
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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M E C H A N I S M  OF A C T I O N  OF B R E A K D O W N  P R O D U C T S  

OF G R A N U L O C Y T E S  ON G R A N U L O C Y T O P O I E S I S  

G. N.  K u r b a n o v a ,  M.  G.  K a k h e t e l i d z e ,  
a n d  T .  A.  P r i g o z h i n a  

UDC 615.385.34.015.4 : 612.112.12 

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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Fig. 1. Leukopoietic proper t ies  of ra t  serum at different t imes after  injection of 
granulocyte breakdown products.  Abscissa, t ime of taking serum (in days); ordinate, 
number of immature granulocytes (in % Of initial). Continuous line - serum taken after  
injection of 12 million lysed granulocytes; broken line - serum taken after  injection of 
60 million lysed granul0cytes; black dots indicate P �9 0.05. 

Fig. 2. Number of macrocolonies in spleen of lethally irradiated mice after injection 
of bone marrow with addition of serum. Abscissa, t ime of taking serum (in days}; o r -  
dinate, number of colonies (in % of control value}. Remainder of legend as in Fig. 1. 

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

The leukopoietic activity of serum taken from ra t s  1, 2, 3, 6, 9, and 13 days after injection of homologous 
granuloeytes, disintegrated by proteolysis ,  in a dose of 12 or 60 million cel ls /100 g body weight, was studied 
by the method of K~khetelidze and Dolgina [3] on the basis of changes in the morphological composition of the 
bone marrow of the recipient ra t s .  Serum was injected into the femoral vein of ra ts  in a single dose of 1 m l /  
100 g body weight. Control Animals received the same volume of normal serum. The bone marrow was ob- 
tained by femoral  puncture before and 3 days after  injection of the serum (at the t ime of maximal changes in 
hematopoiesis}. Fi lms were fixed with methyl alcohol and stained with azure I I - eos in .  Leukopoietic activity 
was estimated (in %} from the change in the number of immature granulocytes in the bone marrow after  in- 
jection of the tes t  serum compared with the corresponding level  in the same animals before injection of serum. 
Each tes t  sample was injected into a group of 6-12 nnimals and the mean values were calculated. 

The effect of serum obtained at different t imes after  injection of 12 and 60 million lysed granulocytes 
into the ra t s  on proliferation and differentiation of the stem cells was studied by the method of Till and 
McCalloeh [6]. Both donors and recipients of bone marrow were (CBA x C57BL) mice aged 10-12 weeks. Bone 
marrow was obtained by flushing out the femora with medium 199 and addition of Na2-EDTA as stabilizer in 
a dose of 20 rag/100 ml medium. The cell concentration in the suspension was adjusted to 100,000 ce l l s /ml .  
Each animal received a dose of 50,000 cells in 0.5 ml medium. The tes t  serum was added in a dose of 1 m l /  
100 g body weight. Each sample was injected into a group of 8-12 mice. The control animals received an in- 
jection of a suspension of bone marrow cells in the same concentration. Normal serum was injected into 
another group of control animals. The mice were irradiated with lsTsr 7 - r ays  in a dose of 1200 rad 2 h before 
transplantation of the bone marrow.  They were killed on the 9th day and their  spleens were fixed in Bouin's 
fluid, and then in 70 ~ alcohol. The number of colonies was counted macroscopically.  Serial histological sec-  
tions of the spleens were cut and stained with hematoxylin-eosin for the microscopic study of the composition 
of the hematopoietic colonies. The ratio between the types of hematopoietic colonies in the control and ex- 
perimental groups of animals was determined in percent .  Experiments were car r ied  out on 154 rats weighing 
80-100 g and on 449 mice. 

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

The resul ts  of the study of changes in the serum leukopoietic activity of the ra ts  t reated with breakdown 
products of 12 and 60 million granulocytes are  given in Fig. 1o 

Serum taken 1 day after  injection of breakdown products of 12 million granulocytes caused an increase 
in the number of immature granulocytes in the bone marrow of the recipient ra ts  by 21%, and serum taken 
after  2 and 3 days gave increases  of 48 and 26% respectively (P < 0.02, P < 0.05}. The number of immature 
granulocytes re turned to its initial level after 6 days. 
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TABLE 1. His tological  Types  of Hematopoie t ic  Colonies (in %) in Spleen of Lethal ly I r r ad i a t ed  
Mice under  Influence of Rat  Serum Taken at Dif ferent  T i m e s  a f t e r  Inject ion of Breakdown 
P roduc t s  of 12 and 60 Million Granulocytes  

Normal Tim: of tiking serum after injection of breakdoin products, days 
Types of colonies Control serum 2 a a 9 13 

Erythrocy tic 
Granulocytic 
Megakaryocy tic 
Mixed 
Undiffer entia ted 
Number of spleens 

Erythrocytic 
Granulocytic 
Megakar),ocy tic 
Mixed 
Undifferentiated 
Number of spleens 

52 
21 

10 
14 

54 
17 
11 

9 

Injection of 12 million 

46 46 
2 6 

Injection of 60 million 
47 54 

18 I1 
10 2 

9 

39 
35 
12 
14 

47 

19 

48 
34 
,0 

17 

44 
23 
11 
22 

54 
2 6 
? 

10 

65 

13 

Y 

57 

10 

64 
15 
9 
8 
4 
9 

62 
22 
4 
8 
4 
5 

58 
19 
5 

17 
1 
9 

The  i nc r ea s e  in the leukopoiet ic  act iv i ty  of the blood s e r u m  coincided with or  p receded  the maximal  
changes  in the morphologica l  composi t ion  of the bone m a r r o w  in the donor r a t s  and was probably r e spons ib l e  
fo r  the s t imulat ion of g ranu locy topoies i s .  

Se rum obtained 24 h a f t e r  injection of breakdown products  of 60 mil l ion granulocytes  caused a d e c r e a s e  
of 22% in the number  of i m m a t u r e  granulocytes  in intact  r a t s .  The se rum leukopoiet ic  act ivi ty began to r i s e  
a f t e r  6 days  and r eached  a m a x i m u m  af te r  13 days  (+25%; P < 0.001). Norma l  s e rum had no leukopoiet ic  ac -  
t iv i ty .  

Under  the influence of s e r u m  taken f r o m  r a t s  24 h a f t e r  r ece iv ing  an injection of 12 mil l ion lysed  g ranu-  
locy tes  the number  of mac roco lon i e s  in the sp leens  of the lethal ly i r r ad ia t ed  mice  inc reased  by 25% (P < 0.01) 
c o m p a r e d  with the control  (injection of bone m a r r o w  without se rum) ,  a f t e r  2 days  it was inc reased  by 30% 
(P < 0.001), and a f t e r  3 days  by 55% (P < 0.001), and it r e m a i n e d  significantly i nc rea sed  until the end of the 
per iod  of obse rva t ion .  Under  the  influence of s e r u m  f r o m  intact  r a t s  the number  of mac roco lon i e s  was not 
s ignif icant ly  i nc reased .  

Se rum taken  f r o m  r a t s  a f te r  injection of breakdown products  of 60 mil l ion granulocytes  had a weaker  
ef fec t  on p ro l i f e ra t ion  of the s t em cei ls .  The  max imal  i nc r ea se  in the number  of mac roco lon i e s  was obse rved  
under  the influence of s e r u m  taken 3 day s a f t e r  injection of granulocyte  breakdown products ,  and amounted to 
only 14.5% (P > 0.1) (Fig. 2). 

The  r e s u l t s  of  the his tological  inves t iga t ions  a r e  given in Tab le  1. 

Under  the influence of s e r u m  obtained a f t e r  injection of the breakdown products  of 12 mil l ion granulo-  
cy tes  an i n c r e a s e  in the r e l a t ive  pe rcen tage  of colonies of granulocytes  was obse rved  at all t i m e s  of o b s e r v a -  
tion: the i n c r e a s e s  a f te r  2 and 3 days  were  35 and 34% re spec t i ve ly  (21% in the control) .  

In the cour se  of 6 days  the re  was some  i nc r ea se  in the r e l a t i ve  pe rcen tage  of colonies of m e g a k a r y o c y t e s  
and a d e c r e a s e  in the pe r cen t age  of e ry th rocy t i c  and undifferent ia ted c o l o n i e s .  Most  cel ls  in colonies  of  mixed 
type w e r e  g ranu locy tes .  

Under  the influence of s e rum obtained 1, 2, and 3 days  a f te r  injection of the breakdown products  of 60 
mil l ion granulocytes  the r e l a t i ve  pe rcen tage  of granulocyte  colonies also was increased:  by 25, 25, and 23% 
r e s p e c t i v e l y  (17% in the control) .  The  pe rcen tage  of mixed colonies also was inc reased  a f te r  2 and 3 days:  
by 19 and 22% re spec t i ve ly  (170 in the control) .  

Granulocy te  breakdown produc t s  thus cause the accumula t ion  in the blood of subs tances  capable  of  s t i m -  
ulat ing granulocy topoies i s  in intact  r a t s .  The  intensity of t he i r  accumula t ion  depends on the dose of lysed  
g ranu locy tes  injected: inject ion of 12 mil l ion lysed  granulocytes  c ause s  a m o r e  rap id  and m a r k e d  accumulat ion 
of granulocytopoie t ins .  Se rum taken 24 h a f t e r  inject ion of 60 mil l ion lysed  granulocytes  causes  some d e c r e a s e  
in the number  of i m m a t u r e  granulocytes  in intact  an imals ,  followed by a mode ra t e  i n c r e a s e .  The d e c r e a s e  in 
the granulocytopoie t ic  act iv i ty  of  the  s e r u m  assoc ia ted  with an i n c r e a s e  in the dose of lysed  granulocytes  i_r/- 
jec ted,  as  well as  the inhibition of g ranu locy topo ies i s  in the donor r a t s  a f te r  inject ion of this  dose  a r e  probably  
due to an i n c r e a s e  in the quanti ty o f  an inhibi tor  of leukopoies i s  contained in m a t u r e  granulocytes  [4, 5]. 
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Granulocytopoietins stimulate proliferation of stem cells in the spleen of lethally irradiated mice and 
their differentiation into granulocytes. The mechanism of action of granulocytopoietins on the stem cell re- 
quires special study. 
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RESPONSE OF ANTERIOR PITUITARY CELLS 

COOLING IN RATS 

B. I. Monastyrskaya and A. G. Silina 

AFTER ACUTE 

UDC 612.433.014.43 

The  an t e r io r  lobe of the pi tui tary  (ALP) of r a t s  exposed to genera l  cooling to -10r for  6 min 
was  inves t igated by his tological  and au toradiographie  methods .  The diurnal  cycle  of  changes 
in the functional s ta te  of the glandular  ce l l s  of ALP,  the number  of m i to se s ,  and the number  of 
labeled  ce l l s  synthes iz ing DNA was examined 3, 6, 12, 18, and 24 h a f t e r  cooling. Marked  ac t i -  
vat ion Of thyro t rophs  and doubling of the number  of m i t o s e s  were  obse rved  12 h a f te r  cooling, 
with no change in the index of labe led  ce l l s  in the  cour se  of 24 h. The r e s u l t s  showed that  the  
s t r e s s o r  r e s p o n s e  to cold in r a t s  is ch a r ac t e r i z ed  by potentiat ion of the thyro t roph ic  function 
and by acce l e r a t i on  of m i t o s i s  in the ce i l s  of ALP.  

KEY WORDS: cold s t r e s s ;  thyro t rophs ;  DNA synthesis ;  m i to s i s .  

The  s t r e s s o r  r e s p o n s e  cons is t s  of a bas i c  essen t ia l  nonspecif ic  component,  in the f o r m  of act ivat ion of 
co r t i co t rophs ,  to which a se lec t ive  and m a r k e d  i n c r e a s e  in thyro t roph  function may  be added depending on the 
type of s t r e s s o r .  During a study of the u l t r a s t r u c t u r e  of the an t e r i o r  lobe of the p i tu i tary  (ALP) in r a t s  ex-  
posed  to acute cooling, m a r k e d  act ivat ion and an i nc r ea se  in the number  of t hy ro t rophs  in the gland were  ob-  
s e r v e d  by the p r e s en t  w r i t e r s  during the f i r s t  24 h [2]. In the inves t igat ion desc r ibed  below the effect  of acute 
cold s t r e s s  on DNA synthes is  and reproduc t ion  of the ce l l s  of ALP was studied in r a t s  and the diurnal cycle  
of changes in the s ta te  of the thyro t rophs  was examined.  Changes  in these  functions w e r e  judged on the bas i s  
of p rev ious  informat ion  [1] on the diurnal  r hy thm of DNA synthes is ,  r ep roduc t ive  activity,  and the functional 
morphology  of the  glandular  ce i l s  of  ALP in in tact  r a t s .  T h e r e  a r e  indications in the l i t e r a t u r e  of an i n c r ea se  
in the c o r t i c o s t e r o n e  concentra t ion  in the blood of r a t s  a f te r  s h o r t - t e r m  genera l  cooling [3] and a lso  of an in- 
c r e a s e  in the thyro t rophin  concentra t ion  under  these  conditions [4, 5]. 

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

Fif teen ma le  r a t s  weighing 100-120 g were  exposed to acute cooling in a chamber  at -10~ for  6 rain. 
The  p i tu i ta ry  was r e m o v e d  3, 6, 12, 18, and 24 h a f t e r  cooling f r o m  3 an imals  at each t ime .  Meanwhile the 
p i tu i ta ry  gland of 15 control  r a t s  was invest igated.  DNA synthes is  in the glandular  cel ls  was  invest igated by 
an au toradiographic  method with [~H]thymidine with a speci f ic  act ivi ty  of 5.6 C i / m m o l e  and in a dose  of 1 
/~Ci /g  body weight.  [3H]Thymidine was  injected in t raper i tonea l ly  1 h be fo re  sac r i f i ce .  The p i tu i ta ry  glands 
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