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Experiments  on the isolated vas deferens of rats  and ileum of guinea pigs showed that pre l iminary  
administrat ion of chelating agents (8-hydroxyquinoline, diethyldithiocarbamate,  thiourea,  Na2Ca-EDTA ) 
lowers the sensit ivity of smooth-musc le  preparat ions to noradrenal in and isoprenaline,  but not to serotonin.  
The lost  sensit ivity of the smooth muscles  of the vas to catecholamines is completely r e s to red  by subse-  
quent action of fe r rous  iron and part ly r e s to red  by CuC12 solution, but not by salts  of Fe +++, Mn ++, Zn ++, 
or  Co ++. Sensitivity of the ileum to catecholamines is r e s to red  only by Fe ++ and Mn ++ ions, 

It is postulated that ~-adrenerg ie  recep tors  and intestinal adrenergic  receptors  are  meta l lo - ( fe r ro) -  
proteins.  An essential  factor  in the react ion between catecholamines and adrenergic  receptors  is the fo r -  
mation of a chelate with the metal  contained in the active center  of the adrenergic  receptors .  

The s t ruc ture  of the active centers  of adrenergic  receptors  has not yet been explained [2]. 

The suggestion has been made that a phosphate [3] or carboxyl  [8] group is located at the anionic 
point of the a - r e c e p t o r ,  and that its role in the interaction between catecholamines and f i -adrenergic  r e -  
ceptors  is unimportant [5]. Interaction with f i - receptors  takes place mainly on account of phenolic hydrox-  
yl groups react ing with the iron of the metal  included in the s t ruc ture  of the f l -adrenergic  recep tor  [6]. 
Experimental  confirmation of this hypothesis is given by the ability of catecholamines to act as ligands [9], 
and also by the proper ty  of tropolones,  with high affinity for bivalent metals ,  of inhibiting the metal loen-  
zyme ca techo l -O-methy l - t r ans fe rase  and to reac t  with p -adrenerg ie  recep tors  [4]. 
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Fig. 1. Action of chelating agents on effects of 
noradrenal in (A) and serotonin (B) in exper i -  
ments on vas deferens of ra ts .  Logar i thm of 
concentra t ion-effect  curves obtained before 
t rea tment  (x) and after t rea tment  with 8-HQ 
(.), DTC(A), thiourea (v) and Na2Ca-EDTA (L). 
Abscissa ,  log. of concentration; ordinate,  ef-  
fect in percent  of maximal contract ion of p re -  
paration. 

The object of the present  investigation was to 
study the presence  and cha rac te r  of the metal  in active 
centers  of adrenergie recep tors .  

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

In experiments on the isolated vas deferens of 
ra ts  and ileum of guinea pigs, kept in Krebs or  Tyrode 
solution respect ively  at 37 ~ , with constant aeration, the 
relationship between the effects of noradrenalin,  i so-  
prenaline, and serotonin and their  concentrat ions was 
studied by the method of cumulative curves  [11]. The 
effect was calculated as a percentage of the maximal  
contraction.  Each curve  was obtained by taking the 
average of resul ts  of experiments on 4-6 smooth-  
muscle preparat ions.  

Curves of logari thm of concentrat ion versus  ef-  
fect were compared  with analogous curves  obtained 
after  t rea tment  of the smooth-musc le  organs for 10 
min with a se r ies  of chelating agents: 8 -hydroxy-  
quinoline (8-HQ), sodium diethyldithiocarbamate (DTC}, 
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Fig. 2. Action of chelating agents on effects of noradrenal in  (A) and serotonin (B) in 
experiments  on ileum of guinea pigs. Legend as in Fig. 1. 
Fig. 3. Curves of logari thm of concentrat ion versus  effect of noradrenal in before (1) 
and after  t rea tment  of vas deferens (A) and intestine (B) with 8-HQ (2) and subsequent 
t rea tment  with solutions of salts  of bivalent metals :  iron (3), manganese (4), copper  
(5), cobalt  (6), and zinc (7) and of f e r r i c  chloride (8). Remainder  of legend as in Fig. 1. 

Na2CarEDTA, and thiourea.  These compounds were  used in concentrat ions of 1 �9 10 -3 g / m l  in experiments 
on the ileum and 2 �9 10 -3 g / m l  in experiments  on the vas deferens.  

In the next se r ies  of experiments  the relat ionship between the effect of the amines and their concen-  
trat ion was studied after  t rea tment  with chelating agents and subsequent exposure to solutions of FeC12, 
FeC13, CuC12, ZnC12, COC12, and MnC12. The concentrat ion of the sal ts  in experiments on the ileum was 
1 �9 10 -5 and in experiments on the vas 2 �9 10 -5 g / m l .  The smooth-musc le  organs were t reated with solu-  
tions of these salts  8 t imes,  for  30 sec each time, followed in every case  by r insing for  1 min. 

EXPERIMENTAL RESULTS 

Curves of logarithm of concentration versus effect of noradrenalin obtained in experiments on the 
rat vas deferens are illustrated in Fig. i, A. After treatment with chelating agents for I0 rain, despite 
five subsequent washings with Krebs solution in the course of 15 rain to remove these compounds, the sen- 
sitivity of the smooth muscles of the vas deferens to noradrenalin fell significantly: the logarithm of con- 
centration-effect curves shifted to the right on the scale of concentrations, especially after treatment 
with 8-HQ. 

Diminution of the noradrenal in  effects by chelating agents was specific and not connected with their  
action on the mechanisms of muscular  contract ion,  for under the same experimental  conditions chelating 
agents had no effect on contract ions of the smooth muscles  of the vas if produced by administrat ion of 
serotonin (Fig. 1, B). 

Similar  resul ts  in principle were  obtained in experiments on the ileum when chelating agents ve ry  
considerably  reduced the effects of noradrenal in  and also of isoprenaline,  shifting the log concentra t ion-  
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effect  cu rves  by  1-1.5 o rde r s  and only sl ightly reducing the sens i t iv i ty  of the smooth  musc les  to s e r o t o -  
nin (Fig. 2). 

The specif ic  action of s t ruc tu ra l ly  different  chelating agents on the effects  of noradrena l in  and i so -  
prenal ine ,  but not of serotonin,  can be in te rp re ted  as evidence of the p re sence  of a meta l l ic  ion in the ac -  
t ive cen te r s  both of ~ - a d r e n e r g i c  r e c e p t o r s  and of nrelaxat ion adrenerg ic  r e c e p t o r s "  of the intest ine (of 
the ~ - a d r e n e r g i e  r e cep t o r  type). 

The fact  that  a f te r  t r e a t m e n t  with chelat ing agents the s m o o t h - m u s c l e  p repara t ions  were  r insed  fo r  
15 rain with Krebs  or  Tyrode  solution containing high concentra t ions  of Ca ++ and Mg++ ions, yet  despi te  
this the smooth  musc les  los t  the i r  sens i t iv i ty  to ca techolamines ,  makes  the supposi t ion that Ca ++ and 
Mg ++ ions a r e  p resen t  in the act ive cen te r  of adrenerg ic  r e c e p t o r s  improbable .  This  conclusion is con-  
f i rmed  by the observa t ions  showing that  s m o o t h - m u s c l e  p repara t ions  depr ived of ca lc ium by t r e a t m e n t  
with Na2-EDTA read i ly  lose  the i r  sens i t iv i ty  to sero tonin  [7, 10]. 

Special  analysis  showed that Fe ++ may  be incorpora ted  into the s t ruc tu re  of the act ive  cen te r  of ~ -  
adrenerg ic  r e c e p t o r s ,  and probably  Fe ++ or  Mn++ into the act ive  cen te r  of " re laxat ion  adrenerg ic  r e c e p -  
to r s  ~ of the intestine.  

As Fig. 3, A shows, sens i t iv i ty  of the smooth  musc les  of the vas  deferens  to noradrena l in ,  when 
lowered by the action of 8-HQ, can be comple te ly  r e s t o r e d  if the p repa ra t ion  is t r ea t ed  with f e r rous  
chloride immedia te ly  a f te r  exposure  to the chelat ing agent. Cu ++ has a weak r e s t o r a t i v e  action, but not 
sa l t s  of Fe +++, Mn++, Zn ++, and Co ++, In exper iments  on the guinea pig i leum (Fig.  3, B), r e s to ra t i on  of 
sens i t iv i ty  to noradrena l in  lost  a f te r  t r ea tmen t  with 8-HQ can only be  obtained by subsequent  t r e a t m e n t  
with FeC12 or  M_uC12. 

The r e su l t s  a r e  evidence of the meta l lopro te in  na ture  of ad rene rg ic  r e c e p t o r s .  The Fe ++ ion (in f l -  
r eoep to r s  poss ib ly  the Mn ++ ion) plays the ro le  of cen t ra l  ion capable  of fo rming  a chelate  with ea techo l -  
amines .  The format ion  of a chelate  compound by the Fe ++ ion takes place at  the expense of the phenolic 
m-hydroxy l  group belonging to the ca techolamines ,  a s suming  an ionized f o r m  when reac t ing  with c~-ad- 
r ene rg i c  r e c e p t o r s  [1], and also of the phenolic p-hydroxyl  group or  /~-alcohol hydroxyl  group. 

Assuming that in chela te  compounds the coordinat ion number  of Fe ++ is usual ly 6, it can be a s sumed  
that two molecules  of ca techolamine  can land on the two subunits combined into the d imer  s t ruc tu re  of the 
a - a d r e n e r g i c  r e cep t o r  by the Fe ++ ion. The poss ibi l i ty  of o l i g o m e r i s m  of the ~ - a d r e n e r g i c  r e c e p t o r s  is 
indirect ly  conf i rmed  by the gradient  of the logar i thm of concent ra t ion-ef fec t  curves  of noradrena l in  and 
adrenal in,  which is usually higher  than the theore t ica l  value if the curves  a r e  obtained for  smooth  musc les  
possess ing  ~ - a d r e n e r g i c  r e c e p t o r s .  
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