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The plasma of rats breathing pure oxygen for 40 h acquires the property of inhibiting mitotic activity 
of erythroblasts  in a bone marrow culture. 

Under hypoxic conditions an excess of erythropeietins, substances stimulating erythropoiesfs,  appear 
in the blood of man and animals [5, 11, 14]. X'Jhen gas mixtures with a high partial pressure  of oxygen are 
inhaled by man and animals, a decrease  in the hemoglobin concentration and erythrocyte count in the blood 
are  most commonly observed [2-4, 6-8, 12. 13, 1S, lg, 21]. Some wri ters  consider that these changes are 
due to dilution of blood as a result  of displacement of tissue fluid into the lumen of the blood vessels,  while 
others attribute them to inhibition of erythropoiesis in the bone marrow, hIeanwhile, some investigators 
[1, 17] have described ~ increase in the blood erythrocyte indices or stimulation of erythrocyte develop- 
ment i ,  the bone marrow under hypero.<ic conditions [2]. In animals exposed to a high partial pressure  of 
oxygen and subsequently bled, the composition of the blood is restored more slowly than in control animals 
[7, 18], while in tissue culture an increased oxygen concentration in the medium inhibits cell proliferation 
[16]. During the prolonged and continuous action of oxygen on animals, severe changes develop principally 
in the lung tissue, with subsequent disturbances of respiratory, function [9]. 

It was therefore necessary to discover whether oxygen has a specific or merely a toxic action oa 
erythropoicsis.  Ia the present  investigation we attempted to elucidate some of the mechanisms of the action 
of oxygen on erythropoiesis.  
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Fig. 1. Effect of exposure to pure oxygen for 40 h on r e s i s t -  
ance of erythrocytes  to acid hemolysis (A) and on erythrocyte 
composition of rats '  blood (B). EE) End of exposure; unshaded 
c~,lumns) erythrocyte count (mMlions/mm~): shaded columns) 
reticulocyte count (in %). 
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Fig.  2. E ry th rob l a s t  count in bone m a r r o w  of con-  
t ro l  and ex-perimental an imals  a f t e r  exposure  to 
pure  oxygen. Shaded column) control  an imals ,  un-  
shaded) expe r imen ta l  an imals .  

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

ExTperiments were  p e r f o r m e d  on 100 Wis ta r  albino r a t s  weighing 170-190 
g. The ra t s  we re  kept in a KNZh-2 chamber ,  venti lated with pure  o~Tgen at a 
normal  a tmospher ic  p r e s s u r e  for 40 h. The control  group of an ima l s  was e x -  
posed in the sam ~ env i ronment  but to ord inary  a tmosphe r i c  a i r .  The c ~ , t b r o -  
cyte count pe r  mm 3, hemoglobin concentrat ion,  hema toe r i t  index, percen tage  o f  
re t icu locytes ,  and bone m a r r 6 w  (obtained by puncture) were  inves t igated by the 
usual methods.  The acid r e s i s t ance  of the ery throe)~e  was studied by the 
e r y t h r o g r a m  method of Gi te l 'zon and Terskov ,  the concentra t ion of t r a n s p o r t  
iron in the p l a sma  by R a m s a y ' s  method, and the e ry th ropo ie t i c  p r o p e r t i e s  of 
the p l a s m a  by Light ' s  liquid bone m a r r o w  cul ture  method as  modif ied by 
S. Yu. Shekhter [10]. To study the mitot ic  act iv i ty  of the e ry th rob l a s t s  in the 
cul ture,  colchicin solution was  added to give a final eoncen t ra t ionof  1 : 500,000. 

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

After  exposure  of r a t s  to pure  oxygen for 40 h and t r a n s f e r  into no rma l  
a tmosphe r i c  conditions, the erythroc3~e count was lowered signif icantly for  a 
long t ime.  As Fig. 1 shows, toward the end of exposure  the e ry th rocy te  count 
pe r  m m  3 rose  (with a s imul taneous increase  in the hemoglobin concentrat ion),  
evidently in connection with redis t r ibut ion react ion,  because  the r e t i c u l o c y ~  
concentrat ion did not r i se ,  and next day the evythrocyte  count had fallen.  The 
dec rea se  in the ers ' throcyte  count was most  marked  on the 5th day a f t e r  e x p o s -  
u re .  Toward the end of cx~posure and on the next two days  the e ry th rocy te  re_ 
s i s tance  was  dec reased ,  but in the second week a f t e r  the an imals  had re turned  
to normal  a tmosphe r i c  conditions the index of e ry th rocy te  r e s i s t ance  to acid 
hemolys i s  was permanent ly  ra ised .  As Table 1 shows, the concentrat ion of 
t r a n s p o r t  iron a lso  was changed, falling signtfic, 'mtly toward the end of expo s -  
ure  and on the 3rd and 10th day af ter  the r a t s  had re turned to an a tmosphe r i c  
en~-ironment. 

Some inc rease  in the i ron concentrat ion in the blood was observed  in the f i r s t  10 days  a f t e r  exposure ,  
although on the 2nd day this was rea l ly  no more  than a tendency. The dec r ea se  in e ry th roey te  r e s i s t ance ,  
with accompanying d i sappearance  of highly r e s i s t an t  e ry th rocy tes ,  the dec r ea se  in the e ry th rocy t e  count 
in the pe r iphera l  blood, and the inc rease  in t r a n s p o r t  i ron concentrat ion were  evidence of hemolys i s  in t.ha 
f i r s t  days  a f t e r  exposure  to oxygen. At the s ame  t ime,  the dec rease  in the e ry th rocy te  r e s i s t ance  and in-  
c r e a s e  in concentrat ion of t r a n s p o r t  i ron could indicate imhibition ef  erythropoies iao 

As Fig. 2 shows, toward the end of exposure  to oxygen the percentage  of er~ ' throblas ts  in the ra ta  1 
bone m a r r o w  was cons iderably  lowered,  re turrdng to i ts  initial level  only in the 2nd week a f t e r  exposure .  
Such a cons iderable  d e c r e a s e  in the e r y t h r v b l a s t  count in the bone m a r r o w  of the an ima l s  cannot bo 
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attributed to the toxic action of oxygen, because the general condition of the animals in the exposure period 
and on the subsequent days remained satisfactory and no macroscopic changes were observed in the lungs, 
which are most sensitive to the action of oxygen. 

When the rats were transferred from the hyperoxic environment to ordinary atmospheric conditions 
their plasma acquired the property of inhibiting mitotic activity of the erylhroblasts in bone marrow cul- 
tures. The mean percentage of mitoses (relative to the number of mitoses after addition of Hanks' solution 
taken as 100) was 86:~8.8 for the animals of the experimental group and 139~11.3 (P < 0.001) for the con- 
trols, lIence, the plasma of the control animals was erythropoictically active, in agreement with data in the 
literature [2G], while the plasma of rats exposed to an atmosphere of pure oxygen for 40 h retained this ac- 
tivity only until near the end of exposure. The results described suggest that the factor inhibiting proliferA- 
tion of erythroblasts in the bone marrow culture is an inhibitor of er~.-hropolesis, which also affects the 
erythroblasts in the bone marrow of the animals themselves. 

An excessive oxygen concentration produces reactions in the body aimed at limiting production of 
erythroblasts and, above all, it inhibits erythropoiesis in the bone marrow. One of the causes of inhibition 
of erythropoiesis may be a decrease in mitotic activity of the erythroblasts, due not to the direct action of 
oxygen but to the appearance of a special substance, an inhibitor of erythropoiesis, in the blood. 
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