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P r e l i m i n a r y  admin i s t r a t i on  of adrena l in ,  no rad rena l in ,  i soprena l ine ,  and sero tonin  i n c r e a s e s  the 
con t rac t ion  of s m o o t h - m u s c l e  s t r i p s  f rom r a t  s tomachs  evoked by ace ty lchol ine .  The sens i t i z ing  effects  
of ad rena l in  and sero tonin  were  abol ished by sodium f luor ide ,  monoiodoace ta te ,  sodium cyanide ,  and 2,4- 
d in i t rophenol ,  which in the concen t ra t ions  used s ign i f ican t ly  reduced  the absolute  magnitude of the c o n t r a c -  
t ions of the smooth musc le  also.  Adrena l in  and sero tonin  did not change the con t rac t ions  of the smooth-  
musc l e  p r e p a r a t i o n  produced by p i locarp ine .  

The r e s u l t s  obtained indicate  that  the i n c r e a s e  in s ens i t i v i t y  of the smooth m us c l e s  to ace ty lchol ine  
is  effected at the level  of the i n t r a m u r a l  gangl ia  and is independent on in tens i f ica t ion  of m e t a b o l i s m  or  on 
c h o l i n e s t e r a s e  ac t iv i ty  in the musc le .  

In the p r e s e n c e  of se ro tonin ,  the act ion of ace ty lchol ine  on the smooth m u s c l e s  of mol lusks  is a ccom-  
panied by the appearance  of spike d i s c h a r g e s  which a re  not found under  no rma l  condi t ions [15, 22]. S e r -  
otonin a lso  p roduces  s i m i l a r  changes in the smooth m u s c l e s  of the in tes t ine ,  and p r e l i m i n a r y  t r e a t m e n t  of 
these  m u s c l e s  by sero tonin  causes  subsequent  sens i t i za t ion  to h i s t amine  or  acety lchol ine  [9, 10]. The na-  
ture  of this  phenomenon is uncer ta in ,  

The objec t  of the p r e sen t  inves t igat ion was to s tudy the sens i t i z ing  effect  of ca techolam[nes  and s e r -  
otonin on con t rac t ions  of smooth m u s c l e s  produced by acetylchol ine  and to inves t iga te  the m e c h a n i s m  of 
these  effects .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 168 s m o o t h - m u s c l e  s t r i p s  taken f rom the fundal pa r t  of the r a t  
s tomach  [23], which were  kept in a bath for  i so la ted  organs  containing Tyrode  solut ion at 38~ with con- 
s tant  aera t ion .  Cont rac t ions  of the s t r i p s  due to acety lchol ine  or  p i locarp ine  were r e c o r d e d  under  iso-= 
tonic condit ions.  To s tudy the r e l a t ionsh ip  between the magnitude of the cont rac t ion  and the concent ra t ion  
of the cho l inomimet i c s ,  the method of cumulat ive  curves  was used [19]. The following concen t ra t ions  of 
ace ty lchol ine  were  used:  1" 10 -6 , 3  �9 10 -6 , 1 �9 10 -7 , 3  �9 10 -7 , 1" 10 -6 , 3  �9 10 -6 , 1 �9 10 -5 , 3  �9 10 -5 , and 1 .  

10 -4. The magni tudes  of the con t rac t ions  obtained by the act ion of each acetylchol ine  concen t ra t ion  were  
e x p r e s s e d  as pe rcen tages  of the con t rac t ion  observed  by the action of acety lchol ine  in a concen t ra t ion  of 
1 �9 10 -4. P i loca rp ine  was used in concent ra t ions  f rom 1 �9 10 -8 to 1 " 10 -5 (the l as t  produced the m a x i m a l  
contract ion) .  The effect  of ca t echo lamines  (1 �9 10 -6) and sero tonin  (2.2 �9 10 -6) was inves t iga ted  as follows: 
a s t r i p  p laced in the bath of an u l t r a t h e r m o s t a t  was kept in Tyrode solut ion for  10 rain, af ter  which the 
ca t echo lamines  or  se ro ton in  were  added to the bath for  8 rain~ The amines  were  then washed out for  8 
rain, the bath was f i l led with f r e s h  Tyrode solut ion,  and 10 min l a t e r  ace ty lchol ine  was added to it in the 
concen t ra t ions  specif ied .  The spec i f ic  ef fec ts  of the ca t echo lamines  and sero tonin  were  analyzed  by the 
use of d ihydroe rgo tamine  (1 �9 10-6), a speci f ic  antagonis t  of the s - e f f e c t s  of ca t echo lamines  [17] and the 
D-ef fec ts  of se ro ton in  [13], and of morphine  (1 �9 10-6), s u p p r e s s i n g  effects  due to the action of se ro ton in  on 
m u s c a r i n e - s e n s i t i v e  sero tonin  r e c e p t o r s  [13], and also of the inhib i tors  of ce i l  m e t a b o l i s m :  sodium f luo r -  
ide (0.02 M), monoiodoace ta te  (1 �9 10-4), sodium cyanide (1 �9 10-4), or  2 ,4-d in i t rophenol  (3 �9 10-4). 
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Medi ts iny ,  Vol. 68, No. 9, pp. 13-16, September ,  1969. Or ig ina l  a r t i c l e  submit ted May 20, 1968. 

961 



lO0 

7~ 

,,~ 5o 

U 

2g 

A 

~ " lOO 

?" 7~ 

e,., 

i i i i i t 

B 

f 

7 8 5 

Fig. 1. Effect  of adrenal in  and serotonin on cont rac t ions  of s t r ips  of r a t  
s tomach musc le  produced by acetylcholine (A) and pi l0carpine (B). 1) "Log-  
a r i t hm of c o n c e n t r a t i o n - - e f f e c t "  curve  of acetylcholine or  pi locarpine;  2) 
the same for  s t r i p s  p r e l i m i n a r i l y  t rea ted  with adrenalin;  3 ) t h e  same for  
s t r i p s  p r e l i m i n a r i l y  t r e a t e d  with serotonin.  
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Fig. 2. Changes in acetylcholine-induced contractions of rat stomach strips 

under the influence of adrenal in  (A) and serotonin (B) in the p re sence  of 2,4- 
dinitrophenol.  1) "Logar i thm of concen t ra t ion- -  effect"  curve  for  acety l -  
choline; 2) the s ame  in the p re sence  of 2,4-dini trophenol;  3) the same  on 
s t r i p s  p r e l i m i n a r i l y  t rea ted  with amines  in the p re sence  of 2,4-dinitrophenol.  
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Fig. 3. Changes in acetylchol ine- induced cont rac t ions  of r a t  s tomach s t r ips  
under  the influence of amines  in the p resence  of morphine  (A) and dihydro-  
e rgo tamine  (B). 1) "Logar i thm of concen t ra t ion - -  effect"  curve  of ace ty l -  
choline; 2) the s ame  in the p re sence  of morphine  or d ihydroergotamine;  3) 
" logar i thm of concen t ra t ion - -  effect"  curve  of acetylcholine obtained on 
s t r i p s  p r e l i m i n a r i l y  t r ea t ed  with serotonin (A) or adrenal in  in the p re sence  
of d ihydroergotamine  (B); 4) the s ame  on s t r i p s  p r e l i m i n a r i l y  t rea ted  with 
sero tonin  in the p resence  of morphine  or  d ihydroergotamine .  
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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  exposure  of the s m oo t h -musc l e  s t r ip  to adrenal in ,  noradrenal in ,  and [soprenal ine  in 
concentra t ions  of 1 �9 10 -~ or to serotonin c rea t in ine - su l f a t e  in an equ[molar  concentra t ion (2.2 �9 10 -~) p ro -  
duced an inc rease  in the cont rac t ions  of the s m o o t h - m u s c l e  s t r i p s  produced by addition of acetylcholine to 
the bath in all exper iments .  The cumulat ive " logar i thm of c o n c e n t r a t i o n - - e f f e c t "  curves  for  acetylchol ine 
thus obtained were  shifted to the left  along the concentra t ion sca le ,  indicating an inc rease  in the sens i t iv i ty  
of the smooth musc l e s  to acetylchol ine (Fig. 1A). 

The sens i t iz ing  effect  of ea techo lamines  and serotonin  on the s m o o t h - m u s c l e  s t r ips  m a y  be due 
e i ther  to changes in cho l ines t e r a se  act ivi ty  or  to metabol ic  ef fec ts  of the b ioamines .  The f i r s t  suggest ion 
mus t  be ruled out, because  monoamincs  increas ing  the sens i t iv i ty  of smooth musc le  to acetyleholine (Fig. 
1A) differ  in the i r  effects  on cho l ines te rase  activity:  serotonin i n c r e a s e s  it [21], while adrenal in  d e c r e a s e s  
it [4, 11]. The second poss ib i l i ty  is based  on expe r imen t s  showing that adrenal in  and sero tonin  cause  in- 
tensif icat ion of ca rbohydra t e  me tabo l i sm,  accumulat ion of h igh -ene rgy  compounds,  and an inc rease  in the 
cont rac t i le  power  of m u s c l e s  [8, 16, 20]. This conclusion was apparent ly  conf i rmed by a s e r i e s  of ex p e r i -  
ments  which showed that in the p resence  of inhibitors of g lycolys is  (sodium f luoride,  monoiodoaceta te)  o r  
of t i s sue  r e sp i r a t i on  (sodium cyanide),  or  of agents  d issoc ia t ing  coupled reac t ions  of oxidative phosphory l -  
ation (2,4-dinitrophenol),  i .e. ,  of subs tances  b i o c k i n g e n z y m o - c h e m i c a l r e a c t i o n s  in the cel l  leading to A T P  
format ion ,  no sensi t iza t ion developed (Fig. 2). Nor is it contradic ted  by the fact  that,  in the concen t ra -  
tions used, the inhibi tors  s ignif icant ly reduced the absolute magnitude of the acetylchol ine- induced con t rac -  
tions of the s m o o t h - m u s c l e  p repara t ion .  If the inc rease  produced by b ioamines  in the ace ty lchol ine- in -  
duced cont rac t ions  of the s t r i p s  was a metabol ic  m u s c u l a r  effect ,  adrenal in  and serotonin mus t  i nc rea se  
the sens i t iv i ty  of the s m o o t h - m u s c l e  p repa ra t ion  to all  agents  producing spasm.  However ,  cont rac t ions  of 
the s m o o t h - m u s c l e  s t r ip  produced by pi locarpine  were  found to be v i r tua l ly  unchanged by adrenal in  and 
serotonin (Fig. 1B). The fac t  that b ioamines  inc reased  acetylchol ine- induced but not p i locarp ine- induced  
cont rac t ions  of the s m o o t h - m u s c l e  p repa ra t ion  f r o m  the s tomach  indicates that  the sensi t iz ing ef fec t  of 
the ca techo lamines  and serotonin  is independent of intensif icat ion of me tabo l i sm  in the musc le ,  and is ef-  
fected at the level  of the in t r amura l  ganglia,  the sens i t iv i ty  of whose n ico t ine-sens i t ive  chol inergic  s t r u c -  
tu res  to acetylchol ine is s ignif icant ly  inc reased  by the action of b ioamines .  This conclusion does not con- 
f l ict  with the well-known fact  that sens i t iv i ty  of nicot ine- l ike  chol inergic  s t r u c t u r e s  of skele ta l  m u s c l e s  
[2, 3, 5], the supe r io r  ce rv ica l  ganglion [6, 7, 12, 14], and the caro t id  body [1] to acetylcholine is i nc reased  
by ca techo lamines  and serotonin.  Other w o r k e r s  [18] also have concluded that adrenerg ic  imhibition of in- 
tes t inal  mo to r  act ivi ty  is an indirect  effect  on the musc le  due to the d i rec t  action of sympathe t ic  m e d i a t o r s  
on chol inergic  structures of autonomic ganglia.  

Pharmacological analysis of the sensitizing effect of adrenalin and serotonin on smooth-muscle 
strips by the use of bioamine antagonists did not permit identification of the specific structures of the in- 
tramural ganglia through which the ability of bioamines to increase contractions of smooth muscles is ef- 
fected. The sensitizing activity of morphine itself and the cholinolytic effect of dihydroergotamine were 
largely instrumental in preventing this possibility (Fig. 3). 
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