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The effect of the cryoproteetor  polyethylene oxide 400 (PEO-400) on mitotic activity of human 
perlpheralblood leukocyteswas studied in cultures stimulated by phytohemagglutinin. The cy- 
tological features of growth of the blood cells when PEO)400 was added before the beginning of 
culture were expressed as continued ability of the cells to undergo transformation and mitotic 
division despite a significant decrease in the mitotic activity of the experimental cultures com- 
pared with the controls. 
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During the last  decade the need for prolonged keeping of biological objects in transptantology has led to 
the development of the method of keeping human cells and cells of certain animals by eryopreservat ion in liquid 
nitrogen. 

However, the process  of freezing and thawing and prolonged keeping at the temperature of liquid nitrogen, 
according to some data in the l i terature,  may have an adverse effect on the proliferative ability of the preserved 
cells.  For  instance, according to Yakusawa et al. [7], each stage of the freezing and thawing process  causes 
its own type of damage and in that way inactivates to a certain degree the proliferative capacity of the thawed 
cells.  At all stages of cryopreservat ion the cells are  in contact with cryoprotectors ,  essential components of 
the medium in which the cells are  frozen. Contact between the cells and cryoprotectors ,  especially in the 
period of preparation for freezing, is relatively prolonged. Meanwhile the character  of the effect of cryopro- 
rectors  on growth of blood cells in culture and on their proliferative capacity has been inadequately studied. 

Strong et aI. [6], for instance, showed that after the addition of cryoprotectors  such as dimethylsulfoxide 
(DMSO), glycerol,  and polyvinylpyrrolidone to the culture medium in various concentrations, a culture of mouse 
lymphocytes stimulated by phytohemagglutinin (PHA) actively incorporated [3H]thymidine only in the presence 
of 1% solution of DMSO, whereas the remaining cryoprotectors  caused inhibition of cell growth. Investigations 
by other workers have shown that even br ief  incubation (150 mill) of t issue cultures in a medium with 5% glyc- 
erol  solution and 10% DMSO solution, after rinsing and subsequent culture in f resh medium, led to various 
cytological injuries in the cultured cells [5]. Meanwhile Aswood-Smith et al. [4], who studied the cryoprotective 
propert ies  of methanol, found that Chinese hamster  cells can grow without any special injuries for 3 days in a 
culture medium containing methanol in a final concentration of 5%. 

The contradictory nature of the data described above can be explained by the heterogeneity of the ma- 
ter ia l  used and also by the fact that different cryoprotectors  were tested in different concentrations. 

Consequently the study of the patterns of growth of a cell culture after the addition of cryoprotectors  to 
the culture medium is an urgent problem. The cryoprotector  polyethyleneoxide 400 (PEO-400), which is used 
for freezing nucleated blood and bone marrow cells and which, as the work of Pushkar,  et at. [2, 3], has shown, 
does not need to be r insed out after  preservation,  is part icularly interesting in this respect .  

In the  investigation described below proliferative capacity of human peripheral blood leukocytes was de- 
termined in culture when PEO-400 was added to the culture medium in different concentrations. 
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TABLE 1. Mitotic Activi ty and P h a s e s  of Mi tos is  in Control  and Exper imen ta l  Cul tures  
of Human P e r i p h e r a l  Blood (M • m) 

phases of mitotic division 

Culture 

Control 
5% 

PEO-400 
(n=9) 

Con~ol 
10% 

PEO-400 
(n=7) 

Mitotic index, 
% 

34,77~5,24 

17,66+3,57 
(P<O,02) 

prophase 

19,i1~3,93 

8,55~-3,09 
(P>O,05) 

32,14-----6,60 

10,28• 
(P<O,02) 

15,43-'-4,65 

3,28 + -- 1,36 
(P < o,o5) 

~eries of 
~xperi - 
T t e n ~  % 

54,9 

48,4 

48,0 

31,9 

metaphase 

14,22-~2,74 

8,66 +-3,93 
(P> 0,05) 

15,14+3,45 

7,00+-3,32 
(P>O,O5) 

40,9 

48,9 

47,1 

68,1 

anaphase % 

1,44+0,54 4,2 

0,44--0,12 2,7 
(P>0.05) 

1,57+0,59 4,9 

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

A s h o r t - t e r m  cul ture  of human pe r iphe ra l  blood leukocytes  s t imulated by PHA was used.  A suspension 
of leukocytes  was obtained f r o m  hepar in ized  blood of cl inical ly healthy subjec ts  by allowing the blood to stand. 
Cul ture  was c a r r i e d  out for  69 h in med ium 199 containing 10% bovine s e r u m  and the opt imal  dose of PHA 
(Reanal). A s te r i l e  solution of PEO-400 in final concent ra t ions  of 5 and 10% was added to the cu l tures .  The 
suspended ce l l s  were  centr i fuged and f i lms  were  p r e p a r e d  f r o m  the res idue ;  these  were  fixed with methanol 
and stained by the R o m a n o v s k y - G i e m s a  method.  The  p ro l i f e ra t ive  power of the ce i l s  was studied by d e t e r m i n -  
ing the mi to t ic  index ancLphases of mi tos i s  in 1000 t r a n s f o r m e d  cel ls  (blast and t rans i t iona l  fo rms) ,  andwas  e x -  
p r e s s e d  in p a r t s  p e r  thousand.  

Two s e r i e s  of expe r imen t s  we re  c a r r i e d  out. In s e r i e s  I the mitot ic  act ivi ty of the leukocytes  was de-  
t e r m i n e d  in the p r e s e n c e  of PEO-400 in a final concentra t ion of 5%, and in s e r i e s  II  a 10% solution of  PEO-400 
was  added to the cul ture  med ium (Table 1). The  control  to each s e r i e s  of expe r imen t s  consis ted of leukocytes  
cul tured without the addition of the c ryop ro t ec to r .  The data for  mi to t ic  act iv i ty  and the ra t io  between the 
phases  of mi to s i s  in the control  and exper imen ta l  cul tures  were  subjected to s ta t i s t ica l  ana lys is  by the S tudent -  
F i s h e r  method.  

EXPERIMENTAL RESULTS 

Some d i f fe rences  we re  found in the ra t io  between the number s  of cell  f o r m s  in the control  and expe r i -  
menta l  cu l tures .  In the expe r imen ta l  s e r i e s ,  by con t ra s t  with the control ,  m o s t  ce l l s  were  "smal l  n lympho-  
cy tes ,  whe rea s  the t r a n s f o r m e d  t rans i t iona l  f o r m s  and blas t  cel ls ,  which predomina ted  in the control ,  we re  
found much l e s s  f requent ly ,  although they p r e s e r v e d  the i r  morphologica l  individuality and the i r  ability to unde r -  
go mi to t ic  division.  

As Tab le  1 shows, the mi to t ic  index in the e~per imenta l  cu l tures  d i f fered  f r o m  that  in the control .  In the 
exper imen ta l  cu l tures  a f t e r  addition of a 5% solution of PEO-400 to the cul ture  medium,  for  instance,  the 
mi to t ic  index was reduced  by half  (P < 0.02), and a f t e r  addition of a 10% solution of PEO-400  it  was  reduced  by 
two- th i rd s  (P < 0.02) c o m p a r e d  with the contro l .  When va lues  of the mi to t ic  index obtained in the exper imenta l  
cu l tures  with 5% (17.66 + 3.57%) and 10% (10.28 • 3.76%) concentra t ions  of PEO-400 were  compared ,  it will be 
noted tha t  the d i f fe rences  were  not significant  (P > 0.05). 

As r e g a r d s  the d is t r ibut ion of the  phases  of mi tos i s ,  as Tab le  1 shows the number  of cel ls  in the va r ious  
phase s  of mi to t ic  divis ion was s m a l l e r  in the  exper imen ta l  cu l tures  than in the cont ro ls .  Significant d i f fe rences  
we re  found with r e s p e c t  to the d e c r e a s e  in the number  of ce l l s  in p rophase ,  the i nc rea se  in the number  of cel ls  
in me taphase  (P < 0.05), and the d e c r e a s e  in the number  of cel ls  in anaphase (P < 0.05) during growth in medium 
with 10% PEO-400  solution (P < 0.05). In the exper imen ta l  cu l tures  a t e n d e n c y w a s  obse rved  fo r t he  number  of cel ls  
i n p rophase  and anaphase  to be reduced,  ~ h e r e a s  the  number  of ce l l s  in m e t a p h a s e  was  incroased .  ~ 

Recent  inves t igat ions  have shown tha t  PHA exhibits  its t r a n s f o r m i n g  act ion by acting on the su r face  of 
l ymphocy tes  [1]. I t  can accordingly  be  postula ted that  PEO-400,  which is a c ryop ro t ec to r  of mixed types  (exo- 
endocel lular) ,  ac ts  in some  way on the su r face  of the lymphocy tes  and also,  perhaps ,  on var ious  of  i ts  c o m -  
ponents,  and in that  way inhibits the n o r m a l  co u r se  of t r a n s f o r m a t i o n  under the influence of PHA. Meanwhile 
lymphocy tes  which have undergone t r a n s f o r m a t i o n  divide by mi to s i s .  

Biochemica l  and cy tochemica l  inves t iga t ions  of  nucleated blood and bone m a r r o w  cel ls ,  incidentally,  show 
that  c r y o p r o t e c t o r  PEO-400,  despi te  i ts  low toxici ty,  if incubated with these  cel ls  also leads  to some  d e c r e a s e  
in the intensi ty of  the  b iochemica l  and cy tochemica l  indices  [3]. 
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It can accordingly be concluded from the results  of cytological analysis that if PEO-400 is added to the 
culture medium before the beginning of culture in final concentrations of 5% or 10%, blood cells stimulated by 
PHA remain capable of transformation and of mitotic division, despite a significant decrease in the mitotic 
activity of the experimental cultures compared with the controls. 
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The leukopoictic activity of blood serum was studied after injection of the breakdown products 
of 12 and 60 million homologous granulocytes per 100 g body weight into intact Wistar rats,  and 
the character of the action of the serum on proliferation and differentiation of hematopoietic 
stem cells was determined in the spleen of lethally irradiated mice. The accumulation of granu- 
lopoietins in the blood under the influence of the granulocyte breakdown products was greater 
after injection of material from 12 million granulocytes. Granulocytopoietins stimulate the 
proliferative activity of stem cells and their differentiation into granulocytes in the spleen of 
lethally irradiated mice. It is concluded that granulocytes breakdown products have a stimu- 
lating action on hematopoiesis through granulocytopoietins. 

KEY WORDS: granulocyte breakdown products; granulocytopoietin; stem cell; leukopoietic ac- 
tivity of blood. 

It was stated in previous communications [1, 2] that granulocyte breakdown products stimulate granulo- 
cytopoiesis in intact animals and that the intensity of this stimulation depends on the number of granulocytes 
injected. The most marked stimulating effect was given by a dose of 12 million lysed granulocytes per 100 g 
body weight of the rat: this dose increased the proliferative activity of the granulocytes and the absolute 
number of myelokaryocytes, m~inly on account of granulocytes, as well as the number of granulocytes in the 
peripheral blood. Injection of 60 million lysed granulocytes led to some degree of inhibition of granulocy-t~)- 
poiesis in the f i rs t  3 days, followed by moderate activation. 

To study the mechanism of action of granulocyte breakdown products on granulocytopoiesis, in the 
present investigation their  effect was examined on the leukopoietic activity of the serum and the character of 
the action of serum on proliferation and differentiation of hematopoietic stem cells was determined in the spleen 
of lethally irradiated mice.  
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