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The  f emur  was f r ac tu red  in mice  i r r ad ia t ed  in a dose  of 600 R and the f r a g m e n t s  united by 
a meta l  pin. Under these conditions,  when pa r t  of the bone m a r r o w  was des t royed ,  the n u m :  
b e r  of  endogenous colonies in the spleen was  inc reased .  
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T h e r e  is much evidence to show that the outcome of radia t ion s ickness  is  l a rge ly  de te rmined  by the 
s eve r i t y  of damage  to the s t e m  cell  population [3]. It has been calculated that p r e s e r v a t i o n  of 0.1% of un-  
damaged  bone m a r r o w  ce l l s  enables  5070 of i r r ad ia t ed  an imals  to surv ive  [2]. It has  also been  shown that, 
despi te  cons iderab le  radia t ion injury to bone m a r r o w  cel ls ,  hematopo ies i s  can be  s t imulated by injecting 
DNA and thymidine [8], by giving biogenic s t i m u l a t o r s  [9], or  by t rea t ing  the bone  m a r r o w  in va r ious  ways - 
by p u n c t u r e ,  inject ion of phys io logica l  sa l ine ,  and so on [4]. 

The fact  that  t r e a t m e n t  of f r a c t u r e s  by in ternal  fixation wi th  me ta l  pins de s t roys  la rge  quant i t ies  of  
bone m a r r o w  t i s sue  sugges ts  that this must  lead to s t imulat ion of hematopo ies i s  and to the m o r e  in tensive 
migra t ion  of bone m a r r o w  cel ls .  The  poss ib i l i ty  of using this method of t r ea tmen t  for  f r a c t u r e s  of the long 
bones in conjunction with i r rad ia t ion  m a k e s  i t  impe ra t i ve  to study the effect  of this p rocedu re  on the s tate  of  
hematopo ies i s  and, in p a r t i c u l a r ,  on the population of hematopoie t ic  s t em cel ls .  

The object  of  this invest igat ion was to study the poss ib i l i ty  of colony fo rmat ion  by s t em cel ls  in totally 
i r r ad ia t ed  mice  with mechanica l  injury to the bone m a r r o w  t i ssue .  

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

The exper imenta l  an imals  were  162 noninbred mice  weighing 19-24 g and i r r ad ia t ed  in a dose of 600 R 
on the GUB-20,000 appara tus  with Co 6~ 7 r ays  (dose ra te  70 R/ra in) .  In the course  of 1-2 h a f t e r  i r rad ia t ion  
the f emur  was f r ac tu red  under  pen tobarb i ta l  anes thes ia .  In some an imals  the f r agmen t s  were  fixed by a 
meta l  pin. I r r ad ia ted  mice  without in ternal  f ixat ion and i r r ad ia ted  mice  on which no o ther  p rocedu re  was 
c a r r i e d  out were  used  as  the con t ro l s .  On the ninth day the mice  were  decapi ta ted,  a f t e r  which t h e i r  spleens 
were  r emoved ,  weighed, and placed in Bouin ' s  solution. The  number  of endogenous colonies on the sur face  
of the spleen was counted 3 - 4  h a f t e r  f ixation [12]. Stat is t ical  ana lys i s  was ca r r i ed  out with the aid of 
Student 's  t t e s t .  

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

As Tab le  1 shows,  all  mice  o f  the expe r imen ta l  g roups  survived  compared  with only 85% of mice  in 
the control  group.  In i r r ad ia t ed  mice  that were  s imply  anesthet ized the n u m b e r  of colonies and the weight 
of the spleen were  not s ignif icantly changed. F r a c t u r e  of  the f e m u r  inflicted a f t e r  i r r ad ia t ion  led to an 
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TABLE 1o Effect of Mechanical Destruct ion 
of P a r t  of the Bone Marrow on Endogenous 
Colony Format ion in the Spleen of I r radia ted 
Mice 

Weight of 
Experimental spleen (in 
conditions rag) 

Mice 
Number of surviving 
colonies until 30th 

day, % 

Irradiation 600 R 
(control) 

Irradiation 600 R+ 
anesthesia 

Irradiation 600 R+ 
fracture without 
pinning 

Irradiation 600 R+ 
fracture with 
pinning 

23-----2,0 

25,8+3,0 

43,8-----2,5* 

33,7-+-2,7 * 

11,2+1,8 

10,4+2,4 

15,0+2,6 

20,4-~2,0 * 

85 

lOO 

100 

*P < 0o01 compared with the control.  

increase  in the weight of the spleen by 87%, and a ten- 
dency was observed in these mice for  the number of 
colonies to be increased  although the di f ferences  was not 
stat ist ically significant. 

After destruct ion of the bone m a r r o w  by pinning the 
weight of the spleen was increaed by 44%~ The number  
of colonies was almost  twice as g rea t  as in the control 
and 1~ t imes g rea te r  than in the mice in which the bone 
f ragments  were not fixed. 

Injury to bone m a r r o w  in mice i r radia ted in doses 
causing minimal mortal i ty  thus leads to an inc rease  in 
colony formation by s tem cells  and to an inc rease  in the 
survival rate of the animals .  This  may probably be ex- 
plained, on the one hand, by spontaneous d ispers ion  of 
s tem cells following mechanical  injury to the bone mar row,  
and on the o ther  hand, by the action of humoral  fac tors  
on the migrat ion and prol i fera t ion of polypotent ceils.  

Stem cel ls  are  known r o b e  constantly circulat ing in the blood of healthy animals ,  but under the influence 
of radiation, even in small doses ,  they cannot be found [11]. The work of Strelin and co -worke r s  [5-7] 
showed that t ransfusion of bone m a r r o w  cells taken f rom a completely o r  par t ly  screened a rea  of bone m a r -  
row into the per iphera l  blood s t r eam acce le ra tes  the recovery  of hematopoiesis  and inc reases  the survival 
ra te  of the i r radia ted animals ,  which confirms the f i rs t  hypothesis~ Presumably  pinning the f rac ture  s i m i l a r -  
ly p romotes  spontaneous disseminat ion of the bone mar row stem cells of mice  totally i r radia ted  in smal l  
doses.  

Some evidence in support of the validity of the second hypothesis  is given by data [8-10] showing an 
increase  in the number  of splenic colonies and an inc rease  in the survival  ra te  of i r radia ted mice after  
administrat ion of biogenic s t imulators  o r  t reatment  aimed at the p i t u i t a r y - a d r e n a l  sys tem.  F rac tu r e s  and 
manipulations associa ted with their t rea tment  lead to considerable humoral  changes which must  evidently 
affect the cellular  and vascu la r  in ter re la t ions ,  as a r e su l t  of which favo]/able conditions are  created for  
migration of s tem cells into the blood s t r eam and for  their  settling subsequently in other zones of hema-  
topoie sis .  

The resul ts  thus show that mechanical  injury to the bone mar row may have a beneficial  action on 
colony formation by s tem cells  and, ul t imately,  on the res torat ion of hematopoiesis  and the course  of acute 
radiation s ickness .  
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