g e n i c  p o t e n t i a l  of i r r a d i a t e d  m a r r o w  c o r -  
r e l a t e s  wi th  the n u m b e r  of m a r r o w  c e l l s  con t a ined  in the f e m u r .  

When bone  m a r r o w  is  t r a n s p l a n t e d  into d i f fus ion  c h a m b e r s  h e m a t o p o i e s i s  s t o p s ,  r e t i c u l u m  t i s s u e  
p r o l i f e r a t e s ,  and a f t e r  the  3 rd  day  i n t e n s i v e  o s t e o g e n e s i s  b e g i n s  [1]. A c e r t a i n  i n i t i a l  d e n s i t y  of  m a r r o w  
c e l l s  in the  c h a m b e r  is  e s s e n t i a l  fo r  the  d e v e l o p m e n t  of o s t e o g e n e s i s  [2]. I t  m a y  be  a s k e d  what  c a t e g o r y  
of c e l l s  in the  h e t e r o g e n e o u s  popu la t ion  of m a r r o w  c e l l s  i s  r e s p o n s i b l e  for  the  d e v e l o p m e n t  of  o s t e o g e n e s i s  
and,  in p a r t i c u l a r ,  w h e t h e r  t h e s e  c e l l s  a r e  h e m a t o p o i e t i c  s t e m  c e l l s  (or  t h e i r  p r o g e n i e s )  o r  w h e t h e r  they  
c o n s t i t u t e  an i n d e p e n d e n t  c e l l  l ine .  

The  o b j e c t  of the p r e s e n t  i n v e s t i g a t i o n  was  to d e t e r m i n e  the o s t e o g e n i c  p o t e n t i a l  of i r r a d i a t e d  bone 
m a r r o w  at  v a r i o u s  s t a g e s  of i t s  r e g e n e r a t i o n .  

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

Adul t  C57B1 and C3H m i c e  w e r e  u s e d .  The  bone m a r r o w  d o n o r s  w e r e  i r r a d i a t e d  in a dose  of 750 R 
on a c o b a l t  a p p a r a t u s .  The  d o n o r s  of one g roup  r e c e i v e d  an i n t r a v e n o u s  i n j e c t i o n  of  107 h o m o l o g o u s  bone  
m a r r o w  c e l l s  2-4  h a f t e r  i r r a d i a t i o n .  The  d o n o r s  w e r e  s a c r i f i c e d  on the  5th, 10th, and 15th d a y s  a f t e r  i r -  
r a d i a t i o n ,  the  m a r r o w  f r o m  one f e m u r  was  e x p e l l e d  by  m e a n s  of a s y r i n g e ,  and one p i e c e  of m a r r o w  was  
p l a c e d  in each  of  a s e r i e s  of d i f fu s ion  c h a m b e r s  [3]. The  c h a m b e r s  w e r e  i m p l a n t e d  i n t r a p e r i t o n e a l l y  into 
a n i m a l s  of the  s a m e  l ine .  M a r r o w  f r o m  the  s e c o n d  f e m u r  was  u sed  to p r e p a r e  a c e l l  s u s p e n s i o n  in which  
the c e l l  count  and f o r m u l a  w e r e  d e t e r m i n e d .  On the  15 th-30 th  day  the c h a m b e r s  w e r e  r e m o v e d  and d i s -  
m a n t l e d  and the f i l t e r s  w e r e  f ixed  in 96 ~ a l c o h o l  in the  co ld .  G o m o r i ' s  t e s t  fo r  a l k a l i n e  p h o s p h a t a s e  was  
c a r r i e d  out on the f i l t e r s ,  and they  w e r e  then  c o u n t e r s t a i n e d  with  a l u m h e m a t o x y l i n  and e x a m i n e d  a s  t o t a l  
p r e p a r a t i o n s .  A l t o g e t h e r  63 c h a m b e r s  w e r e  used .  

EXPERIMENTAL RESULTS 

The  m o r p h o l o g i c a l  p i c t u r e s  in the c h a m b e r s  wi th  bone  m a r r o w  e x p l a n t s  f r o m  the  t r e a t e d  and un-  
t r e a t e d  m i c e  d id  not  d i f f e r  a p p r e c i a b l y .  T h e  con ten t s  of the c h a m b e r s  showed  r e g u l a r  c h a n g e s  depend ing  
on the t i m e  a f t e r  i r r a d i a t i o n .  A f t e r  i m p l a n t a t i o n  of t i s s u e  t a k e n  on the 5th day  a f t e r  i r r a d i a t i o n ,  l a r g e  c e l l s  
r e s e m b l i n g  f i b r o b l a s t s  w e r e  found in the  c h a m b e r ,  w h e r e  they  did not f o r m  a con t inuous  l a y e r  on the s u r -  
f a c e  of  the  f i l t e r .  Some of t h e s e  c e i l s  w e r e  b i n u c l e a r  (F ig .  1, a).  B e s i d e s  f i b r o b l a s t - l i k e  c e l l s ,  n u m e r o u s  
h i s t i o c y t e s  con t a in ing  g r a n u l e s  of b r o w n  p i g m e n t  in t h e i r  c y t o p l a s m ,  and d e g e n e r a t i n g  c e l l s  w e r e  
found in the  c h a m b e r s .  N e i t h e r  bone  s t r u c t u r e s  n o r  o t h e r  p h o s p h a t a s e - p o s i t i v e  s t r u c t u r e s  w e r e  
found. 

In the  c h a m b e r s  con ta in ing  m a r r o w  t r a n s p l a n t e d  10 days  a f t e r  i r r a d i a t i o n  of  the  d o n o r s  the  amoun t  
of  t i s s u e  was  i n c r e a s e d .  I t  c o n s i s t e d  of  f i b r o b l a s t - l i k e  c e l l s  c o v e r i n g  the f i l t e r s  in a s o l i d  l a y e r .  T h e s e  
c e l l s ,  r e c t a n g u l a r  in shape ,  had  a l a r g e ,  long nuc leus  ( s o m e t i m e s  2-3  nuc le i ) .  R e s i d u e s  of  dead  spongy  bone ,  
i n t r o d u c e d  into the  c h a m b e r  a t  the  t i m e  of e x p l a n t a t i o n ,  w e r e  s e e n  on s o m e  f i l t e r s .  The  g r e a t e r  p a r t  of the 
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Fig. I. Contents of diffusion chambers with trans- 

planted marrow from mice treated after irradia- 

tion by injection of marrow ceils, a) 5 days after 

irradiation: fibroblast-like cells, some of them 

binuclear, objective 40; b) i0 days after irradiation: 

typical focus of osteogenesis, objective 20; c) 15 

days after irradiation: osteogenic focus, objective 
40. 

Fig. 2. Contents of diffusion chambers  with 
mar row transplated from i r radia ted mice.  
a) 10 days after  i rradiat ion:  focus of os teo-  
genesis ,  objective 20; b) 10 days af ter  i r -  
radiation: long phosphatase-posi t ive cells 
of osteogenic focus, objective 40; c) 15 days 
after  i rradiat ion:  osteogenic focus, objec-  
tive 40. 

space inside the chambers was filled with fatty tissue. Osteogenesis was observed in 4 of the 14 chambers 

(Figs. ib, 2a). The foci of osteogenesis were small and consisted of long cells and a phosphatase-positive 

ground substance (Fig. 2b). The loci of bone gave a clearly positive reaction for alkaline phosphatase on 
account of the ground substance and the cells. Other phosphatase-positive foci not possessinga bony struc- 
ture also were present in the chambers. They consisted of fibroblast-like elements and an amorphous 

ground substance. Osteogenesis was observed in 4 of the 14 chambers filled with marrow from untreated 
donors, and in 7 of the 13 chambers filled with marrow from treated donors. 

Numerous osteogenic foci and areas  of well'-developed bone t issue were found in the chambers  with 
mar row taken from donors 15 days af ter  i r radiat ion (Figs. 1 c, 2 c). Development of myeloid t issue was not 
observed in any of the chambers .  If f ragments  of bone were introduced into the chamber  during expiantation, 
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b y  the 15th day  they  w e r e  c o m p l e t e l y  d e g e n e r a t e d .  I t  is  i n t e r e s t i n g  to note  tha t  none  of the o s t e o g e n i c  loc i  
w e r e  a d j a c e n t  to th i s  n e c r o t i c  bone.  The  n u m b e r  of  c h a m b e r s  with bone  was  8 of  9 in the f i r s t  c a s e  and 6 
of  10 in the  s econd .  

The  r e s u l t s  d e m o n s t r a t e  tha t  on the  5th day  a f t e r  i r r a d i a t i o n  in a dose  of 750 R the bone m a r r o w  of 
both t r e a t e d  and u n t r e a t e d  m i c e  had no o s t e o g e n i c  p o t e n t i a l .  On the 10th day  a f t e r  i r r a d i a t i o n  the  o s t e o g e n i c  
p o w e r  of the m a r r o w  s t a r t e d  to r e c o v e r ,  and on the 15th day  i t  was  n e a r l y  n o r m a l .  A f i r m  c o r r e l a t i o n  was  
o b s e r v e d  be tween  the o s t e o g e n i c  po t en t i a l  of the m a r r o w  and the n u m b e r  of  c e l l s  con ta ined  in the  f e m u r .  

The  n u m b e r  of  c e l l s  f r o m  the t r e a t e d  and u n t r e a t e d  m i c e  5 d a y s  a f t e r  i r r a d i a t i o n  was  o n e - h u n d r e d t h  
of  n o r m a l .  Th i s  n u m b e r  of  c e l l s  was  p r e s u m a b l y  too few for  the  f o r m a t i o n  of o s t e oge n i c  loc i  in the c h a m b e r  
and to e s t a b l i s h  a s o l i d  l a y e r  of f i b r o b l a s t - l i k e  c e l l s  in i t .  On the 10th day  a f t e r  i r r a d i a t i o n  the n u m b e r  of 
m a r r o w  c e l l s  in  the  f e m u r  was  i n c r e a s e d .  The  n u m b e r  of  c e l l s  in the  i r r a d i a t e d ,  t r e a t e d  m i c e  was  now 2.4 
t i m e s  g r e a t e r  then  in the  i r r a d i a t e d  m i c e  not  r e c e i v i n g  the  s u s p e n s i o n  of m a r r o w  c e l l s  (8 x 105 and 1 .9x  106 
c e l l s ) .  C o r r e s p o n d i n g l y ,  the  n u m b e r  of  c h a m b e r s  wi th  o s t e o g e n i c  foci  in the  f i r s t  c a s e  was  a l m o s t  t w i c e  
tha t  in the s econd .  F i n a l l y ,  on the  15th day  a f t e r  i r r a d i a t i o n ,  the  n u m b e r  of  m a r r o w  c e l l s  in the f e m u r  of 
the i r r a d i a t e d  a n i m a l s  was  the s a m e  (2 .4x  10 ~ and 1 .6x  107), a c c o r d i n g  to the  p u b l i s h e d  da t a  [2], as  tha t  

which  can m a i n t a i n  o s t e o g e n e s i s  in c h a m b e r s  of  the  s i z e  which w e r e  u sed  in the p r e s e n t  e x p e r i m e n t s .  The  
n u m b e r  of  c h a m b e r s  wi th  foci  of bone  in e x p l a n t s  t aken  f r o m  both was  about  the  s a m e .  An i m p o r t a n t  f a c t o r  
in connec t i on  with  the  f o r m a t i o n  of  o s t e o g e n i c  foci  in the m a r r o w  exp lan t s  i s  the d e n s i t y  of the  m a r r o w  c e l l s  
~2]. D i s a p p e a r a n c e  of  the  o s t e o g e n i c  p o t e n t i a l  of  the  i r r a d i a t e d  m a r r o w  can  thus  be  e x p l a i n e d  in two w a y s .  
1) I r r a d i a t i o n  d a m a g e s  c e r t a i n  o s t e o g e n i c  p r e c u r s o r  c e i l s .  By the 10th day  they  r e g e n e r a t e  f r o m  r e s i d u a l  
c e l l s  of  th is  l ine  up to the  n u m b e r  r e q u i r e d  fo r  o s t e o g e n e s i s  to t ake  p l a c e  in d i f fus ion  c h a m b e r s .  2) A f t e r  
i r r a d i a t i o n ,  r e s t o r a t i o n  of the popu la t i on  of  o s t e o g e n i c  p r e c u r s o r  c e l l s  t a k e s  p l a c e  a s  a r e s u l t  of  d i f f e r e n t i a -  
t ion of h e m a t o p o i e t i c  s t e m  c e l l s .  The  p r e s e n t  i n v e s t i g a t i o n  i n d i c a t e s  e x p e r i m e n t a l  w a y s  of  s o l v i n g  th is  p a r t -  
i c u l a r  p r o b l e m .  
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