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Post t raumat ic  regenera t ion of the ra t  spleen was studied after hemiresec t ion  of the organ 
under gravitation overloading (11 units) when spleen tissue extracts  prepared by V. P. 
Fi la tov 's  formula were used as the s t imulator .  Under gravitation overloading the splenic 
nodules were smal le r  in size and smoother  in outline, infiltration of their red pulp by 
lymphocytes was increased,  the number of labeled cells and the intensity of label in the 
react ive centers  of the splenic nodules were reduced, and capsule formation in the zone 
of resect ion was slowed down. As a resul t  of the use of the s t imulator  the normal  s t ruc -  
ture of the white pulp was res tored ,  the number of labeled cells was increased,  and capsule 
formation was more  rapid. By using the tissue extract  under gravitat ion overloading the 
process  of regenerat ion {as regards  the charac te r  and times of development of t issue dif- 
ferentiation) was brought more in line with the ordinary course  of post t raumatic  r egene ra -  
tion of the spleen. 
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In teres t  has recent ly  increased in the investigation of the effect of extremal  factors  on animals and men. 
There  is evidence in the l i terature  on the significant effect of gravitation overloading on the histological s t ruc -  
ture of the intact spleen [1, 2],  and on the veins and re t icular  tissue of that organ [3, 4]. However, no data 
on post t raumatic  regenerat ion of organs under these conditions could be found. There  are  likewise no data on 
the use of s t imulators  under these conditions. The present  wri ter  has found that gravitation overloading ad- 
verse ly  affects regenerat ion of the skin [5] and spleen [6]. 

The object of this investigation was to study post t raumatic  regenerat ion of the spleen under gravitation 
overloading and during stimulation of the regenerat ion process .  

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

Exper iments  were car r ied  out on 160 male albino ra ts  weighing 130-150 g. Half of the spleen was r e -  
moved from all the animals, which were distributed into three groups. Group 1 consisted of control  ra ts ;  the 
animals of groups 2 and 3 were exposed to a gravitation overload of 11 units by spinning them on a special 
turntable in the head-pe lv i s  position. Additionally, the rats  of group 2 received a s t imulator  prepared  f rom 
the spleen by V. P. Ei la tov 's  formula. The animals of all groups were decapitated 3, 7, 10, 20, and 30 days 
after  removal  of half of the spleen, six ra t s  at each time. The numerical  data were subjected to stat ist ical  
analysis  by Student's method. 

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

Under gravitation overloading appreciable changes took place in the pulp of the spleen. Whereas in the 
control  animals moderate infiltration of the red pulp by lymphocytes took place, in ra ts  exposed to gravitation 
overloading immediately after hemiresect ion of the spleen the red pulp contained more lymphocytes than e ry th -  
roeyte s. 
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Under ordinary conditions of regenerat ion the number of splenic lymphatic nodules per  field of vision 
was substantially unchanged, varying f rom 6 ~: 0.23 to 8 • 0.33. Under gravitation overloading, i r respec t ive  of 
stimulation their number at the same t imes of observat ion was reduced to between 4 • 0.66 and 6 • 0.49 per  
field of vision. 

In all se r i e s  of exper iments  the splenic lymphatic nodules in the zone of resect ion of the spleen in the 
ear ly  periods of observat ion {3-10 days after  the operation) the boundaries between the splenic lymphatic 
nodules and the red pulp were indistinct. Multiple groups of lymphocytes,  forming tiny islets ,  were observed 
in that region. HoWever, the splenic nodules varied in size depending on the experimental  conditions. For  in- 
stance, whereas  normal ly  the d iameter  of the splenic nodules averaged 468.5 • 0.89 ~, and in the control group 
by the 30th day of observat ion it was 374.6 • 0.89/~, under overloading conditions with or  without stimulation 
their  d iameter  did not exceed 340.7 • 0.7 ~. 

Besides counting the number of splenic nodules and measur ing their diameter ,  we also counted the num- 
ber  of pyroninophilic cells  in the react ive  center.  In relation to this index we subdivided the splenic nodules 
conventionally into three groups:  those containing many pyroninophilic cells  (up to 65 of the 300 cells in the 
field of vision), those with an average number - not more  than 30, and nodules with only a few - not more than 
15 pyroninophilic cells  per  field of vision. In the intact ra ts  there were 45.2 • 0.7% of group 1 nodules, 
38.4 + 0.1% group 2, and 16.4 • 0.5% group 3. Changes in the number of pyroninophilic cells in the react ive 
centers  of the splenic nodules a re  shown in Table 1. In the ear ly  stages in both the control  and experimental  
animals the number of splenic nodules containing many pyroninophilic cells was reduced and, conversely,  the 
number containing only a few such cells  was increased.  In the later  periods of observat ion the opposite pattern 
was observed.  

The resul ts  of counting the number of labeled cells  after  administrat ion of thymidine-3H and counting the 
number of reduced grains of s i lver  per cell in the react ive  centers  of the splenic nodules were interest ing 
(Table 2). Under ord inary  conditions of post t raumatic  regenerat ion,  s tar t ing f rom the fifth day of observation, 

TABLE 1. Distribution (in %) of Splenic Lymphatic Nodule by Number of Pyroninophilic 
Cells pe r  Field of Vision (M :~ m) 

Group of 

Splenic lymphatic nodul 
.,= 

7th day I 

0 ~ 

animals 

Experimental,  31,8• o ,  I [ 3 6 , 4 • 1 7 7  I , 0 
without s t i m -  ] I 
ulation [ 

l ' 
withExperimental'stimula- 125'3+0'St25"3• 2S'~• '2F'l•177 

tion ) ~ ~ [ I i 

nodules containing pyroninophilic cells, per field of vision, on tmdermentioned 
days of observation 

l O t h ~ '  ..... ] - 20th day I 30th day 

~ . ~  ~ ~ 1 7 6  . ~ . ~  Oo~ ~o~ oo ,~ VOodOO o~.o o~.O.~= 

22,1•  0 , 4 1 3 8 , 8 •  39,1::k 1,0133,4"+'0,4137,8+ O, 6[28,8•  1 , 0 1 3 7 , 8 • 1 7 7  

~4,6• 1 , 4 .~6,8• 1 , C ]9 ,8•  1 , 1 $4,0~ 0 ,  ~l 26 ,2•  0 , 7  

~ 5 , 6 •  ]4 ,64-0 ,7  ~0,84-0,6 ] 6 , 2 • 1 7 7  

I 

TABLE 2. Incorporat ion of Thymidine-3H under Different Experimental  Conditions 
(M �9 m) 

Time of observation 
5th day 10th day 20th day 30th day 

Group of Number of Numberof Number of Number of Number of number of number of 
animals labeled grains per grains per labeled grains per labeled cells grains per 

cells per labeled cells per labeled per 100 labeled ceil  
100 cel l  100 cell  

Experimental, 
without stim- 
ulation 

ContrOl 
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tion 

21,3+0,5 10,1+---0,6 

25,3+0,7 15,3~0,7 

21,3• 12,1• 

Number of i labeled 
cells per labeled 
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16,5~0,9 21,1-4-0,9 

18,5• 13,1• 
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20,5-----0,9 

20,5 + I, I 
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29,6+0,8 

31,3~ 1,0 

31,0 -+- 1,0 

30,3 ~- 1,2 

30,6+0,8 

33,1• 
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32,1m1,0 

32,1• 
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the number  of labeled c e l l s  was 25% and the number  of g ra ins  of s i l ve r  15.3 pe r  cell .  Gravi ta t ion  over loading  
reduced  these f igures  to 21% and 10.1%, r e spec t ive ly .  Under these condit ions s t imula t ion  caused some in-  
c r e a s e  in the number  of labeled ce l l s  and in the number  of g ra ins  of s i l ve r ,  and by the end of the observa t ion  

(30th day) these  indices  co r re sponded  to the control .  

The effect  of the expe r imen ta l  condit ions was c l e a r l y  manifes ted on capsule  format ion  in the zone of r e -  
sect ion.  

By the 10th day of obse rva t ion  under  o r d i n a r y  condit ions of r e ge ne r a t i on  p ro l i f e ra t ion  of f ib rob las t s  was 
obse rved  in the region  of r e sec t ion .  In some an ima l s  connective t i s sue  ce l l s  were  a r r anged  hor izonta l ly  in 
some p l a c e s ,  but in many c a s e s  a thin connect ive t i s sue  capsule  was formed over  the whole sur face  o f  the de-  
fect. In the expe r imen ta l  groups by the 10th day of obse rva t ion  there  was marked  delay in capsule  formation.  
The zone of r e sec t i on  was covered  by loose connect ive t i ssue .  Cel ls  were  more  numerous  than connective t i s -  
sue f ibers .  

On the 30th day a f te r  the opera t ion  the wound of the spleen in the an imals  of the control  group was cov-  
e red  by a fully formed capsule .  However,  i t  was r a t h e r  thinner  than the capsu le  ove r  the undamaged a reas .  
In the an imals  exposed to over loading  the wound sur face  of the spleen was covered  by a thick l aye r  of r e l a -  
t ively undif ferent ia ted t issue.  Dif ferent ia t ion of the newly formed capsule  was apprec iab ly  delayed compared  
with that of the cont ro l  spleen.  In the s t imula ted  r a t s ,  by the 30th day af te r  the opera t ion  the wound was cov-  
e red  by a capsule  the s t r u c t u r e  of which c lo se ly  r e s e m b l e d  that of the control  an imals .  

Repeated grav i ta t ion  over loading  a f te r  h e m i r e s e c t i o n  of the sp leen  thus had a subs tan t ia l  effect  on r e -  
genera t ion  of that organ. The number  and d i a m e t e r  of the splenic lymphat ic  nodules were  reduced.  The red 
pulp was abundantly in f i l t ra ted  by lymphocytes .  In the region  of the wound there  were  many deformed lympho-  
cytes .  The number  of pyroninophi l ic  ce l l s  in the splenic  nodules was reduced.  The number  of labeled ce l l s  
and the number  of g ra ins  of s i l v e r  per  ce l l  were  reduced.  

When splenic  t i ssue  ex t rac t  was used under  these condit ions as a s t imu la to r  the number  of pyronino-  
phil ic and labeled ce l l s  and the number  of g ra ins  of s i l v e r  pe r  cel l  were  al l  i nc rea sed ,  the s t ruc tu re  of the pu lp  
of the organ c lose ly  r e s e m b l e d  that in the cont ro l ,  and the format ion  and d i f ferent ia t ion  of a capsule  in the zone 
of r e sec t i on  took place more  rapid ly .  On the whole, s t imula t ion  cons ide rab ly  abol ished the phenomena due to 
g rav i ta t ion  over loading ,  so that the development  of p r o c e s s e s  of r egene ra t i on  in the r e sec t ed  spleen more  
c lose ly  r e s e m b l e d  the o rd ina ry  cour se  of pos t t r aumat i c  r egene ra t ion  of that organ.  

1. 

2. 

3. 
4. 
5. 

6. 

LITERATURE CITED 

Yu. L Afanas'ev, in" Aviation and Space Medicine (ed. by V. V. Parin) [in Russian], Moscow (1963), 
pp. 40-44. 
Yu. I. Afanas'ev and Yu. V. Mashkovtsev, in: Problems in Space Biology [in Russian], Vol. 6, Moscow 
(1967), p. 288. 
S. G. Guseinova, Arkh. Anat., No. 7, 74 (1966). 
S. G. Guseinova, Arkh. Anat., No. II, 70 (1971). 
E. V. Kadilov, in: Proceedings of the 1st Transcaucasian Conference of Morphologists [in Russian], 
Tbilisi (1975), pp. 104-105. 
A. A. Mezhlumyan and V. A. Mugnetsyan, in: Proceedings of the ist Transcaucasian Conference of 
Morphologists [in Russian], Tbilisi (1975), pp. 161-162. 

93 


