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Exper imen t s  on i so la ted  p repa ra t ions  of the guinea pig t r a c h e a  and on s t r i p s  of the s tomach 
and spleen of r a t s  showed that  concent ra t ion-ef fec t  cu rve s  of ca teeho lamines  have  the shape 
of a r e c t a n g u l a r h y p e r b o l a  and a n e a r - t h e o r e t i c a l  gradient  (0.57). Concen t ra t ion-e f fec t  
curves  of noradrena l in  on a s t r ip  of rabbi t  ao r t a  and on the vas  de fe rens  of r a t s  a re  S-shaped 
and the i r  gradient  is g r e a t e r  than theoret ica l .  In expe r imen t s  on s t r ips  of the s tomach  and 
spleen of r a t s  and on r a t s  with r ecord ing  of the blood p r e s s u r e ,  the g rad ien t s  of the cu rves  
a re  i nc reased  against  the background of the action of p roprano lo l  and become  signif icant ly 
g r e a t e r  than the theore t i ca l  gradient .  It is  pos tula ted  that  a - a d r e n e r g i c  r e c e p t o r s  of the 
blood v e s s e l s  of r abb i t s  and ra ts ,  and of the s tomach,  spleen,  and vas  defe rens  of r a t s  a r e  
o l igomer ic  in s t ruc tu re ,  while the f l - ad r ene rg i c  r e c e p t o r s  of the guinea pig t r achea  and 
ra t  s tomach  a r e  m o n o m e r i c  r e c e p t o r s .  

The suggest ion has  been made that  a - a d r e n e r g i c  r e c e p t o r s  containing a f e r r o u s  ion in the i r  act ive 
cen te r  are  o l igomer ic  in s t ruc tu re  [3]. One way of ver i fy ing  this  hypothes is  exper imen ta l ly  is to study the 
shape and gradient  of concen t ra t ion-e f fec t  curves  of the ea techolamines .  

It follows f r o m  the equation for  the reac t ion  between agonists  and specif ic  r ecep to r s ,  

y = [A] 
~§ , 

where Y is  the effect ,  [A] the m o l a r  concentra t ion of the agonist ,  and K the d issoc ia t ion  constant  of the 
a g o n i s t - r e c e p t o r  complex,  that the re la t ionship  between ef fec t  and agonist  concentra t ion  will be descr ibed  
by a rec tangu la r  hyperbola ,  with a gradient  of 0.57. The S-shaped  cu rves  f requent ly  observed ,  and a higher  
than theore t ica l  gradient  may  be p roof  of the coopera t iveness  of in te rac t ion  between agonist  and r e c e p t o r  
[6, 9] p rovided  that  the t i s sues  do not contain a r e s e r v e  of r e c e p t o r s  and that  the poss ib i l i ty  of  independence 
or  noncompet i t ive  autointeract ion is ruled out [2]. S-shaped c u r v e s  a re  typical  for  in te rac t ion  between sub-  
s t r a t e s  with o l igomer ic  a l los te r ic  enzymes  [1] and for  the sa tura t ion  of the t e t r a m e r i e  hemoglobin of 
v e r t e b r a t e s  with oxygen [4]. 

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on i s o l a t ed  s t r ips  of the s tomach,  the spleen,  and the vas  defe rens  of r a t s ,  
s t r ips  of rabb i t  aor ta ,  t r achea l  r ings  of guinea pigs,  and on r a t s  anes thet ized with u re thane  (1.2 g/kg) in 
which the a r t e r i a l  p r e s s u r e  was r eco rded  for  a shor t  per iod.  
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TABLE 1. Hill 's  Index and Gradient of Concentrat ion-Effect  Curves of Catecholamines on Smooth-Muscle 
Organs (theoretical gradient  0.57) 

Experimental  object and conditions 
No. of 
exper i -  
ments 

10 
10 
5 

5 
6 

10 

Rat vas deferens {NA) . . . . . . . . . . . . . . . . . . . .  
Strip of rabbit aor ta  (NA) . . . . . . . . . . . . . . . . . .  
Ar ter ia l  p r e s s u r e  of ra ts  (NA) . . . . . . . . . . . . . .  
The same against background of propranolol  

(5 mg/kg) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rat spleen (NA) . . . . . . . . . . . . . . . . . . . . . . . .  
The same against background of propranolol  

(5" 10 -6 g/ml)  . . . . . . . . . . . . . . . . . . . . . . . .  
Guinea pig' s t rachea  (TSA) . . . . . . . . . . . . . . . . . .  
Strip of ra t  s tomach (NA) . . . . . . . . . . . . . . . . . .  
The same against background of phentolamine 

(5" 10-6 g/m1) . . . . . . . . . . . . . . . . . . . . . . . .  
The same against background of propranolol  

(5- 10 -6 g/ml) . . . . . . . . . . . . . . . . . . . . . . . .  

Note" NA signifies noradrenalin;  TSA isoprenaline 

1Differences between gradients not significant. 

Hill 's  Gradient 
index (mean) 

2.5 0.80 
1.65 0.69 
1.15 0.59 

1.55 0.65 
1.25 0.56 

1.5 0.65 
1.0 0.52 
1.25 0.56 

1.25 0.50 

2.25 0.74 

Difference 
between 
exper imen-  
tal and theo-  

r e t i c a l  g r a -  
d i en t s  

0.23 
0.12 
0.02 

0.08 
0.01 

0.08 
0.05 
0.01 

0.07 

0.17 

3 x Stan- 
dard e r r o r  

o f  mean 

0.18 
0.12 
0.015 

0.06 
0.091 

0.03 
0.151 
0.061 

0.075 ~ 

0.06 
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Fig. 1. Experimental  (1) and theoret ical  (2) concent ra -  
t ion-ef fec~ curves  of noradrenal in  obtained in exper i -  
ments on the ra t  vas deferens. Scale of concentrat ions 
on left logari thmic,  on right ari thmetical .  Theoret ical  
curves  obtained f rom equation of mass  action counting 
f rom the point ECs0 ( ~: confidence interval  at P =0.05). 

The isolated organs were placed in Krebs '  solution (37~ strongly aerated with oxygen. Contraction 
or  relaxation of the smooth-muscle  prepara t ions  was recorded  under isotonic conditions, with a minimal 
load, on Engelmann's  levers .  The relationship between effects and concentrat ion of catecholamines (iso- 
prenaline,  noradrenalin) was studied by the method of cumulative curves  [15]. Mean values were calculated 
f rom the resul ts  obtained with 4-10 prepara t ions ,  and the shape of the concentra t ion-effect  curves  judged 
f rom the cumulative curve.  Hil l ' s  index, a qualification of its s i gmoidcha rac t e r  [9],was found for  this 
same curve. Gradients were  determined for  each individual Curve; their  mean value was obtained, together  
with the standard e r r o r  of the mean. Differences between the experimental  and theoret ical  gradients  
were regarded as significant if they did not exceed three t imes  the s tandard e r r o r  of the mean [5]. 
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Fig. 2. Exper imenta l  (1) and theore t ica l  (2) concen t r a -  
t ion-ef fec t  cu rves  of  i soprena l ine  obtained in e x p e r i -  
ments  on the guinea pig t rachea .  

In expe r imen t s  on objects  where  the ef fec ts  could be de te rmined  by independent in te rac t ion  between 
ca techolamines  and the two types  of adrenerg ic  r e c e p t o r s  (s tomach,  spleen [8, 14] of rats}, ~ - a d r e n o l y t i c s  
(phentolamine, 5 �9 10 -~ g /ml)  o r  f i -adrenolyt ics  (propranolol ,  5 . 1 0  -~ g /ml )  were  used.  

EXPERIMENTAL RESULTS AND DISCUSSION 

The experimental curve of amplitude of contractions of the rat vas deferens versus noradrenalin 
concentration does not coincide with the theoretical curve (Fig. i}. Unlike the theoretical hyperbola, the 
experimental curve is S-shaped. Its sigmoid character is confirmed by the value of Hill's index [2, 5] 
which in this case is much greater than unity (Table i). The gradient of this curve is also greater than 
the theore t ica l  gradient .  

S imi la r  re la t ionships ,  as Table 1 shows, were  obtained in the e x p e r i m e n t s  on s t r i p s  of rabbi t  aorta.  

Since the smooth musc l e s  of the rabbi t  ao r t a  and ra t  vas  de fe rens  contain p r inc ipa l ly  ~ - a d r e n e r g i c  
r e c e p t o r s  [7], and r e s e r v e s  of these  r e c e p t o r s  a re  v i r tua l ly  absent  [11, 13], the i n c r e a s e  in gradient  and 
the S-shape  of the concen t ra t ion-e f fec t  cu rves  a re  evidence of the o l igomer ic  c h a r a c t e r  of the ~ - a d r e n e r -  
gic r e c e p t o r s ,  i .e . ,  that  they contain 2 or  more  subunits of the i r  qua te rna ry  s t ruc ture .  

Dose (concentration}- effect  cu rves  for  which Hi l l ' s  index was c lose  to unity and whose gradien ts  
a lmos t  exact ly  coincide with the theore t ica l  gradient  were  obtained in e x p e r i m e n t s  to r e c o r d  the a r t e r i a l  
p r e s s u r e  and in e x p e r i m e n t s  on the isola ted spleen of r a t s .  However ,  the u se  of p roprano lo l  to abolish the 
ef fec t  of noradrena l in  on the /7 -adrenerg ic  r e c e p t o r s  i n c r e a s e d  both Hi l l ' s  index and the gradient  of the 
cu rves  above the theore t ica l  value (Table 1}. The re la t ionship  between the degree  of re laxa t ion  of the 
guinea pig t r a c h e a  and i soprena l ine  concentra t ion  is desc r ibed  by a r ec t angu la r  hyperbo la  (Fig. 2). The 
impor tan t  fea ture  in th is  case  is that  Hi l l ' s  index is  1, and the gradient  of the cu rve  coincides  with the 
theore t i ca l  (Fig. 2; Table 1). S imi lar  curves  were  obtained in e x p e r i m e n t s  on s t r i p s  of r a t  s tomach.  
Whereas  adrenerg ic  r e c e p t o r s  in the smooth musc l e s  of the guinea pig t r a c h e a  a r e  en t i r e ly  of the B- type  
[10], re laxa t ion  of the s tomach  by ca techolamines  can be achieved by action on both /7- and ~ - a d r e n e r g i c  
r e c e p t o r s  [12, 14]. Blocking the ~ - a d r e n e r g i c  r e c e p t o r s  with phentolamine p roduces  l i t t le  change in the 
gradient  of the concen t ra t ion-e f fec t  cu rves ,  whereas  blocking the f i - ad r ene rg i c  r e c e p t o r s  with p ropranolo l  
i n c r e a s e s  it  substant ia l ly;  Hi l l ' s  index also r i s e s  s ignif icant ly (Table 1). 

Hence, where  the ef fec ts  of ca techolamines  a re  r ea l i zed  en t i r e ly  (guinea pig t rachea)  or  predomi:-  
nantly (rat  stomach} through the ~ - a d r e n e r g i c  r e c e p t o r s ,  the shape and grad ien t  of the concen t ra t ion-  
ef fec t  cu rves  coincide with these  p red ie ted  theore t ica l ly .  When c a techolamines  produce  the i r  c h a r a c t e r i s -  
t ic effect  through the ~ - a d r e n e r g i c  r e c e p t o r s ,  the cu rves  are  S-shaped and the grad ien t  is  h igher  than 
theore t ica l .  These  r e su l t s  can be in te rp re ted  on the assumpt ion  that  the s t ruc tu re  of the ~ - a d r e n e r g i c  
r e c e p t o r s  is  o l igomer ic  while that of the p - a d r e n e r g i c  r e c e p t o r s  in the smooth musc l e s  is  monomer ic .  
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