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In exper iments  on CBA mice and albino ra ts  the effect of erythrocyte  breakdown products (EBP) 
on the number of colony-forming units (CFU), differentiation of stem ceils, and erythropoiet in  
production was studied. After three or four injections of EBP to normal  or lethally i r radiated 
(1000 rad) mice,  no changes in the number of CFU or  in differentiation of the stem cells 
were observed  after  t ransplantat ion of bone mar row.  Daily administrat ion of EBP to mice 
for  3 days before  i r radia t ion (1000 rad) and bone mar row transplantation led to an increase  
in the number  of colonies in the rec ip ients '  spleen, mainly on account of colonies of erythroid 
type. Injection of EBP into the animals did not change the erythropoiet ic  activity of the blood 
serum.  The possible role of EBP in the mechanism of autoregulation of erythropoies is  is 
discussed.  

KEY WORDS: ery throcyte  breakdown products;  s tem cells; erythropoietin.  

The stimulating action of e ry throcyte  breakdown products (EBP) on erythropoies is  can now be taken as 
proven [3, 4, 6, 8, 11-13]. However, the mechanism of this stimulating action of the e ry throcyte  breakdown 
products is not clear .  Some workers  postulate that their effect is mediated through increased formation of 
erythropoiet ins  [2, 8, 13]. A di rec t  stimulating action of EBP on the proliferat ion of bone mar row e ry th ro -  
blasts also has been suggested [1, 2, 4, 5, 12]. 

Some aspects  of the mechanism of action of EBP on erythropoies is ,  notably their effect on hematopoietic 
stem cells, and also on erythropoiet in  production were studied in this investigation. 

EXPERIMENTAL METHOD 

Experiments were carried out on CBA mice weighing 20-25 g and on albino rats weighing 100-150 g. 
EBP were obtained from erythrocytes of these animals by washing, hemolysis with distilled water (i volume 
erythrocytes + 3 volumes water), and freezing and thawing three times. Homologous EBP were injected intraperi- 
toneally in a dose of 1 ml into rats and 0.2 ml into mice. 
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T A B L E  1. I n d i c e s  of E r y t h r o p o i e s i s  in Mice  R e c e i v i n g  E B P  

1 
Time of investigation ] n 

Before experiment 1 

I 

On 4th-gth day 106 

Hematoerit 
index, % 

38,0• 
46,2 +_4,0 122% 

Er]throcytes, mil= Retieuloeytes, 
libra//~ �9 % 

7,8 • 1,8 • 
8,9• 4,3___0,61" 

115~ 240% 

*Index in n o r m a l  m i c e  (n = 10) in one f e m u r .  
t p  _< 0.05 r e l a t i v e  to s a m e  index b e f o r e  e x p e r i m e n t .  

Erythroblasts, 
millions 

I 1,69 • 
2,56• 

15200 

The  n u m b e r  of c o l o n y - f o r m i n g  un i t s  (CFU) in the bone m a r r o w  and s p l e e n  was  d e t e r m i n e d  by the me thod  
of T i l l  and M c C u l l o c h  [15]. The types  of c o l o n i e s  w e r e  d e t e r m i n e d  by h i s t o l o g i c a l  e x a m i n a t i o n  of s e c t i o n s  of 
the s p l e e n  of the r e c i p i e n t  m i c e .  

The e x p e r i m e n t s  to s tudy  the e f f ec t  of E B P  on CFU w e r e  c a r r i e d  out in the fo l lowing  t h r e e  v a r i a n t s .  In 
the f i r s t  the n u m b e r  of C F U  was  d e t e r m i n e d  in the bone m a r r o w  and s p l e e n  of m i c e  r e c e i v i n g  homologous  E B P  
for  3 d a y s .  The a n i m a l s  of th is  g roup  w e r e  k i l l e d  on the t h i rd  to f i f th  day  a f t e r  the f i r s t  i n j ec t i on  d u r i n g  the 
p e r i o d  of m a x i m a l  a c t i v a t i o n  of e r y t h r o p o i e s i s .  In the s econd  v a r i a n t  of the e x p e r i m e n t s  the e f f ec t  of E B P  was  
s t ud i ed  on co lony  f o r m a t i o n  in n o r m a l  bone m a r r o w  a f t e r  i t s  t r a n s p l a n t a t i o n  into l e t h a l l y  i r r a d i a t e d  m i c e .  
E B P  w e r e  i n j ec t ed  in the above  dose  into the r e c i p i e n t s  of the bone m a r r o w  s i m u l t a n e o u s l y  with the g r a f t  and 
2, 4, and 6 d a y s  l a t e r .  By c a r r y i n g  out the e x p e r i m e n t s  in th is  way i t  was  p o s s i b l e  to a s s e s s  the e f fec t  of the 
E B P  on d i f f e r e n t i a t i o n  of s t e m  c e l l s .  In the t h i r d  v a r i a n t  of the e x p e r i m e n t s  the r e c i p i e n t s  of n o r m a l  bone 
m a r r o w  w e r e  m i c e  which  had been  g iven  E B P  on the 3 d a y s  be fo re  l e tha l  i r r a d i a t i o n .  In these  e x p e r i m e n t s  the 
e f f ec t  of the t e s t  f a c t o r  on the a b i l i t y  of the s p l e e n  to a d s o r b  t r a n s p l a n t e d  CFU could  be d e t e r m i n e d .  

The  e f f e c t s  of E B P  on e r y t h r o p o i e t i n  p r o d u c t i o n  w e r e  s t ud i e d  in e x p e r i m e n t s  on r a t s .  The e r y t h r o p o i e t i c  
a c t i v i t y  of the p l a s m a  was  a s s e s s e d  f r o m  the r e t i c u l o c y t e  r e s p o n s e  in p o l y c y t h e m i c  r a t s  and f r o m  the i n c o r -  
p o r a t i o n  of 59Fe into the e r y t h r o c y t e s  of the a n i m a l s .  

EXPERIMENTAL RESULTS 

Injection of EBP caused stimulation of erythropoiesls in the mice, as shown by a tendency for thehemato- 

erit index and the erythrocyte count to rise, and a significant increase in the reticulocyte count and also in 

the number of erythroblasts in the bone marrow (Table I). 

To study the mechanism of the changes observed the effect of EBP on hematopoietic stem cells was in- 

vestigated. In mice with erythropolesis stimulated by injection of EBP (first series of experiments) the num- 
ber of CFU was not increased either in the bone marrow or in the spleen, when calculated per 10 .5 transplanted 

cells or per whole spleen or femur. On microscopic investigation no significant changes likewise were found 

in the distribution of the colonies by histological type. 

When the effect of EBP directly on colony formation was studied in normal bone marrow (second series 

of experiments) no significant changes likewise were found either in the number of colonies formed (ii.i �9 2.0 

per 10 5 transplanted cells compared with 9.1 ~ 1.0 in the control, after injection of physiological saline), or in 

the d i s t r i b u t i o n  of the c o l o n i e s  133.' h i s t o l o g i c a l  type.  

The  r e s u l t s  of t he se  two s e r i e s  of e x p e r i m e n t s  thus showed tha t  E B P  have no s i g n i f i c a n t  e f f ec t  on the 
n u m b e r  of CFU in the body o r  on t h e i r  d i f f e r e n t i a t i o n ;  i . e . ,  h e m a t o p o i e t i c  s t e m  c e l l s  a r e  not  the t a r g e t  of a c -  

t ion of E BP. 

The m o s t  i n t e r e s t i n g  r e s u l t s  w e r e  ob ta ined  in the t h i r d  s e r i e s  of e x p e r i m e n t s  in which m i c e  which  w e r e  
r e c i p i e n t s  of n o r m a l  bone m a r r o w  r e c e i v e d  i n j e c t i o n s  of E B P  d u r i n g  the 3 d a y s  b e f o r e  i r r a d i a t i o n  and t r a n s -  
p l an t a t i on  of bone m a r r o w  c e l l s .  In th i s  g r o u p  of a n i m a l s  an i n c r e a s e  in the n u m b e r  of s p l e n i c  c o l o n i e s  was  
o b s e r v e d .  H i s t o l o g i c a l  e x a m i n a t i o n  showed that  th is  i n c r e a s e  was  due ch i e f ly  to an i n c r e a s e  in the n u m b e r  of 
e r y t h r o i d  c o l o n i e s  and to a l e s s e r  d e g r e e  to an i n c r e a s e  in the n u m b e r  of g r a n u l o c y t i c  c o l o n i e s  and i t  was  a c -  
c o m p a n i e d  by a d e c r e a s e  in the n u m b e r  of m e g a k a r y o c y t i e  and m i x e d  c o l o n i e s  (Table  2). 

The  r e s u l t s  can  be e x p l a i n e d  as  fo l lows .  E B P ,  a l though wi thout  any s i g n i f i c a n t  e f f ec t  on s t e m  c e l l s ,  
change  the func t iona l  s t a t e  of the s p l e e n  in such  a w a y  tha t  i t  can  r e c e i v e  a l a r g e r  n u m b e r  of CFU and thus 
p r o v i d e  m o r e  f a v o r a b l e  cond i t i ons  fo r  e r y t h r o i d  d i f f e r e n t i a t i o n  of s t e m  c e l l s .  
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T A B L E  2. Colony F o r m a t i o n  in Spleens of Le tha l ly  I r r a d i a t e d  Mice P r e v i o u s l y  R e c e i v -  
ing E B P  

Recipients of bone marrow 

Mice previously receiving physio- 
logical saline 

Mice previously receiving EBP 

Number of CFU 
n per 105 cells 

2016 I 7,3___1,0 

E 

4,6+__0,6 

Types of colonies 
G Me 

1,6+-0,2 0,7+-0,2 

Mi 

0,4_0,I 

13,3+1,3" 10,1+--1,3" 3,1+_0,4" 0,I_0,1" 0,1 0,I* 

Legend:  E) e r y t h r o i d ,  G) g ranu locy t i c ,  Me) m e g a k a r y o c y t i c ,  and Mi) mixed  colonies .  

*P -< 0.05 r e l a t i ve  to s a m e  index in mice  r ece iv ing  phys io log ica l  saline.  

TABLE 3. Ef fec t  of Blood Se rum on Rats  
Rece iv ing  E B P  on E r y t h r o p o i e s i s  in 
P o l y c y t h e m i c  Ra t s  

Number Reficulo- 
Serum injected" of sera cytes, % 59Fe' % i n -  

corporation 

Serum of intact 
rats 

Serum of rats re- 
ceiving EBP 

Standard ~rythro- 
poietin 

5 0,1~0,02 

5 0,2~0,04 

- -  3,5~0,5~ 

0,5+0,2 

0,6~__0,1 

13,8___0,5~" 

*Each s e r u m  was  tes ted  on two r e c i p i e n t  
r a t s .  
*P -< 0.01 r e l a t ive  to act ion of n o r m a l  
serum. 

Considering that erythropoietin has no significant effect on CFU but, at the same time, it stimulates 

growth of erythroid colonies both in vivo [ 7] and in vitro [ I0], a special series of experiments was carried 

out to study the erythropoietic activity of the blood serum of rats in which erythropoiesis had been stimulated 

by injection of EBP* (Table 3). The results showed that this serum, when injected into polycythemic rats, did 

not induce a reticulocyte response in them and did not increase the incorporation of 59Fe into the erythrocytes. 

Hence it follows that the serum of these animals did not contain erythropoietin. A standard preparation of 

erythropoletin C, which gave a positive result, was used as the control. 

The results of these investigations thus showed that EBP exert their influence on hematopoietie stem 
cells. However, this action of EBP is unconnected with any direct effect on CFU, as shown by the results of 

the first and second series of experiments. It likewise cannot be explained on the grounds that EBP exert their 

effect through the production of erythropoietin, stimulating growth of erythroid colonies, for no change in the 

serum erythropoietic activity was observed in animals after injection of EBP_ The most likely explanation of 

the action of EBP in stimulating erythropoiesis may be that they change the microenvironment of the hemato- 
poietic cells, as a result of which the stroma of the hematopoietic organs can receive a larger number of CFU, 

and this favors the formation of a larger number of erythropoietin-sensitive cells. Growth of the erythroid 
colonies, however, in the future is controlled by erythropoietin. EBP thus have a regulatory action on erythro- 

poiesis at the stem cell level through mechanisms of "short-range" regulation and they do not affect meeha- 
n i s m s o f " l o n g - r a n g e ,  r e g u l a t i o n o f  hema topo ie s i s .  This  conc lus ion  is c o n f i r m e d  by da ta  showing the s t imu la t -  
ing act ion of pheny lhydraz ine  on e r y t h r o p o i e s i s  [9] and its r ad iop ro t ec t i ve  ac t ion [14] in i r r ad i a t ed  an imals .  
Pheny lhydraz lne ,  which induces  h e m o l y s i s  of e r y t h r o c y t e s ,  was found to have a r ad iop ro t ec t i ve  act ion only if 
given 5-7 days  before  i r r a d i a t i on  and to be ineffect ive if g iven immed ia t e ly  before  or  af ter  i r rad ia t ion .  The 
explanat ion  of this phenomenon  m a y  be that the EBP f o r m e d  by the act ion of pheny lhydraz ine  change the m i c r o -  
e n v i r o n m e n t  of the s t e m  cel ls ,  and a c e r t a i n  length of t ime,  s i m i l a r  to that  used  in the p r e s e n t  expe r imen t s ,  is 
n e c e s s a r y  for  t h i s  to a r i se .  

*The s t r o m a  of e r y t h r o c y t e s  was used as the EBP,  for  the w r i t e r s  showed p rev ious ly  that the s t imula t ing  a c -  
t ion of E B P  is e n t i r e l y  due to the s t r o m a  of these ce l l s  [5] .  
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