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E F F E C T  OF R E G E N E R A T I O N  OF T H E  S P L E E N  

U N D E R  D I F F E R E N T  C O N D I T I O N S  ON I T S  

M E G A K A R Y O C Y T E S  IN A L B I N O  R A T S  

A.  A.  M e z h l u m y a n  UDC 616.411-008.953.8-091-092.9 

Megakaryocy tes  are  found in the intact  r a t  spleen in var ious  fo rms :  with a r ing - shaped  nucleus 
and as la rge  mul t inuclear  cel ls .  The m e g a k a r y o c y t e s  divide by the fo rmat ion  of mul t ipolar  m i -  
toses  without subsequent  cytotomy. During r egene ra t ion  the number  of megaka ryocy te s  and 
their  mitot ic  act ivi ty inc reased  sharply .  Gravi ta t ional  over loading increased  the number  of 
m e g a k a r y o c y t e s  and their  mitot ic  act ivi ty even more .  Adminis t ra t ion  of splenic ex t r ac t  in ad-  
dition to gravi ta t ional  overloading reduced the number  of megaka ryocy te s  in the r egenera t ing  
spleen but inc reased  their  mitot ic  act ivi ty.  Under conditions of hypokinesia  the number  of 
m e g a k a r y o c y t e s  ifl the r egenera t ing  spleen fell sharp ly  and no mi toses  were  observed  in them. 

KEY WORDS: megaka ryocy te s ;  r egene ra t ion  of the spleen;  gravi ta t ional  overloading;  hypo- 
k ines ia .  

The re  is only l imited information in the l i t e ra tu re  on the morphologica l  and functional c h a r a c t e r i s t i c s  of 
the m e g a k a r y o c y t e s  of the spleen.  Some worke r s  [21 s tate  that in Werlhot ~ s d i sease  marked  megaka ry o cy to -  
po ies i s  is observed  but thrombus format ion  is dep re s sed .  In another  r e p o r t  [1] a case  of megaka ryocy themia  
is desc r ibed  in which the platelet  count in the pe r iphe ra l  blood r ema ined  fa i r ly  high. Data  has been obtained 
[ 8] on the ro le  of the spleen, the organ control l ing the content of thrombosthenin,  which s t imula tes  m e g a k a r y o -  
cytopoies is .  Information has a lso  been published [ 5, 7] on the morphology of the megaka ryocy te s .  No un- 
equivocal  solution has been found to the p rob lem of the origin of the megaka ryocy te s .  

Some work e r s  consider  that m egaka ryo cy t e s  a r i s e  as a r e s u l t  of fusion of s eve ra l  r e t i cu lum cells ,  and 
that lymphocytes  and immatu re  p l a s m a  ce l l s  a re  a lso  involved in the p r o c e s s  [6] .  Other worke r s  [ 9J have 
s ta ted that the p r e c u r s o r s  of the megaka ryocy te s  are  large basophil ic  cel ls .  

On the question of the method of division of the megaka ryocy te s  it has hi ther to  been cons idered  [3] that 
mul t ipolar  mi to ses  are  c h a r a c t e r i s t i c  of these ce l l s  and are  more  frequently found under expe r imen ta l  condi-  
t ions.  Informat ion on the morphologica l  c h a r a c t e r i s t i c s  of the splenic megaka ryocy te s  under di f ferent  e x p e r i -  
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Fig. 1. Ea r ly  s tages  of different ia t ion of splenic megaka ryocy te s :  
a) ea r iy  fo rm of megakaryoey te ;  b-d) appearance  of separa te  seg -  
ments .  Ocular  12.5• objective 63x .  Hematoxyl in-eos in .  

menta l  conditions could not be found in the l i t e ra tu re ,  other than the p resen t  wr i te r '  s own p re l imina ry  obse r -  
vations [ 4]. 

Consider ing the l imited quantity and con t rad ic to ry  cha rac t e r  of the data  on the splenic megakaryocy tes  
it was decided to study these cel ls  during r egene ra t i on  of the spleen under di f ferent  exper imenta l  conditions. 

EXPERIMENTAL METHOD 

Experiments were carried out on 190 male albino rats weighing 230-250 g in three series of experiments. 
Half of the spleen was removed from all the experimental rats except the intact group. 

In the experiments of series [ the animals were exposed to repeated gravitational overloading with a 
force of llg by spinning them on a centrifuge, in series [[, after repeated gravitational overloading the ani- 
mals were given an injection of splenic extract prepared as described by V. P. Filatov. in series [[I the rats 
were exposed to hypokinesia in special containers which restricted their movements. Animals undergoing 
splenectomy but other wise not exposed to any of the extremal factors, and also a group of intact animals 
served as the control. 

The experimental and control rats were decapitated on the 3rd, 5th, 7th, 10th, 15th, 20th, and 30th days 
after removal of half of the spleen, six animals at eaeh time. The material was processed by the usual histo- 
logical meth(~fl. [~H]Thymidine was injected into all the animals 1 h before sacrifice~ 

EXPERIMENTAL RESULTS 

Most megakaryocytes in the intact rat spleen were located in the peripheral zone of the red pulp and were 
multinuclear ceils measuring from 50 to 240 tt depending on the number of nuclei. During differentiation the 

megakaryocytes passed through several stages, The earliest forms were relatively small ceils (under 30 Ix) 
with a ring-shaped nucleus and no evidence of fragmentation (Fig. la). The ceils then grew in size and sepa- 
rate segments began to appear in the nucleus, which still remained ring-shaped (Fig. Ib, C)o In the early stages 
the cytoplasm of the megakaryocytes showed weak basophilia. Later the number of nuclei increased; initially 
they remained ring-shaped (Fig. Id), but later they were distributed uniformly throughout the cell (Fig. 2a), 
the cytoplasn~L of which became oxyphilic in character. In megakaryocytes which had completed their cycle of 
development the nuclei were pycnotic and displaced to the periphery of the cell (Fig. 2b, c); sometimes they 
were expelled, s leave an anuclear structure (Fig. 2d). These observations showed marked pyroninophilia of 
the megakaryocytes. After injection of [3H]thymidine all the megakaryocytes remained unlabeled. According 
to [ 9], they become labeled only after 48-70 h. 

As already stated, megakaryocytes characteristically have multipolar mitoses, as a result of which the 
chromosomes in the ceils formed a compact mass with conical projections at its periphery (Fig. 2e, f). When 
the number of poles was large, as a rule, cytotomy did not take place and the cell remained multinuclear [ 3]. 
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Fig .  2. La te  s t a g e s  of d i f f e r e n t i a t i o n  of s p l e n i c  m e g a k a r y o c y t e s :  a) u n i f o r m  
d i s t r i b u t i o n  of nuc l e i  th roughout  c e l l ;  b, c) pycno t i c  c e l l s ;  d) a n u c l e a r  s t r u c -  
t u r e ;  e,  f) m u l t i p o l a r  m i t o s e s .  O c u l a r  1 2 . 5 •  o b j e c t i v e  6 3 •  H e m a t o x y l i r r -  
eo s in .  

T A B L E  1. Changes  in N u m b e r  of M e g a k a r y o c y t e s  and in T h e i r  Mi to t i c  A c t i v i t y  in 
R e g e n e r a t i n g  Sp leen  u n d e r  D i f f e r e n t  E x p e r i m e n t a l  Cond i t ions  

Time after 
resection, 
days 

3 
7 

l0 
15 
20 
30 

Normal 

Control group (removal of 
half of the spleen) 

number of 
megakaryo- mitotic 
eytes per field index, % 
of vision 
(M ~m/ 

4,1-1-0,6 7,0 
7,3-1-0,5 6,0 
8,5+0,7 9,0 
8,8-q-0,8 9,0 
5,4-t-0,3 5,0 
2,5-+-0,2 3,0 

1,9--bO, 1 3,0 

Overloading 

number of 
megakaryo- mitotic 
eytes per field index, % 
of vision ~ 
(M ~ m) 

10,8+0,9 2,0 
12,1-1-1,1 3,0 
15,2~1,3 8,0 
14,0~1,3 9,0 
8,1-'b0,8 8,0 
4,6~0,7 4,0 

Overloading and injection 
of splenic extract 
number of" 
megakaryo- mitotic 
cytes per field index, % 

I:,Of visipn. 

8,8___+1,0 10,0 
8,7"q-1,2 11,0 

lO,6"q-l,l 16,0 
9,2-1-1,6 18,0 
6,6__.1,0 12,0 
3,0"+ 1,2 7,0 

Hypokinesia 

~mber-5-ff--or-" 
megakaryo- 
cytes per 
field of vi- 
sio n (M ~:m 

0,7-1-0,03 
0,45+0,01 
0,35--+0,01 
0,24-4-0,02 
0,18_+0,02 
0,17-4-0,01 

To  d e t e r m i n e  the index of m i t o t i c  a c t i v i t y  m e g a k a r y o c y t e s  wi th  m u l t i p o l a r  m i t o s e s  w e r e  counted;  the r e -  

s u l t s  a r e  g iven  in T a b l e  1. 

In the i n t ac t  s p l e e n  the m i t o t i c  a c t i v i t y  of the m e g a k a x y o c y t e s  d id  not  e x c e e d  3 ~ T h e  e x p e r i m e n t a l  c o n -  
d i t i ons  had an i m p o r t a n t  e f f ec t  on the n u m b e r  of m e g a k a r y o c y t e s  and on t h e i r  m i t o t i c  a c t i v i t y  (Table  1). 

A s  a l r e a d y  s t a t e d ,  the m e g a k a r y o c y t e s  in the s p l e e n  of the in t ac t  a n i m a l s  w e r e  d i s t r i b u t e d  m a i n l y  at  the 
p e r i p h e r y  of the o rgan .  In the e x p e r i m e n t a l  a n i m a l s  they  w e r e  d i s t r i b u t e d  th roughou t  the o rgan .  In r a t s  on 
which r e s e c t i o n  of half  of the s p l e e n  was  p e r f o r m e d ,  but  wi thout  any o the r  p r o c e d u r e s  (cont ro l )  an i n c r e a s e  
was  o b s e r v e d  in the n u m b e r  of m e g a k a r y o c y t e s  p e r  f i e ld  of v i s i o n  c o m p a r e d  with  n o r m a l  (1.9 =~ 0.1).  The n u m -  
b e r  of m e g a k a r y o c y t e s  v a r i e d  f r o m  4.1i ~: 0.6 a t  the beg inn ing  of the  e x p e r i m e n t  to 2.5 ~- 0.2 when counted  
1 month  l a t e r ,  and the m i t o t i c  a c t i v i t y  v a r i e d  f r o m  7 to3  ~ D u r i n g o v e r l o a d i n g  the n u m b e r  of m e g a k a r y o c y t e s  
p e r  f i e ld  of v i s i o n  i n c r e a s e d  c o n s i d e r a b l y  to 15.2 + 1.3 o r ,  in a few a n i m a l s ,  t o 2 1  p e r  f i e ld  of v i s ion ,  wi th  an 
i n c r e a s e  in m i t o t i c  a c t i v i t y  to 9 ~ When the  a n i m a l s  w e r e  s t i m u l a t e d  a g a i n s t  the b a c k g r o u n d  of g r a v i t a t i o n a l  
o v e r l o a d i n g ,  the n u m b e r  of m e g a k a r y o c y t e s  p e r  f i e ld  of v i s i o n  fe l l  c o m p a r e d  with  the p r e v i o u s  g roup ,  but  t h e i r  
m i t o t i c  a c t i v i t y  r o s e  a p p r e c i a b l y ,  to r e a c h  18 ~ on the 15th day .  

B e s i d e s  i n c r e a s e d  m i t o t i c  a c t i v i t y  and an i n 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 e s ,  an i n c r e a s e  a l s o  
was  o b s e r v e d  in t h e i r  s i z e  and in the n u m b e r  of m u l t i n u c l e a r  c e l l s  in the e x p e r i m e n t a l  a n i m a l s  c o m p a r e d  with 
n o r m a l .  I nc iden t a l l y ,  the m a x i m a l  n u m b e r  of m e g a k a r y o c y t e s  and the m a x i m a l  i n c r e a s e  in t h e i r  m i t o t i c  a c -  
t iv i ty  w e r e  o b s e r v e d  on the 10 th-15 th  d a y s  b o t h i n  the c o n t r o l  g r o u p  and in the g r o u p s  e x p o s e d  to o v e r l o a d i n g  
and s u b s e q u e n t  s t i m u l a t i o n .  
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Under the influence of hypokines ia  a s h a r p  inc rease  was found in the number  of megaka ryocy te s  per  
field of v i s i o n -  f rom 0.17 �9 0.01 to 0.7 ~: 0.03. Under these conditions not a single megakaryocy te  in a s tate  
of mi to s i s  could be found. The m e g a k a r y o c y t e s  were  r e l a t ive ly  smal l  (100-120 #), their  nuclei were  shrunken, 
and their  cy top lasm was br ick  red in color .  

It can be concluded f rom the r e s u l t s  of these invest igat ions that megaka ryocy t e s  exis t  in the intact spleen 
of albino r a t s  in var ious  f o r m s  ranging f rom re l a t ive ly  smal l  cel ls  with a r ing - shaped  nucleus to large mul t i -  
nuclear  ce l l s  raeasur ing  up to 240 # .  

Divis ion takes place by the fo rmat ion  of mul t ipolar  m i to se s  without subsequent  cytotomy. During r eg en -  
e ra t ion  of the ,spleen the number  of m egaka ryocy t e s  r i s e s .  During gravi ta t ional  overloading the number  of 
megaka ryocy te s  in the r egene ra t ing  spleen is a lmos t  doubled and their mitot ic  act ivi ty is increased.  Injection 
of a s t imula to r  under these conditions reduces  the number  of megaka ryocy t e s  but i nc rea se s  their  mitot ic  ac-  
tivity. 

During hypokinesia the number of megakaryocytes in the regenerating spleen fails sharply and no mitoses 
are observed. 
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