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In polycythemic  albino r a t s  e ry thropoie t in  s t imula tes  pinocytosis  and ropheocy tos i s .  The 
contents of the numerous  pinocytot ic  ves i c l e s  p o s s e s s  peroxidase  act ivi ty .  The number  of 
pores  in the nuclear  m e m b r a n e  is i nc reased  and the nucleoli  a re  sharp ly  hyper t rophied .  Ag- 
grega t ion  of r i b o s o m e s  into po lysomes  develops.  Swelling is  obse rved  in the mi tochondr ia ,  
which l a t e r  inc rease  sharp ly  in number  and in the e lec t ron  densi ty of the i r  ma t r i x  on ac-  
count of the accumula t ion  of i ron-conta in ing m a t e r i a l .  I t  is sugges ted  that  an impor tan t  
m e c h a n i s m  of the action of e ry th ropoie t in  is de te rmined  by i ts  r eac t ions  at  the c e l l - m e m -  
b rane  level .  

E ry th ropo ie t in  p r o m o t e s  spec ia l iza t ion  of polypotent cel ls  of hematopoie t ic  t i s sue  toward e ry th ro id  
different iat ion,  and this is accompanied  by an inc rease  in the ut i l izat ion of Fe ss and an i nc rea se  in the ab-  
solute number  of r e t i cu locy tes  in the pe r iphe ra l  blood [10, 13, 14]. Erythropoieti~i is also known to induce 
i nc rea sed  p ro l i fe ra t ive  activiW at  the level  of all  genera t ions  of the e ry th rob las t i c  s e r i e s  and to shor ten  
the length of the i r  s tay  in the bone m a r r o w  by 50% [9]. After  injection of e ry th ropo ie t in -ac t ive  s e r u m  
ma tu ra t i on  of r e t i cu locy tes  is  a c c e l e r a t e d  [4, 16]. Cel ls  of the e ry throh lac t ic  s e r i e s  differ ing in thei r  po-  
tent ia l  level  and degree  of di f ferent ia t ion thus have common  s t ruc tu ra l  components  capable  of reac t ing  to 
e ry thropoie t in .  The level  of organiza t ion  of the cel l  at which this in terac t ion  takes  place m u s t  be c la r i f i ed  
in o rde r  to d i scover  the p r inc ip les  governing the regula t ion  of e ry th ropo i e s i s  [7, 12]. 

No data on the dynamics  of the submic roscop ic  organiza t ion  of the e ry th ro id  ce l l s  under the influence 
of e ry th ropo ie t in  could be found in the l i t e r a tu re .  R e f e r e n c e s  to it a r e  few in number  and f r a g m e n t a r y  in 
nature  [15]. 

The object  of the p r e s en t  invest igat ion was to study the u l t r a s t r u c t u r e  of cel ls  of the e ry th rob las t i c  
s e r i e s  during the i r  t r a n s f o r m a t i o n  under  the influence of e ry thropoie t in .  

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

E x p e r i m e n t s  were  c a r r i e d  out in 30 noninbred ma le  albino r a t s  weighing 150-180 g. Af te r  reduct ion 
of e r y t h r o p o i e s i s  by  t r ans fus ion  of r ed  cel ls ,  the s e rum of albino r a t s  taken 20 h a f t e r  acute blood loss  was 
injected in t raper i tonea l ly  in a dose of 0.5 ml /100  g body weight. The e ry th ropoie t i c  act iv i ty  was t es ted  by 
de te rmin ing  the s ta thmokinet ic  index [6]. The m a t e r i a l  examined  under the e lec t ron  m i c r o s c o p e  was 
f e m o r a l  m a r r o w  taken f rom the albino r a t s .  The m a t e r i a l  was fixed in 1% OsO 4 solution and embedded in 
Epon-812.  Sections were  cut on the LKB-4800 Ul t r a tome ,  negat ively  stained with uranyl  ace ta te ,  and 
examined  in the Ut~MB-100 K e l ec t ron  m i c r o s c o p e .  The cytotopography of the i ron-conta in ing m a t e r i a l  
was analyzed with r e f e r e n c e  to the local izat ion of pe rox idase  act ivi ty  [11]. 
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Fig. 1 Fig. 2. 

Fig. 1. Erythroblast  (12 h after  injection of erythropoietin-active 
serum): areas of pinocytosis (shown here and in other figures respec-  
tively by an arrow and a broken arrow) and ropheocytosis, granules of 
of hemosiderin (GH), numerous r ibosomes (R) and groups of polysomes 
(P); solitary mitochondria (M) are round in shape, their cristae are 
arranged haphazardly, and the matrix is translucent (20,000 x). 

Fig. 2. Erythroblast (72 h after injection of erythropoietin-active 
serum): nucleolus (NI) increased in volume and in contact with inner 
nuclear membrane; pinocytotic and ropheoeytotic vacuoles (RV) and 
hemosiderin granules (GH) visible in cytoplasm; mitochondria (M) in- 
creased in number, cristae tightly packed, matrix osmiophflic 
(20,000 x). 

EXPERIMENTAL RESULTS 

The erythropoietic activity of the blood serum, which was 60 �9 8 in the intact animals, was signifi- 
cantly reduced in the polyeythemic albino rats to 18 :~ 5 (P < 0.01) and it rose sharply 20 h after acute 
1~lood loss to reach 195 �9 17 (P < 0.001). 

The early features of activation of target cells include the formation of cytoplasmic projections 
which appear 12 h after injection of the erythropoietin-active serum into animals with reduced erythro- 
poiesis and indicate stimulation of micropinoeytosis (Fig. 1). The reaction of the cytoplasmic membranes 
to erythropoietin develops only in stem cells and in all generations of the erythroblastic series, reflecting 
the selective character of increased permeability, which falls into the category of active transport [2]. 
Meanwhile numerous invaginations are formed (ropheocytosis) on the surface of the cytoplasm of these 
same cells, a morphological reflection of another method of active absorption of substances by the cell 
from the surrounding medium. The end result of the pinocytosis and ropheoeytosis is the formation of 
pinocytotie and ropheoeytotie vacuoles (Figs. 2 and 3). Their membrane has high electron density and 
possesses peroxidase activity. With the normal tempo of hematopoiesis, the erythroblastic cells also 
characteristically have the same pathways of active iron transport [8], but under the influence of erythro- 
poietin the intensity of these processes rises sharply. The number of cytoplasmic projections and vacuoles 
with iron-containing material reaches a maximum in the reticulum cells, erythroblasts, and basophilie and 
polyehromatophilic normoblasts, and they are present in smaller numbers in the oxyphilic normoblasts 
and reticulocyte s. 

The reaction of the ult-rastructure of the nucleus corre la tes  with the ear ly  changes in organization of 
the cytoplasmic membrane. The volume of the nuclei in the target  cells r i ses  sharply 12 h after injection 
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Fig. 3. Basophil ic normoblas t  (96 h af te r  in- 
ject ion of e ry thropoie t in -ac t ive  serum):  r ibo-  
nucleoprotein granules  (RNP) shifted toward 
inner nuclear  membrane  in nucleus (N) and 
concentra ted  near  nuclear  pores  (NP). Mem-  
brane of ropheocytot ic  vacuoles (RV) and 
ma t r ix  of mitochondria  (M) have high e lec t ron  
density.  Ribosomes  (R) and polysomes (P) 
lie f r ee ly  in cytoplasm and also are  at tached 
to membranes  of endoplasmic re t iculum (ER) 
(5o,o00x). 

of the e ry thropoie t in -ac t ive  serum.  The nucleoli in- 
c r ea se  considerably in size.  The nuclear  membrane  is 
pe r fo ra ted  by numerous  pores  which are  surrounded on 
the nuclear  side by granules of ma te r i a l  with high e lec-  
t ron density (Fig. 2). The nucleoli  a re  in contact  with the 
inner nuclear  membrane ,  and this plays an impor tant  ro le  
in nucleo-cytoplasmie  exchange [3, 18, 20]. 

The per iod of act ivat ion of nuc leo-cytoplasmic  ex- 
change cor responds  to aggregation of r ibosomes  into 
polysomes,  responsib le  for  hemoglobin synthesis  [19]. 
Dilatation of the c i s te rns  of the endoplasmie re t icu lum 
is noted (Figs. 2 and 3). 

The regu la r  reac t ion  of the mitochondr ia  to e ry th -  
ropoiet in  is c l ea r ly  defined. In the ea r ly  stage (12 h af-  
t e r  injection of the e ry thropoie t in -ac t ive  serum) the 
volume of the mitochondria  inc reases  but the outer  m e m -  
brane is unchanged. The c r i s t ae  a re  few in number,  
mos t  of them have ~straightened-out ~ folds, the spaces 
between the c r i s t ae  are  modera te ly  dilated, and the 
ma t r ix  is t rans lucent  (Fig. 1)~ The ea r l y  stage in the 
kinet ics  of the u l t r a s t ruc tu ra l  organizat ion of the mi to-  
chondria is thus cha rac t e r i zed  by the development of 
swelling. This  reac t ion  is combined as a ru le  with inten- 
sif ication of active iron t r anspo r t  and may  be osmotic  in 

cha rac t e r .  The second stage (48-72 h a f te r  injection of e ry thropoie t in -ac t ive  serum) is cha rac t e r i zed  by an 
increase  in the number  of mi tochondr ia  (Figs. 2 and 3). Often the mitochondr ia  a re  dumbbell-shaped,  in- 
dicating that they a re  s tar t ing to divide [5]. The p resence  of these p roce s se s  is conf i rmed by the increase  
in mitochondria l  prote in  in the bone m a r r o w  during st imulat ion of e ry th ropo tes i s  observed  b iochemical ly  
[1]. In the la te r  stages (96 h af ter  injection of the e ry thropoie t in -ac t ive  serum) the volume of the mi to-  
chondria continues to fall,  the c r i s tae  are  t ightly packed, and the ma t r ix  s t rongly osmiophil ic  (Fig~ 3). 
Recons t ruc t ion  of the inner membrane  is combined with the ve ry  intensive format ion  of tiny granules  of 
e lec t ron-dense  ma te r i a l  which was identified cytochemical ly  with the i ron-containing components.  The 
mitochondria  are  concentra ted  around the nucleus,  where the g rea t e s t  demand for ATP a r i s e s  because of 
the intensive s t ruc tura l  metabol ism.  

In terac t ion  between ery thropoie t in  and cel ls  sensi t ive to it thus takes p lace  at widely different  levels  
of thei r  submicroscopic  organizat ion,  including the cel l  membranes  and genetic ma te r i a l .  Activation of 
pinocytosis  and ropheocytos is  p laysan essent ia l  ro le  in this interact ion.  Changes in permeabi l i ty  and active 
t r anspor t  in cel l  membranes  are  known to give r i s e  to changes in in t race l lu la r  ion concentra t ions ,  which 
in turn induce pro l i fe ra t ive  reac t ions  in the cell  [2, 17]. The phenomena observed  in the nuclei  form a 
group of basic reac t ions  control l ing and special izing the s t ruc tura l  act ivi ty in the e ry th rob las t s  and normo-  
blasts ,  although not to be c lass i f ied  as p r i m a r y  reac t ions .  These  ex t ranuc lea r  p r o c e s s e s  probably precede ,  
and la te r  control  nuclear  activation. 

I .  
2. 

3e 
4. 
5. 
6. 
7. 

8. 

L I T E R A T U R E  C I T E D  

E. N. Barkova,  Byull.  }}ksperim. Biol. i Med., No. 6, 15 (1972). 
Yu. M. Vasi l ' ev  and A. G. Malenkov, The Cell Surface and Cell React ion [in Russian],  Leningrad 
(1968). 
A. A. Voitkevich and I. I. Dedov, Tsi tologiya,  No. 11, 1234 (1969). 
Yu. M. Zakharov,  Pat .  Fiziol . ,  No. 6, 61 (1970). 
A. Lehninger,  The Mitochondrion [Russian t ranslat ion] ,  Moscow (1966). 
S. Yu. Shekhter,  Pat .  Fiziol . ,  No. 2, 81 (1965). 
V. N. Chernigovskii ,  S. Yu. Shekhter,  and A. Ya. Yaroshevski i ,  The Regulation of E ry th ropo ies i s  
[in Russian],  Leningrad (1967). 
M. Bess i s  and G. Bre ton-Gor ius ,  Blood, 19, 635 (1962). 

855 



9. H. Borsook et al., Nature, 217, 1024 (1968). 
10. A . J .  Erslev, Blood, 24, 331 (1964). 
11. R . C .  Graham and M. J. Karnovsky, J. Histochem. Cytochem., 14, 291 (1966). 
12. J. Harr is .  The Red Cell, Cambridge (1963). 
13. L .G .  Lajtha, in: Erythropoiesis, London (1962), p. 140. 
14. K. Nakao, F. Takaku, S. Fulioka, et al., Blood, 27, 537 (1966). 
15. D. Orlik, A. S. Gordon, and J. A. Rhodin, Ann. New York Acad. Sci., 149, 198 (1968). 
16. W. Paolino, P. P. Pintor, and V. Grassini, Acta Haemat. (Basel), 17, 51 (1957). 
17. A. Ryter and F. Jacob, Ann. Inst. Pasteur, 107, 384 (1964). 
18. E. Sidebottom and H. Harris,  J. Cell Sci., 5, 351 (1959). 
19. J. Warner, A. Rich, and C. Hall, Science, 138, 1399 (1962). 
20. P . S .  Woods and J.  H. Taylor, Lab. Invest., 8, 309 (1959). 

856 


