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Dopamine and phenylephrine lower the tone of the smooth musc les  of isolated s t r i p s  of r a t  
s tomach in concentra t ions  of 10 -6 M or  more .  The c o n c e n t r a t i o n - e f f e c t  curves  have the same  
slope.  The effect  of dopamine is unchanged tn the p r e sence  of p ropranolo l  (5 �9 10 -6 g /ml ) .  
Phentolamine (and also d ihydroergotamine  and t ropaphen*)  exhibits  equal an tagonism to phenyl-  
ephrine and dopamine.  It is concluded that dopamiae and phenylephrine r e l ax  the smooth musc les  
of the s tomach by the i r  act ion on ~ ad reno recep to r s .  The la t ter  d i f fer  f rom the ~ ad reno recep to r s  
of the vas de fe reas  (rats) ia the i r  high sens i t iv i ty  to the blocking effect  of ce r t a in  neurolept ics ,  
namely  haloperidoI ,  t r i f luoroperaz ine ,  and ch lo rp romaz ine ,  pA 2 for  which (8.11-8.64)is  of the s ame  
o rde r  as pA 2 for  ~ adrenoly t ics  (7.76-8.46). The s imi l a r i t y  and difference between ~ a d r e n o r e -  
cep tors  of  musc l e s  of the gas t ro in tes t ina l  t r a c t  and inhibi tory dopamiaerg ic  r e c e p t o r s  of nerve 
cel ls  a r e  d iscussed.  

KEY WORDS: ca techolamines ;  dopamine; ad reno recep to r s ;  smooth musc les .  

Dopamine has mainly  a d i rec t  sympa thomimet i c  action on the smooth musc l e s ,  including the ga s t ro in t e s -  
t inal  t r a c t  [5, 11]. Since the inhibitory effect  of ca techolamines  on smooth musc les  of  the m a m m a l i a n  s tomach 
and intestine can be mediated by both ~ and fl a d r e n o r e c e p t o r s  [8], it is not c l ea r  which of them is respons ib le  
for the  dopamlne effect.  

This pape r  gives the pharmaco log ica l  c h a r a c t e r i s t i c s  of ad reuerg ie  r e c e p t o r s  of the smooth musc les  of 
the ra t  s tomach respons ib le  for  t r ansmi t t ing  the inhibitory effects  of  dopamlne.  

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

Isolated s t r ips  of the gas t r i c  fundus of albino ra t s  weighing 150-200 g were  kept in oxygenated T y r o d e ' s  
solution at 37~ Changes in tone were  r eco rded  by Enge lmann ' s  l ever  with a ra t io  of 1:20 between the a r m s  
and with a weight of 1 g at tached to the prepara t ion .  The effect  of dopamine (hydrochloride) and pheaylephr iae  
on tone of the muscle  s t r ip  was invest igated in concentra t ions  of 10-8-10-2M. The effect  was e x p r e s s e d  as a 
pe rcen tage  of the max imal  relaxat ion.  The values of pA 2 were  found by Schild 's  method [17] for phentolamine,  
d ihydroergotamine ,  t ropaphen,  ch lorpromazine ,  haloperidol,  t r i f luoroperaz ine ,  and perpheaazine ,  chosen as 
antagonists  of dopamiae and phenylalanine.  The duration of act ion of the antagonis ts  on the s t r ip  was 7 min. 
The values of pA 2 for phentolamine and haloperidol  a l so  were  de te rmined  in expe r imen t s  on the ra t  vas deferens ,  
kept in oxygenated K r e b s '  solution. 

Each s e r i e s  of expe r imen t s  was c a r r i e d  out on 6 to 8 isolated p repa ra t ions .  The r e su l t s  were  subjected 
to s ta t i s t ica l  ana lys is .  

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  

In low concentra t ions ,  dopamine and phenylephrine caused only slight cont rac t ions  of the smooth musc les  
of  the s t r ip  of s tomach,  but in concentra t ions  of 10 -6 M or  higher they reduced  the i r  tone (Fig. 1: 1,2). Pheny l -  

*The t ropine e s t e r  o f /3 -ace toxypheny l -~ -pheny lp rop iou ic  acid (a sympatholyt ic) .  
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Fig. 1. Effect of phenylephrine, 
dopamine, and apomorphine on tone 
of smooth musc les  of rat  s tomach.  
Abscissa ,  concentrat ion of substances 
on logari thmic scale;  ordinate, con-  
t ract ion of s tr ip of s tomach as a p e r -  
centage of max ima l  relaxation. 1) 
Phenylephrine, 2) dopamine, 3) dopa- 
mine in the presence  of propranolol,  
5" 10-~ mg/ml ,  Q apomorphine.  

ephrine was a lmost  5 t imes as active as dopamine: ECh0 was 1.6 ~ 10 -5 and 7.9" 10 -5 M respect ively  (P-< 0.05). 
Maximal relaxation of the str ip produced by dopamine (79 �9 16 mm) was about 80% of the maximal  effect of 
phenytephrine. However, the gradients of the effect curves  of dopamine and pheaylephrine (0.78 and 0.7 r e -  
spectively; P >0.5) did not differ significantly. 

The coincidence of the gradients o f  the concen t ra t ion -e f fec t  curves  is evidence that the two amines share  
a common mechanism of action. Since phenylephrine is regarded as a sympathomimetic  with selective action 
on the intestinal c~ adrenorecep tors  [7], it can be postulated that dopamine causes relaxation of the smooth 
muscles  of the rat  s tomach through their  intervention also. This suggestion is confirmed by the steepness of 
slope of the concen t ra t ion-e f fec t  curve of dopamine, which is charac te r i s t ic  of a but not of 13 adrenomimet ics  
[1, 7], by the absence of effect of propranolol  (5 �9 10 -~ g/ml) on the effects of dopamine (Fig. 1:3), and also by 
agreement  between the values of pA 2 of phentolamine, which exhibits an equal degree of antagonism with 
respec t  to both phenylephrine and dopamine (Table 1). It will also be c lear  f rom Table 1 that an equal 
degree of antagonism toward dopamine and phenylephrine is also shown by other a adrenolytics - d i h y -  
d roergotamineand  tropaphen. This same degree of antagonism to both amines is a feature of most  of 
the neuroleptics  studied: chlorpromazine ,  t r l f luoperazine,  and haloperidol. The equal sensit ivity of the 
c~-adrenoreceptors of the gas t r ic  muscles  to the blocking effect not only of a adrenolyt ics ,  but also of many 
neurolept[cs,  distinguishes the c~ adrenoreceptors  of the smooth muscles  of the gastrointest inal  t rac t  from the 
a adrenorecep tors  through which catecholamines cause excitation and contract ion of the smooth muscles  of 
other  organs.  This provides further grounds for the separat ion of adrenergic  receptors  into exci ta tory  a~ and 
inhibitory ~ adrenorecep tors  [3]. The activity of phentolamine as a blocker of ~l adrenoreceptors  of the ra t  
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TABLE 1. Values of pA 2 of Some Antagonists  
of Phenylephr ine  and Dopamine,  Dete rmined  
on Str ips  of Rat  Stomach (M -~ m) 

Antagoni~ 

Phent ol am ine 
Dihydroer~otamine 
Tropapheri 
Chlorpromazine 
Trifluopcrizinc 
HaloperidoI 
Perphenazine 

Agonist 

phenyleph~ne 

7,76-----0,27 
8,92• 
7,42• 
8,32~0,22 
8,76• 
8,58• 
5,82 +-- 0,21 

dopamin~ 

7,76-~0.18 
8,41-~0,14 
8,46-+0,23 
8,49-+0,14 
8, I l -+ 0,22 
8,64• 
6,17--+ 0,23 

TABLE 2. Values of pA 2 of Antagonists  of 
Sympathomimet ics  Found in Exper iments  on 
the Rat Vas Deferens  (M ~- m) 

Agonist 

Noradrenalin 
Dopamine 
Ph6nylephrine 

Anta~oni~ 
phentolamine halopeddol 

8,53-----0,08 5,65-----0,15 
8,582 0,16 5, 50 ~- 0,03 
7,81 -- 0,28 5,74-+ 0,22 

vas deferens  is 2-2.5 o rde r s  of magnitude g r e a t e r  than the analogous act ivi ty  of haloperidol  (Table 2). As a 
b locker  of a2 ad reno recep to r s ,  haloperidol is somewhat  more  act ive than phentolamine (Table 1). 

The r e su l t s  of s eve ra l  invest igations indicate that haloperidol ,  other  butyrophenones,  and many pheno-  
thiazine neurolept ics  [14] se lec t ive ly  block specif ic  dopaminerg ic  r e c e p t o r s  (DA recep to r s ) .  The high ac t iv i ty  
of haloperidol  and the other  neurolept ics  revea led  in the exper imen t s  on s t r ips  of s tomach (Table 1) necess i ta tes  
a d iscuss ion  of the p rob lem that the DNA recep to r s  of ce r ta in  nerve cel ls  may  be identical  with the ~2 ad reno-  
r e c e p t o r s  of the muscle  cel ls  of the gas t ro in tes t ina l  t rac t .  Evidence of the s imi l a r i t y  of these  r e c e p t o r s  is 
given by the poss ib i l i ty  of abol ishing changes in the m e m b r a n e  potential  of mol lusk ganglionic neurons evoked 
by dopamine by means  of both e rgo tamine  and phentolamine [12] and haloperidol  and fluphenazine [13], and a lso  
by the common nature of the ionic m e c h a n i s m s  of act ion of dopamine on mollusk neurons [16] and the act ion of 
noradrenal in  on the smooth musc les  of the r a t  intestine [15] and s tomach [2]. The dopaminomimet ic  a p o m o r -  
phine does not inhibit the neuronal  act iv i ty  of Hel ix  a s p e r s a  [18] and does not lower the tone of the smooth 
musc les  of the r a t  s tomach (Fig. 1: 4). Conversely,  apomorphine  causes  marked  contract ions  of s t r ips  of s to -  
mach.  The contract ions  a r e  chol inergic  in nature for they a re  abolished by a t ropine (10-7-10 -6 g/ml)  but not 
by diphenyhydramine (16 -5 g/ml) o r  me thyse rg ide  (10-7 g /ml ) .  

However ,  the o~ 2 ad reno recep t o r s  of the musc l e s  of  the gas t ro in tes t ina l  t r a c t  a re  not identical  with the 
DA r e c e p t o r s  of mol lusk neurons,  for  the la t te r  have higher sens i t iv i ty  to dopamiae than to noradrenal in ,  and 
phenylephrine does not ac t iva te  them even in high concentra t ions  [19]. DA recep to r s  of a comple te ly  different  
type,  blocked exc lus ive ly  by neurolept ics ,  a re  found in the neurons of the caudal m e s e n t e r i c  ganglion of cats  
[4] and of the caudate nucleus of r a t s  [6, 10]. 

It is poss ib le  that  ~2 ad reno recep t o r s  a re  local ized in the m e m b r a n e s  of ce r t a in  nerve cel ls ,  of the 
supe r io r  ce rv ica l  ganglion for example ,  where  the inhibitory effect  of dopamiue on chol inergic  conduction is 
d e p r e s s e d  equally by phentolamiue and haloperidol  [4] 
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