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Expe r imen t s  on the t r achea l  r ings  of guinea pigs have shown that p r e l im ina ry  t r ea tmen t  with the che-  
lat ing agents  8-hydroxyquinoline,  d ie thyld i th iocarbamate ,  th iourea ,  and Na2CaEDTA does not af fec t  the sen-  
s i t ivi ty  of the t r achea l  smooth m us c l e s  to adrenal in ,  i soprenal ine ,  and papaver ine .  T h e  chelating agents  
r educe  sens i t iv i ty  of the smooth m u s c l e s  of the guinea pig i leum to adrenal in  but not to papaver ine .  I f  the 

- a d r e n e r g i c  r e c e p t o r s  of the i leum a r e  blocked with dibenamine the effect  of the chelating agents  does not 
appear ,  but propanolol  blocks adrenal in  effects .  

It  is concluded that the f l - ad rene rg i c  r e c e p t o r s  of smooth m u s c l e s ,  unlike those of the hea r t  and the 
- a d r e n e r g i c  r e c e p t o r s  of the intest ine,  a r e  not i ron-conta ining complexes ,  but probably have magnes ium 

or  ca lc ium ions in the s t r u c t u r e  of the i r  ac t ive  cen te r s .  

Exper imen t s  on the vas  deferens  of r a t s  [1] and the f r o g ' s  hea r t  have shown that p r e l i m i n a r y  admin i s -  
t ra t ion  of chelating compounds r educes  the sensi t iv i ty  of the myoca rd ium and smooth musc l e s  of the vas  to 
ca techolamines ,  but not to other  subs tances  causing cont rac t ion  of the vas  (serotonin) or  exer t ing a posi t ive  
inotropic act ion on the hear t  (serotonin,  caffeine,  calcium).  Los t  sens i t iv i ty  to ca techolamines  is comple te ly  
r e s t o r e d  by the subsequent  act ion of f e r rous  chloride,  but not by ions of other  meta l s .  It  has been  suggested 
that the (~-adrenerg ic  r e c e p t o r s  of the smooth m u s c l e s  of the vas and f l - ad rene rg ic  r e c e p t o r s  of the m y o -  
card ium a r e  i ron-conta in ing m a c r o m o l e c u l a r  complexes .  

In this invest igat ion the f l - ad rene rg i c  r e c e p t o r s  of smooth m u s c l e s  a r e  analyzed as poss ib le  me t a l -  
containing m a c r o m o l e c u l e s .  

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

The c o n c e n t r a t i o n - e f f e c t  re la t ionship  of adrenal in ,  noradrenal in ,  papaver ine ,  and theophyll ine was 
studied in exper imen t s  on the isola ted i leum and t r achea l  r ings  of guinea pigs kept in K r e b s '  solution at 37 ~ 
with constant  oxygenation. The deta i ls  of the method were  descr ibed  previous ly  [1]. Logar i thms  of c o n c e n t r a t i o n -  
effect  cu rves  were  com pa red  with the analogous cu rves  obtained a f t e r  t r ea tmen t  of the s m o o t h - m u s c l e  p r e -  
pra t ions  with var ious  chelating compounds: 8-hydroxyquinoline,  sodium die thyld i th iocarbamate ,  Na2CaEDTA 
and th iourea  (10 -3 g /ml ) .  

The  chelat ing compounds were  added to the bath fo r  7 min,  a f te r  which the s m o o t h - m u s c l e  p repa ra t ion  
was repea ted ly  washed with K r e b s '  solution. The effect  of the chelating compounds or  propanolol  was s tu-  
died in expe r imen t s  on the i leum af te r  p r e l i m i n a r y  exposure  of the intest ine to dibenamine.  The smooth-  
musc l e  p repa ra t ion  was t r ea t ed  with dibenamine for  10 rain, for  the next 7 rain with thiourea or  Na2CaEDTA 
and was then washed three  t imes  (15 rain). In expe r imen t s  in which propanolol  was used instead of chelating 
agents ,  the drug was added to the bath a f te r  washing to r e m o v e  dibenamine (17 min) in a concentra t ion  of 
10 -G g / m l  for  5 rain. 
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Fig. 1. Influence of chelating agents  on adrenal in  effect  in exper iments  on t rachea l  r ings  of guinea 
pigs. Log of c o n c e n t r a t i o n - e f f e c t  cu rves  obtained be fo re  (1) and a f te r  t r e a t m e n t  with th iourea  
(2), 8-hydroxyquinoline (3), Na2CaEDTA (4), and sodium die thyldi th iocarbamate  (5). 

Fig. 2. Log of c o n c e n t r a t i o n - e f f e c t  cu rves  of adrenal in  obtained in exper iments  on isola ted 
guinea pigs i leum before  (1) and af ter  t r ea tmen t  with th iourea  (2), Na2CaEDTA (3), dibenamine (4), 
dibenamine and thiourea (5), dibenamine and N~2CaEDTA (6), and dibenamine and propanolol  (7). 
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Fig. 3o Effect  of 8-hydroxyquinoline (10 -3 g/ml)  on effects  of 
noradrenal in  (A) and papaver ine  (B) in exper iments  on the 
guinea pig ileum. Log of c o n c e n t r a t i o n - e f f e c t  curves  before  
(1) and af ter  (2) t r ea tmen t  with chelating compound. 

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

P r e l i m i n a r y  t r e a t m e n t  of the s m o o t h - m u s c l e  p repa ra t ion  of the guinea pig t r achea  with chelating c o m -  
pounds caused no significant change in the shape or position of the log of c o n c e n t r a t i o n - e f f e c t  curves  of 
adrenal in  (Fig. 1). The chelating compounds l ikewise did not modify the effects  of i soprenal ine ,  theophyl-  
line, or  papaver ine .  

The adrenerg ic  r e c e p t o r s  of smooth m u s c l e s  of the guinea pig t r achea  belong ent i re ly  to the /3-type 
[4]. The fact  that chelating compounds did not modify the effects  of ca techolamines  on this object  is evid-  
ence of absence  of me ta l  or  of the p r e s ence  of magnes ium or ca lc ium ions in the s t ruc tu re  of the act ive  
cen te r s  of the f i - ad renerg ic  r e c e p t o r s  of the t rachea l  smooth musc l e s .  In the l a t t e r  case ,  t r e a t m e n t  with 
chelating compounds would not n e c e s s a r i l y  damage  the s t ruc tu re  of the ad rene rg ie  r e c e p t o r s ,  because  im-  
media te ly  af ter  addition of the chelat ing compounds the t rachea l  p repa ra t ion  was repea ted ly  washed with 
K r e b ' s  solution containing Ca -~ and Mg ++. 

In exper imen t s  on the i leum, p r e l im ina ry  t r e a t m e n t  with th iourea  and Na2CaEDTA, despi te  subsequent  
r e m o v a l  with Krebs  t solution, lowered the sensi t iv i ty  of the intest inal  smooth musc l e s  to adrenalin:  the logs 
of c o n c e n t r a t i o n - e f f e c t  curves  we re  shifted to the r ight  along the concentra t ion sca le  (Fig. 2). Under the 
s ame  exper imenta l  conditions papaver ine  did not change the effects  (Fig. 3). 

After  t r ea tmen t  with dibenamine,  the sensi t iv i ty  of the intest inal  smooth musc l e s  to adrenal in  was 
lowered.  Segments of i leum t rea ted  success ive ly  with dibenamine and chelating compounds were  jus t  as 
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sens i t ive  to adrenal in  as segments  t r ea ted  with dibenamine only or  with chelating compounds only. Mean-  
while, a f t e r  t r e a t m e n t  with propanolol ,  the sens i t iv i tyof  the smooth musc l e s  to adrenal in,  when lowered by 
dibenamine,  was  lowered  fu r the r  st i l l  (Fig. 2). 

The lowering of intes t inal  m u s c l e  tone by ca teehotamines  is  due to the i r  act ion on a -  and f l - a d r e n e r -  
gic r e c e p t o r s  [5, 7]. Since a f t e r  blocking of the a - a d r e n e r g i c  r e c e p t o r s  of the i leum by dibenamine,  chela t -  
ing compounds did not lower  the sens i t iv i ty  of the smooth musc l e s  to adrenal in,  but the ad rene rg ic  blocking 
effect  of propanolol  pe rs i s ted ,  it m u s t  be concluded that the lowering of the sensi t iv i ty  of the intest inal  m u s -  
c les  by chelat ing compounds was due to thei r  effect  on the ~ - a d r e n e r g i c  r e c e p t o r s  of the intest ine.  This  
sugges ts  that i ron or manganese  ions, which as was prev ious ly  shown [1] a r e  p resen t  in the s t ruc tu re  of  the 
act ive  cen te r s  of ad rene rg ic  s t re tch  r e c e p t o r s  of the guinea pig i leum, belong to the a - a d r e n e r g i c  r e c e p t -  
o r s  of the intest ine.  

The intes t inal  f~-adrenergic  r e c e p t o r s ,  l ike those of the t rachea ,  a r e  e i ther  without me ta l  or  they con- 
tain magnes ium or  ca lc ium ions in the s t ruc tu re  of thei r  ac t ive  cen te r s .  This  hypothesis  compels  accep t -  
ance of d i f fe rences  in the s t ruc tu re  of ac t ive  cen te r s  of the i ron-conta ining f i - ad rene rg ic  r e c e p t o r s  of the 
myoca rd ium and the i on - f r ee  /~-adrenergic  r e c e p t o r s  of smooth m u s c l e s .  The f l - ad rene rg ic  r e c e p t o r s  of 
the myoca rd ium and smooth m us c l e s  of the bronchi  can be di f ferent ia ted pharmaco log ica l ly  by compar i son  
of the r e l a t ive  ac t iv i ty  of a s e r i e s  of sympa thomime t i c s  [3, 6]. Since the effect of ca techolamines  in r e l a x -  
ing the intest ine is potentiated by theophylline,  but is absent  in a solution not containig glucose,  and it is 
p receded  by an i nc rea se  in the concent ra t ions  of ATP and CP [2], it can be a s sumed  that the f i - ad rene rg ic  
r e c e p t o r s  of smooth m u s c l e s  a r e  identical  with adenyl eyclase .  

2. 
3. 
4. 
5. 
6. 
7. 
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