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A sharp decrease  in the number of e ry throeytes  in the circulat ing blood to different levels and the 
maintenance of these levels subsequently for long periods were observed in rabbits  after acute blood loss 
to the extent of 1.5-2.1% of the body weight. 

The intensity of hematopoiesis  may  be as much as five t imes higher than normal  for up to 245 days. 
The absence of a positive response  to stimulation with cobalt and tes tos terone  suggest  that the observed in- 
tensity of e ry thropoies is  was close to the maximum. 

One of the fac tors  determining the effectiveness of control  in biological sys tems is the r e s e rve  capa-  
city or  Wcontrol r e s e r v e "  [4] of these sys tems.  The r e s e r v e  capacity of tile hematopoietic system can there -  
fore be used as a qualitative index of the mechanism of regulation of the ery throcyte  concentrat ion in the 
blood system. By r e s e r v e  capacity of erythropoies is  is meant  the highest attainable intensity of e ry th ro -  
poiesis,  expressed as the degree to which the output of erythropoies is  per unit t ime exceeds its normal  
level while the blood system remains  in equilibrium. 

On a pr ior i  grounds, the concept of r e s e r v e  capacity mus t  evidently be subdivided into peak capacity, 
developing during an acute disturbance of equilibrium in response  to a st imulus acting once and for all, and 
the s tat ionary r e s e r v e  capacity,  which the system can develop for a long period of time (comparable with 
the life span of the erythrocytes)  in response  to a continuous stimulus. 

It was assumed during the investigation of the kinetics of erythropoies is  that under experimental  con- 
ditions the ra te  of e ry thropoies is  can be increased to 10 t imes the normal  value [11]. 

Data on repara t ive  erythropoies is  in the l i tera ture  apply either to acute blood loss [2, 7], or  to chronic 
losses  of re la t ively small  volumes of blood [1, 6, 10, 12-14]. In neither of these cases  does the level of hem- 
atopoiesis necessa r i ly  reach  its steady upper limit. 

The object of this investigation was to determine the highest ra te  of hematopoiesis  which the e ry thro-  
poietic system can develop and steadily maintain in long- te rm experiments.  

EXPERIMENTAL METHOD 

A sharp decrease  in the e ry throcyte  count of the circulat ing blood to various levels was produced in 
rabbits  weighing 2900-3000 g by acute blood loss to the extent of 1.5-2.1~ of the body weight, and the e r y -  
throcyte  count was subsequently maintained for long periods by measured  blood losses  on al ternate  days 
(the volume of blood withdrawn was calculated each t ime from the ery throeyte  concentrat ion in the blood 
stream). 
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TABLE 1. Changes in Hematologic  Indices during Prolonged 
and Re ~eated Bleedings 

Erythrocyte Hemoglobin Reticulocyt, Circulating tV~162 of 
Series of count (i06/ :oncentra.- cou~ (in Irlematoerit blood vol-" ,~a$ntenanc 

~ion (in g%) %) index um.e (ill lof blood Ios expt. mm 3) mr) l(in ml) 
t 

I 

4,56_+0,23 13,1• 2,6_+0,3 38--.3,0 142_+5,8 [ -- Zontrol 

$ 

I 2,74• 6,6•  21,4_+3,6 2l_+2,0 139• 22,8+_4,2 
II 2,08• 0,59 4,6-+0,3 28,2_+2,0 20_+2,0 144_+5,3 29,9• 
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Fig. 1. I n c r e a s e  in total  
volume of blood withdrawn.  
1) Ery th rocy te  count 2 .10~ /  
ram3; 2) e ry th rocy te  count 
3.10~/mm3; 3) blood loss  
with s imul taneous s t imula -  
tion by t e s tos t e rone  and 
cobalt;  4) p r e l imina ry  in- 
ject ion of t e s to s t e rone  and 
cobalt  followed by blood 
loss .  

Before  the beginning of the exper iments  and during the i r  cou r se  
the e ry th rocy te  count and hemoglobin concentra t ion were  de te rmined  in 
the rabb i t s  by the method of Derv iz  and Vorobrev [3, 5], and the r e t i cu lo -  
cyte count and c i rcula t ing blood volume by a dye method (using Evan ' s  
blue). The value of each of these  indices was obtained as the mean  of 
r e s u l t s  of m e a s u r e m e n t s  on th ree  blood samples ,  in which the s tandard 
deviation of the e ry throcy te  count and hemoglobin concentra t ion was 1.5- 
2~c and the s tandard deviation of the re t icu locyte  count and c i rcula t ing 
blood volume was 3-5~c. 

Two s e r i e s  of exper imen t s  were  c a r r i e d  out. In s e r i e s  I, the e ry -  
throcyte  count was reduced to 3 �9 106/ram ~ in the an imals  by acute blood 
loss  amounting to 1.5% of the body weight, and it was subsequently ma in -  
tained at this level  for  245 days by m e a s u r e d  bleeding on a l t e rna te  days.  

In the exper iments  of s e r i e s  H, the e ry th rocy te  count was reduced 
to the level  of 2 �9 106/ram 3 by acute blood loss  amounting to 2.1% of the 
body weight, and this level  was mainta ined until the end of the expe r i -  
ment  by m e a s u r e d  bleeding on a l t e rna te  days.  The exper iment  las ted  
for  239 days,  but some of the an imals  died before  this per iod had ended, 
without, however,  any sign of hypoplas ia  of the bone m a r r o w  or  a de- 
c r e a s e  in the product ivi ty of e ry th ropo ies i s  until the i r  death. 

The degree  to which the intensi ty of e ry th ropo ies i s  exceeded the 
normal  level  was calculated f rom the formula:  

n r iE i  
= r--~0. 100~, 

where  r 0 r e p r e s e n t s  the or iginal  percen tage  of re t i cu locy tes ,  E 0 the 
or iginal  number  of e ry th rocy te s  per  m m  3, r i the mean  pe rcen tage  of r e t i -  
culocytes  during the exper iment ,  and Ei the mean  number  of e ry th rocy te s  
per  m m  3 during the exper iment .  

The r e su l t  of calculat ion by means  of this fo rmula  ag rees  well  with d i rec t  de te rmina t ion  of hyper func-  
tion of e ry th ropo ies i s  based  on the total  volume of the m a s s  of e ry th rocy tes  l ibera ted .  

EXPERIMENTAL RESULTS 

In both series of experiments the intensity of erythropoiesis was increased by 510~c over normal 
(Table i), i.e., a level on the average 5 times higher was reached and maintained steadily for 8 months, 
or for not less than 4 generations of erythrocytes. 

The stability of this process is also demonstrated by the daily variations in the volumes of blood 
which had to be withdrawn to maintain the stipulated erythrocyte concentration in the circulating blood 
(Fig. I). 

By the end of the experiment the productivity of hematopoiesis had not fallen. During the first month, 
in the series with an erythrocyte count of 2 " I06, for instance, 427 ml blood was taken, compared with 456 
ml during the last month, when the corresponding reticulocyte counts were 29.3 and 19.9~c. The decrease 
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Fig. 2. Changes in red  blood indices in rabbits  with an 
experimental ly  produced ery throcyte  count of 2 �9 10~/mm 3 
followed by stimulation with tes tos terone and cobalt: 
A) bleeding and simultaneous injection of stimulants; 
B) pre l iminary  injection of stimulants followed by bleeding. 

in re t iculocyte  count while the productivity of erythropoies is  remained the same can evidently be explained 
either by changes in their  matura t ion t ime and an increase  in the effectiveness of erythropoies is  (through a 
decrease  in output of e ry throcytes  with a shortened life span), or  by an increase  in the area of active hema-  
topoiesis.  In the se r ies  with an e ry throcyte  count of 2,800,000, in the f i rs t  month 436 ml blood was taken, 
and in the last  month 559 ml, when the re t iculoeyte  counts were 20.5 and 23.1%, respect ively.  

To determine whether the level of erythropoies is  attained in the f i rs t  two se r ies  of experiments was 
at the upper Iimit, the experiments  of ser ies  III were ca r r i ed  out, in which hematopoiesis  was stimulated 
by blood losses  accompanied by injections of tes tos terone and cobalto The basis  for the use of these sub- 
stances to st imulate erythropoies is  is given by resul ts  descr ibed in [8, 9]~ 

The experiments  of se r i e s  III were  of two types. In the firsf~the animals received subcutaneous in- 
ject ions of tes tos terone and cobalt s imultaneously with bleeding in accordance  with the following scheme: 
tes tos terone (0.0125 g), followed after  2 days by cobalt (3 mg/kg),  followed by a break for 24 h. The injec- 
tions were  subsequently repeated in the same order .  In the experiments  of the second type, pre l iminary  
injections of cobalt and tes tos te rone  were given by the same scheme and in the same doses until no fur ther  
increase  in the e ry throcyte  count could be obtained. Bleedings were then ca r r i ed  out by the scheme speci-  
fled above. The changes in the hematologic indices in the experiments  of these types are  shown in Fig. 2, 
and the increase  in the total volume of blood removed,  in Fig. 1. 

In these experiments , the productivity of erythropoies is  relat ive to normal  was 500% in the f i rs t  group 
and 520% in the second group of experiments.  In one short  experiment,  moreover ,  the ery throcyte  count 
was lowered to 1.5 �9 106/mm 3, although in this case  the productivity of erythropoies is  likewise was increased 
by not more  than 5 t imes.  

Clear ly ,  therefore ,  hematopoiesis  can pers i s t  for a long time at a level 5 t imes higher than normal.  

The absence of a positive response  to st imulation by cobalt and tes tosterone,  in the form of a further 
intensification of erythropoiesis, suggests that in all groups of experiments the intensity of erythropoiesis 
which developed was close to the upper limit, i.e., the complete reserve of the stationary erythropoietic 
capacity of the animal to correspond to the aims of the experiment had been mobilized. 
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