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= Abstract =It has been reported that higenamine increased the cardiac output and the
heart rate and decreased the systemic vascular resistance and blood pressure by stimulating
B -adrenoceptors. This study was undertaken to investigate the effects of higenamine on the
pre- and post-synaptic adrenergic neurotransmission in the spiral strips of pulmonary arteries
of New Zealand white rabbits. As the pre-synaptic response, the spontaneous and stimulation-
induced release of *H-norepinephrine (*H-NE), and as the post-synaptic response, the con-

tractile response were measured. The results were as follows:

1. Higenamine (3 X 107%, 3 X 10~° and 10~ *M) increased both spontaneous and stimula-
tion-induced *H-NE release dose-dependently, by 20-90% and 20-220%, respectively

but decreased the contractile response in a dose-dependent manner.

2. The effect of higenamine in increase of spontaneous and stimulation-induced *H-NE
release was partially inhibited by the treatment of propranolol (3 X 10 °M), but the effect
in contractile response was completely blocked. Isoproterenol (1.3 X 108 1.3 X 10/
and 1.3 X 10°M) had no effect on spontaneous and stimulation-induced *H-NE release

and contractile response.

w

The effect of higenamine was not inhibited by treatment with cocaine (3 X 10 °M).

4. The a y-adrenoceptor antagonist, yohimbine (3 X 10 % and 3 X 10 ’M) increased the

stimulation-induced *H-NE release but did not affect spontaneous release.

5. Papaverine (3 X 107 3 X 1072 and 10 *M) increased spontaneous and stimualtion-

induced *H-NE release in a dose-dependent manner.

These results sugest that higenamine increases neurotransmitter release by the mechanism of

presynaptic action through the enhancement of cyclic AMP level in addition to stimulation of

the presynaptic /3 -receptor and that the mechanism of post-synaptic action of higenamine

lies in the stimulation of J -adrenoceptors.
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tuber which has long been used as a cardiac

INTRODUCTION

stimulant, a diuretic or an analgesic in Chinese

Higenamine is an active component of Aconiti medicine. Park et al. (1984) have found that

higenamine increases the rate of tension de-
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nl, &«n. the pA, values of higenamine and
epinephrine against propranolol were 858 +
0.14, 7.60 + 0.82, respectively. they concluded
that the positive inotropic action of higenamine
was likely due to stimulation of cardiac adre-
no-ceptors. It was also reported that higenamine
increased the cardiac output and the heart rate,
and decreased the systemic vascular resistance
and the blood pressure (Chang et al. 1981;
Chang 1983; Kim et al. 1986). These pharmaco-
logic effects of higenamine were blocked by
propranolol and it was suggested that higena-
mine has stimulating action on adrenergic j3
and 3 ,-receptors (Kim et al. 1986). In the stu-
dies about dissociation constants on [ -recep-
tors, it was proved that higenamine had the
same affinity as isoproterenol (Feng et al. 1982).
The results that higenamine exerted relaxant
effect on the contraction of rabbit thoracic aorta
by norepinephrine, and that these effects were
largely inhibited by [ -antagonist, propranolol,
suggested that the relaxant effect of higenmine
on the vascular smooth muscle may involve
postsynaptic /3 -adrenoceptors (not published).

In this study, to invetigate the effect of hige-
namine on the adrenergic neurotransmission, the
release of *H-NE from the sympathetic nerve
terminal as the pre-synaptic response, and the
contractile response of vascular smooth mus-
cles, as the post-snaptic response, were ex-
amined.

MATERIALS AND METHODS

The healty male New Zealand White rabbits,
weighing 2-3 kg were sacrificed by a blow on
the head. the thorax was opened and the main
pulmonary artery was excised. The spiral strip
made of pulmonary artery was transferred to
Krebs' solution (NaCl 119.8 mM, KCI 4.6 mM,
MgCl, 1.2 mM, CaCl, 2.6 mM, KH,PO, 1.2 mM,
glucose 11.1 mM, EDTA 2Na 1.5 mg/l and ascro-
bic acid 100 mg/l) equilibrated with 95% O, and
5% CO, at 37°C for 30 min. *H-NE (3 x 107 »
M, 5 ,Ci/ml, New England Nuclear Corp., speci-
fic activity 14.5 Ci/mmole) was uptaked into the
spiral strips for 2 hr, and was washed out with
norepinephrine-free Krebs' solution for 5 min.
The spiral strip was mounted in an organ bath of
perfusion apparatus in parallel to the platinum
plate electrodes and was connected to an
Isometric force transducer with the tension of 2

g. The organ bath was perfused continuously
with oxygenated (95% 0,-5% CO,) Krebs' solu-
tion (37°C) at a rate of 1.256 ml/min. After 1.5 hr,
the spontaneous release of radioactive nore-
pinephrine became constant, electrical stimuli of
2 ms, square wave pulses were applied for 60 s
with the frequencies of 2, 5 and 20 Hz by Grass
S 48 stimulator. The current voltage was mod-
ifiled to obtain the maximum contraction with the
transmural field stimulation by the platinum elec-
trodes. The contractile response developed was
recorded by an isometric force transducer con-
nected to a Device-recorder polygraph. Simul-
taneously, the perfused effluents of 1.25 ml
were collected into vials every 1 min, from 1
min before the stimulation to 5 min after the
stimulation and radioactivities of released *H-NE
measured by the liquid scintillation spectrometer
(Nuclear Enterprises Ltd. NE 8310/1/2). Drugs
were added to the medium 20 min before the
nerve stimulation.

The drugs used were:higenamaine (supplied
from Dong-A Pharmaceutical Research Insti-
tute), I-isoproterenol HCl(Sigma), dl-propranolol
HCI{Sigma), cocaine HCHSigma), yohimbine
HCI(Sigma), papaverine HCI(Sigma), tetrodotoxin-
(Sigma).

RESULTS

After 1.5 hr perfusion, the spontaneous *H-NE
release without stimulation remained constant.
With electrical stimulations of 2, 5, 20 and 50 Hz
frequency, *H-NE release in the perfusate was
maximal between 1 min and 2 min after electric-
al stimulation. the release of *H-NE and contrac-
tile response of vascular smooth muscles were
potentiated proportionally to stimulation frequen-
cy (Fig. 1). Because the stimulation frequency of
5 Hz seemed to be ideal for determining the
change of *H-NE release evoked by stimulation,
hereafter the stimulation frequency was set at 5
Hz.

In order to prove whether this electrical trans-
mural stimulation of 5 Hz induced selectively the
release of *H-NE from presynaptic nerve termin-
al, tetrodotoxin was added to the medium in a
concentration of 2 X 10~ ’M for 20 min before
electrical stimulation. It was found that stimula-
tion-induced *H-NE release and contractile re-
sponse were inhibited almost completely by tetro-
dotoxin (Data not shown).
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Fig. 1. Effect of transmural field stimulation on release of “H-norepinephrine and
contractile response in the perfused rabbit pulomnary artery.
Arteries were preloaded with *H-NE (3 x 10° ’M, 5xCi/ml) for 2 hours and
perfused with norepinephrine-free medium. The perfusates were collected
every 1 min and the radioactvities of released *H-NE were measured. The
first open bars represent the spontaneous release and hatched bars represent
the peak radioactivity of stimulation-induced release.

The spontaneous H-NE release was not sig-
nificantly changed in the control group by the
four consecutive stimulation with 30 min inter-
val. However, when higenamine was applied in
the concentration of 3 X 107° 3 x 107° and
10" *M, the spontaneous release was increased
by 21, 51 and 91% respectively, compared with
the first stimulation period. With higenamine in
the concentrations of 3 x 1075 3 x 10°°
and 10 “M, the stimulation-induced releases
were Increased significantly by 21, 176 and
219% respectively, compared with the first sti-
mulation period. the contractile responses were

also significantly inhibited by higenamine,
dose-dependently (Table 1).

When B -blocker propranolol (3 x 1075, 3 x
107° and 10~ *M) was applied for 20 min before
electrical stimulation, the effect of higenamine in
increase of spontaneous and stimulation-induc-
ed *H-NE release was not completely inhibited
while the effect of higenamine on contractile re-
sponse was completely blocked (Fig. 2).

When a major 3 -agonist, I-isoproterenol (1.3
X 1078 13 x 10 7 and 1.3 X 10 °M) was
applied for 20 min before electrical stimulation,
spontaneous and stimulation-induced *H-NE re-
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Fig. 2. Effect of higenamine in the presence of propra-

nolol or cocaine on *H-NE release from the rab-
bit pulmonary artery.
Higenamine was perfused after propranolol or
cocaine pretreatment. Stimulation-induced re-
lease was calculated by subtraction of the
spcntaneous release from the peak value of sti-
mulation-induced release. SP1: spontaneous
release without higenamine, ST1: stimulation-
induced release without higenamine.

lease and contractile response showed no
change compared with that of control group (Fig.
3).

When cocaine (3 X 107 °M) and higenamine
were simultaneously applied, there were no
change in the higenamine effect in increase of
spontaneous and stimulation-induced *H-NE re-
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Fig. 3. Effect of isoproterenol, yohimbine and

papaverine on H-NE release from rabbit pul-
monary artery.
Drugs were applied for twenty min during S2
to S4 with different concentration. |so: Isop-
roterenol, Yoh: yohimbine, Pap: papaverine.
SP1 and ST1: spontaneous and stimulation-
induced release without drug treatment re-
spectivery.

lease and decrease of contractile response (Fig.
2).

Yohimbine (3 x 1078 3 x 1077 and 3 X
10~ %M) increased the stimulation-induced *H-NE
release, dose-dependently, but did not affect
the spontaneous release (Fig. 3). contractile re-
sponse was potentiated in low concentrations,
proportionally to the increase in *H-NE release,

but was inhibited in high concentrations (3 X
107°M).
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Table 1. The influence of higenamine on spontaneous and stimulation-induced *H-norepinephrine
release from spiral strips of rabbit pulmonary arteries.

Spontaneous Stimulation-induced
ST 82 S3 S4 ST 82 S3 S4
Control 100 100.4 103.3 88.6 100 91.3 95.2 87.2
+2.1 +58 +6.3 +29 +3.2 +45
(6) (6) (6) (6) (6) (6) (6) (6)
S1 3x10°°™M 3x10°°M 197“M S1 3+£10°°™M 34+10°°M 10 ‘M
Higenamine 100 120.9** 160.7** 191.3** 100 120.8% 276.2** 316.6**
1+4.2 +12.3 +16.3 +11.0 +39.2 +239
4 4 (4) (4) (4) (4) (4) (4)

Note: S1 to 54 represent four stimulation periods at 30 min intervais (5Hz, 2m sec, for 60 sec). The
results of *H-NE release are expressed as a percent release to that in the first stimulation
period (S1). Higenamine was infused during S2 to S4. The parentheses represent the number

of experiments.

*P<0.05, **P<0.01, statistical difference between the control and the higenamine-treated

arteries.

With papaverine, inhibitor of cyclic nucleotide
phosphodiesterase, in the same concentrations
as higenamine (3 x 10°% 3 x 10=® and
10 “M), spontaneous and stimulation-induced re-
lease of *H-NE were increased by 20-230%. but
the contractile response to the nerve stimulation
was inhibited dose-dependently (Fig. 3).

DISCUSSION

In this study, as the presynaptic response, the
norepinephrine release from the sympathetic
nerve terminal was estimated by assaying the
radioactivities of *H-NE in the perfused
effluents. The radioactivities in the perfused
effluent may not represent the total nore-
pinephrine released from the synaptic nerve ter-
minal, since a considerable amount of the re-
leased norepinephrine can be excluded from the
effluent either by active reuptake into the synap-
tic nerve terminal (lversen 1967) or by post-
synaptic receptor binding and extraneural uptake.
However, it is reasonable for studying the pre-
synaptic response to analyze the relative
changes in the radioactivities of perfusate after
second, third and fourth stimuli versus the first
because within the four stimulation periods with
a 30 min interval, contractile response and
*H-NE release were increased proportionally to
the stimulation frequency. Also the study could
be perofrmed with a drug in three different con-
cen trations, because the radioactivities were

maintained over 80% of the initial radioactivities
even after the fourth stimulation (Data not
shown).

When the various concentrations of higena-
mine was applied for 20 'min before stimulation,
higenamine significantly facilitated not only spon-
taneous *H-NE release but also stimulation-ind-
uced release (Table 1). On the other hand, the
contrctile responses were decreased by higena-
mine treatment. The inhibitory effects of higena-
mine on contraction were blocked by /3 -blocker,
propranolol. this finding suggests that the
mechanisms of inhibitory action of higenamine
on contractile response invoslves the post-syna-
ptic (3 -receptor.

The facilitatory effects of higenamaine on
spontaneous and stimulation-induced °*H-NE
were not completely inhibited by the treatment
with /2 -blocker, propranolol, even with the suffi-
cient concentration that blocked completely the
inhibitory effect of higenamine on contraction
(Fig. 2). Furthermore the 3 -agonist, isoprotere-
nol, exerted no significant effect on *H-NE re-
lease. these findings indicate that the major
parts of higenamaine effect on *H-NE release
are hardly mediated by /3 -receptor. Alternative-
ly, since the enhancements of norepinephrine re-
lease by the posaitive feedback of /3 -agonist
are modest and may not be significant under
normal circumstances (Dixon et al. 1979), thus it
could be postulated that the mechanism of ac-
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tion of higenamaine in increase of *H-NE release
may be due to inhibition of negative feedback in
norepinephrine release by the blockade of pre
synaptic a -receptor. However, in the treatment
with yohimbine which selectively blocks a -re-
cepotr, no change appeared in spontaneous re-
lease of *H-NE compared with increase in sti-
mulation-induced release (Fig. 3). Concerning
the structural similarity of higenamine with dora-
mine (Suh et al. 1984), it can be presumed that
higenamine exerts the facilitatory effect on nore-
pinephrine release by displacing it from the stor-
age site of the sympathetic nerve terminal
through the reuptake system. But the effects of
higenamine were not inhibited by cocaine (Fig.
2), while cocaine completely inhibited dopamine
induced spontaneous release of *H-NE (not pub-
lished).

Since papaverine, which also has structural
similarity with higenamine, exerted facilitatory
effect on spontaneous and- stimulation-induced
release of *H-NE (Fig. 3), it was suggested that

higenamine might involve increase of presynap-
tic cyclic AMP. Feng et al. (1981) and Gang &
Liu (1985) suggested that higenamine potenti-
ated the activity of adenylate cyclase.
Analyzing the effect of higenamine on in-
crease in °H-NE release and contractile re-
sponse in rabbit pulmonary artery, it is con-
cluded that higenamine increases neurotransmit-
ter release In the adrenergic nerve system of
rabbit pulmonary artery, possibly through en-
hancement of cyclic AMP level, in addition to
stimulation of presynaptic [ -adrenoceptors.
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