
ALLEROLOGY 

f l - A D R E N O R E C P T O R S  ON THE S U R F A C E  M E M B R A N E S  

O F  L Y M P H O C Y T E S  AND M A C R O P H A G E S  

V. K.  K o z l o v ,  S.  L .  A r k h a n g e l ' s k a y a ,  
and E .  F .  V a s i l ' e v a  

UDC 612,112.014.46: 615.217.22 

The effect of fl-adrenergic stimulators adrenalin and isoproterenol and of the fl-adrenergic 
blocker propranolol on lymphocytosis and on the macrophage adhesion inhibition reaction was 
studied in vivo and in vitro on sensitized and intact guinea pigs and Wistar rats ,  Adrenalin 
and isoproterenol were shown to inhibit the reaction of the antigen with both sensitized and in- 
tact cells.  Propranolol abolishes the protective effect of adrenalin and isoproterenol and re -  
stores the sensitivity of the cells  to antigen. 
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The modulating effect of adrenergic drugs on immunologic reactivity of lymphocytes and macrophages 
is of considerable theoretical and practical interest. 

It  has recently been shown that adrenergic drugs which increase the concentration of cyclic AMP inhibit 
the reaction of immune rosette formation, lower the cytotoxicity of lymphocytes and chemotaxis of leukocytes, 
and depress the macrophage migration reaction [1, 3-6, 8, 9]. It has been suggested that the action of these  
drugs on immunocompetent cells is effected through specific adrenoreceptors located on their surface mem- 
branes. However, this problem requires experimental study. 

The object of the present investigation was to study the presence of fl-adrenoreceptors on the surface 
membranes of lymphocytes and macrophages, by using specific fl-adrenomimetic and adrenolytic agents for 
this purpose. 

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

The specific immunologic reactivity of the above-mentioned cells was investigated by the lymphocytolysis 
test  [2] and the macrophage adhesion inhibition (MAD t e s t  [7]. The adrenomimetic agents used were adrenalin, 
which stimulates mainly fl-adrenoreceptors, and isoproterenol (isadrine), a highly specific fl-adrenomimetic. 
To inhibit fl-adrenoreceptors propranolol (obsidan) was used. For  the lymphocytolysis test,  lymphocytes 
isolated from the mesenteric lymph nodes of sensitized and unsensitized guinea p igswere  used. The animals 
were sensitized subcutaneously with 0.4 ml of normal horse serum (NHS). The isolated lymphocytes were 
fil tered through fat-free cotton wool, centrifuged at 2000 rpm for 10 min, and suspended in medium 199, in 
which their number was adjusted to 1 �9 106 ce l l s /ml .  The following dilutions were used: the specific antigen 
1 �9 10 -4, adrenalin 1 �9 10 -6, isoproterenol 1 �9 10 -6, and propranolol 1 �9 10 -6. All the above-mentioned substances 
were added to the tubes in a volume of 2 drops. The results  of the test  were read as the percentage of dead 
cells stained with trypan blue. 

For  the MAI test  peritoneal ceils of sensitized and unsensitized Wistar ra ts  were used. The animals 
were sensitized with NHS with adjuvant, by injecting 1.5 ml NtIS and 0.5 ml adjuvant subcutaneously into them. 
The adjuvant used consisted of adsorbed pertussis-diphtheria-tetanus vaccine (APDT). The cells were washed 
with Hanks' solution, centrifuged at 2000 rpm for 40 min, and suspended in medium 199. The test antigen in 
this case was used in a dilution of 1 �9 10 -~, adrenalin 1 - 10 -5, isoprotexenol 1 �9 10 -6, and propranolol 1 �9 10 -~. 
The results  of the test  were read as the percentage of cells not adhering to the walls of the tubes. In some 
experiments the adrenergic drugs were injected intraperitoneally and the peritoneal cells were subsequently 
used in vitro. 
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T A B L E  1. E f f e c t  of  A d r e n e r g i c  D r u g s  on L y m p h o c y t o l y s i s  

Substance 

w 

AG 
AG + adrenalin 

AG + adrenalin + propranolol 
AG + isoproterenol 
AG + isoproterenol + pro- 

pranolol 

Note. 

Sensitized animals 

number I% of dead changeir 
of ex- /cell s Ireaction 
,etiment~. l in % 

20,6 
36,6 

9 25,2 

9 37,2 
9 26,6 

8 32,9 

npmber |% of dead! 
or ex- Icells 
permaents 

- -  3 
<0,001 3 

31 <0,001 4 

32 <0,001 : 
27 <0,001 

19 <0,001 4 

Unsensitized animals I 
I 

change iri' 
reaction 

H e r e  and in T a b l e s  2 and  3: A g = a n t i g e n .  

18 
23 
19,5 

25 
17,6 

24 

15 

22 
28 

27 

>0,1 
>O,l 

>0,1 
>0,1 

>0,1 

T A B L E  2. E f f e c t  of  A d r e n a l i n  and  P r o p a n o l o l  on  i n h i b i t i o n  o f  M a c r o p h a g e  A d h e s i o n  

Substance 

AG 
AG + adrenalin 

AG + adrenalin + propranolol 
AG + propranolol 

Semitized animals 

number ol 
experi- 
m ents 

II 
II 
II 

I0 
II 

ofdeadlChange in 
. - -  ~ e a c h o n ,  

c e i l s  li n 07 ~ 

17 
29 
14 51,8 

28 5~ 
27 

< 0 , 0 0 1  
<0,001 

<0,001 
<0,001 

Unsensitized animals 

number o o ofd^ad Ichangeifi 
e x p e r i - ~  .. ~ Ireactlon, 
ments ] ceus [in % 

4 15 - -  
11 20 
11 I1 45 

11 17 3 ~  
11 19 

> 0 , I  
>0,1 

>0,01 
>0,1 

T A B L E  3.  E f f e c t  of  I n t r a p e r i t o n e a l  I n j e c t i o n  of  A d r e n a l i n  and  P r o p r a n o l o l  on M a c r o -  
p h a g e  A d h e s i o n  R e a c t i o n  

Substance 

AG 
AG + adrenalin 
AG + propranolol 
AG + adrenalin + propranolol 

Sensitized anim als 

number of % of non- 
adherent experiments cells 

14 17 
14 29 
7 15 
7 25 
8 31 

<0,001 
<0,001 
>0,1 
<0,001 

Unsensitized animals 

number % of non- 
3f ex- ladherent 
mrimentscells 

20 
4 9,5 

19 
4 18 

>0,01 
O,05<P<O,1 

>0,1 
>0,1 

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

T h e  o b s e r v a t i o n s  showed  (Tab l e  1) t h a t  s p e c i f i c  l y m p h o c y t o l y s i s  w a s  i n c r e a s e d  u n d e r  t h e  i n f luence  of  
t h e  a n t i g e n  by  45% c o m p a r e d  wi th  t he  c o n t r o l .  A f t e r  t he  a d d i t i o n  of  a d r e n a l i n  to  t h e  s y s t e m  t h e  n u m b e r  o f  dead  
c e l l s  w a s  r e d u c e d  by  31%, and a f t e r  a d d i t i o n  of  i s o p r o t e r e n o l  by 27%. T h e  a d d i t i o n  of  p r o p r a n o l o l ,  wh ich  
s p e c i f i c a l l y  b l o c k s  f i - a d r e n o r e c e p t o r s ,  to  t h e  r e a c t i n g  s y s t e m  r e d u c e d  t h e  a c t i o n  o f  a d r e n a l i n  and i s o p r o t e r e n o l ,  
a s  w a s  shown by a d e c r e a s e  of  32 and  19% r e s p e c t i v e l y  in t he  n u m b e r  of  n o n a d h e r e n t  c e l l s .  

In  e x p e r i m e n t s  on  u n i m m u n i z e d  a n i m a l s  (Tab le  1) t h e  s a m e  p a t t e r n s  w e r e  o b s e r v e d  in t h e  a c t i o n  of t h e s e  
c a t e c h o l a m i n e s  and of  t h e i r  i n h i b i t o r ,  p r o p r a n o l o l ,  on  s t r u c t u r a l  c h a n g e s  in t h e  l y m p h o c y t e s  u n d e r  t he  in f luence  
o f  an t igen ,  e x c e p t  t h a t  t h e s e  r e a c t i o n s  w e r e  w e a k e r  in  i n t e n s i t y  f o r  t hey  took  p l a c e  in a n o n i m m u n e  s y s t e m .  

T h e  r e s u l t s  of  t h e  e x p e r i m e n t s  to  s tudy  the  i nh ib i t i on  of  m a c r o p h a g e  a d h e s i o n  a r e  g iven  in T a b l e  2. 

I t  wi l l  b e  c l e a r  f r o m  T a b l e  2 t h a t  a d r e n a l i n  p o t e n t i a t e d  the  a d h e s i v e  p r o p e r t i e s  of  t he  m a c r o p h a g e s .  T h e  
n u m b e r  of  n o n a d h e r e n t  c e l l s  u n d e r  t h e  i n f l u e n c e  of  a d r e n a l i n  was  r e d u c e d  by 51.8%. T h e  a d d i t i o n  of  p r o p r a n o l o l  
to  t h e  s y s t e m  a b o l i s h e d  t h e  a c t i o n  o f  a c l r e a a l i n .  T h e  n u m b e r  of n o n a d h e r e n t  ce l l s  in t h i s  c a s e  w a s  i n c r e a s e d  by 
50%. P r o p r a n o l o l  i t s e l f  had  no s i g n i f i c a n t  e f f ec t  on  the  i m m u n e  r e s p o n s e .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  on 
m a c r o p h a g e s  of  u n s e n s i t i z e d  a n i m a l s .  

I n t r a p e r i t o n e a l  i n j e c t i o n  o f  a d r e n e r g i c  d r u g s  into s e n s i t i z e d  and u n s e n s i t i z e d  r a t s  ,~ith s u b s e q u e n t  a s s e s s -  
m e n t  of  t h e i r  r e s p o n s e  to t he  a n t i g e n  in  v i t r o  showed  t h a t  a d r e n a l i n  u n d e r  t h e s e  c ond i t i ons  a l s o  p o t e n t i a t e d  the  
r e a c t i o n  of  a d h e s i o n  o f  m a c r o p h a g e s  of  bo th  s e n s i t i z e d  and u n s e n s i t i z e d  a n i m a l s .  I n t r a p e r i t o n e a l  i n j e c t i o n  of  
a d r e n a l i n  s i m u l t a n e o u s l y  wi th  p r o p r a n o l o l  r e s t o r e d  the  r e s p o n s e  of  t he  m a c r o p h a g e s  to the  a n t i g e n  (Tab le  3). 
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The resul ts  of these experiments thus indicate that adrenomimetic drugs modify the reactivity of im- 
munocompetent cells to specific antigen. Under the influence of adrenalin and isoproterenol the lymphocytes 
of the sensitized and unsensitized animals acquired increased res is tance to the modifying action of the antigen. 
These drugs also had a similar action on macrophages. The property of adhesion, as one of the main features 
of the cells of this type, was sharply increased by the action of adrenalin and isoproterenol. As these experi-  
ments showed, propranolol, a specific inhibitor of fl-adrenorecetfmrs, abolished the protective effect of 
adrenalin and isoproterenol and res tored  the sensitivity of the cells to the antigen. The percentage of damaged 
lymphocytes and of nonadherent macrophages was increased up to the control values. These data show that 
the action of adrenalin and isoproterenol on these immunocompetent cells leading to changes in their sensitivity 
to the antigen does not take place on the whole surface membrane of the cells, but only on certain parts of it, 
namely the adrenoreceptors.  Blocking these receptors  by drugs capable of specifically blocking fl-adreno- 
receptors  makes the cell insensitive to adrenomimetics. The discovery of f l-adrenoreceptors on the surface 
membranes of lymphocytes and macrophages is evidence, on the one hand~ of definite functional and structural 
features of these cells and, on the other hand, it is a reflection of the important role of adrencreceptors in the 
neurogenic regulation of the function of specific immunity. 
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