
R O L E  OF A D R E N A L I N  A N D  B L O C K I N G  O F  a - R E C E P T O R S  

IN R E S P O N S E S  OF H E M A T O P O I E T I C  O R G A N S  TO S T R E S S  

A c a d e m i c i a n  P .  D .  G o r i z o n t o v * ,  
O .  I .  B e l o u s o v a ,  a n d  Y u .  I .  Z i m i n  

After  injection of adrenal in  the number  of ce l l s  in the spleen and thymus is reduced,  while 
in the bone m a r r o w  the number  of lymphocytes  is inc reased  and the number  of ma tu re  neu-  
t rophi ls  reduced.  Adminis t ra t ion  of the sympatholyt ic  d ihydroergotoxin  caused s imi l a r  
changes in the thymus and bone m a r r o w  although the number  of ce l l s  in the spleen was un- 
changed. P r e l i m i n a r y  injection of dihydroergotoxin (before adrenalin) p reven ted  the r e -  
sponse of a dec r ea s e  in the num ber  of spleen cel ls  obse rved  a f te r  injection of adrenal in  
alone.  It is  concluded that the sympathe t ic  ne rvous  sy s t em plays  the decis ive  role  in the 
m e c h a n i s m  of the ea r ly  r e s pons e  of the spleen to ex t r ema l  f ac to r s .  Blocking the a - a d r e n -  
e rg i c  r e c e p t o r s  had no significant effect  on the bone m a r r o w  and thymus .  

Responses  of the hematopoie t ie  organs  to the action of var ious  fac to r s  inducing a s t r e s s  r e sponse  
have been studied in the w r i t e r s '  l abora to ry  for  s eve ra l  y e a r s  [3, 7, 11, 13]. 

P rev ious  invest igat ions  have shown that each type of e x t r e m a l  s t imulus acts  in i ts  own specia l  way, 
although the changes in the blood s y s t e m  obey cer ta in  genera l  p r inc ip les .  These changes have been studied 
in different  s tages  of the s t r e s s  r e sponse  [5]. Con t ra ry  to the genera l ly  accepted  view, the w r i t e r s  have 
shown that cell  depopulation of the thymus and spleen takes  place not only on account of d is in tegra t ion  of 
the cel ls  but a lso,  and mainly,  on account of migra t ion  of lymphocytes  [8, 10, 11]. 

An inc rea se  in the number  of lymphocytes  is alw~tys obse rved  in bone m a r r o w  t i ssue  during the f i r s t  
few hours  a f t e r  exposure  to an e x t r e m a l  s t imulus .  This  sugges ts  that the bone m a r r o w  is one of the p laces  
to which lymphoeytes  m i g ra t e .  Following the i nc rea se  in the number  of lymphocytes ,  act ivat ion of my e lo -  
po ies i s  accompanied  by  a s tage of r e s i s t a n c e  and by  the appearance  of t r ans ien t  hype rp l a s i a  of the bone 
m a r r o w  takes  p lace .  In exper imen t s  with nonuniform i r rad ia t ion  of r a t s  it has  been  shown that  lympho-  
cytes  can m i g r a t e  f r o m  s c r eened  a r e a s  of the body,  with probable  dedifferent ia t ion and subsequent  f o r m a -  
tion of myelo id  t i s sue  [13]. Expe r imen t s  on adrena lec tomized  r a t s  have shown that ad rena lec tomy p r e -  
vents act ivat ion of mye lopo ie s i s  but does not p reven t  the i nc rea se  in the number  of lymphocytes  in the bone 
m a r r o w  af te r  exposure  to s t r e s s .  The p r o b l e m  of the m e c h a n i s m s  affecting migra t ion  of lymphocytes  thus 
r e m a i n s  unsolved [1, 5]. 

Since an i nc rea se  in tone of the sympathe t ic  nervous  s y s t e m  and sec re t ion  of ca techolamines  always 
take place  in the init ial  phase  of the s t r e s s  r e sponse  it was na tura l  to consider  whether  the rap id  inc rease  
in the number  of lymphocytes  in the bone m a r r o w  is  the resu l t  of the action of the sympathe t ic  nervous  
s y s t e m  on the hematopoie t ic  organ.  To invest igate  this p r o b l e m  the action of adrenal in  and the conse-  
quences of i ts  pha rmaco log ica l  blocking by dihydroergotoxin  on hematopoies i s  were  studied. 
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Fig.  1. Changes in cell  composi t ion of the bone m a r r o w  af te r  injection of adrenal in  (1) and di-  
hydroergotoxin  (2). Maximal  d i f fe rences  a r e  significant (P < 0.05). Legend: c i r c l e s  denote 
lymphocytes ,  t r i ang les  ma tu re  g ranuloey tes .  Here and in Fig.  2: absc i s sa ,  t ime a f t e r  in jec-  
tion of subs tances  (in h); ordinate,  numbe r  of cel ls  (in 70 of initial level) .  

Fig.  2. Number  of cel ls  in spleen (I) and thymus (II) a f t e r  injection of adrenl in  (1) and dihydro-  
ergotoxin (2). �9 ) Denotes  injection of adrenal in  a f te r  adminis t ra t ion  of dihydroergotoxin~ Ver -  
t ical  l ines r e p r e s e n t  confidence l imi t s .  

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

Expe r imen t s  were  c a r r i e d  out on Wis ta r  r a t s  aged 10 weeks of both sexes  weighing 160-180 g~ Adren-  
alin hydrochlor ide  was  injected subcutaneously in a dose of 1 mg/kgo The dose of the sympatholyt ic  di-  
hydroergotoxin (Spofa, Czechoslovakia)  requi red  to block the sympathe t ic  nervous  s y s t e m  for  2 h was de-  

t e rmined  by the usual pha rmaco log ica l  method. Subcutaneous injection of d ihydroergotoxin  prevented  for  
2 h the e levat ion of blood p r e s s u r e  which follows intravenous injection of 10 pg adrenal in .  

The number  of cel ls  in the .spleen and thymus gland was  counted by the method desc r ibed  prev ious ly  
[2, 7]. The number  of nucleated cel ls  in the f emora l  m a r r o w  was counted by Mantz ' s  method.  The abso-  
lute number s  of cel ls  of different  genera t ions  were  de te rmined  f rom the m y e l o g r a m  counted on i m p r e s s i o n  
f i lms ,  The hematopoie t ic  organs  were  inves t igated in r a t s  sac r i f i ced  3, 6, 12, 24, and 72 h a f t e r  inject ion 
of the drugs .  F r o m  10 to 15 r a t s  were  used at each  t ime.  

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

Bone Marrow.  After  injection of adrenal in  the number  of lymphocytes  was inc reased  (up to 40%), 
reaching  a m a x i m u m  af te r  6 h. During the f i r s t  day the number  of ma tu re  granulocytes  fell .  This reac t ion  
could not be neut ra l ized  by p r e l i m i n a r y  injection of dihydroergotoxin,  for  d ihydroergotoxin i t se l f  p roduces  
the same re sponse  of the bone m a r r o w  as adrenal in ,  p r e s u m a b l y  because  of i ts  toxici ty,  as is shown by the 
changes in cell  composi t ion of the bone m a r r o w  (Fig. 1). The number  of cei ls  of the ea r ly  genera t ions  o f  
the myeloid s e r i e s  (mye lob las t s -mye locy tes )  72 h a f t e r  injection of adrenal in  and a lso  of dihydroergotoxin 
showed an inc rease  of 50 and 58% respec t ive ly  (P < 0.05). These changes in the cell  composi t ion of the 
bone m a r r o w  were  complete ly  identical  to those obse rved  in the s t r e s s  r e sponse  of the bone m a r r o w  de- 
sc r ibed  by the vQriters p rev ious ly  [4]. 

Spleen. The number  of cel ls  in the spleen was significantly reduced 6 h a f te r  injection of adrenal in,  
and the no rma l  level  was r e s t o r e d  a f te r  12 h. Injection of dihydroergotoxin did not affect  the changes in 
the cell  composi t ion of the spleen.  In the next s e r i e s  of expe r imen t s  it was  shown that p r e l i m i n a r y  injec-  
tion of dihydroergotoxin .completely p reven ts  the effect  of subsequent  injection of adrenal in .  The mean  
r e su l t s  :brained a r e  shown in Fig .  2, I. 

Thylnus .  The number  of lymphocytes  fel l  s ignif icantly a f te r  injection of adrenal in  and d ihydroergo-  
toxin. The action of both compounds was s i m i l a r  (Fig.  2, II) o 
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DISCUSSION 

Changes in the cell composition of the bone marrow arising after injection of comparatively large 
doses of adrenalin were indistinguishable from changes observed in the stress responses to a variety of 
ex t r ema l  s t imuli .  Blocking the a - r e c e p t o r s  by injection of dihydroergotoxin did not p revent  the development  
of a c h a r a c t e r i s t i c  s t r e s s  reac t ion  to the bone m a r r o w .  Ev iden t ly  because  of i ts  toxicity,  d ihydroergotoxin 
i t se l f  gives r i s e  to the s ame  changes in cell composi t ion in the bone m a r r o w  as  exposure  to other  ex t r ema l  
s t imul i .  It is wor th  noting that  d ihydroergotoxin complete ly  abolished the effect  of adrenal in  on the spleen.  

Probab ly  the d e c r e a s e  in the cell  population of the spleen was at t r ibutable  to the abil i ty of adrenal in  to 
cause  concentra t ion  of the smooth  musc le  of the capsule of this organ.  The influence of the sympathe t ic  nervous  
s y s t e m  on contract ion of the spleen was  demons t r a t ed  in exsanguination expe r imen t s  [15]o This  effect  can 
be blocked by blocking the a - r e c e p t o r s .  The poss ibi l i ty  that a -b lock ing  agents  would act in this way was 
demons t ra t ed  by the w o r k o f D a v i e s e t  al .  [14]. It can be concluded f r o m  the r e su l t s  of these exper imen t s  
that the sympathe t i c  nervous  s y s t e m  plays a decis ive  role  in the mechan i sm of the ea r ly  r e sponse  of cell  
depopulation of the spleen,  the effect  being achieved through par t ic ipat ion of the a - r e c e p t o r s .  The r e su l t s  
thus provide  evidence that the m e c h a n i s m s  of cell  depopulation differ  in the spleen and thymus.  
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