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Expe r imen t s  on s t r i p s  of r a t  s tomach  showed that  the max ima l  ef fec ts  of the m u s c a r i n e -  
like cho l inomimet ics  invest igated,  d isso lved  in Tyrode  solution, a r e  p rac t i ca l ly  identical,  
but in a depolar iz ing solution they differ  substant ia l ly .  It is  concluded that  the abil i ty of 
subs tances  to act ivate  a r e cep t o r  cannot be desc r ibed  by a single p a r a m e t e r  (the internal  
act iv i ty  or  effect iveness)  without ana lys i s  of the pathways of pha rmacomechan ica l  coupling. 

The molecu la r  theory  of drug act ion pos tu la tes  that a pharmaco log ica l  effect  is  a function of the num- 
b e r  of r e c e p t o r s  ac t ivated by the drug and the degree  of the i r  act ivat ion [3, 4, 10]. The abili ty of agonists  
(i.e.,  s t imulators)  to ac t iva te  a r e c e p t o r  has  been cal led the i r  " in ternal  act ivi ty" [4] or  "ef fec t iveness"  [10]. 
This  p rope r ty  is an express ion  of the phys icochemiea l  c h a r a c t e r i s t i c s  of the drug, i .e . ,  it i s  de te rmined  by 
i ts  chemica l  s t ru6ture .  Hence, it follows that,  when all r e c e p t o r s  a r e  occupied (and no r e s e r v e  of r e c e p t o r s  
is available) the re la t ive  m ax i m a l  effect  of the drug is  de te rmined  en t i re ly  by i ts  internal  act ivi ty and can 
be used  as a m e a s u r e  of it. 

The conditional and e r roneous  nature  of the definition of in ternal  act ivi ty  based  on the magnitude of 
the max ima l  effect  has  p rev ious ly  been  desc r ibed  [3l. The p r e sen t  invest igat ion has  shown that the max i -  
mal  ef fec ts  of ce r t a in  agonis ts  acting on the same r e c e p t o r s  may  v a r y  different ly with a change of the ex- 
pe r imen ta l  conditions, although the in ternal  activity,  re f lec t ing  the phys icochemica l  p r o p e r t i e s  of the drug, 
r e m a i n s  constant .  

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

Expe r imen t s  w e r e  c a r r i e d  out on s t r i p s  of smooth musc le  f r o m  the fundus of the r a t  s tomach,  placed 
in a t he rmos ta t i ca l Iy  control led  (37~ bath  for  i so la ted  organs .  The bath was  fi l led with Tyrode  solution 
or with depolar iz ing solution (isotonic K2SO 4 solution + l g / l i t e r  glucose),  a e ra t ed  with oxygen. Isotonic con- 
t r ac t i ons  of the s t r ips  we re  r eco rded  during s t re tching of the spec imen  with a load of 2 g. The s t imulants  
used were  acetylchol ine,  carbaehol ,  furmethide ,  a recol ine ,  aceclidin,  and pi locarpine .  The i r  effect  was  
studied within the concentra t ion range  of 1 0 - 9 - 1 0  - 3 g/ml  by plotting cumulat ive  curves  (each success ive  con- 
cent ra t ion  was  ten t i m e s  higher  than the one before) .  The duration of exposure  of the spec imen  to each con- 
cent ra t ion  was  2-3 rain. The re la t ive  magnitude of the max ima l  effect  of the drugs  t es ted  was  a s s e s s e d  by 
compar i son  with the effect  of acetylchol ine (10 -3 g/ml).  

To a s s e s s  the genera l i ty  of the s t imulated r e c e p t o r ,  the value of pAj0 for  atropine was de te rmined  by 
Schild 's  method [7, 8]. The coeff icient  of co r re l a t ion  between the va r ious  p r o p e r t i e s  of the drugs  was  de- 
t e rmined  by S p e a r m a n ' s  method [1], and the other  types  of s ta t i s t ica l  evaluat ions  were  made by the usual  
methods [2]. Each s e r i e s  of expe r imen t s  was  c a r r i e d  out on 4-6 s t r ips  of s tomach.  

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  

The r e s u l t s  given in Table  1 show that the magni tudes  of the max ima l  effects  of the t es ted  drugs  in 
Tyrode solution were  v i r tua l ly  identical,  whe reas  in depolar iz ing solutions they differed.  
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TABLE 1. Proper t i es  of Muscarine-l ike Cholinomimetics Acting on Smooth Muscles of the Stomach under 
Different Experimental  Conditions 

M-cholinom- 
imetic 

Acetylcholine 
Aceclidin 
Arecoline 
Carbachol 
Furmethide 
Pi locarpine 

Magnitude of maximal  contraction,  
relat ive to acetylcholine maximum 

o .,'4 

0 

0 

~ 2  

in depolar-  "E 
izing solu- "~ 
tion (M=~m) ~ v 

1.0 
0.874-0.026 
0.80:~ 0.026 

1.0• 
0.94-~0.017 

0.27*0.034 

0.87 
0.75 
0.70 
0.87 
0.82 
0.23 

Gradients of log 
c o n c e n t r a t i o n -  ef- 
fect curves  

o 

�9 

q~ 
o ~ 

0.16 0.25 
0.32 0.39 

0.37 0.38 

0.23 0.25 

0.2 0.36 
0.38 0.36 

P (relative to 
PAl0 for  ace-  
tylcholine) 

> 0.5 
> 0.5 

0.1 > P > 0.05 
> 0.5 
> 0.5 

Depending on the magnitudes of their  maximal effects in the la t ter  case,  the chol inomimetics  studied 
can be ar ranged in the following s e r i e s :  ace ty lcho l ine -ca rbacho l  -> furmethide -> aceclidin - arecol ine > 
pilocarpine.  The differences between acetylcholine and the last  four member s  of the ser ies  were significant. 

The observed difference between the maximal  effects in Tyrode solution and in depolarizing solution 
can be attributed to one of the following causes :  1) the drugs act on two recep tors ,  one of which does not 
function in depolarizing solution; 2) the smooth musc les  of the stomach have a r e se rve  of M-cholinergic 
r ecep to r s  which does not function in depolarizing solution; and 3) the maximal effect is not direct ly  pro-  
port ional  to the internal activity of the drug. 

The f i r s t  of these possibi l i t ies  can be ruled out on the bas is  of a number of observat ions.  Assuming 
that the recep to r s  of the second type, not functioning in depolarizing solution, are  ganglionic cholinergic 
recep tors ,  it must  be accepted that pilocarpine, of all the drugs tested,  must  have the grea tes t  action be- 
cause the maximal  effect of pilocarpine was in fact reduced by the grea tes t  degree in the depolarizing so- 
lution. On the other hand, the effects of acetylcholine, a drug whose ganglion-st imulat ing action can be quite 
strong, were not reduced in the presence  of hexabenzoate, even in a concentrat ion of 10 -4 g/ml. 

Finally, the values of pAso obtained for atropine,  as an antagonist of each of the agonist drugs tested, 
are  in good agreement  (Table 1), indicating the identity of the r ecep to r s  stimulated by these drugs [8], and 
ruling out the possibil i ty that the tested chol inomimetics  act on two types of recep tors .  

There were  likewise no grounds for postulating any r e s e r v e  of r ecep to r s  which could account for the 
maximal  effects of the drugs in Tyrode solution. If a r e se rve  of r ecep to r s  functioning in Tyrode solution 
had been blocked when the strip of gas t r ic  smooth muscles  was placed in depolarizing solution, the gradi-  
ents of the curves  obtained in depolarizing solution would have been tess  than the gradients  of the curves  
obtained in Tyrode solution. However, the experiments  showed that the slopes of the curves  ei ther  were  
unchanged or  were  increased (Table 1). The shift of the curves  to the left on the change f rom depolarizing 
to Tyrode solution, had a r e s e r v e  of r ecep to r s  existed under these conditions, must  have cor re la ted  with 
the internal activity of the drugs (i.e., with the magnitude of the maximal  effect) [4]. However, no co r r e l a -  
tion was found between these two indices (r = 0.55; P > 0.05), but a significant negative corre la t ion  was 
found ( r = -0 .94 ;  P < 0.016) between the magnitude of the maximal  effect in depolarizing solution and the 
gradient of the curves  in Tyrode solution. Had a r e s e rve  of r ecep to r s  been present ,  the corre la t ion  be- 
tween these pa rame te r s  must  have been positive. Hence, the investigated chol inomimetics  act on r ecep to r s  
of  one type in the smooth muscles  of the ra t  stomach, and no r e se rve  of r ecep to r s  is present .  Since all 
drugs produced an identical maximal  effect when all the r ecep to r s  were  occupied in Tyrode solution, but 
produced substantially different maximal effects in depolarizing solution, it must  be accepted that the maxi-  
mal effect is not direct ly proport ional  in magnitude to the internal activity of the drug and cannot serve as 
a measure  of it. 
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The r e a s o n  for  the d i f fe rences  between the magni tudes  of max ima l  cont rac t ions  under  the expe r imen-  
tal  conditions desc r ibed  is probably  the mult ipl ic i ty  of pathways of pha rmacomechan ica l  coupling [9]. In 
isotonic po tass ium sulfate solution the smooth m u s c l e s  we re  depolar ized  and an e l ec t r i ca l  coupling pathway 
was  ru led  out [5]. Under these  c i r c u m s t a n c e s  only a cont rac t ion  due to l ibera t ion of the ca lc ium s tored in 
the cell  could take place  [6]. Compar i son  of the max ima l  ef fec ts  of the chol inomimet ics  (Table 1) leads  to 
the conclusion that  they differ  in the i r  abil i ty to excite  different  coupling pathways.  The abili ty to evoke a 
contract ion through the l ibera t ion  of ca lc ium was  s t ronges t  in the case  of acetylcholine and carbachol  and 
weakes t  in the case  of p i locarpine .  Meanwhile, the equali ty of the max ima l  ef fec ts  of these  drugs  in Tyrode 
solution indicates  that  p i locarpine  is  quite capable  of excit ing the e l ec t r i ca l  coupling mechan i sm.  Conse-  
quently, in a s e r i e s  of agonis ts  acting on the same r ecep to r ,  abil i ty to excite  different  coupling pathways 
may  differ .  This  d i scovery  means  that  i t  is doubtful whether  the abil i ty of d rugs  to ac t iva te  a r e c e p t o r  can 
be adequately defined by one single p a r a m e t e r  ( internal  act ivi ty,  effect iveness)  by compar i son  between the 
va lues  of obse rved  ef fec ts  [4, 10], without ana lys i s  of the actual  coupling pathways concerned and of the i r  
r e la t ive  impor tance  in the m e c h a n i s m  of action of the agonis ts .  
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