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Stimulatory effect of muscimol on gastric acid secretion stimulated by 
secretagogues in vagotomized rats under anesthesia 
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A b s t r a c t  

The effect of intravenous administration of muscimol, a G A B A  A receptor agonist, on gastric acid secretion from perfused 
stomach was studied in vagotomized rats anesthetized with urethane. Muscimol did not stimulate acid secretion by itself. In 
contrast, muscimol dose dependently potentiated acid secretion induced by pentagastrin, bethanechol and direct vagal 
stimulation, but not histamine. Muscimol-potentiated acid secretion induced by pentagastrin and bethanechol was not influenced 
by pretreatment with atropine or cimetidine, respectively. Muscimol-potentiated acid secretion evoked by direct vagal stimulation 
was prevented by pretreatment with proglumide, a gastrin receptor antagonist. Muscimol-potentiated acid secretion evoked by 
bethanechol was dose dependently prevented by bicuculline methiodide, suggesting an involvement of peripheral GABA A 
receptors. These results suggest that muscimol stimulates acid secretion under certain conditions, and that two mechanisms are 
involved in this effect. The effects of muscimol on acid secretion may be mediated by increasing the release of histamine by 
pentagastrin, bethanechol and direct vagal stimulation. In addition, muscimol would also be effective if muscarinic agents were 
already occupying muscarinic acetylcholine receptors on parietal cells. 
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1. Introduct ion  

~/-Aminobutyric acid (GABA) (Yamasaki and Goto, 
1989) and various GABAergic agents (Levine et al., 
1981; Goto and Debas, 1983; Del Tacca et al., 1990) 
modulate gastric acid secretion in rats. Their  effects 
are so far thought to be due to the central action of 
GABA, which is mediated by the vagal parasympa- 
thetic pathway. 

In the stomach, the secretory cells of the gastric 
mucosa are known to accumulate GABA (Erd6 and 
Wolff, 1988) and contain GABA-Iike immunoreactivity 
(Jessen et al., 1988). More recently, Davanger et al. 
(1994) showed that GABA colocalizes with gastrin in G 
cells in rat antral mucosa. The binding studies also 
suggest that GABA A receptors are present in all re- 
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gions of the rat stomach (Erd6 et al., 1989, Erd6 et al., 
1990). Moreover, pharmacological evidence suggests 
that GABA A receptors in the gastric mucosa may 
regulate the secretion of acetylcholine, gastrin (Harty 
and Franklin, 1986; Harty et al., 1991) and gastric acid 
(Tsai et al., 1987). These findings demonstrate that 
GABA may influence the gastric functions by both 
central and multiple gastric mechanisms. 

The peripheral administration of the GABA B re- 
ceptor agonist, baclofen, to vagotomized rats is associ- 
ated with an increase in acid secretion, implying that 
the extravagal pathways are also involved in this stimu- 
latory effect (Blandizzi et al., 1992). However, the 
mechanism of influence of parenteral muscimol, a 
GABA A receptor agonist, on acid secretion is still 
unknown. 

In order to more accurately characterize the role of 
GABA A receptors in the peripheral regulation of gas- 
tric acid secretion, the effect of parenteral muscimol in 
vagotomized rats was investigated in this study. 
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Table 1 
Effect of muscimol on gastric acid secretion of perfused stomach in rats under  ure thane anethesia 

Drug Dose and route Basal level a Acid output  ( /xEq/30 min) 

( t zEq/30  min) 0 -30  (min) 30-60 (rain) 60-90 (min) 

Intact rats 
Muscimol 

Vagotomized rats 
Muscimol 

1 m g / k g  i.v. 10.1 5:1.6 7.6 ± 2.7 7.0 ± 2.4 8.8 ± 3.4 
2 mg / kg ,  i.v. 7.0 ± 1.7 8.2 ± 2.6 12.9 ± 2.9 13.8 ± 4.1 
4 mg / kg ,  i.v. b 9.5 + 2.0 12.5 ± 3.1 14.5 ± 3.5 11.6 5:3.1 
1 p~g/rat, i.c.v, 10.5 _+ 1.2 13.4 ± 3.8 43.0 ± 1.9 d 83.6 ± 13.8 d 

1 mg /kg ,  i.v. 11.1 +_ 1.4 6.9 _+ 2.9 7.9 +_ 2.4 8.2 ± 3.0 
2 mg / kg ,  i.v. 6.7 + 1.7 5.6 ± 1.2 3.5 ± 1.4 2.0 5:0.8 
4 m g / k g  i.v. c 9.2 _+ 2.0 8.7 +_ 2.1 7.8 + 1.7 6.0 ± 1.6 
1 txg/rat ,  i.c.v, 4.7 ± 2.6 1.6 +_ 1.3 0 0 

a Basal level was 3 t imes the amount  of  10 rain before muscimol treatment,  b Three / s ix  rats were dead. c 2 / 6  of rats were dead. All values are 
means  ± S.E. of six rats per group, except b and c. d p < 0.001 compared with the basal level by the paired t-test. 

2. Materials and methods 

Male Wistar rats weighing 220-270 g were used. 
The rats were fasted for 24 h before each experiment 
but were allowed to drink water. 

The rats were anesthetized with urethane (1.35 g/kg, 
i.p.). A cannula was inserted into the trachea, and the 
esophagus was ligated. The abdomen was then opened, 
the pylorus ligated and a dual polyethylene gastric 
cannula was placed through a small incision in the 
forestomach. The lumen was perfused with saline solu- 
tion and the perfusate was automatically titrated in the 

reservoir with 0.01 N NaOH using a pH stat as de- 
scribed previously (Watanabe et al., 1987). The femoral 
vein was cannulated for administration of drugs. After 
stabilization of basal acid secretion for usually 30-40 
min after the initiation of the gastric lumen perfusion, 
performing drug or electrical vagal stimulation was 
given. The basal acid secretion during 10 min before 
the begining of experiments was about 0-4 izEq/10 
min. 

Experiments were performed in rats in which the 
vagus nerve was carefully separated from the carotid 
arteries and cut at the cervical level at the time of the 
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Fig. 1. Typical tracings of acid output  measurement  demonstrat ing the potentiating effect of muscimol on acid secretion induced by bethanechol  
(A and B) and by pentagastrin (C and D). Muscimol (1 mg /kg ,  i.v.) or saline (0.1 ml /100  g body weight) was administered 30 min after 
bethanechol  (BeCh; 1 mg /kg ,  s.c.) or pentagastrin (Penta; 2 mg /kg ,  s.c.). Ordinate scale: rate of acid secre t ion /2  min. The intragastric perfusate 
was titrated with 0.01 N NaOH. The titrated volume of the NaOH solution was recorded and expressed in terms o f / z E q / 2  min. Abscissa scale: 
chart speed was 30 m m / 3 0  min. 
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experiment. In a group of vagotomized rats, the distal 
end of the left vagus nerve was stimulated for 120 min 
with a pair of platinum electrodes at 5 V, 20 Hz and 2 
m s .  

Cannulation for intracerebroventricular injection: 
for injection of drugs into the whole cerebroventricles, 
a stainless steel cannula (outer diameter 0.35 mm) was 
stereotaxically implanted into the lateral cerebroventri- 
cle (with skull fiat: 1.0 mm behind bregma; 1.5 mm 
lateral to the sagittal suture and 4.5 mm vertical), and 
fixed with dental cement. Each drug solution was ap- 
plied in a volume of 10 pA over 2 min. At the end of 
experiments, pontamin sky blue solution was injected 
into the lateral ventricle to make sure that the solution 
diffused into the cerebral cavities. 

The drugs used were muscimol, bethanechol, his- 
tamine, pentagastrin, bicuculline methiodide, atropine, 

cimetidine (Sigma, St. Louis, MO), and proglumide 
(Rotta, Italy). All drugs were dissolved in saline. 

Except in Table 1, statistical analysis was performed 
by one-way analysis of variance (ANOVA)  coupled 
with Dunnett's test. While statistically significant dif- 
ference between the treatment and control was tested 
by a paired t-test in Table 1, a value of P < 0.05 was 
considered significant. 

3. Results 

3.1. Effect of muscimol on basal gastric acid secretion 

As shown in Table 1, intravenous administration of 
muscimol (1 -4  mg/kg)  did not stimulate the basal 
gastric acid secretion in rats with intact vagus nerve or 
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Fig. 2. Muscimol-potentiated acid secretion induced by (A) histamine (10mg/kg, s.c.) (B) vagal stimulation (C) bethanechol (1 mg/kg,  s.c.) (D) 
pentagastrin (2 mg/kg,  s.c.). Muscimol was administered i.v. 30 min after secretagogues or vagal stimulation, o:  Saline; l :  muscimol 0.25 
mg/kg;  e: muscimol 1 mg/kg;  - :  muscimol 2 mg/kg.  All values are means + S.E. of eight rats. *P < 0.05, * *P < 0.01 compared with saline 
group in the same period. 
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Table 2 
Effect of bicuculline methiodide (BCM), cimetidine, atropine or proglumide on acid secretion induced by bethanechol, pentagastrin or direct 
vagal stimulation 

Drugs Dose Route Acid output Control acid output a 

(mg/kg)  ( /xEq/2h)  (p .Eq/10 min) 

Bethanechol 1.0 s.c. 
+ Saline - s.c. 237.7 + 1.0 22.8 _+ 1.5 
+ proglumide 800.0 i.p. 109.0 + 20.3 c 9.8 _+ 1.8 c 
+cimetidine 2.5 s.c. 91.9 _+ 13.8 c 8.6 +_ 1.2 c 
+ BCM 1.0 s.c. 254.6 _+ 36.3 22.0 + 2.9 

5.0 s.c. 242.8 _+ 27.6 21.0 +_ 3.0 
10.0 s.c. 196.8 + 19.3 17.8 _+ 1.1 

Pentagstrin 2.0 s.c. 
+ Saline - s.c. 174.3 + 23.1 15.5 _+ 1.7 
+ Atropine 0.5 s.c. 148.4 _+ 14.9 14.0 _+ 1.1 
+ BCM 10.0 s.c. 167.0 + 15.1 16.2 _+ 3.1 

Direct vagal stimulation 
+ Saline 
+ proglumide 
+ cimetidine 
+ BCM 

- i.p. 201.3 _+ 26.1 21.1 _+ 2.4 
800.0 i.p. 93.9 _+ 17.5 c 10.5 _+ 1.5 b 

2.5 S.C. 99.1 _+ 15.1 c 8.5 _+ 0.8 c 

10.0 S.C. 208.7 + 23.0 19.7 _+ 0.6 

Proglumide, cimetidine or BCM were simultaneously injected with bethanechol or direct vagal stimulation. Atropine or BCM was simultaneously 
given with pentagastrin, a Control acid output: the amount of gastric acid secretion at 20-30 min after secretagogue injection. All values were 
means + S.E. of eight rats per group, b p < 0.05, c p < 0.01 compared with saline group. 

in vagotomized rats. Death was observed when musci- 
mol (4 mg/kg, i.v.) was given. Intracerebroventricular 
administration of muscimol (1 /xg/rat) evoked gastric 
acid secretion in rats with intact vagus nerve, but not in 
vagotomized rats. 

3.2. Effect of muscimol on gastric acid secretion induced 
by secretagogues or direct uagal stimulation 

Preliminary studies were conducted to establish the 
effect of secretagogues and vagal stimulation on gastric 
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Fig. 3. Effect of atropine on muscimol-potentiated acid secretion 
induced by pentagstrin. Muscimol (1 mg/kg)  was administered i.v. 30 
min after pentagastrin (2 mg/kg),  and atropine (0.5 mg/kg,  s.c.) was 
injected simultaneously with pentagastrin. [] : Atropine + saline; • : 
atropine + muscimol; o: saline + saline; o: saline + muscimol. All val- 
ues are means+S.E,  of eight rats. *P < 0.05 compared with saline 
group in the same period. 

= 
E 

: : t .  

t_9  

10 

° ~ ,', 6'. ,% 
TIME (min) 

Fig. 4. Effect of proglumide on muscimol-potentiated acid secretion 
induced by electrical vagal stimulation. Muscimol (1 mg/kg)  was 
administered i.v. 30 min after electrical vagal stimulation, and prog- 
lumide (800 mg/kg,  i.p.) was injected simultaneously with electrical 
vagal stimulation. [] : Proglumide + saline; • : proglumide + 
muscimol; o: saline+saline; e: saline+muscimol. All values are 
means+S.E,  of eight rats. *P < 0.05, * *P < 0.01 compared with 
saline group in the same period. 
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Fig. 5. Effect of  cimetidine on muscimol-potentiated acid secretion 
induced by bethanechol.  Muscimol (1 m g / k g )  was administered i.v. 
30 min after bethanechol  (1 mg/kg) ,  and cimetidine (2.5 mg / kg ,  s.c.) 
was injected simultaneously with bethanechol.  D: Cimet id ine+ 
saline; • :  c imet id ine+muscimol ;  o :  sa l ine+sal ine;  o: sa l ine+ 
muscimol. All values are means  ± S.E of eight rats. *P < 0.05, * up < 
0.01 compared with saline group in the same period. 

acid secretion. After subcutaneous administration of 
histamine (10 mg/kg), bethanechol (1 mg/kg) and 
pentagastrin (2 mg/kg), the gastric acid secretion grad- 
ually increased and reached a steady level within 30 
rain; furthermore, this steady level was maintained for 
at least 90 min. The same result was obtained when the 
vagus nerve was continuously stimulated. The acid 
secretion induced by direct vagal stimulation was com- 
pletely blocked by atropine (1 mg/kg) when it was i.v. 

injected at 30 min after electrical stimulation. The 
amounts of acid output at 20-30 min after histamine, 
bethanechol, pentagastrin or vagal stimulation were 
22.4 _+ 2.0 ~Eq /10  min, 23.9 _+ 2.7/.~Eq/10 min, 14.3 
_+ 1.6/~Eq/10 min or 22.1 _+ 2.0/zEq/10 min, respec- 
tively. 

Muscimol (0.25, 1 and 2 mg/kg) was injected i.v. at 
30 rain after secretagogue injection or direct vagal 
stimulation. The secretion stimulated by pentagastrin, 
direct vagal stimulation or bethanechol, but not his- 
tamine, was definitely augmented by muscimol (Figs. 1 
and 2). The stimulatory effect of muscimol began about 
10 min after the administration, and the maximal effect 
was observed about 20-30 min after administration. 

3.3. Effect of bicuculline methiodide, cimetidine, atropine 
and proglumide on the effect of muscimol 

As shown in Table 2, acid secretion induced by 
pentagastrin (2 mg/kg, s.c.) was not affected when it 
was simultaneously administered with atropine (0.5 
mg/kg, s.c.). In contrast, acid secretion provoked by 
direct vagal stimulation or bethanechol (1 mg/kg, s.c.) 
was partially depressed when it was simultaneously 
administered with proglumide (800 mg/kg, i.p.) or 
cimetidine (2.5 mg/kg, s.c.). Acid secretion induced by 
bethanecho! (1 mg/kg, s.c.), pentagastrin (2 mg/kg, 
s.c.) and direct vagal stimulation were not influenced 
by bicuculline methiodide which was simultaneously 
administered with secretagogues or vagal stimulation. 
The amount of gastric acid secretion at 20-30 min 
after secretagogues (which were simultaneously admin- 
istered with the antisecretory agent) was also shown in 
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Fig. 6. Effect of  bicuculline methiodide (BCM) on muscimol-potentiated acid secretion induced by bethanechol.  Muscimol (1 m g / k g )  was 
administered i.v. 30 min after bethanechol  (1 mg / kg ,  s.c.)), and BCM was s.c. injected simultaneously with bethanechol,  zx: BCM 1 
m g / k g  + saline; • : BCM 1 m g / k g  + muscimol; [] : BCM 5 m g / k g  + saline; • : BCM 5 m g / k g  + muscimol; v : BCM 10 m g / k g  + saline; • : 
BCM 10 m g / k g  + muscimol; o:  saline + saline; o: saline + muscimol. All values are means  + S.E. of eight rats. *P < 0.05, * *P < 0.01 compared 
with saline group in the same period. 
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Table 2. Cimetidine and proglumide significantly de- 
pressed the acid output induced by bethanechol and 
vagal stimulation. 

The effect of muscimol (1 mg/kg, i.v.) potentiating 
the acid secretion evoked by pentagastrin (2 mg/kg, 
s.c.) was not influenced by pretreatment with atropine 
(Fig. 3). The effect of muscimol (1 mg/kg, i.v.) aug- 
menting the acid secretion induced by direct vagal 
stimulation was prevented by pretreatment with prog- 
lumide (800 mg/kg, i.p.) (Fig. 4). Pretreatment with 
cimetidine (2.5 mg/kg, s.c.) did not modify the poten- 
tiating effect produced by muscimol (1 mg/kg, i.v.) on 
acid secretion caused by bethanechol (1 mg/kg, s.c.) 
(Fig. 5). Pretreatment with bicuculline methiodide (1, 5 
and 10 mg/kg, s.c.) dose dependently inhibited the 
potentiating effect produced by muscimol (1 mg/kg, 
i.v.) on acid secretion caused by bethanechol (1 mg/kg) 
(Fig. 6). 

4. Discussion 

Our findings indicate that muscimol, a GABA A 
receptor agonist, potently stimulates acid secretion by 
pentagastrin, bethanechol and direct vagal stimulation, 
but not histamine. These results suggest that muscimol 
may enhance the release of histamine by bethanechol, 
pentagastrin and direct vagal stimulation. 

Central GABA A receptors are known to play a 
major role in the regulation of gastric acid secretion 
(Levine et al., 1981; Del Tacca et al., 1990). The 
present studies also showed that intracerebroventricu- 
lar administration of muscimol caused a gastric acid 
secretion in rats with intact vagus nerve, but not in 
vagotomized rats. However, Blandizzi et al. (1988) re- 
ported that subcutaneous administration of muscimol 
increased gastric acid secretion, this effect being pre- 
vented by i.c.v, bicuculline. These results further sup- 
port the hypothesis that the acid hypersecretion of 
muscimol is of central origin. Our studies showed that 
parenteral muscimol did not stimulate acid secretion in 
rats with intact vagus nerve or in vagotomized rats. We 
do not know the reason for the different results ob- 
tained by us and Blandizzi et al. (1988). Also, several in 
vitro studies (Harty and Franklin, 1986; Tsai et al., 
1987; Harty et al., 1991) reported that the peripheral 
GABA A receptors mediate a stimulatory effect on acid 
secretion. In the present studies, we further showed 
that intravenous administration of muscimol was capa- 
ble of stimulating acid secretion induced by bethane- 
chol, pentagastrin and direct vagal stimulation, but not 
histamine, in vagotomized rats. Therefore, these results 
provide evidence of the stimulatory role of peripheral 
GABA A receptor in the regulation of acid secretion. 

According to the 'transmission hypothesis' for acid 
secretion, the nervous and hormonal mechanisms in 

the regulation of acid secretion are mediated by the 
release of histamine from enterochromaffin-like cells 
and the subsequent activation of the histamine H 2 
receptor of the parietal cell (Black and Shankley, 1987; 
Marks et al., 1992). In vagotomized rats, muscimol did 
not affect the acid secretion induced by histamine, 
suggesting that gastric acid secretion potentiated by 
muscimol was unrelated to the direct activation of the 
histamine H 2 receptor on parietal cells. 

Gastrin is a potent stimulant of acid secretion. Re- 
cently, Waldum et al. (1991) showed that the stimula- 
tion of acid secretion by gastrin may be completely 
explained by the stimulation of histamine release. Ex- 
perimental results in this study also confirm that acid 
secretion induced by pentagastrin, a synthesis analogue 
of gastrin, was markedly inhibited by both proglumide, 
a gastrin receptor antagonist (data are not shown), and 
cimetidine. In accordance with this view, the augmen- 
tative effect of muscimol on pentagastrin would suggest 
that muscimol increased the histamine release caused 
by pentagastrin. Atropine, a muscarinic acetylcholine 
receptor blocker, can markedly inhibit the acid secre- 
tion by bethanechol, a stable choline ester (data are 
not shown). In the presence of atropine, acid secretion 
induced by pentagastrin was still augmented by musci- 
tool, indicating that a direct activation by muscimol of 
muscarinic acetylcholine receptors on parietal cells 
seems to be excluded. 

The acid secretion induced by direct vagal stimula- 
tion was considered to totally depend on the release of 
acetylcholine from vagal cholinergic axon terminals, 
because of the complete blocking by atropine. Direct 
vagal stimulation is known to elevate plasma gastrin 
release from G cells of antrum (Smith et al., 1975; 
Schubert et al., 1982). In turn gastrin acts mainly by 
mobilizing histamine (Waldum et al., 1991). This view 
was also demonstrated by our findings that acid secre- 
tion induced by direct vagal stimulation was depressed 
by both proglumide and cimetidine. In vitro studies 
(Angus and Black, 1982; Sandvik et al., 1988) showed 
that electrical vagal stimulation apparently acts on the 
mucosal histamine-storing enterochromaffin cell via a 
muscarinic acetylcholine receptor to stimulate gastric 
acid secretion. Experimental results in this study 
showed that muscimol markedly potentiated the acid 
secretion induced by direct vagal stimulation, suggest- 
ing that muscimol increased the histamine release 
caused by acetylcholine and gastrin. In the presence of 
proglumide, muscimol-potentiated acid secretion in- 
duced by vagal stimulation was abolished. This result 
does not allow specific conclusions, since proglumide 
was able to counteract the hypersecretory effect evoked 
by vagal stimulation. 

Bethanechol is considered to activate the parietal 
cells directly (Angus and Black, 1982; Marks et al., 
1992), or in part through the release of histamine 
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(Angus  and Black, 1982; Pagan i  et  al., 1985). Var ious  
s tudies  (Pagan i  et  al., 1985; W a t a n a b e  et al., 1993), 
inc luding ours,  have shown tha t  the  po r t i on  of  secre-  
t ion induced  by b e t h a n e c h o l  sensi t ive to c imet id ine  
may be  a t t r i bu ted  to the  re lease  of  h is tamine .  O u r  
resul ts  also showed tha t  b e t h a n e c h o l - i n d u c e d  acid se- 
c re t ion  was d e p r e s s e d  by p rog lumide ,  indica t ing  that  a 
s t imula t ion  of  gas t r in  re lease  was also involved in the  
ac t ion of  be thanecho l .  Ac id  secre t ion  induced  by 
b e t h a n e c h o l  was a u g m e n t e d  by muscimol ,  suggest ing 
that  it i nc reased  the re lease  of  h i s tamine  caused  by 
be thanecho l .  I t  a p p e a r s  supr is ing that  muscimol  still 
marked ly  a u g m e n t e d  the  acid secre t ion  induced  by 
b e t h a n e c h o l  in the  p re sence  of  c imet id ine ,  while the  
h i s tamine  H 2 r ecep to r s  were  b locked  and the  hyper-  
sec re to ry  effect  evoked  by b e t h a n e c h o l  was depressed .  
This  p h e n o m e n o n  may be  exp la ined  by the  o the r  ac- 
t ion of  be thanecho l ,  thus  it can act d i rect ly  on pa r i e t a l  
cells to s t imula te  acid  secre t ion.  I t  seems poss ible  that  
musc imol  ac ted  effect ively when  the  muscar in ic  acetyl-  
chol ine  r ecep to r s  of  pa r ie ta l  cells were  occup ied  by 
muscar in ic  agents .  

Moreover ,  a b ind ing  s tudy showed tha t  g land cells 
of  the  gastr ic  mucosa  possess  a G A B A  A recep to r  (Erd6  
et  al., 1990), and  that  gastr ic  mucosa  accumula tes  
G A B A  (Erd6  and Wolff ,  1988). These  f indings led us 
to cons ide r  the  possibi l i ty  of  e n d o g e n o u s  G A B A  being  
involved in the  acid  secret ion.  Bicucul l ine  me th iod ide ,  
a G A B A  A r e c e p t o r  an tagonis t ,  is a qua te rna ry  com- 
pound;  thus, it is cons ide red  to act per iphera l ly .  O u r  
resul ts  showed tha t  s.c. b icucul l ine  m e t h i o d i d e  d id  not  
inf luence  the  acid sec re t ion  induced  by be thanecho l ,  
pen t agas t r i n  and  vagal  s t imula t ion ,  indica t ing  tha t  en- 
dogenous  G A B A  levels were  not  involved in the  excita- 
tory effect  of  be thanecho l ,  pen t agas t r i n  and vagal  st im- 
ula t ion.  Thi r lby  and Pleis  (1991) also showed tha t  pe-  
r iphe ra l  admin i s t r a t ion  of  aminooxyace t ic  acid, a drug  
which increases  G A B A  levels, and  f lumazeni l ,  a drug  
which dec reases  G A B A e r g i c  neuro t ransmiss ion ,  did  
not  affect  the  gastr ic  acid secre t ion  induced  by 
b e t h a n e c h o l  in vago tomized  rats.  However ,  we ob- 
served tha t  b icucul l ine  m e t h i o d i d e  dose d e p e n d e n t l y  
p r e v e n t e d  the  po t en t i a t i ng  effect  of  musc imol  on 
b e t h a n e c h o l - i n d u c e d  acid secre t ion,  indica t ing  that  
G A B A  A recep to r s  were  involved in the  ac t ion  of  mus-  
cimol on be thanecho l .  

In  summary ,  s ince musc imol  fa i led  to po ten t i a t e  
acid  hype r sec re t ion  evoked  by his tamine ,  the  enhanc-  
ing effects  exer ted  by musc imol  in the  p re sence  of  
be thanecho l ,  pen t agas t r i n  or  e lec t r ica l  s t imula t ion  
could  be i n t e r p r e t e d  in t e rms  of  po t en t i a t i on  of  en- 
dogenous  h i s tamine  re lease .  F u r t h e r m o r e ,  musc imol  
was also effect ive if b e t h a n e c h o l  previously  occup ied  
muscar in ic  ace ty lchol ine  r ecep to r s  on pa r i e t a l  cells, 
and  finally, the  effect  of  musc imol  was also r e l a t ed  to 
the  G A B A  A receptor .  
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