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AbstractU1The effects of clonidine on the negative chronotropic response induced by sti-
mulation of vagus nerve were studied in the presence of propranolol in reserpinized and anes-
thetized rats. When the heart rate was decreased by stimulation of the vagus nerve, clonidine
significantly inhibited vagally induced heart rate decrease (negative chronotropic response)
in dose dependent manner. This inhibitory effect of clonidine was virtually abolished by
phentolamine, o,- and e -adrenoceptor antagonist, and partially antagonized by prazosin,
a;-adrenoceptor antagonist. On the other hand, when the heart rate was decreased by the in-
fusion of bethanechol, a muscarinic parasympathetic stimulant, clonidine had no effect on
the bethanechol-induced heart rate decrease. These results suggest that clonidine inhibits va-
gally induced negative chronotropic response by activation of presynaptic a-adrenoceptors
located on the parasympathetic cholinergic nerve terminal in the heart and this effect of
clonidine is more related to a,-adrenoceptors than «,-adrenoceptors.
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It is generally accepted that the systemic admini-
stration of clonidine causes bradycardic effect and
a biphasic change in mean arterial blood pressure,
an initial transient hypertension followed by a pro-
longed hypotension in experimental animals"?. The
initial hypertensive effect results from stimulation
of postsynaptic vascular e-adrenoceptors'™ and the
subsequent prolonged hypotension is due to the re-
duction in sympathetic discharge induced by sti-
mulation of e-adrenoceptors at the level of brain
stem*”. The sustained bradycardia results from
both the reduction in sympathetic discharge and an
enhanced vagal outflow?®'?, Peripherally, cloni-
dine impairs adrenergic neurotransmission by acti-
vating inhibitory presynaptic o-adrenoceptors. This
feedback mechanism has been extensively studied
by measurement of the release of noradrenaline in
numerous isolated organs*'¥ and intact ani-
n,la1512,15,16).

While there are a considerable number of evi-
dences for the existence of a-adrenoceptors on cho-
linergic nerve terminals in the myenteric plexus, the
activation of which inhibits the release of acetylcho-
line'™2Y, there are few and conflicting reports con-
cerning presynaptic a-adrenoceptors on cholinergic
nerve terminals in the heart. Starke found that the
negative chronotropic response induced by stimula-
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tion of vagus nerve in the isolated rabbit heart was
inhibited by oxymethazoline and naphazoline’. In
contrast, noradrenaline and clonidine failed to in-
hibit bradycardia induced by field stimulation of
isolated guinea-pig atria®. Similarly, clonidine and
methoxamine did not significantly change the out-
put of *H-acetylcholine in the isolated chicken heart
in response to vagal stimulation®. Recently, Wet-
zel et al. reported that exogenous norepinephrine
and epinephrine reduced *H-acetylcholine release
induced by K™ depolarization or by electrical field
stimulation in isolated rat atria previously in-
cubated with *H-choline and the inhibitory effect of
norepinephrine was blocked much more potently
by the a;-antagonists than by the aj,-antagonists.
With these results, they suggested that the adrener-
gic receptors modulating acetylcholine release in the
rat heart are of a,-subtype and that those receptors
are located presynaptically on the vagal neuroeffec-
tor junctions®?”. Similar result was obtained by
Benkirane et al.?®. On the other hand, Loiacono et
al. reported that the release of acetylcholine from
the cholinergic nerve terminals in guinea-pig atria
can be inhibited by a mechanism apparently involv-
ing prejunctional a,-adrenoceptors; however, in
their experimental condition, the negative chrono-
tropic response induced by stimulation of vagus
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nerve in isolated guinea-pig atria was not affected
by the activation of the prejunctional e,-adrenocep-
tors associated with the cholinergic nerve termi-
nal®,

The purpose of the present study was to investi-
gate further whether o-adrenoceptors related to the
inhibition of neurotransmitter release are on para-
sympathetic nerve innervating the heart. For this
study, effect of clonidine, a selective ay-adrenocep-
tor agonist, was examined on the negative chrono-
tropic response induced by stimulation of vagus
nerve or by infusion of bethanechol in reserpinized
and vagotomized rats under urcthane anesthesia.

EXPERIMENTAL METHODS

Male Spraque-Dawley rats weighing 250-300 g
were maintained at a room temperature of 22-24 °C
and given food (laboratory chow, Sam-Yang Co.)
and tap water ad libitum. Reserpine (5.0 mg/kg
i.p.) was administered 24 hr before the experiment
for sympathetic denervation. Under urethane ane-
sthesia (1.2 mg/kg i.p.), the left femoral vein and
right femoral artery were cannulated for infusion of
clonidine and measurement of blood pressure, res-
pectively. Heart rate was recorded via needle elec-
trodes connected to a Hi-Gain coupler (Narco 7180)
and biotachometer on physiograph recorder (Narco
MK-III-P). Blood pressure was simultaneously
recorded from femoral artery by a pressure trans-
ducer (Narco RP-1500) connected to strain gauge
coupler (Narco 7179) on physiograph recorder
(Narco MK-III-P).

For vagal stimulation-induced negative chrono-
tropic response, both vagi were carefully separated
and cut at the cervical level. The distal end of either
vagus nerve was placed on a pair of platinum elec-
trode and stimulated with a train of square waves (3
Hz, 0.5 msec duration, 9 V) every 15 min for 30 sec.
In order to produce bethanechol infusion-induced
negative chronotropic response, bethanechol chlo-
ride (10 g/ kg/min i.v.) was infused through the
right femoral vein for 120 min (infusion rate: 0.15
m// min).

Clonidine (300 1.g/kg) was infused through left
femoral vein for 15 min at a rate of 0.07 m// min wvs-
ing a syringe pump (Sage instruments). Propranolol
(1.0 mg/kg i.p.) was administered 45 min before
the infusion of clonidine to block g-adrenoceptors.
Each antagonist, prazosin (1 mg/kg) or phentol-
amine (3.75 mg/kg) was intraperitoneally admini-
stered 30 min before clonidine infusion.

In these experiments, the inhibitory effect of clo-
nidine on the negative chronotropic response induc-

ed by vagal stimulation or bethanechol infusion was
expressed as percent increase in heart rate, which
was calculated by dividing heart rate increase after
clonidine infusion by the mean heart rate decrease
induced by vagal stimulation or bethanechol infu-
sion before clonidine infusion and multiplying 100.
And blood pressure was expressed as mean femoral
arterial pressure. All values were given as mean +
S.E.M. Student’s r-test was used to test for statis-
tical significance. Differences were taken to be
significant for P<0.05.

The following drugs were used: clonidine (Boch-
ringer-Ingelheim), reserpine (Sigma Co.), phentol-
amine hydrochloride (gifted by Ciba-Geigy), pro-
pranolol (Nakarai Chemicals), prazosin (Pfizer)
and bethanechol chloride (Sigma Co.).

RESULTS

Effects of clonidine on negative chronotropic res-
ponse induced by stimulation of the vagus nerve.
In reserpinized rats (reserpine 5 mg/kg i.p.),
cervical vagal stimulation (0.5 msec duration, 9 V)
caused frequency-dependent decrease of heart rate
in the presence of propranolol (1 mg/kgi.p.) under
urethane anesthesia (1.2 mg/kg i.p.). When the va-
gus nerve was stimulated for 30 sec at 3 Hz, heart
rate was markedly decreased and reached a steady
level within 15 sec. In this process, arterial blood
pressure was also decreased simultaneously (Fig. 1).
The decreased heart rate (negative chronotropic
response) returned to the initial value within 15 min
after cessation of stimulation. This negative chro-
notropic response was sustained for at least 120 min
by the repeated stimulation for 30 sec at an interval
of 15 min. In these experiments, heart rate and
mean arterial pressure before vagal stimulation
were 304.8 + 7.7 beats/min and 81.5 + 2.0 mmHg,
respectively. During vagal stimulation, heart rate
was decreased by 81.7 + 4.4 beats/ min and arterial
blood pressure, by 19.4 = 1.2 mmHg (n = 30).
When clonidine was infused every 30 min for 15
min in cumulative dose schedule, clonidine caused a
dose-dependent inhibitory effect on the negative
chronotropic response induced by vagal stimulation
at 3 Hz: the inhibitions after the infusion of cloni-
dine at an interval of 30 min were 12.7 + 2.4% at 50
©g/kg, 19.5 £ 1.8% at 100 1g/kg, 31.5 £ 3.1% at
300 wg/kg and 37.5 +4.1% at 500 «g/kg (n=6)
(Fig. 2). In response to increasing frequency, the ef-
fect of clonidine (300 «g/kg i.v.) on the negative
chronotropic response was attenuated in a fre-
quency-dependent manner: the inhibitions were
42.9+3.8% at 1 Hz, 34.0+4.2% at 3 Hz and
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A typical recording showing the effect of clonidine on the negative chronotropic response induced by vagal stimula-

tion in the absence (A) and presence (B) of phentolamine.

Rt?st?rpine (&) mg /kg i.p.) was administered 24 hr before the experiment and propranolol (1 mg/kg i.p.) was ad-
mln}stere.d 45 min before the infusion of clonidine. Phentolamine (3.75mg/kg i.p.) was administered 30 min before
the infusion of clonidine (300 1/ kg/ 15min i.v.). Electrical vagal stimulation () was applied at 3 Hz, 0.5msec

duration and 9 V.
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Fig. 2. Effect of doses of clonidine on the negative chro-
notropic response induced by vagal stimulation.
Clonidine was infused for 15 min cumulatively at
an interval of 30 min. Other experimental condi-
tions are the same as those discribed in Fig. 1. Or-
dinate: percent inhibition of negative chronotro-
pic response (NCR: the decreased heart rate in-
duced by vagal stimulation). Abscissa: dose of
clonidine (vg/kg). Each point represents the
mean + S.E. of six experiments.

31.6 +4.7% at 5 Hz (n = 4) (Fig. 3). In further ex-
periment, 300 g/ kg of clonidine was administered
since the experimental animals were not maintained
at regular physiological conditions at higher dose-
level of clonidine (500 #g/kg or more) and the sti-
mulation frequency of 3 Hz was employed since the
decrease of heart rate at 1 Hz was not enough to ex-
amine the effect of clonidine which was expressed
as percent inhibition of negative chronotropic res-
ponse although the inhibitory effect of clonidine on
the negative chronotropic response was more pro-
nounced at 1 Hz than 3 Hz.

Clonidine (300 uzg/kg i.v.) significantly inhibi-
ted the negative chronotropic response induced by
vagal stimulation (Fig. 1,4A): the inhibition were
23.9+6.9% at 15 min, 29.4 +5.0% at 30 min,
36.4 + 4.4% at 45 min and 34.2 + 8.4% at 60 min
(Fig. 4A). Maximum inhibitory effect of clonidine
was attained about 45 min after infusion of clo-
nidine. Prior to the vagal stimulation, initial blood
pressure was increased temporarily and reached
maximum in 20 to 30 sec after clonidine infusion,
and it was almost returned to the initial level
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Fig. 3. Relationship of the stimulation frequency and

clonidine effect on the negative chronotropic res-
ponse induced by vagal stimulation.
Clonidine (300 «g/kg i.v.) was infused for 15
min. The stimulation conditions except frequency
were fixed at 0.5 msec duration and 9 V. Other ex-
perimental conditions are the same as those discri-
bed in Fig. 1. Ordinate: the same as Fig. 2. Ab-
scissa: frequency of stimulation (Hz).

within 30 min. Clonidine did not affect the subse-
quent blood pressure (Table I, Fig. 4B).

Effects of phentolamine and prazosin on inhibition
of the vagally stimulated negative chronotropic res-
ponse by clonidine

In order to determine whether the inhibitory ef-
fect of clonidine on vagal stimulation-induced
negative response involved e-adrenoceptor activa-
tion, the effect of clonidine was investigated in the
presence of e-adrenoceptor antagonists. When
phentolamine (3.7 mg/kg i.p.) or prazosin (1
mg/kgi.p.) was administered 30 min before the in-
fusion of clonidine, the inhibitory effect of cloni-
dine on the negative chronotropic response induced
by the vagal stimulation was virtually abolished by
phentolamine, e;-and e,-adrenoceptor antgonist,
whereas it was partially antagonized by prazosin,
a;-adrenoceptor antagonist. The inhibition of nega-
tive chronotropic response induced by clonidine
was reduced by 45.1% in the prazosin-treated rats
(Table I, Fig. 4A). With respect to blood pressure,
initial blood pressure was almost completely in-
hibited by phentolamine and partially by prazosin.
The increase of initial blood pressure induced by
clonidine was reduced by about 81.9% in the phen-
tolamine-treated rats and by about 59.5% in the
prazosin-treated rats (Table I).

Effects of clonidine and phentolamine on negative
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Fig. 4. Effect of clonidine on the negative chronotropic
response induced by vagal stimulation (A) and the
mean arterial blood pressure prior to vagal stimu-
lation (B).

Clonidine (300 «g/kg i.v.) was infused for 15
min. Phentolamine (3.7 mg/kg i.p.) or prazosin
(1 mg/kg i.p.) was administered 30 min before
the infusion of clonidine. Other experimental
conditions are the same as those discribed in Fig.
1. Ordinate A: the same as Fig. 2, B: change of
mean blood pressure (mmHg). Each point repre-
sents the mean + S.E. O~ O: saline (n=25),
® — o : clonidine (n =7), W - M: clonidine after
prazosin (n = 4), & — 4 : clonidine after phentol-
amine (n =4), *P<0.05 and **P<0.01, com-
pared with corresponding control rats (saline

group).

chronotropic response induced by infusion of be-
thanechol

To determine whether inhibitory effect of cloni-
dine on the negative chronotropic response induced
by vagal stimulation was caused by a blockade of
the action of released acetylcholine on muscarinic
receptors in the myocardial effector cells, the in-
fluence of clonidine on the negative chronotropic
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Table I. The effect of -adrenoceptor antagonists on inhibition (%) of the vagally stimulated negative chronotropic res-
ponse and increase of mean arterial pressure (mmHg) by clonidine (300 ug/kg i.v. infusion for 15 min).

Saline Clonidine Clonidine Clonidine
n=>5) 300 1g/kg 3001g/kg 300ug/kg
n=7! + Phentolamine? + Prazosin®
3.75 mg/kg 1 mg/kg
=4 @=2
Inhibition (%) of negative
chronotropic response’
3 Hz -5.8+3.4° 36.4 + 4.48 0 +6.38% 20.0 +5.47
Mean arterial pressure
Initial increase* 8.8+3.3 56.5 + 6.6° 102 £3.78 229 +3.08
Subsequent decrease’ 0.7+2.4 0.6 +2.7 -3.4+4.110 -2.9+0.510

! n = number of rats.

2 The antagonists were administered 30 min before the infusion of clonidine.

3 Percentage change of inhibition of negative chronotropic response 45 min after infusion of clonidine.
45 Changes in mean arterial pressure (mmHg) 20 sec and 45 min after infusion of clonidine, respectively.
6 Statistical significance from control (Saline group) : $P<0.01

7.8 Statistical significance from clonidine alone: 7P<0.05, 8P<0.01

9 Increase in the negative chronotropic response.

10 Subsequent increase in the arterial pressure though these values were not significant.

response induced by bethanechol infusion was ex-
amined. After the start of infusion of bethanechol
(10 x#g/kg/min), heart rate gradually decreased
(negative chronotropic response), reached a steady
level within 60 min and this level was maintained
for at least 120 min. In this experiment, heart rate
and mean arterial pressure before the infusion of
bethanechol were 291.2+ 5.5 beats/min and
81.1 + 2.5 mmHg, respectively. 60 min after the in-
fusion of bethanechol, heart rate was decreased by
86.4 + 6.7 beats/min and arterial blood pressure,
by 5.5 + 1.9 mmHg 3 min after infusion of betha-
nechol (n = 15).

When clonidine (300 #g/kg i.v.) was infused for
15 min at 60 min after the infusion of bethanechol,
clonidine did not provide any inhibition against be-
thanechol-induced negative chronotropic response.
Furthermore, clonidine enhanced the negative
chronotropic response though it is not significant
(Fig. 5A, Table II). During the clonidine infusion,
initial blood pressure also increased temporarilly
and reached maximum in 20 to 30 sec after the in-
fusion of clonidine and it was almost returned to
initial level within 15 min. Clonidine slightly decrea-
sed subsequent blood pressure though it did not
have statistical significance (Table 1I, Fig. 5B).
When phentolamine (3.75mg/Kkg i.v.) was admini-
stered 30 min before the infusion of clonidine, ini-
tial blood pressure was virtually abolished while

heart rate and subsequent blood pressure were not
affected by treatment of phentolamine (Table II,
Fig. 5A,B).

DISCUSSION

Parasympathetic transmission may be inhibited
by a decrease of the release of acetylcholine from
preganglionic or postganglionic nerve ending, or by
a blockade of the action of released acetylcholine
on ganglionic or myocardial receptors??,

The negative chronotropic response induced by
low frequency of vagal stimulation was significantly
inhibited by clonidine in dose dependent manner
(Fig. 2,3), whereas the negative chronotropic res-
ponse induced by infusion of bethanechol, a mus-
carinic parasympathetic stimulant, was not decrea-
sed by clonidine (Fig. 5A, Table II). Therefore,
clonidine seems to inhibit parasympathetic trans-
mission in the rat heart not by a blockade of the ac-
tion of liberated acetylcholine on muscarinic recep-
tors of the myocardial effector cells, but by a de-
crease of the liberation of acetylcholine from pre-
and/or postganglionic cholinergic nerve endings.
No effort was made to distingusih between these
possibilities. In this experiment, the inhibitory ef-
fect of clonidine on the negative chronotropic res-
ponse induced by stimulation of vagus nerve was
virtually abolished by phentolamine, «,- and
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Fig. 5. Effect of clonidine on negative chronotropic res-

ponse (A) and the mean blood pressure (B) induc-
ed by the infusion of bethanechol.
Sixty minutes after the start of infusion of betha-
nechol (10 ug/kg/min i.v.), clonidine (300
g/ kgi.v.) was infused for 15 min. Phentolamine
(3.75 mg/kg i.p.) was administered 30 mip before
the infusion of clonidine. Other experimental
conditions are the same as those discribed in Fig.
1. Each point represents the mean + SSE. O~ 0:
saline (n =5), ® — @ ; clonidine (n =4), A-a:
clonidine after phentolamine (n = 6). *P 0.05,
compared with corresponding control rats (saline
group).

a,-adrenoceptor antagonist, whereas it was partially
antagonized by prazosin, a;-adrenoceptor an-
tagonist (Fig. 4A, Table I). These results are consi-
dered to suggest that the effect of clonidine would
be more related to a,-adrenoceptors than a;-ad-
renoceptors since clonidine has a higher affinity for
ay-adrenoceptors than a,-adrenoceptors'*'?, Influ-
ence of sympathetic nerve function does not appear
to be involved in the inhibitory effect of clonidine
since sympathetic nerve was denervated by reser-
pine and p-adrenoceptors were blocked »v propra-

nolol. Clonidine has little effect on ganglionic
transmission?’®, suggesting that clonidine produc-
ed inhibitory effect on the vagally induced negative
chronotropic response by acting at #-adrenoceptors
which are located on the postganglionic parasympa-
thetic nerve terminal in the heart.

There are conflicting reports concerning pre-
synaptic e-adrenoceptors on cholinergic nerve ter-
minals in the heart. Starke reported that the nega-
tive chronotropic response induced by stimulation
of vagus nerve in the isolated rabbit heart was in-
hibited by the e-adrenoceptor agonists oxymetazo-
line and naphazoline?. In contrast, in isolated gui-
nea-pig atria, noradrenaline and clonidine failed to
inhibit bradycardia induced by field timulation®.
Recently, Wetzel et al. reported that exogenous
norepinephrine and epinephrine reduced *H-acetyl-
choline release induced by K* depolarization or
electrical field stimulation in isolated rat atria pre-
viously incubated with *H-choline and the inhibi-
tory effect of norepinephrine was blocked much
more potently by the e,-antagonists than by the
a,-antagonists. With these results, they suggested
that the adrenergic receptors modulating acetylcho-
line release in the rat heart are of a,-subtype”>".
On the other hand, Loiacono et al. reported that
the release of acetylcholine from the cholinergic
nerve terminals in guinea-pig atria can be inhibited
by a mechanism involving prejunctional « ,-adreno-
ceptors®.

Clonidine has been shown to inhibit cholinergic
transmission by activation of presynaptic «j-ad-
renoceptors in the myenteric plexus in various pre-
paration, with ECs, values in the range of 4 to 100
nmol/ '®1%3D however, clonidine had no effect on
the stimulation-induced efflux of the radioactivity
from isolated atria®?®, Clonidine is generally
considered to interact with both a,-and a,-adreno-
ceptors as a partial agonist though it has a higher
affinity for a,-adrenoceptors than «;-adrenocep-
tors'*181%3  The intrinsic activity of clonidine in
most studies is approximately 0.5 compared to that
of norepinephrine (intrinsic activity = 1)***?.
Therefore, it is possible that the lack of effect of
clonidine is due simply to its low intrinsic activity at
the receptors modulating acetylcholine release®™. In
our experimental conditions, the negative chrono-
tropic response to stimulation of vagus nerve was
significantly inhibited by clonidine in the dose
range of 100 to 500 ug/kg i.v. (Fig. 2). Thus, it is
possible that cardiac preparations require higher
doses of clonidine than external gland (from 10 to
60 g/ kg i.v.)*"*¥ and myenteric plexus in order to
activate presynaptic e-adrenoceptors.
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Table I1. The effect of phentolamine on inhibition (%) of the bethanechol-induced negative chronotropic response and
increase of mean arterial pressure (mmHg) by clonidine (300 .g/Xg i.v. infusion for 15 min).

Saline Clonidine Clonidine
(n=5) 300 g/ kg 300ug/kg
(n = 4)! + Phentolamine?
3.75 mg/kg
(n=6)
Inhibition of negative
chronotropic response?
bethanechol (10 ug / kg / min infusion) -11.0 +7.08 -20.9 +2.48 -19.3 +4.98
Mean arterial pressure
Initial increase? 82+17 20.3 £2.08 5.8+1.97
Subsequent decrease’ -4.8 +3.1° 4.5+4.2 -4.7+1.8°

17 Same as Table 1.
8

Increase in the negative chronotropic response though these values were not significant.

9 Subsequent increase in the arterial pressure though these values were not significant.

With respect to blood pressure, prior to vagal
stimulation initial blood pressure was increased
temporarilly and reached maximum in 20 to 30 sec
after clonidine infusion, and it was almost returned
to initial level within 30 min. This initial blood pres-
sure was almost completely inhibited by phentol-
amine and partially by prazosin (Table I, Fig. 4B).
On the other hand, during bethanechol infusion in-
itial blood pressure was also increased temporarilly
and reached maximum in 20 to 30 sec after infusion
of clonidine and it was almost returned to initial
level within 15 min. This initial blood pressure was
also virtually abolished by pretreatment of phen-
tolamine (Table II, Fig. 5B). The hypertensive
response to clonidine is due to a peripheral action
on c-adrenoceptors as it is abolished by a-blocking
agent and not by reserpine”. In the present experi-
ment, initial hypertensive response to clonidine in
reserpinized rat was abolished by e@-adrenoceptor
antagonist, indicating that it is due to a peripheral
action on a-adrenoceptors. The hypertensive effect
of clonidine was more prolonged in reserpinized
rat. This prolonged response could have been due
either to a development of denervation supersen-
sitivity in peripheral a-adrenoceptors or it may
represent an action of clonidine on the peripheral
a-adrenoceptors unopposed by the hypotensive ef-
fect of the drug®. No effort was made to distinguish
between these possibilities.

In summary, the negative chronotropic response
induced by low frequency of vagal stimulation was
significantly inhibited by clonidine in dose depen-
dent manner, whereas the negative chronotropic
response induced by infusion of bethanechol, a

muscarinic parasympathetic stimulant, was not de-
creased by clonidine. These results suggest that clo-
nidine inhibits vagally induced negative chronotro-
pic response by activation of presynaptic a-adreno-
ceptors located on the parasympathetic cholinergic
nerve terminal in the heart and this effect of cloni-
dine is more related to ey-adrenoceptors than ¢;-ad-
renoceptors. The transient hypertensive effect dur-
ing infusion of clonidine seems to be mediated by
postsynaptic vascular e-adrenoceptors.
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