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AbstractJEffects of B-HT 920 on the vagally stimulated gastric acid secretion were stu-
died in anesthetized and gastric fistula rats. When the gastric acid secretion was increased by
stimulation of the vagus nerve, B-HT 920 significantly inhibited the vagally induced gastric
acid secretion. This inhibitory effect of B-HT 920 was partially attenuated by prazosin,
a,-adrenoceptor antagonist and virtually abolished by yohimbine, a,-adrenoceptor anta-
gonist. On the other hand, when the gastric acid secretion was increased by the infusion of
bethanechol, a muscarinic parasympathetic stimulant, B-HT 920 had no effect on the betha-
nechol-induced gastric acid secretion. These results suggest that B-HT 920 inhibits vagally in-
duced gastric acid secretion by activation of presynaptic a-adrenoceptors located on the
vagally stimulated pathways in the gastric wall and this effect of B-HT 920 is more related to
a,-adrenoceptors than a,-adrenoceptors.

Keywords JB-HT 920, Vagally stimulated gastric acid secretion, Gastric fistula rat, Presyn-

aptic a-adrenoceptor.

B-HT 920 causes a biphasic change, initial hy-
pertension followed by a prolonged hypotension, in
mean arterial blood pressure and a sustained bra-
dycardia in the cat?. The initial hypertensive effect
results from stimulation of sympathetic peripheral
a-adrenoceptors?, and prolonged hypotension is
due to the reduction in sympathetic discharge in-
duced by stimulation of a-adrenoceptors at the level
of brain stem, and the simultaneous sustained bra-
dycardia results from both the reduction in sympa-
thetic discharge and the enhancement of vagally
mediated reflux"®. Peripherally, B-HT 920 inhibits
tachycardic response by activating presynaptic
a-adrenoceptors in pithed rats?. From these phar-
macological features, B-HT 920 has been con-
sidered to be acting as typical ‘‘clonidine-like
drug”"?.

There are contradictory reports about the effects
of clonidine-like drugs on gastric acid secretion. In-
hibitory effects of clonidine on the acid secretion
have been reported in animal*” and in human?.
Pascaud and Roger suggested that the antisecretory
effect of clonidine was of central origin since intra-
cerebroventricular injection of clonidine inhibited
gastric acid secretion induced by i.v. infusion of
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2-deoxy-D-glucose®. In addition to this, Jennewein
demonstrated that clonidine reduced gastric acid
secretion induced by vagus nerve stimulation in
vagi-sectioned rats, suggesting a peripheral site of
action”. On the other hand, it has been reported
that clonidine inhibited gastric acid secretion by
both central and peripheral mechanism, and that
clonidine also stimulated acid secretion by a sti-
mulation of histamine H,-receptors®'".

Recently Yokotani er al. proposed that splan-
chnic nerve stimulation inhibits bethanechol-indu-
ced gastric acid secretion through a,-adrenoceptors
and inhibits the vagally stimulated gastric acid se-
cretion through a,-adrenoceptors'?. With these re-
sults, they suggested that o -adrenoceptors are
located on the structures peripheral to the parasym-
pathetic nerve terminals and «,-adrenoceptors are
located on the vagally stimulated pathway in the
gastric wall.

B-HT 920, chemically quite different from cloni-
dine, was found to be a selective a,-adrenoceptor
agonist and has been often used as a probe to aid
classification of a-receptor subtypes®>'?. However,
the effect of B-HT 920 on gastric acid secretion has
not yet been demonstrated.
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The purpose of the present study was to inves-
tigate further whether a-adrenoceptors related to
the inhibition of neurotransmitter release are on
parasympathetic nerve innervating the stomach,
and to find out whether one or more types of a-ad-
renoceptors are involved in parasympathetic path-
way, if any. For this study, effect of B-HT 920, a
selective a,-adrenoceptor agonist, was examined on
gastric acid secretion induced by stimulation of
vagus nerve and infusion of bethanechol in anesthe-
tized and gastric fistula rats.

EXPERIMENTAL METHODS

Male Sprague-Dawley rats weighing 270-300 g
were maintained at a room temperature of 22-24 °C
and given food (laboratory chow, Sam-Yang Co.
Seoul, Korea) and tap water ad libitum. Before
each experiment, all food was withheld for 16 hr,
but water was provided. Under urethane anesthesia
(1.0 g/kgi.p.), both femoral veins were cannulated
to administer drugs and the femoral artery was can-
nulated to record the systemic blood pressure. De-
tails of the experimental procedure for measuring
acid secretion were as described by Yokotani et
al,'>'3 Briefly, the esophagus was carefully ligated
at the cervical portion and the trachea was cannula-
ted in case of bethanechol infusion. The abdomen
was opened by a middle incision and a round-tip
polyethylene cannula was inserted into the stomach
via an incision in duodenum, and then the ab-
dominal incision was sutured. The stomach was
flushed with saline to remove solid contents. Du-
ring this operation, care had been taken to avoid
distention. After repeated washings, 2.0 m/ of the
gastric solution prewarmed at 38 °C was instilled in
the stomach. The gastric solution was composed of
0.45 g of glycine and 5.47 g of mannitol which were
dissolved in 100 m/ of distilled water (adjusted to
300 m Osmol), and adjusted to pH 3.5 by addition
of 0.1 N HCl, according to the method of Blair e#
al.'. After all these procedures, 1 hr was allowed
to elapse before the start of each experiment and
during this time the basal acid secretion had reach-
ed a steady level. The gastric solution was replaced
with the fresh solution every 15 min. The gastric
acid secretion was determined as follows; the total
volume of the gastric solution recovered from the
stomach every 15 min and 2.0 m/ of gastric fresh
solution (pH 3.5) were titrated to pH 7.0 with 0.01
N NaOH, using a pH meter. By subtracting the lat-
ter from the former titration, acid contents secreted
for 15 min were calculated and expressed as microe-

quivalents/ 15 min. Blood pressure was recorded
from femoral artery by a pressure transducer (Nar-
co RP-1500) connected to strain gauge coupler
(Narco 7179) on physiograph recorder (Narco MK-
HI-P).

After stabilization of the basal acid secretion,
the gastric acid secretion was parasympathetically
stimulated. In the first series of experiments, the
acid secretion was stimulated by continuous sti-
mulation of vagus nerve after the left and right
vagus nerve were carefully separated from the
carotid artery and cut centrally at the cervical level.
The peripheral end of the vagus nerve placed on bi-
polar platinum electrodes was stimulated continu-
ously throughout the experiments by square-wave
pulses of 0.5 msec duration, 3 Hz, 9 V. In the se-
cond series, gastric acid secretion was stimulated by
i.v. infusion of supramaximal dose of bethanechol
(10.0 #g/kg/min) through the right femoral vein.
In all experiments, two successive collections were
carried out before stimulation of the vagus nerve or
i.v. infusion of bethanechol to ascertain the basal
level of acid secretion.

B-HT 920 (30 xg/kg) was infused for 30 min
through the left femoral vein to observe effects on
gastric acid secretion evoked by vagal stimulation
or infusion of bethanechol. Prazosin (1.0 mg/kg)
or yohimbine (2.0 mg/kg) was given i.p. 30 min
before the start of stimulation of the vagus nerve or
infusion of bethanechol.

The following drugs were used: B-HT 920
(Boehringer Ingelheim), prazosin hydrochloride
(Taito-Pfizer Co.), yohimbine hydrochloride (Na-
karai Chemicals Co.) and atropine sulfate (Wako
pure Chemicals).

Because the absolute values of acid secretion
varied with the individual animal, the effects of in-
fusion of B-HT 920 on the parasympathetically sti-
mulated gastric acid secretion were expressed as a
percentage of the values of control collection
period immediately before such treatments. The
results given are the mean + S.E. Statistical signi-
ficance was compared with the values of correspon-
ding control rats using Student’s ¢ test for unpaired
comparisons.

RESULTS

Effect of B-HT 920 on gastric acid secretion induc-
ed by stimulation of the vagus nerve

Mean basal acid secretion in 6 rats under uretha-
ne anesthesia (1.0 mg/kg) was 8.82 + 0.5 uEq/15
min. In the preliminary studies, the stimulations of
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Vagal Stimulation (3 Hz, 0.5 ms, 9V)

80r

Acid Secretion (LEq/ 15 min)

- el " i A 1 i :

-15 0 30 60 90 120 150
Time (min)

Fig. 1. Gastric acid secretion induced by stimulation of
vagus nerve in rats.

Vagus nerve was stimulated at 3 Hz and gastric
juice was collected every 15 min. Each value re-
presents the mean + S.E. of 6 rats.
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Fig. 2. Effect of B-HT 920 on gastric acid secretion in-
duced by stimulation of vagus nerve.
B-HT 920 was infused i.v. for 30 min from 60 min
after the start of stimulation of vagus nerve, Val-
ues at different collection periods are expressed as
percentage of the value obtained at control collec-
tion period (0). Each point represents the mean +
S.E. of 6 rats. O, control rats; @, B-HT 920-in-
fused rats (30 g /kg/30 min). * p<<0.01 (signi-
ficantly different from the values obtained at the
corresponding period in control rats). The ab-
solute values at control collection period (0) were
78.0 +3.12 #Eq/15 min for control rats and
72.8 +5.9 ©uEq/15 min for B-HT 920-infused
rats, respectively.

Vagal stimulation (3 Hz, 0.5 ms, 9V)
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Fig. 3. Effect of prazosin on inhibition of vagally sti-
mulated gastric acid secretion by B-HT 920.
Prazosin was administered i.p. 30 min before the
start of stimulation of vagus nerve. Other condi-
tions were as for Fig. 2. >, Prazosin (1.0 mg/
kg)-treated control rats; @, B-HT 920 (30 ng/
kg /30 min)-infused rats with prazosin (1.0 mg/
kg). Each point represents the mean + S.E. of §
rats. The absolute values at control collection
period (0) were 69.7 +5.1Eq/15 min for control
rats and 65.0+4.8 #Eq/15 min for B-HT
920-infused rats, respectively.

the vagus nerve (1 to 20 Hz for 10 min) caused fre-
quency-dependent increases of gastric acid secre-
tion. When the vagus nerves were continuously sti-
mulated at 3 Hz, the gastric acid secretion gradually
increased and reached a steady level within 60 min,
and this steady level was maintained for at least 120
min (Fig. 1). The mean arterial blood pressures
before and 60 min after stimulation of the vagus
nerve at 3 Hz were 83.7 + 3.1 mmHg and 83.0 + 2.6
mmHg (n = 8), respectively. This vagally stimulated
gastric acid secretion was abolished by atropine (0.1
mg/kg i.v.) or hexamethonium (2.0 mg/kg i.v.).

When B-HT 920 (30 g/kg i.v.) was infused for
30 min from 60 min after the start of the vagus
nerve stimulation, the gastric acid secretion induced
by stimulation of the vagus nerve was significantly
reduced (Fig. 2). This inhibitory effect of B-HT 920
reached the maximum at 45 min (reduced to 85.79
+2.01% of preinfusion level of B-HT 920) and
persisted for more than 45 min.

Effects of prazosin and yohimbine on inhibition of
the vagally stimulated gastric acid secretion by
B-HT 920

In order to determine whether the inhibitory ef-
fect of B-HT 920 on vagal stimulation-induced gas-
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Fig. 4. Effect of yohimbine on inhibition of vagally sti-
mulated gastric acid secretion by B-HT 920.
Yohimbine was administered i.p. 30 min before
the start of stimulation of vagus nerve. Other con-
ditions were as for Fig. 2. :», Yohimbine (2.0
mg/ kg)-treated control rats; @ , B-HT 920 (30
g/ kg/ 30 min)-infused rats with yohimbine (2.0
mg/kg). Each point represents the mean + S.E.
of 4 rats. The absolute values at control collection
period (0) were 74.0 + 6.2 4uEq/ 15 min for con-
trol rats and 83.8 + 5.4 uEq/15 min for B-HT
920-infused rats, respectively.

tric acid secretion was involved in a-adrenoceptor
activation, the effect of B-HT 920 was investigated
in the presence of e-adrenoceptor antagonists.
When yohimbine (2.0 mg/kg i.p.) or prazosin (1.0
mg/kg i.p.) was administered 30 min before sti-
mulation of the vagus nerve, inhibitory effect of
B-HT 920 on vagal stimulation-induced gastric acid
secretion was partially antagonized by prazosin
(Fig. 3) whereas it was virtually abolished by yohim-
bine (Fig. 4). The inhibition of gastric acid secretion
induced by B-HT 920 was reduced by 52% at 45
min after infusion of B-HT 920 in prazosin-treated
rats.

Effect of B-HT 920 on gastric acid secretion induc-
ed by infusion of bethanechol

To determine whether inhibitory effect of B-HT
920 on the gastric acid secretion induced by stimula-
tion of vagus nerve was caused by actions on post-
synaptic a-adrenoceptors in the gastric wall, the in-
fluence of B-HT 920 on gastric acid secretion induc-
ed by bethanechol infusion was examined. After
the start of infusion of bethanechol (10.0 ug/kg/
min i.v.), the gastric acid secretion gradually in-
creased and reached a steady level within 90 min

Bethanechol Infusion (10 g/ kg/min)

100§
=
g 80}
o
~
9 60}
3
g
= 40
QL
g
w
° 20t
o
Loy
0._ 1 L 'y A 1 d
-15 0 30 60 90 120 150 180
Time (min)

Fig. 5. Gastric acid secretion induced by bethanechol in-
fusion in rats.
Bethanechol was infused at 10ug/kg/mini.v. and
gastric juice was collected every 15 min. Each
value represents the mean *+ S.E. of 4 rats.
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Fig. 6. Effect of B-HT 920 on gastric acid secretion in-
duced by infusion of bethanechol.
B-HT 920 was infused i.v. for 30 min from 90 min
after the start of bethanechol infusion. Other con-
ditions were as for Fig. 2. <, control rats; @,
B-HT 920-infused rats (30 xg/kg/30 min). Each
point represents the mean = S.E. of 5 rats. The
absolute values at control collection period (0)
were 51.6 + 5.1 2Eq/15 min for control rats and
52.9+ 5.5 #Eq/15 min for B-HT 920-infused
rats, respectively.

(Fig. 5). Infusion of B-HT 920 (30 ug/kg i.v.) was
carried out for 30 min from 90 min after the begin-
ning of bethanechol infusion. The bethanechol-
induced gastric acid secretion was abolished by
atropine (0.1 mg/kg i.v.), but was not influenced
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by hexamethonium (2.0 mg/kg i.v.). In this experi-
ment, infusion of bethanechol (10.0 uzg/kg/ min)
produced a transient fall in the mean arterial blood
pressure from 82.5+3.5 to 75.3+2.0 mmHg
(n =7), subsequently returned to the preinfusion
level.

When B-HT 920 (30 #g/kg i.v.) was infused for
30 min, there was no effect on the gastric acid secre-
tion stimulated by infusion of bethanechol (Fig. 6).

DISCUSSION

In this study, two different procedures have
been used to induce parasympathetic stimulation of
gastric acid secretion. One is stimulation of the cer-
vical vagus nerve, which involves the entire path-
way of parasympathetic nerve from the preganglio-
nic parasympathetic nerve to the parietal cells. The
other is the infusion of bethanechol, which stimula-
tes the postganglionic parasympathetic effector
systems in the gastric wall. To confirm the existence
of a-adrenoceptor-mediated inhibitory mecha-
nisms, B-HT 920, a selective o ,-adrenoceptor
agonist, was administered under conditions in
which gastric acid secretion was elevated by vagus
nerve stimulation or bethanechol infusion. In anes-
thetized and gastric fistula rats, the gastric acid se-
cretion induced by low frequency of vagal stimu-
lation was significantly inhibited by B-HT 920 (Fig.
2). This inhibitory effect of B-HT 920 on the gastric
acid secretion induced by stimulation of vagus
nerve was virtually abolished by yohimbine, a rela-
tively selective a,-adrenoceptor antagonist'®, where-
as it was partially antagonized by prazosin, a
highly selective a-adrenoceptor antagonist'” (Fig.
3,4). These results suggest that the inhibitory effects
of B-HT 920 would be more related to a,-adreno-
ceptors than a;-adrenoceptors since B-HT 920 has a
higher selectivity for e,-adrenoceptors than e,-ad-
renoceptors>>. On the other hand the gastric acid
secretion induced by infusion of bethanechol, a
muscarinic parasympathetic stimulant, was not de-
creased by B-HT 920. From these results, B-HT 920
seems to inhibit parasympathetic transmission in
the rat stomach not by actions on postsynaptic
a-adrenoceptors in the gastric wall, but by a decrea-
se of the liberation of acetylcholine from pre-
and/or postganglionic cholinergic nerve endings.
No effort was made to distinguish between these
possibilities.

In recent years evidences have been accumulated
for existence of a,-adrenoceptors on the cholinergic
fiber endings that innervate the stomach®!%!®_ It
has been found that vagally stimulated gastric acid

secretion was inhibited by clonidine®'?, a relatively

selective ,-adrenoceptor agonist'>?®, and that this
inhibitory effect was abolished by phentolamine®
or yohimbine'? but not by labetalol” or prazosin'?.
On the other hand, Hong and Sohn demonstrated
that guanabenz, a clonidine-type substance, also
reduced gastric acid secretion induced by vagus
nerve stimulation, and that this inhibitory effect
was blocked by yohimbine!®. Thus, these observa-
tions may suggest that a,-adrenoceptors are located
on the parasympathetic nerve terminal to the sto-
mach.

It is generally accepted that B-HT 920 acts on
a,-adrenoceptors though it is a selective a,-adreno-
ceptor agonist at post- as well as presynaptic a-adre-
noceptor sites>2", and that yohimbine is a relatively
selective a,-adrenoceptor blocker'®*? but antagoni-
zes both e,- and a,-adrenoceptors, with about
25-fold greater selectivity for the latter®. In the
present experiment the inhibitory effect of B-HT
920 on vagally stimulated gastric acid secretion was
abolished by yohimbine and partially antagonized
by prazosin which is a selective e,-adrenoceptor an-
tagonist, indicating that the possible existence of
a,-adrenoceptors other than a,-adrenoceptors on
the vagally stimulated pathway in the gastric wall
may be considered. Further studies are necessary to
find out whether a,-adrenoceptors other than
a,-adrenoceptors are involved in parasympathetic
nerve pathway in the gastric wall.

In summary, the gastric acid secretion induced
by low frequency of vagal stimulation was signifi-
cantly inhibited by B-HT 920, whereas the gastric
acid secretion induced by infusion of bethanechol
was not decreased by B-HT 920. These resuits sug-
gest that B-HT 920 inhibits vagally induced gastric
acid secretion by activation of presynaptic a-ad-
renoceptors located on the vagally stimulated path-
ways in the gastric wall, and this action of B-HT
920 is related more to a,-adrenoceptors than to
a,-adrenoceptors.
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