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Expe r imen t s  on ra t s  and mice  rece iv ing  whole-body i r r ad ia t ion  showed that  repopulat ion with 
hematopoie t ic  ce l l s  f r o m  the f em ora l  bone m a r r o w  in the e a r l y  per iod a f te r  i r r ad ia t ion  p r o -  
motes  the r e s to r a t i on  of hematopoies i s .  The number  of mye loka ryoey tes  and blood cel ls  was 
r e s t o r e d  m o r e  rapidly  in ra ts ,  while in the mice  the number  of endogenous colonies in the 
spleen was g r e a t e r  than in the control.  

P r ev ious  inves t igat ions  have shown that  puncture  of the bone m a r r o w  o r  in t r aosseous  inject ion of 
physiologica l  sal ine in to ta l ly  i r r ad i a t ed  ra t s  or  mice  in the e a r l y  per iod a f te r  i r r ad ia t ion  is followed by 
the m o r e  rapid  r e c o v e r y  of hematopo ies i s  and, in some cases ,  by a higher  surv iva l  ra te  [1, 3]. It has  been  
pos tu la ted  that  the obse rved  benef ic ia l  ef fect  is due to repopulat ion with intact  s t em cells ,  the reby  c rea t ing  
b e t t e r  conditions for  the r e s to r a t i on  of hematopoies i s .  

The object  of the p r e s e n t  invest igat ion was to continue the study of the use  of pos t rad ia t ion  repopula -  
t ion to s t imula te  r egenera t ion  of h e m a t o p o i e s i s .  

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

August and Wis t a r  r a t s  aged 3 months were  i r r ad ia t ed  with 7 r ays  f r o m  a Co 6~ source  in doses  of 
450 and 600 R, r espec t ive ly ,  at a dose ra te  of 70 R / sec .  During the f i r s t  1-2 h af ter  i r radia t ion ,  the r ight  
f e m u r  was punctured in some of the an imals  under  e the r  anes thes ia  by the method desc r ibed  p rev ious ly  
[2]. The puncture  needle was in se r t ed  through the dis ta l  end of the f emur  into the medul la ry  canal,  and the 
s t ruc tu re  of the bone m a r r o w  was des t royed  by a few vigorous  movements ,  as a r e su l t  of  which about 50% 
of the mye loka ryocy t e s  were  flushed out into the blood s t r e a m .  Blood ana lyses  and invest igat ions  of the 
f e m o r a l  and t ibial  bone m a r r o w  were  c a r r i e d  out at va r ious  t imes  during the 30 days a f te r  i r radia t ion.  

Male CBA mice  aged 12 weeks  were  i r r ad ia t ed  under  the same  conditions in doses  of 600 or  850 R. 
In some  animals ,  during the next 2 h repopulat ion with bone m a r r o w  cel ls  f rom both f e m o r a  was c a r r i e d  
out~ and the an imals  were  sac r i f i ced  11 days l a t e r  in o rde r  to inves t igate  hematopo ies i s  and to count the 
n u m b e r  of  endogenous colonies of hematopoie t ic  cel ls  in the spleen [11]. 

In all the expe r imen t s  an imals  of the control  groups were  anesthet ized with e ther  and the synovial  
pouch of the knee joint was punctured at the s ame  t imes  as in the exper imen ta l  animals .  

RESULTS 

Recovery of hematopoiesis in the femoral and tibial marrow of the experimental (repopulated} Wistar 
rats took place faster than in irradiated, untreated animals (Table I}. It is interesting to note that even in 
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TABLE !. 

in Dose of 600 R 
Hemato log ica l  Indices  of  Wis t a r  Rats  a f t e r  I r r ad i a t i on  

[ ~  Myelokarvo~vtes 
' -,millf~ 

0 ..~. 

Nature of procedure and 
time of investigation 

(in. ~ [ i 

"~0 ~ 0 ~ 

~ ~ !~0 ~ ~ 0 

Control 10 240 246 900 15,2 
I 

lO-th day ~ Irradiation 6 35 -- 32 1,7 
Irradiation + re- 
population 5 51 37 52 1,9 

20th day Irradiation 5 122 -- 540 4,7 
Irradiation + re- 
population 6 137 127 678 t 5,9 

30-th day 

195 

142 10,9 

23 -- 

23 

61 1,5 

71 3,71 

98 5,5 

113 9,71 

68O 

8501 

Irradiation 
: Irradiation + re- 

population 

164 

2271 

9,4 

13,81 

Note. Here  and in Tables  2 and 3, the symbol  I denotes  r e su l t s  
d i f fe r ing  s igni f icant ly  f r o m  the c o r r e s p o n d i n g  con t ro l  va lues  (P < 
0.05). The n u m b e r  of  m e g a k a r y o c y t e s  was  counted in the t ibial  
m a r r o w .  

T A B L E  2. Hemato log ica l  Indices  of  August  Rats  a f t e r  I r r a d i a t i o n  
in a Dose  of  450 R 

Nature of procedure and time 
of investigation 

.~. 

Comrol I0 84 36,2 1 020 5,9 

15.th day Irradiation I ! 17 3,1 38 1,4 
Irradiation + re- 
population 8 25 3,9 23 1,9 

3O.th day 

Mvelokary, ~cytes i. 3 
~ (inmillionO~ , ~ ~ {  

Irradiation 
Irradiation + re- 
population 

128 130 

27 

30 30 

131 

148 144 

106 

107 

22,0 

34.01 

710 

8801 

3,6 

5,P 

the r igh t  f emur ,  f r o m  which about ha l f  of  the  m y e l o k a r y o c y t e s  w e r e  f lushed dur ing  the repopula t ion  p r o c e -  
dure ,  t h e i r  n u m b e r  was  r e s t o r e d  m o r e  rap id ly  than in the i r r ad i a t ed ,  u n t r e a t e d  an imals .  The n u m b e r  of  
m e g a k a r y o e y t e s  and also the n u m b e r s  o f  p la te le t s  and l eukocy tes  were  r e s t o r e d  m o r e  rapidly.  

The r e s u l t s  of  the  s tudy of  h e m a t o p o i e s i s  in August  r a t s  i r r a d i a t e d  in a dose  of  450 R a r e  g iven in 
Table  2. On the 15th day a f te r  i r r a d i a t i o n  the n u m b e r  of  m y e l o k a r y o c y t e s  in the f e m o r a l  m a r r o w  and the 
n u m b e r  o f  l eukocy tes  in the blood of  the t r e a t e d  an ima l s  w e r e  h ighe r  than in the un t rea ted .  On the 30th day, 
r e c o v e r y  of  the n u m b e r  o f  m y e l o k a r y o c y t e s  was  o b s e r v e d  in the an imals  of  both g roups ;  the n u m b e r  of  
m e g a k a r y o c y t e s ,  p la te le t s ,  and l eukocy tes  in the t r e a t e d  an imals  was  s igni f icant ly  h igher .  

Some hema to log ica l  indices  of  the CBA m i c e  a f t e r  i r r a d i a t i o n  in doses  of  600 and 850 R a r e  g iven in 
Tab le  3. The n u m b e r  of  endogenous  co lonies  in the  t r e a t e d  m i c e  fol lowing both doses  of  i r r ad ia t ion ,  l ike 
the n u m b e r s  of  m y e l o k a r y o c y t e s ,  l eukocy tes ,  and p la te le t s ,  was  h i g h e r  than in the un t r ea t ed  animals .  

Repopula t ion  with hema topo ie t i e  ce l l s  in the e a r l y  pe r iod  af te r  i r r a d i a t i o n  o f  to ta l ly  i r r a d i a t e d  an imals  
thus  had a benef ic ia l  e f fec t  on the r e s t o r a t i o n  of  h e m a t o p o i e s i s  as  a whole.  

At  p r e s e n t  nothing m o r e  than sugges t ions  can be  made  r e g a r d i n g  the m e c h a n i s m  of  the the rapeu t i c  
ef fec t  of  repopula t ion  with hema topo ie t i c  ce l l s  a f t e r  i r r ad ia t ion .  It is  known, f o r  example ,  that  hema topo ie t i c  

1200 



TABLE 3. Hematological Indices and Growth of Endogenous Colonies in Spleen of CBA Mice on llth Day 

after Irradiation in Doses of 600 and 850 R 

Nature  of p rocedu re  
and dose of i r r a d i a -  
tion 

Number  
of mice  

i r r ad ia t ion  
I r rad ia t ion  + 

repopulat ion 

Weight 
of mice  
(in g) 

23 

26 

Weight of 
spleen 
(in rag) 

20.3 

20.6 

Control  20 21.5 74 

I r rad ia t ion  22 20.2 24.1 
600 R I r r ad i a t i on+  

repopu la t ion  25 17.3 24.6 

850 R 
22.0 

23.1 

Number  of 
colonies 

total  mean 

54 2.4 

144 5.8 

Myelokaryo-  
cytes  in tibial 
(in millions) 

Leukocytes  

(thousands/ 
P la te le ts  (in 
thous a n d s / m m  3) 

m m  3) 

11.5 8.4 1025 

5.2 0.7 122 

8.8 i 1.5 195 

s t e m  cel ls ,  whose p r e s e n c e  is  p roved  both by growth of colonies of hematopoie t ic  cel ls  in the spleen of 
i r r ad i a t ed  rec ip ien t  mice  a f te r  inject ion of c i rcula t ing blood leukocytes  [9], and by the r e s to ra t i on  of h e m a -  
topoies i s  in i r r ad i a t ed  dogs and guinea pigs t r ea t ed  with t rans fus ions  of packed leukocytes  [6, 10], a re  con- 
s tant ly  found in the blood of expe r imen ta l  an imals  of different  spec ies .  It can accordingly be  postulated that 
c i rcu la t ion  of the s t em cel ls  in the blood s t r e a m  is  an essent ia l  pa r t  of the life cycle of these cells.  After  
i r rad ia t ion ,  the abil i ty of the s t em cel ls  to e scape  into the c i rcula t ing blood is disturbed,  pe rhaps  due to 
injury of the s t e m  cel ls  t hemse lves ,  and to d i s tu rbances  of the hemodynamics  and cytoarchi tec tonics  of the 
bone mar row.  It has been  shown, for  example ,  that  during the f i r s t  few hours  a f te r  i r radia t ion ,  even in 
compara t i ve ly  smal l  doses  (3001%), v i r tua l ly  no s t em cel l s  can be found in the c i rcula t ing  blood [5]. It is 
a lso well  known that  sc reen ing  p a r t  of the bone m a r r o w  has  a much l e s s  ma rked  therapeut ic  effect  than 
sc reen ing  followed by repopulat ion with the p ro tec ted  ce l l s  [4], and the fo rmat ion  of endogenous colonies in 
the spleen of i r r ad i a t ed  mice  takes  p lace  on a much s m a l l e r  sca le  af ter  pa r t i a l  p ro tec t ion  of the bone m a r -  
row than if  the s a m e  n u m b e r  of un i r rad ia ted  m a r r o w  cel ls  is injected in t ravenous ly  (repopulation) into 
total ly i r r ad i a t ed  rec ip ien t  an imals  [8, 12]. Isola ted invest igat ions showing the ef fec t iveness  of therapeut ic  
admin is t ra t ion  of autologous bone m a r r o w  obtained af ter  un i formly  dis tr ibuted,  whole-body i r rad ia t ion  
have also been publ ished [7]. 

Hence, both under  no rma l  conditions and in radia t ion s ickness ,  the e scape  of hematopoie t ic  s t em 
ce l l s  into the c i rcu la t ing  blood is  evidently an impor tan t  condition for  the maintenance of hematopoies i s .  
The benef ic ia l  effect  of repopulat ion with m a r r o w  cells  a f t e r  i r r ad ia t ion  is p robab ly  connected with the 
a r t i f ic ia l  flushing out of  in tact  hematopoie t ic  cel ls  (in pa r t i cu la r ,  s t em cells) into the c i rcula t ing blood 
s t r e a m ,  with the subsequent  fo rmat ion  of foci of  hematopo ies i s  by these  cells.  
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