
T H E  A C T I O N  O F  S M O O T H  M U S C L E  S T I M U L A T O R S  

S T U D I E D  B Y  C O R R E L A T I O N  A N A L Y S I S  

I~ M. S a m o i l o v i c h  UDC 615..217.32.015.4:612.74 

Corre la t ion  between the maximal  ef fec ts  of acetylchol ine and o ther  ehol inomimet ics  and also 
of sero tonin ,  b a r i u m  chlor ide,  and a depolar iz ing  solution on an isola ted s t r ip  of r a t  s tomach 
was studied. The  effect  of acetylchol ine c o r r e l a t e s  c losely  with the effects  of cho l inomimet -  
i cs ,  l e s s  c losely with the e f fec ts  of b a r i u m  chlor ide  and depolar iz ing  solution,  and l e s s  c losely  
sti l l  with the effects  of sero tonin .  It is  suggested that the deg ree  of cor re la t ion  be used to 
analyze thepoints  of action of d rugs  and the paths  linking r ecep to r  s t imulat ion with the obse rved  
effect.  The  point of convergence  of the linking paths  for  the las t  th ree  s t imu la to r s  was shown 
to p r e c e d e  the convergence  of the i r  common path with the linking path of  the ef fec ts  of cholino- 
m i m e t i c s .  
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To  analyze the points  of act ion of d rugs  methods of pha rmaco log i ca l  ana lys i s  based  on the use of 
antagonis ts  with compet i t ive  action a r e  nowadays being used [2]. Dispers ion  of the effects  of pha rmaco lo g i -  
ca l  agents ,  caused  by  va r i ab i l i t y  of  the p r o p e r t i e s  of the t es t  object ,  enables  s ta t i s t i ca l  methods to be  used  
for  this s ame  purpose  [4]~ It is evident that if  the points  of  action of d rugs  (b ioreceptors)  and the paths for  
product ion of their  effects(l inking paths) coincide,  co r re la t ion  will be  obse rved  between the magnitudes of 
the i r  e f fec ts  with a coeff icient  c lose  to unity,  but o therwise  co r r e l a t i on  m u s t  be absent .  If significant c o r -  
re la t ion  is  p r e se n t  but with a coeff icient  substant ia l ly  below unity,  the p r e s e n c e  of common linking s tages  
can be  pos tu la ted .  In t h i s  case ,  the h igher  the coefficient  of co r re l a t ion ,  the c l o s e r  the point of  convergence  
of the linking m e c h a n i s m s  to the b i o r e c e p t o r s .  

The  object  of this invest igat ion was to de t e rmine  the specif ic  c h a r a c t e r  of  the points  of applicat ion of 
d rugs  causing contract ion of f r a g m e n t s  of r a t  s tomach.  Methods of co r re la t ion  analys is  were  used for  this 
pu rpose .  

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

Isolated s t r i p s  of  r a t  s t omach  were  used for  expe r imen t s  by the usual  method [9]. Contract ions  were  
r e c o r d e d  i s , t on ica l ly  with a load of 2 g .  The  expe r imen t s  of s e r i e s  I consis ted of m e a s u r e m e n t  of the abso-  
lute contract ions  during e~posure  to m ax i m a l  concentra t ions  [5] of acetylchol ine and of one of five cholino- 
m i m e t i c s  (carbachol ,  furmeth ide ,  a reeol ine ,  acecl idine ,  and pi locarpine)  on the s a m e  s t r ip  of  smooth  
m u s c l e .  In the expe r imen t s  of  s e r i e s  I I  the cont rac t ions  w e r e  m e a s u r e d  dur iag  exposure  of  the s a m e  
s t r ip  to acetylchol ine (10 -3 g / m l ) ,  b a r i u m  chlor ide  (10 -3 g /ml ) ,  an isotonic solution of p o t a s s i u m  chloride 
(depolarizing solution), and serotonin  (10 -3 g /ml ) .  The o rde r  of exposure  to the va r ious  subs tances  in this 
s e r i e s  followed all  poss ib le  pe rmuta t ions  in o r d e r  to reduce the mutual  effect  of one subs tance  on the r e s t  
(24 expe r imen t s  al together) .  Between exposures  to the different  subs tances  t h e T y r o d e ' s  solution in the 
ba th  was changed four  t imes  in the cour se  of  5-7 rain in both s e r i e s  of expe r imen t s .  In all the expe r imen t s  
of  s e r i e s  II the length and weight of the s t r ip  we re  m e a s u r e d .  To  analyze the data ,  coeff ic ients  of c o r r e l a -  
tion were  calculated between all  poss ib le  pa i r s  of va lues  of cont rac t ions ,  e x p r e s s e d  in absolute t e r m s .  I n  
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TABLE 1. Coefficients of Corre la t ion  
between Maximal Effects of Cholinomi- 
mer i t s  

g. . - .  

Pairs of substances-tested ~. c~ = 
OE 

Acetylchloine- car bachol (10-,g/pq~.l 4 
,, -- furmethide (10-sg~mt~ I 4 
. acecl idine (I0-' gJ, ml) l 4 
,, a reco l ine  (10-~g/,m[)l 5 
. pilocarpine (lO-~g/ml)] 5 

/ 

�9 4 ~ 

0,95 
0,91 
0,91 
0,98 
0,90 

Note. P - < 0 . 0 5 f o r  r-~ 0.90 ( n = 4 )  and 
r - > 0 . 8 0  (n= 5). 

TAB LE 2. Correla t ion Matrix between 
Values of Contract ions Evoked by Aeetyl-  
choline (A), Bar ium Chloride (t3), Depo- 
lar izing Solution (D), Serotonin (S), and 
Also with Length (L) and Weight (W) of 
Smooth- Muscle Prepara t ion  

A S W L 

l 
0,65 
0,59 
0,24 
0,49 
0,62 

B D 

0,166 0,59 
0,83 0,83 
0,48 0,58 
0,20 O25 
0,34 0,20 

0,24 
0,48 
0,58 

0,097 
0,07 

0,49 
0,20 
0,25 
0,097 

--0,02 

0,62 
0,34 
0,20 
0,07 

--0,02 
1 

Note. Coefficient of corre la t ion  does 
not differ significantly f rom 1.0 (P -< 
0.05 for r ~_ 0.665 and is significantly 
below 1.0 but over  0.0 for 0.665 > r > 
0.405. 

the experiments  of ser ies  III the relat ive values of the con t rac -  
tions ar is ing under the influence of  the smooth-musc le  cell  
s t imula tors  in the concentrat ions given above and in the pre  s - 
ence o f  manganese  chloride (10 -3 g/ml)  were  investigated. 
Fo r  this purpose the MnC12 was added to the Tyrode  solution 
(the bicarbonate  and phosphate were excluded), and during 
constant  exposure to this solution the contract ions evoked by 
serotonin,  depolar izing solution, ba r ium chloride,  and acetyl-  
choline (in that order)  were recorded.  

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  

Coefficients of corre la t ion  between the effects of acetyl-  
choline and the other  chol inomimetics  a re  given in T able 1. 
Clearly the coefficient of corre la t ion did not fall below 0~ 
indicating a common point of application fo r  the action of the 
drugs (the muscar in ic  cholinoceptor),  in agreement  with resul ts  
obtained by tradit ional methods [1] .  

The resul ts  of the experiments  of ser ies  II are given in 
Table  2 as a cor re la t ion  matr ix .  Analysis  of the mat r ix  shows 
that the substances used can be divided into three groups:  1) 
ba r ium chloride and the depolarizing solution, which evoked 
contract ions  cor re la t ing  s t rongly with each other,  less strongly 
with the effects of acetylcholine and serotonin,  but not c o r r e l a -  
ting at all with the length and weight of the preparat ion;  2) 
acetylcholine,  the effect of which cor re la tes  significantly with 
contract ions  evoked by the substances of the previous  group 
and also with the weight and length of the smooth-musc le  p r ep -  
ara~ion; 3) serotonin,  whose effects cor re la te  with contract ions 
evoked by the substances of the f i rs t  group but not with the 
acetylcholine contract ions or ~vith the weight and length of the 
prepara t ion.  

These  resul ts  indicate differences in the points of action 
and linking paths for  the effects of the substances belonging to 
these three groups.  It can accordingly be concluded that speci-  
fic eholinergic and serotoninergic  recep tors  exist .  The method 

as proposed can therefore  be used for the classif icat ion,  differentiation, and identification of r ecep to r s .  Its 
advantages lie in the less work entailed and its f reedom f rom the p resence  of specific antagonists.  A s imi la r  
approach,  but in an implicit ly qualitative form,  has been used previously  (see [2], ppo 154-155). 

The splitting of the corre la t ion  matr ix  into three groups can also provide a basis  for est imation of the 
s t ruc ture  of the paths linking the initial stimulus evoked by the action of the substance with the effect ob- 
served.  Since the coefficient of corre la t ion  between the effects of acetylcholine and serotonin was signi-  
ficantly lower than the coefficient of corre la t ion  between the effects of serotonin and bar ium chloride o r  
serotonin and the depolarizing solution (Table 2), the point of convergence of the linking path in the mechan-  
i sm of the aeetylcholine effect with the common path probably lies more  distally than the point of conver-  
gence of the linking path for  the serotonin effect. The hypothetical linking s t ruc ture  appears to be as follows: 

A cetylcholine 
BDaepolarizing solution I 

num Chloride --+ Effect 
Serotonin 

An attempt was made to prove  this hypothesis by the c lass ica l  method of pharmacological  blockade. 
According to existing views of the mechanism of action of serotonin and depolar izing solution an important  
role is ascr ibed to the entry of external calcium as the cause of contraction [7, 10]. The probable  mechan-  
i sm of action of bar ium is d i rec t  activation of actomyosin [8]; tile passage  of ba r ium through the membrane  
is determined by its calcium permeabi l i ty .  Consequently, the calcium permeabi l i ty  of the membrane  may 
be a common factor  and may determine the point of convergence of the linking paths for serotonin,  bar ium,  
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TAB LE 3. Effect  of Manganese Chloride 
on Maximal Contract ions Evoked by 
Acetylcholine CA), Bar ium Chloride 03), 
Depolar izing Solution (D), and Serotonin 
is) 

Magnitude of contractions (in %) 

relative to acetyl- 
J ~ '~ choline effect Medium .~ ~, 

Tyrode Sol_utio_n 100 100 78 (24) 66 (24)J45 (24) 
I 

Tyrode solution and I 
MnCI~(10 ~s) 84(6) 100 4(6) 12(6) J 1 (6) 

Note. Number  of exper iments  in pa ren -  
theses .  Differences between control  and 
exper iment  significant when P < 0.05. 

and depolar iz ing solution. To  ver i fy  this hypothesis  the effect  of manganese chloride was studied as a sub- 
s tance blocking calcium permeabi l i ty  [6] on the magnitude of contract ions evoked by acetylcholine,  ba r ium 
chlor ide,  dep(~larizing solution, and serotonin.  

The resu l t s  of  these exper iments ,  given in Table  3, show that manganese select ivi ty  d ep re s se s  the 
effects  of ba r ium chlor ide ,  depolar iz ing solution, and serotonin,  but causes  only v e ry  slight changes in 
acetylcholine contract ions .  These  resu l t s  conf i rm the conclusion drawn f rom analysis  of the cor re la t ion  
mat r ix ,  namely e a r l i e r  convergence  of  the linking paths for  the effects  of ba r ium chlor ide,  depolar iz ing 
solution, and serotonin.  By analysis  of the cor re la t ion  ma t r ix  definite conclusions can thus be drawn r e -  
garding the s t ruc tu re  of the linking paths.  The use of more  powerful  methods of analysis  (factor analysis ,  
fo r  example [3]) could perhaps  inc rease  the resolving power of this method. 
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