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Changes in the cell  composi t ion  of the hematopoie t ic  organs  of r a t s  in response  to injection 
of adrena l in  were  inves t iga ted  a f t e r  blocking of the adrenerg ic  f l - r ecep to r s  wi thpropranolo l .  
After  the inject ion of adrena l in  the number  of lymphocytes  in the spleen fell  but the number  
in the bone m a r r o w  rose ,  and at the same  t ime  the number  of ma tu re  neutrophi ls  dec reased .  
P r e l i m i n a r y  inject ion of the f l -adrenerg ic  blocking agent cons iderably  reduced migra t ion  of 
the lymphocy tes  into the bone m a r r o w  but did not affect  the intensi ty of ce l lu la r  depopulation 
of the spleen.  It is concluded that f l -adrenerg ic  m e c h a n i s m s  play an impor tan t  role  in the 
e a r l y  r e sponse  of the bone m a r r o w  to e x t r e m a l  f ac to r s .  
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Inves t iga t ions  in the w r i t e r s '  l a b o r a t o r y  have shown [1-5] that the mos t  c h a r a c t e r i s t i c  ea r ly  changes 
a r i s ing  in the hematopoie t ie  organs  in r e sponse  to the action of e x t r e m a l  s t imuli  a re  a dec rease  in the 
n u m b e r  of ma tu r e  granulocytes ,  an i nc rea se  in the number  of lymphocytes  in the bone mar row,  and a s i -  
mul taneous  dec rea se  in the num ber  of cel ls  in the lymphoid organs  (the thymus and spleen).  The inves t iga-  
t ion of the m e c h a n i s m s  of regula t ion of the e a r l y  r e sponse  of the hematopoie t ic  organs  is very  in teres t ing.  
In an e a r l i e r  p a p e r  [3] the w r i t e r s  showed that inject ion of adrenal in  gives r i se  to changes in the homato-  
poiet ic  o rgans  s i m i l a r  to those produced by the action of e x t r e m a l  s t imuli ,  whereas  blocking the (~-adren- 
e rg i c  r e c e p t o r s  p reven t s  ce l lu la r  depopulation of the spleen without, however,  affect ing the degree  of de- 
population of the thymus  or  changes  in the cell  compos i t ion  of the bone m a r r o w .  

This p a p e r  de sc r ibe s  the r e su l t s  of an invest igat ion of the changes taking place in the hematopoie t ic  
organs  under  the influence of adrenal in  a f t e r  blocking of the adrenerg ic  f i - r ecep to r s .  

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

Wis ta r  r a t s  of both sexes  weighing 160-180 g were  used.  Adrenal in  hydrochlor ide  was injected sub-  
cutaneously in a dose of 1 mg /kg .  The effect ive dose of the adrenerg ic  s -b lock ing  agent, dihydroergoto• 
(Spofa, Prague)  and the dose of the fi-blocking agent p ropranolo l  (Obsidan, Eas t  Germany)  were  de te rmined  
by the usual method [5, 6, 11]. After  subcutaneous inject ion of d ihydroergotoxin  in a dose of 0.25 mg/kg ,  
the ~ - a d r e n e r g i c  effect  of subsequent  inject ion of adrenal in  was a lmos t  comple te ly  blocked for  2.5-3 h; 
inject ion of 5 m g / k g  propranolo l  blocked the f l -adrenerg ic  d e p r e s s o r  ef fec t  of i sopro te reno l  for  the same 
per iod [6]. 

The number  of ce l l s  in the spleen and thymus [1] and the number  of nucleated cel ls  in the f ema  [9] 
were  de termined;  with the aid of the m y e l o g r a m  calcula ted  f r o m  squash p r epa ra t i ons  the absolute number  
of ce l l s  of the var ious  genera t ions  was de te rmined .  The hematopoie t ic  organs  were  invest igated in the 
r a t s  3, 6, 12, and 24 h a f t e r  inject ion of the drugs .  F r o m  10 to 15 ra t s  were  used at each per iod.  
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Fig. 1. Change in ce l lu la r  composi t ion of bone m a r r o w  af te r  injec-  
t ion of adrenal in with (1) and without previous  adminis t ra t ion of 
propranolol  (2). Continuous l ines denote lymphocytes;  broken lines 
polymorphs .  Confidence l imits  calculated for  P= 0.05 are shown. 
Abscissa ,  t ime af te r  injection of drugs (in h); ordinate,  number  of 
cel ls  (in % of initial level) .  

Fig, 2, Number of cel ls  in spleen af ter  injection Of adrenal in  (1), 
propranolol  (2), and propranolol  followed by adrenal in  (3). 
der  of legend as in Fig. 1. 

Remain- 

EXPERIMENTAL RESULTS 

After injection of adrenalin the number of lymphocytes in the bone marrow increased by 50~0 andthen 
fell (Fig. I). A previous investigation [3] showed that dihydroergotoxin, a toxic s-blocking agent, produced 
the same increase in the number of lymphocytes as adrenalin. Injection of propranolol (a fl-blocker), on 
the other hand, caused no increase in the number of lymphocytes. Preliminary injection of propranolol, 
moreover, prevented the increase in the number of lymphocytes 3 and 12 h after the injection of adrenalin. 
At other times the effect of the adrenergic fl-recptor block on the lymphocytes was less marked. Com- 
bined preliminary injection of o~- and fl-blocking agents reduced the degree of increase in the number of 
lymphocytes in the bone marrow in response to injection of adrenalin only very slightly. 

As regards the decrease in the number of mature cells in the bone marrow (following their discharge 
into the peripheral blood), the adrenoblocking agents had no significant effect on this response. 

Unlike dihydroergotoxin, propranolol had no effect on the degree of cellular depopulation of the spleen 
caused by adrenalin (Fig. 2). 

As regards the effect of propranolol on the changes in the cell composition of the thymus after in- 
jection of adrenalin, the results obtained were not consistent. 

Lymphocytosis followed by neutrophilia has been described in healthy and splenectomized persons 
after injection of adrenalin [12]. On this basis it was concluded that contraction of the spleen does notplay 
an important role in the development of the leukocytosis. No evidence of increased discharge of lympho- 
cytes through the thoracic duct likewise has been obtained. It has also been shown that the separate ad- 
ministration of ~- and fl-adrenergic blocking agents does not change the character of the lymphocytosis 
induced by adrenalin and that this leukocytosis is not the result of mobilization of the intravascular leuko- 
cyte pool. 

The writers have found that adrenalin, like stressors, causes changes in the cell composition of the 
hematopoietic organs. Whereas the o~-adrenergie blocking agent prevented cellular depopulation of the 
spleen [3], evidently by preventing constriction of the capsule and vessels of the spleen, the fi-blocking 
agent had no such effect. Evidence of the absence of fl-receptors in the splenic capsule of rabbits and dogs 
has been obtained [7, 11]. The possibility that they are absent also in rats cannot be ruled out. On the 
other hand, the increase in the number of lymphocytes in the bone marrow under the iniluence of adrenalin 
evidently takes place with the participation of fl-receptors. 

The response of urgent mobilization of mature granulocytes from the bone-marrow pool, however, 
was not reduced by preliminary injection of ~- or fl-bloeking agents. Consequently, this effect of adrenalin 
could hardly be direct. These observations on the effect of adrenalin on the number of mature granulo- 
cytes in the bone marrow agree with data in the literature [13]. 
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The regulat ion of lymphopoiesis  in the thymus takes place chiefly through local humoral  effects  of 
r e t i cu la r  and epithelial  ce l ls  [10]. Lymphopoiesis  in the lymph glands and spleen takes place chiefly under  
the influence of antigenic st imulation.  So fa r  as regulat ion of the cell  composi t ion of the bone -mar row 
lymphoid t issue is concerned,  this problem remains  a lmost  complete ly  unstudied. To judge f rom the p r e s -  
ent findings, this regulat ion may take place with the par t ic ipat ion of adrenalin.  

The increase  in the number  of lymphocytes  in the bone mar row precedes  the activation of myelopoie-  
sis,  r e s to ra t ion  of the ce l lu la r  composi t ion of the bone marrow,  and even the development of t rans ient  
hyperplas ia  of the myeloid t issue [4]. These resu l t s  are  evidence of the adaptive and trophic influence 
of the sympathet ic  nervous  sys t em on hematopoies is  during exposure  to s t r e s s .  
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