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Abstract-The effects of the selective a2-adrenoceptor agonist detomidine on gastric acid secretion from 
pylorus-ligated and stomach-perfused rats have been investigated. In pylorus-ligated rats i.p. injection of 
detomidine markedly inhibited acid secretion, this effect being prevented by yohimbine or  idazoxan. Under 
the same conditions, idazoxan significantly increased secretion in a dose-independent fashion. In non- 
vagotomized and vagotomized stomach-perfused rats i.p. detomidine stimulated acid secretion: this 
excitatory effect was antagonized by idazoxan. The present results suggest that both inhibitory and 
excitatory gastric secretory effects of detomidine are mediated by a2-adrenoceptors on cholinergic and 
adrenergic nerves, respectively. The stimulant activity of idazoxan on gastric secretion from pylorus-ligated 
rats may be interpreted in terms of increased excitatory vagal tone following the blockade of inhibitory a2- 
adrenoceptors. 

several lines of evidence demonstrate that the activation of 
presynaptic az-adrenoceptors on the vagus nerve both at 
central and peripheral sites inhibits gastric acid secretion 
(Jennewein 1977; Cheng et al 1981; Del Tacca et a1 1982; 
Nakadate et al 1982; Pascaud et al 1983). However, in those 
studies the most commonly used a2-adrenoceptor agonists 
and antagonists were the imidazole derivatives clonidine, 
xylazine and tolazoline, which also possess a potent stimu- 
lant secretory effect on various pharmacological prep- 
arations, because of their histamine-like activity on periph- 
eral H2-receptors (Del Tacca et al 1982; Bernardini et al 
1986). The lack of specificity of rz-adrenoceptor agonists and 
antagonists has made it difficult to fully elucidate the 
mechanisms and pathways by which a?-adrenoceptors could 
affect gastric acid secretion. 

The present study set out to investigate the secretory 
effects of the imidazole derivatives detomidine and idazoxan 
which are respectively a selective cc2-adrenoceptor agonist 
and antagonist without affinity for H2-receptors (Doxey et a1 
1983; Virtanen 8~ MacDonald 1985; Virtanen & Nyman 
1985). 

Materials and Methods 

PYlorus-ligated rats 
Male Wistar rats, 220 g, fasted for 24 h, were prepared in 
amordance with the method of Shay et a1 (1954), the pylorus 
k i n g  tied under light ether anaesthesia and the animals 
allowed to  recover. The rats received drugs intraperitoneally 
and were allowed to  rest for 3 h after which they were killed, 
the cardias ligated and the whole stomach removed. The 
accumulated gastric juice was collected and centrifuged at  
3000 rev min-1. Samples with more than 0.5 mL of sediment 
Were discarded. After the volume of supernatant had been 
measured, the acidity was determined by an automatic 
Potentiometric titration to pH 7 with 0.01 M NaOH. 

Correspondence to: M. Del Tacca, Institute of Medical Pharma- 
cology, University of Pisa, Via Roma 55,  1-56100 Pisa, Italy. 

Stomach-perfused rats 
The stomachs of male Wistar rats, 220 g, fasted for 24 h, were 
continuously perfused in-situ according to Ghosh & Schild 
(1958). The rats were anaesthetized with urethane (1.2 g kg-' 
i.p.), the trachea was cannulated, and a polyethylene catheter 
introduced into the oesophagus and advanced 5 mm beyond 
the gastro-oesophageal junction. A second catheter was 
introduced into the duodenum and pushed forward until its 
tip was about 5 mm beyond the pylorus. The stomach was 
then perfused continuously with 154 mM NaCl solution at  
3 7 T ,  a t  a rate of 1 mL min-I the effluent being collected for 
3 h. Rectal temperature was monitored and body tempera- 
ture maintained between 37 and 39°C with an infrared lamp. 

Additional experiments were performed on rats in which 
the vagus nerves were separated from the carotid arteries and 
cut a t  the cervical portion (Yokotani et al 1988). 

After stabilization for 30 min, the stomach-perfused rats 
were given the drugs intraperitoneally. Titration of gastric 
juice was as described above. 

Drugs 
The drugs used were: detomidine hydrochloride (Farmos 
Group Ltd, Turku, Finland); yohimbine hydrochloride 
(Lirca, Milan, Italy); idazoxan (Reckitt and Colman, Hull, 
UK), urethane ethyl carbamate (Sigma Chemicals CO., St 
Louis, MO). 

Statistical analysis 
Results are given as meansks.e.m. The significance of 
differences was evaluated by Student's t-test for unpaired 
data and P<O.O5 values were considered significant; n 
indicates the number of animals. 

Results 
Pylorus-ligated rats 
In conscious pylorus-ligated rats, detomidine (0.01.0.03 and 
0.1 mg kg-l i.p.; n = l O  per dose) caused a marked dose- 
dependent inhibition of the secretory volume and acidity, the 
maximum effect being observed at  0.1 mg kg-I (Fig. I ) .  
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FIG. I .  Pylorus-ligated rats. EfTccts of i.p. administration o f  
detomidine 0.01 (DI), 0.03 (D2), 0.1 (D3) mg k g ~  I, yohimbine 5 m 
kg- I (Y), and yohimbine 5 mg kg ' plus detomidine 0.03 mg kg- 
(Y + D2) on gastric secretion: total volume (mL/3h) and acid output 
(pequiv H 13 h). Columns indicate the mean values obtained from 6 
to 10 animalsks.e.m. (vertical lines). *P<0.05,  compared with 
control (C). 

? 
FIG. 2. Pylorus-ligated rats. Effects of i.?. administration of 
idazoxan 0.01 ( I I ) ,  0.03 (12), 0.1 (13) mg kg- . detomidine 0.03 " 9  
kgg' (D2), and idazoxan 0.1 mg kg-l plus detomidine0.03 mg kg- 
(I3 + D2) on gastricsecretion: total volume (mL/3 h) and acid output 
(pequiv H +  13 h). Columns indicate the mean values obtained from 6 
to 10 anima1sks.e.m. (vertical lines). *P<0.05, compared with 
control (C) .  

Yohimbine (0.1 to 5 mg kg I i.p.; n = 6  per dose) did not 
modify acid secretion, but at 5 mg kg I i.p. prevented the 
inhibitory effect of detomidine (n= 10; Fig. I ) .  

Idazoxan (0.1 mg kg-l i.p.; n=10) antagonized the 
inhibitory response of detomidine (Fig. 2). Furthermore, 
idazoxan at  0.01 mg kg I (i.p.; n = 6 )  was without effect, 
whereas 0.03 and 0.1 mg kg I i.p. ( n = 8  per dose) signifi- 
cantly, but not dose-dependently, increased gastric secretory 
volume and acid output (Fig. 2). 

Discussion 

Evidence has been provided for the inhibitory action exerted 
on acid secretion by several r?-agonists through the acti- 
vation of presynaptic a?-adrenoceptors on the vagus nerve 
both at central and peripheral sites (Del Tacca et al 1982; 
Pascaud et al 1983; Bernardini et al 1986; Savola et al 1989). 
In the present study, the selectivity of the ct2-adrenoceptor 
agonist detomidine indicated the existence of an additional 
scz-mediated excitatory influence on gastric secretion, while 
confirming the az-mediated inhibitory influcnce on acid 
secretion. 

In pylorus-ligated rats, detomidine induced a marked acid 
inhibitory response which was antagonized by yohimbine or 
idazoxan, both acting as antagonists at r?-adrenoceptor sites 
(Ruffoloet al 1981; Doxeyet al 1983). Althoughnodata have 
been available on the effects of detomidine on acid secretion 
in rats, a similar inhibitory action was observed for detomi- 
dine in dogs (Soldani et al 1987). In the present experiments, 

Stomuch-perf used ruts 
Detomidine 0.2, 1 and 5 mg kg- I (i.p.; n =  10 pcr dose) 
produced a significant dose-dependent increase in gastric 
acid secretion in both non-vagotomized and vagotomized 
rats, the maximum effect occurring at 1 mg kg-' (Fig. 3). 
Under the same conditions, idazoxan 3 mg kg I (i.p.; n = 6) 
did not affect acid secretion, but prevented the excitatory 
effect of detomidine (n= 10; Fig. 3). 
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show that the hypersecretory effect of idazoxan was not dose- 200 
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FIG. 3. Non-vagotomized (A) and vagotomized (B) stomach per- 
fused rats. Effects of i.p. administration of detomidine 0.2 (DI), I 
(D2), 5 (D3) mg kg-l, idazoxan 3 mg kg.-' (1). and idazoxan 3 mg 
kg-' plus detomidine 1 mg kg- I (1 + D2) on gastric acid secretion 
bequiv H f / 3  h). Columns indicate the mean values obtained from 6 
to 10 animals& s.e.m. (vertical lines). *P<0 .05 ,  compared with 
control (C). 

the dose of detomidine that induced the maximal inhibitory 
effect on gastric secretion was about one fifth on a molar 
basis of that found for clonidine by Bernardini et al (1986), 
thereby providing further evidence for the high potency of 
detomidine at rz-adrenoceptor sites. 

The stimulant activity of idazoxan in pylorus-ligated rats, 
in which gastric hypersecretion is evoked by central excita- 
tory cholinergic mechanisms (Sharma et al 1963). may be 
interpreted as an increased excitatory vagal tone caused by 
the blockade ofr2-adrenoceptors. This effect confirms a tonic 
inhibitory influence on vagaIIy stimulated acid secretion via 
adrenergic pathways (Yokotani et al 1984). The lack of acid 
stimulant effects of idazoxan in stomach-perfused rats, in 
which vagal tone is markedly depressed by anaesthesia 
(Maggi & Meli 1986; Del Tacca et al 1990), further supports 
this view. On the other hand, despite its imidazoline-based 
structure, idazoxan, unlike tolazoline (Bernardini et al 1986), 
does not stimulate acid secretion through the activation of 
H2-receptor~. In support of this view, idazoxan displayed low 

towards H2-receptors in both in-vivo and in-vitro 
(Doxey et al 1983). Finally. the present data 

dependent, suggesting that additional mechanisms other 
than a2-adrenoceptor blockade may be involved. The failure 
of yohimbine to increase gastric secretion under the Same 
experimental conditions might result from the simultaneous 
a2-antagonist and atropine-like effects of the drug (Andrejak 
et al 1980; Del Tacca et al 1988). 

The gastric stimulant effect of detomidine in stomach 
perfused rats provides new evidence for the involvement of 
a2-adrenoceptors on adrenergic nerve pathways in the regu- 
lation of gastric secretion. 

A sympathetic a2-adrenoceptor-mediated pathway has 
been postulated to participate in the control of gastric 
secretion (Yokotani et al 1984). Spriggs (1965) showed that 
urethane anaesthesia induces activation of the rat sympath- 
etic nervous system, an effect which might exert an inhibitory 
action on acid secretion. Under urethane anaesthesia, deto- 
midine caused a dose-dependent increase in basal acid 
secretion in both non-vagotomized and vagotomized rats. 
This excitatory effect was prevented by idazoxan, suggesting 
that the stimulant action of detomidine is mediated through 
a2-adrenoceptors. In a previous study yohimbine was shown 
to directly increase acid secretion in stomach-perfuscd rats, 
an effect associated with its central cholinergic stimulant 
action (Bernardini et al 1986); therefore yohimbine was not 
used to investigate the possible involvement of a2-adrenocep- 
tors in the present acid secretory effect of detomidine. 

In summary, it may be concluded that the dual action of 
detomidine on acid secretion might be mediated by regula- 
tion of cholinergic and adrenergic neurotransmission by a2- 
adrenoceptors. The new data on excitatory responses by 
detomidine support the notion of an inhibitory influence of 
catecholamines on basal acid secretion. 
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