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=Abstract=The effects of dopamine on gastric motility were investigated using circular 
muscle strips prepared from the antral and' fundic regions of the guinea-pig stomachs. 
The spontaneous and phasic contractions induced by electrical stimulation were recor- 
ded with a force transducer. Dopamine potentiated the spontaneous contraction of the 
antral circular muscle, which was suppressed completely by a-blocker phentolamine 
and partially by an-blocker yohimbine but was not blocked by TTX. Dopamine increased 
the basal tone of both the antral and the fundic circular muscles, which was suppressed 
by phentolamine but not affected by TTX. Dopamine increased the contraction evoked 
by direct electrical stimulation to the fundic circular muscle, which was suppressed 
by phentolamine but unaffected by TTX. Dopamine increased the basal tone and relaxa- 
tion component of the phasic contraction evoked by transmural nerve stimulation in 
the fundic region, while it decreased the contraction component. Atropine decreased 
the contraction component in the fundic region, while it increased the relaxation compo- 
nent. In the presence of atropine dopamine increased the basal tone and relaxation 
component, which were suppressed by phentolamine. 

In conclusion, dopamine increases the basal tone of both the antral and fundic circular 
muscles and the amplitude of spontaneous contraction of the antral circular muscle 
via a-adren-ergic receptors, especially via the al-receptor in the plasma membrane of 
circular muscle cells. Dopamine increases the relaxation component through the enhan- 
ced release of transmitters from non-adrenergic non-cholinergic nerve terminals, and 
suppresses contraction by inhibiting transmitter release from cholinergic nerves in the 
fundic region. 
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themselves. In other words, gastrointestinal motility 
INTRODUCTION is under myogenic control. And the motility is thou- 

ght to be modulated by intrinsic and extrinsic auto- 
The contractions of the gastrointestinal smooth nomic nervous systems as well as by some circu- 

muscles are initiated from smooth muscle cells lating hormones and drugs (Demol et a/. 1989). 
Autonomic nervous systems are composed of not 
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Hospital ( I  99 1). ves. It has been known that the neurotrans- 



mitters released from the terminals of NANC nerves 
exert some influence on the contractility of the gas- 
trointestinal smooth muscles directly or via the 
other nerves (Burnstock 1972; Komori and Suzuki 
1986). It has been reported that dopamine is one 
of the neurotransmitters released from the NANC 
nerve terminals (Jorge and Valenzuela 1976). 

Dopamine, one of the catecholamine substan- 
ces, is well known to be an important neuro- 
transmitter in the central nervous system. It has 
been found also in the peripheral autonomic ner- 
vous system of the cardiovascular system and the 
gastrointestinal tract of various species (Bech and 
Hovendal 1982) and is secreted from the mucosal 
endocrine cells of the gastrointestinal tract (Hakan- 
son 1970; Ahonen and Penttila 1974). 

From the fact that externally administered dopa- 
mine inhibited gastrointestinal motility in some ex- 
perimental animals (Thorner 1975) and that dopa- 
mine was found in large amounts in human gastric 
juices (Bech et a/. 1984), it is suggested that endo- 
genous dopamine might play some physiological 
role in the regulation of gastrointestinal motility. And 
clinically dopamine has been thought to be one 
of the etiologic factors eliciting gastroesophageal 
regurgitation and vomiting in newborn infants (Mio- 
Ian et a/. 1983). 

The effects of dopamine on gastrointestinal moti- 
lity are known to be varied depending upon animal 
species, regions of the gastrointestinal tract and 
muscle layers (Mukhopadhyay and Weisbrodt 19 
77; Cox and Ennis 1980a; Sahyoun et a/. 1982a; 
Lefebvre et a/. 1984). 

There remains controversy concerning the action 
of dopamine on gastric motility. Some authors have 
reported that dopamine potentiated gastric con- 
tractility (Costall et a/. 1983), while others have said 
that it induced gastric relaxation (Sahyoun et a/. 
1982b). Moreover, the sites and the mechanism 
of dopamine action are more indistinct. Some au- 
thors have reported that dopamine exerted its ac- 
tion through a specific dopaminergic receptor 
(Schuurkes and Van Nueten 1981, 1982, 1983), 
while others have reported that it displayed its ef- 
fect through the a- and P-adrenergic receptors 
(Komissarov and Reutskaya 1978; Cox and Ennis 
1980b; Kamikawa et a/. 1982; Costall et a/. 1983). 

The present experiments were undertaken to 
clarify the regional differences of dopamine action 
and its mode of action, especially its relation with 
the enteric nervous system in the guinea-pig sto- 
mac h. 

MATERIALS AND METHODS 

Guinea-pigs of either sex, weighing about 300 
g, were stunned and bled. The whole stomach was 
excised and placed in a bath containing oxygena- 
ted phosphate-buffered Tyrode's solution (NaCI 
147, KC1 4, CaCI2 2H20 2, MgCI2 = 6 H20 1.05, 
NaH2P04 2H20 0.42, Na2HP04 12H20 1.81, glu- 
cose 5.5 mM, pH 7.35) at room temperature. Then 
the antral and fundic regions were obtained and 
cut in a longitudinal direction along the lesser cur- 
vature. After the contents of the stomach were re- 
moved, patches of the muscle coat were obtained 
by removing the mucosal layer in Tyrode's solution. 
Circular muscle strips, 2 mm wide and 10 mm long, 
were made dissected along the direction of the 
circular muscle in both the antrum and fundus. 

The mechanical contractions were recorded in 
a vertical chamber which had a capacity of 100 
ml (Fig. 1). Before the main experiment the strip 
was recovered in oxygenated tris-buffered Tyrode' 
s solution (NaCI 147, KC1 4, CaCI2 = 2H20 2, MgCl 

6H20 1.05, tris - HCI 5, glucose 5.5 mM, pH 7.35) 
for 1 hour at 35 k . The isometric contractions were 
recorded through a Grass FT-03 force transducer 
connected to a Device physiograph. The optimal 
length of the strip was determined by lengthtension 
curve of either spontaneous contractions, or cont- 
ractions evoked by electrical field stimulation. 

In fundic circular muscle strips, contractions were 
evoked by transmural electrical nerve stimulation 
or by direct electrical muscle stimulation. The for- 
mer method evoked contraction by releasing neu- 
rotransmitters from the intrinsic nerve terminal, in 
which the electrical stimuli produced by a Grass 
S 88 stimulator were single square pulses with a 
duration of 50-100 ps and an intensity of 10-50 
V. The latter method made the muscle contract 
by directly depolarizing the membrane of the 
smooth muscle, and its characteristic waves were 
trains of square pulses with a frequency of 30 
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Fig. 1. A schematic representation of the 100 ml ver- 
tical chamber with isometric contraction 
recording system and transmural electrical 
field stimulation system. The chamber was 
maintained at 353 and aerated with 100°/o 
02. The transmural electrical stimulation was 
done with platinum plate electrodes that were 
0.5 cm2 in area, positioned parallel with 
preparation, and separated 1.5 cm from each 
other. 

Hz, a duration of 20 ms, an intensity of 70 V, a 
train duration of 5  sec and a train interval of 1 
min. 

In this experiment no statistics were used be- 
cause the resulting analysis was a qualitative com- 
parison between data groups, and the figures cited 
in this article were representative ones selected 
after confirmation of the same results. 

Drugs used in this experiment were as follows; 
atropine sulfate (Sigma), dopamine (Sigma), guane- 
thidine sulfate (Tokyo kasei), phentolamine (Regi- 
tine, CIBA), tetrodotoxin (TTX, Sankyo), and yohim- 
bine (Nakarai). 

RESULTS 

1. Effects of dopamine on the contractility of 

antrum 
Dopamine increased the basal tone and the 

spontaneous contraction of the antral circular mus- 
cle in a dose-dependent manner from the concent- 
ration of 5 X  l o p 6  M and exerted a maximal effect 
at the concentration of 5 X 1 OP5 M (Fig. 2, upper 

trace). 
The excitatory effect of dopamine ( lop5 M) was 

almost completely suppressed by a a-receptor 
blocker, phentolamine (Regitine, 5  X  1 0-6 M) (Fig. 
2, lower trace). 

Such excitatory action of dopamine on the spon- 
taneous contraction of the antral circular muscle 
was not blocked by tetrodotoxin (TTX). 

The spontaneous contraction potentiated by do- 
pamine ( lop5 M) was not attenuated by treatment 
with TTX (3 X 1 OP7 M) (Fig. 3), but it was completely 
suppressed by regitine (5 X 1 OP6 M) (Fig. 3, upper 
trace) and partially by a a2-receptor blocker, 
yohimbine M) (Fig. 3, lower trace). 

ANTRUM 

Dopami ne 5 x 1 0 6  1 0  min  , 

Dopamine 10-5 M , 5 min , 
W/NT 

Regitine 5x10-6 M 

Fig. 2. Effect of dopamine on the spontaneous con- 
traction recorded from an antral circular 
muscle strip of guinea-pig stomach. Dopamine 
increased the basal tone and the spontaneous 
contraction of the antral circular muscle in a 
dose-dependent manner (upper trace). And 
the excitatory effect of dopamine was suppre- 
ssed by regitine (lower trace). 



ANTRUM 
- -.--"-. - . 

5 m i n  

T T X  3 XIO-'M 
D o p a m i n e  1 0 - 5  M W/NT 

R e g i t i n e  5 ~ 1 0 - ~ ~  

TTX 3x10 -7M 5 m i n  , 
Dopa m i n e  1 0 - 5  M 

Yohimbine  10-6M W/NT 

Fig. 3. Effect of tetrodotoxin (TTX) on the action of 
dopamine in the antral circular muscle. The 
spontaneous contraction potentiated by do- 
pamine was not attenuated by TTX, but lt was 
suppressed completely by regitine (upper 
trace) and partially by a2-receptor blocker, yo- 
himbine (lower trace). 

2. Effects of dopamine on the contractility of 
the circular muscles in the guinea-pig gastric 
fundus 
Dopamine increased the basal tone of the fundic 

circular muscle dose-dependently from the con- 
centration of l op6  M (Fig. 4). 

Such enhancing action of dopamine (5X l o p 5  M) 
was almost -completely suppressed by regitine 
( l op6  M) (Fig. 4), but was never affected by TTX 
(3X lo - '  M) (Fig. 4, lower trace) treatment. 

Since most of the fundic strips did not show 
spontaneous contractions, they were electrically 
stimulated to evoke contractions. 

The contractions evoked by the direct stimula- 
tion of the fundic circular muscle were increased 
by dopamine from the concentration of 5 X  1 Op6 M 
in a dose-dependent manner. They were not affec- 
ted by TTX (3X 1 0-7 M) treatment, but were com- 
pletely suppressed by regitine ( lop6 M) (Fig. 5). 

When phasic contractions were evoked by 

Dopamine K~ 5 rnin , 

Regitine M 

S m i n  . 

Dopamine T T X  ~ X I O - ' M  
Regitine I O - ~ M  

Fig. 4. Effect of dopamine on the basal tone of the 
guinea-pig gastric fundic circular muscle. Do- 
pamlne increased the basal tone of the fundic 
circular muscle dose-dependently. Such 
enhancing action of dopamine was suppres- 
sed by regitine, but was never affected by 
TTX. 

transmural nerve stimulation in the fundic strip, they 
were composed of three components. We called 
them the basal tone, the contraction component 
and the relaxation component, respectively (Fig. 

6). 
We observed the effect of dopamine on the con- 

tractions evoked by transmural nerve stimulation 
in the fundic muscle strip. The basal tone and the 
relaxation component increased, while the contra- 
ction component was decreased dose-dependen- 
tly by dopamine from the concentration of 5 X  1 0-6 
M (Fig. 7). These effects of dopamine were reversi- 

ble. 
We studied the effect of dopamine on the con- 

traction evoked by transmural nerve stimulation in 
the fundic muscle strip pretreated with guanethidine 
and atropine. 

The contraction component was slightly de- 
creased by guanethidine (5 X 1 Op6 M) and com- 
pletely suppressed by atropine ( l op6  M), while 



F U N D U S  

Dopamtne 5 x 5 mln 

1 Contraction 
[ 5 x Reg~t~ne  M component 

T T X  3 x I O - ~ M  I I O - ~ M  

Fig. 5. Effect of dopamlne on the contractlon evoked 
by dlrect muscle st~mulatlon In the fundlc c - - 

Stimulation 0.5min 
cular muscle The stlmulatlon waves produced 

Fig. 6. Three components of the contractlon evoked 
by a Grass S 88 stimulator were trams of 
square pulses wlth a frequency of 30 Hz, a by transmural nerve stlmulatlon In the fundlc 

duratlon of 20 ms, an lntenslty of 70 V, a tram c~rcular muscle strlp The stlmulatlon waves 

duratlon of 5 sec and a tram lnterval of 1 mln produced were slngle square pulses wlth a 

The contract~ons evoked by the dlrect st~mula- durat~on of 50-100 ps and an ~ntenslty of 10- 

tlon of the fund~c clrcular muscle were ~ncrea- 50 V 

sed by dopamlne In a dose-dependent man- 
ner They were not affekted by TTX but were 
suppressed by regltlne 

F U N D U S  

Dopamine 5 x lo-' 5 min , 

-1 5 x 1 0 - '  W / N T  
1 IO-'M 

Fig. 7. Effect of dopamine on the contraction evoked by transmural nerve stimulation in the fundic circular 
muscle strip. The basal tone and relaxation component were increased, while the contraction component 
was decreased dose-dependently by dopamine. These effects of dopamine were reversible. 

F U N D U S  

Guanethidine 5 x l o - 6  M 
Atropine l o - 6  M 

O o p a m i n e  5 x  
--I 1 0 - s  , 

s X 10-5 M 
R e g  i t  i n e  1 0 - 6  M 

TTX 3 x 10-'M 

Fig. 8. Effect of dopamine on the contraction evoked by transmural nerve stimulation in the fundic circular 
strlp treated with guanethidine and atropine. The contraction component was slightly decreased by 
guanethidine and completely suppressed by atropine, while the relaxation component was somewhat 
increased by atropine. 



the relaxation component was somewhat increa- 
sed by atropine treatment (Fig. 8). 

In that condition dopamine increased the basal 
tone and the relaxation component in a dose-de- 
pendent manner. Such actions of dopamine were 
similar to those shown in Fig. 7 and were suppres- 
sed by regitine M) treatment. 

DISCUSSION 

The effects of dopamine on gastrointestinal moti- 
lity are known to be varied depending upon the 
animal species, regions of the gastrointestinal tract, 
the muscle layers and the externally administered 
dose (Cox and Ennis 1980a; Lefebvre et al. 1984). 

It was reported that lower concentrations of do- 
pamine suppressed contraction in the strips of the 
esophageal body of opossums, while dopamine 
in higher doses potentiated contraction (De Carle 
and Christensen 1976). And dopamine was known 
to relax the lower esophageal sphincter of dogs 
and men (Baumann et al. 1979; ltoh 1981). Recently 
Demol et al. (1989) reported that dopamine indu- 
ced regurgitation of the duodenal contents to the 
stomach in man. 

There have been many controversial reports on 
the action of dopamine upon gastric motility, too. 
Some authors have reported that dopamine indu- 
ced contraction of the rat fundic region (Sonneville 
1968), while others have reported that dopamine 
suppressed its contractility (Komissarov and Reut- 
skaya 1978). And some authors have reported that 
dopamine evoked contraction of the rabbit antral 
region (Ercan 1981), while there were reports that 
dopamine suppressed contractility of rat antral cir- 
cular muscles (Komissaarov and Reustkaya 1978; 
Chey et al. 1983). 

Cox and Ennis (1980a) reported that dopamine 
suppressed motility in guinea-pig stomachs. They 
presented the data that the intragastric pressure 
became lowered with the administration of dopa- 
mine in guinea-pigs. But there were reports that 
dopamine potentiated the contractility of guinea- 
pig stomachs (Sahyoun et al. 1982b; Costall et al. 
1983). 

As shown in the above brief review, there re- 
mains controversy concerning the actions of dopa- 

mine on gastric motility. And its sites and mode 
of action are even more indistinct. 

In this experiment, dopamine increased the basal 
tone and the spontaneous contraction of the antral 
circular muscle in a dose-dependent manner (Fig. 
2). And this excitatory effect of dopamine was sup- 
pressed completely by a a-receptor blocker, regi- 
tine (Figs. 2 & 3) or partially by a a2-blocker, yohim- 
bine (Fig. 3) but was not blocked by TTX (Figs. 
2 & 3). 

These results suggest that dopamine directly 
potentiates the contractility of the antral circular 
muscle through activating a-adrenergic receptors 
in the muscle cell membrane, and not indirectiy 
via nerves innervating the antral circular muscle. 

Dopamine increased the basal tone of the fundic 

circular muscle, which was also suppressed by 
regitine but was never affected by TTX (Fig. 4). 
And the contractions evoked by direct stimulation 
to the fundic circular muscle were increased by 
dopamine. These were not affected by TTX but 
were completely suppressed by regitine (Fig. 5). 

From these results we could conclude that do- 
pamine directly potentiates the electrically-driven 
contraction of the fundic circular muscle through 
activating a-adrenergic receptors, and not indirec- 
tly via the nerves. 

Some authors have suggested that dopamine 
exerted its action on gastrointestinal motility 
through activating specific dopaminergic receptors, 
such as those in the central nervous system. 
Schuurkes and Van Nueten (1981 & 1982) have 
supported this hypothesis by showing experimental 
results that a dopaminergic antagonist, domperi- 
done blocked the effects of dopamine on gastroin- 
testinal motility. But others have argued against 
this hypothesis. They have insisted that domperi- 
done had a non-specific action on the peripheral 
nerve fibers and muscle cells (Kamikawa et al. 
1982; Costall et a/. 1983). 

In this experiment we did not verify whether do- 
pamine exerted its action via a specific dopaminer- 
gic receptor. But our results support the idea that 
dopamine may exert its action through activating 
a-adrenergic receptors, especially the a,-receptor. 

Contractions evoked by transmural nerve stimu- 
lation in the fundic muscle strip were composed 



of the basal tone, the contraction component and 
the relaxation component (Fig. 6). 

We observed the effect of dopamine on the con- 
tractions evoked by transmural nerve stimulation 
in the fundic muscle strip. The basal tone and the 
relaxation component were increased, while the 
contraction component was decreased by dopa- 
mine (Fig. 7). 

We studied the effect of dopamine on the con- 
tractions evoked by transmural nerve stimulation 
in the fundic muscle strip pretreated with an adre- 
nergic depleter, guanethidine and a cholinergic 
blocker, atropine. 

The contraction component was slightly de- 
creased by guanethidine and completely suppres- 
sed by atropine, while the relaxation component 
was somewhat increased by treatment with guane- 
thidine and atropine. Under these conditions dopa- 
mine increased the basal tone and the relaxation 
component, which were suppressed by regitine 
(Fig. 8). This suggests that the contraction compo- 
nent is due to cholinergic activation and that the 
relaxation component originates from the activation 
of non-adrenergic non-cholinergic nerves (Martison 
and Muren 1963; Burnstock 1969), in which ATP 
(Burnstock 1972) and vasoactive intestinal polype- 
ptide (Grider et al. 1985; Lefebvre 1986; Kamata 
et al. 1988) play an important role as neurotransmi- 
tters. 

From the results shown in Figs. 7 and 8, it is 
suggested that dopamine increases relaxation 
through enhancing the release of transmitters from 
non-adrenergic non-cholinergic nerve terminals 
and suppresses contraction by inhibiting the trans- 
mitter release from cholinergic nerves in the fundic 
region. 
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