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Abstract—The effects of a newly synthesized a,-adrenoceptor agonist (an imidazole derivative, DJ-
7141) on catecholamine secretion from isolated bovine adrenal medullary cells were examined. DJ-
7141 did not affect basal catecholamine secretion, but inhibited catecholamine secretion induced by
stimulation of the nicotinic ACh receptor. This inhibitory effect of DJ-7141 was less than that of
clonidine, another a;-agonist. DJ-7141 also inhibited [**Ca]** uptake by the cells induced by nicotinic
stimulation. DJ-7141 did not affect catecholamine secretion induced by high K* concentration. Its
inhibitory effect on nicotine-induced catecholamine secretion was not restored by increase in either the
nicotine or Ca’* concentration of the medium, suggesting that it interfered with the coupling between
nicotinic ACh receptor stimulation and Ca®*-channel activation. The inhibitory effect of DJ-7141 seemed
to be independent of its effect on a,-adrenoceptors, because its effect was not antagonized by the a,-
adrenoceptor antagonists yohimbine and DG-5128, which both had no effect on either basal or nicotine-
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induced catecholamine secretion.

A newly synthesized a,-adrenoceptor agonist (an
imidazole derivative, DJ-7141, Fig. 1) has little effect
on central ap-adrenoceptors, and therefore its hypo-
tensive effect is less than that of another well-known
w,-agonist, clonidine {1]. However, this new a,-
agonist acts selectively on pre-synaptic a,-adreno-
ceptors on sympathetic nerve terminals and thereby
inhibits smooth muscle contraction caused by elec-
trical stimulation [2].

Recently, we found that DJ-7141 reduced the
plasma catecholamine level in dogs, although its
effect was less than that of clonidine (unpublished
observations). This effect of DJ-7141 seemed to be
due to its stimulatory effect on pre-synaptic a,-
adrenoceptors, resulting in inhibition of catechol-
amine release from sympathetic nerve terminals.

In this work, using isolated bovine adrenal med-
ullary cells we examined whether DJ-7141 also
inhibited catecholamine secretion from adrenal med-
ulla. Results showed that this new a,-agonist
inhibited catecholamine secretion induced by nic-
otinic ACh receptor stimulation, but not that induced
by high K*. Its mode of action was also examined.
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Fig. 1. Chemical structure of DJ-7141 {2-(2-chloro-6-
fluorophenyl)-2,3,5,6-tetrahydro-1H-imidazo [1,2-] imi-
dazole hydrochloride}.

MATERIALS AND METHODS

Isolated bovine adrenal medullary cells were pre-
pared by sequential digestion of adrenal medullary
slices with 0.05% collagenase as described previously
[3]. The isolated cells were finally suspended in
Krebs—Ringer phosphate (KRP) buffer solution
(154 mM NaCl, 5.6 mM KCl, 2.2 mM CaCl,, 1.1 mM
MgSO,, 0.85mM NaH,PO,, 2.15mM Na,HPO,,
10 mM glucose and 0.5% bovine serum albumin,
pH7.4) at about 4 x 10°cells/ml. The cell sus-
pension (final volume 2ml) was pre-incubated at
37° in the absence or presence of drugs (DJ-7141,
clonidine, yohimbine or DG-5128) for Smin and
then stimulated with nicotine (10 uM) or high K*
(56 mM) for 2 min. In the 56 mM K* solution, NaCl
was replaced by KCl on an equimolar basis. The
reaction was terminated by transferring the reaction
mixtures to an ice-water bath and the cells were
preincubated by centrifugation at 600 g for S min,
Catecholamine in the cells and medium was extracted
with 0.4 N perchloric acid and measured by a modi-
fication of the trihydroxyindole method [4]. For
measurement of [45Ca]2* uptake by the cells [5],
3.0uCi of [¥Ca]** was added to the incubation
medium. After incubation, the tubes were rapidly
chilled in ice and when the cells had been stimulated
with nicotine, hexameihonium (3 x 107*M) was
added to stop the reaction. The cells were washed
three times with ice-cold Ca®*-free KRP buffer con-
taining 0.5% bovine serum albumin. The [**Ca]?* in
the cells was extracted with 0.4 N perchloric acid and
measured in a liquid scintillation counter.

DJ-7141 was synthesized and donated by Daiichi
Seiyaku Co. (Tokyo, Japan). The following drugs
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Fig. 2. Inhibitory effects of DJ-7141 and clonidine on cat-
echolamine secretion from isolated bovine adrenal med-
ullary cells induced by nicotine and high K™. Cells were
incubated with or without various concentrations of DJ-
7141 or clonidine and stimulated with nicotine (10 uM) or
high K* (56 mM) as described in Materials and Methods.
Catecholamine secretion induced by nicotine or high K*
was ~6-7% of the total cellular catecholamine content.
The maximal secretion induced by each stimulant was
expressed as 100%. Values for nicotine-induced cat-
echolamine secretion in the presence of DJ-7141 (@) or
clonidine (A), and high K*-induced catecholamine
secretion in the presence of DJ-7141 (O) or clonidine
(A) are means for three or four experiments; standard
deviations are shown by vertical bars.

were used: clonidine hydrochloride (Tokyo Kasei),
yohimbine hydrochloride (Sigma), DG-5128 (Dai-
ichi Seiyaku) and nicotine (Sigma).

RESULTS

Isolated bovine adrenal medullary cells secrete
catecholamine on stimulation of the nicotinic ACh
receptor, but not the muscarinic ACh receptor [5].
Therefore, in this study, nicotine was used as a
stimulant. High K* (56 mM) was also used to initiate
secretion of catecholamine. Figure 2 shows the
effects of different concentrations of DJ-7141 on
catecholamine secretion from isolated bovine adre-
nal medullary cells induced by nicotine (10 uM) or
high K* (56 mM). The effects of different con-
centrations of clonidine are shown for comparison.
DJ-7141 alone did not affect basal catecholamine
secretion, but caused concentration-dependent inhi-
bition of catecholamine secretion induced by
nicotine. The inhibition was observed with DJ-7141
of more than 3 uM and the 1C5y was ~10 uM. The
inhibitory effect of this new compound was less than
that of clonidine, the 1Csy of which is ~3 uM. Neither
DJ-7141 nor clonidine affected catecholamine
secretion from the cells induced by high K*.

We cxamined the effect of DJ-7141 on [*Ca]**
uptake by the cells induced by nicotine. which is
essential for initiation of catecholamine secretion. As
shown in Fig. 3, DJ-7141 inhibited nicotine-induced
[*Ca]** uptake and the concentration-response
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Fig. 3. Inhibitory effect of DJ-7141 on nicotine-induced
[**Ca]?** uptake by isolated bovine adrenal medullary cells.
Cells were incubated with **CaCl, as described in Materials
and Methods. [**Ca]** taken up by the cells induced by
nicotine was 58 = 8 nmol Ca®*/4 x 10 cells and was expres-
sed as 100%. Points and bars show nicotine-induced
[#*Ca]** uptake by the cells in the presence of various
concentrations of DJ-7141 as means and standard devi-
ations of three or four experiments.

curve was similar to that for inhibition of cat-
echolamine secretion.

Next, to clarify the mode of action of DJ-7141
on catecholamine secretion, we examined whether
increase in the concentration of nicotine or Ca?* in
the medium could reverse the inhibitory effect of
DJ-7141. As shown in Fig. 4, the effect of DJ-7141 in
inhibiting nicotine-induced catecholamine secretion
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Fig. 4. Inhibitory effect of DJ-7141 on catecholamine
secretion induced by various concentrations of nicotine.
Cells were stimulated with various concentrations of nic-
otine in the absence (O) and presence (@) of DJ-7141
(10 uM). Catecholamine secretion is shown as a percentage
of the total catecholamine in the cells. Points and bars are
means and standard deviations of three or four
experiments.
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Fig. 5. Inhibitory effect of DJ-7141 on catecholamine
secretion induced by nicotine with various concentrations
of Ca?*. Cells were stimulated with nicotine (10 uM) with
various concentrations of Ca* in the absence (O) and
presence (@) of DJ-7141 (10 uM). Catecholamine secretion
is shown as a percentage of the total cellular catecholamine.
Points and bars are means and standard deviations of three
experiments,

was not reversed by increasing the concentration of
nicotine, suggesting that the effect of DJ-7141 was
not due to competitive antagonism at the nicotinic
ACh receptor site. Figure 5 shows the effect of DJ-
7141 on nicotine-induced catecholamine secretion at
different concentrations of extracellular Ca’*. The
inhibitory effect of DJ-7141 was not reversed by
increasing the concentration of extracellular Ca**,
suggesting that it was not due to antagonism of the
Ca?* channel.

Next, we examined whether the effect of DJ-7141
in inhibiting catecholamine secretion was mediated
through its effect on the ay-adrenoceptor, which may
be present on adrenal medullary cells [6-11]. Figure
6 shows the effects of the a,-antagonists yohimbine
and DG-5128 [12] on nicotine-induced catechol-
amine secretion and on the inhibitory effect of DJ-
7141 on nicotine-induced catecholamine secretion.
Neither yohimbine nor DG-5128 significantly affec-
ted basal or nicotine-induced catecholamine
secretion, and neither prevented the inhibitory effect
of DJ-7141 on nicotine-induced catecholamine
secretion. Thus an a,-adrenoceptor regulating cat-
echolamine secretion was probably not present on
bovine adrenal medullary cells and the inhibition of
catecholamine secretion by DJ-7141 was probably
not mediated by an aj-adrenoceptor.

DISCUSSION

The newly synthesized imidazole compound DJ-
7141 (Fig. 1) is a unique ap-adrenoceptor agonist
that shows high affinity to peripheral a,-adreno-
ceptors but has little affect on central ay-adreno-
ceptors. Therefore, its hypotensive effect is less than
that of another a,-agonist, clonidine [1,2]. In the
present study we showed that this new aj-agonist
inhibited catecholamine secretion from isolated bov-
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Fig. 6. Effects of yohimbine and DG-5128 on catecholamine
secretion induced by nicotine and on the inhibitory effect
of DJ-7141 on nicotine-induced catecholamine secretion.
Cells were incubated with or without drugs (DJ-7141,
10 uM; yohimbine, 10 uM; DG-5128, 10 uM) and stimu-
lated with nicotine (10 uM) as described in Materials and
Methods. Catecholamine secretion induced by nicotine
without drugs is expressed as 100%. Columns and bars are
means and standard deviations of three or four
experiments.
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ine adrenal medullary cells induced by nicotinic ACh
receptor stimulation. This inhibitory effect of DJ-
7141 was less than that of clonidine.

DJ-7141 inhibited nicotine-induced catecholamine
secretion, but that not induced by high K*, sug-
gesting that DJ-7141 acts on a mechanism involving
nicotinic ACh receptor on adrenal medullary cells.
Moreover, DJ-7141 inhibited [**Ca)** uptake by the
cells induced by nicotinic stimulation, which is of
critical importance for initiation of catecholamine
secretion. The concentration-response curve for
inhibition of [**Ca}** uptake was similar to that for
inhibition of catecholamine secretion. Therefore, the
inhibition of catecholamine secretion by DJ-7141
seemed to be the result of inhibition of [*°Ca]**
uptake by the cells.

Next, we studied the modes of action of DJ-7141
in inhibiting catecholamine secretion and Ca®*
uptake by the cells. The inhibitory effect of DJ-7141
was not antagonized by increasing the concentration
of nicotine or Ca®* in the medium, suggesting that
the inhibition by DJ-7141 is due to interference with
coupling between stimulation of nicotinic ACh
receptors and activation of Ca** channels.

Furthermore, we studied whether the inhibitory
effect of DJ-7141 was mediated by the a,-adreno-
ceptor. Recently, the presence of a,-adrenoceptor
on adrenal medullary cells and its role in regulation
of catecholamine secretion has been discussed
{13, 14]. If there is an a,-adrenoceptor that causes
inhibitory regulation of catecholamine secretion like
that in adrenergic nerve terminals [15-17}, an a.-
antagonist might stimulate the secretion of cat-
echolamine and reverse the inhibitory effect of the
a,-agonist DJ-7141. However, the ay-antagonists
yohimbine and D(G-5128 did not significantly affect
basal or nicotine-induced catecholamine secretion.
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Moreover, the inhibitory effect of DJ-7141 was not
reversed by these a-antagonists. Recently,
the inhibition by clonidine of catecholamine
secretion from bovine adrenal medullary cells was
also found not to be reversed by yohimbine and
other a,-antagonists [11, 14]. From these results,
it is unlikely that there is an w,-adrenoceptor that
regulates catecholamine secretion on bovine adrenal
medullary cells or that the inhibitory effect of DJ-
7141 is mediated by an a,-adrenoceptor. In bovine
adrenal medullary cells, the inhibitory effect of DJ-
7141 seems to be due to a non-specific effect on
catecholamine secretion.

In conclusion, the present study demonstrated that
the new a,-adrenoceptor agonist DJ-7141 inhibits
secretion of catecholamine from adrenal medulla.
This effect may contribute, in part, to its hypotensive
effect by reducing the circulating catecholamine
level.
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