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Effects of GABA, Diazepam and Baclofen on
Reflex Bradycardia in Rats

C.H.CHEN,C.P. YANG, C. . HUANG, W. B. LIN, Y. H. KAO,
H. J. Liu and *T. SHIBUYA

ABSTRACT

The effect of GABA, diazepam and baclofen on epinephrine-induced
reflex bradycardia was studied in pentobarbital-Na anesthetized rats. Intra-
venous injection of epinephrine (1.5 ug/kg) resulted in marked hypertension
and bradycardia. It was observed that in rats given epinephrine (1.5 ug/kg
iv.) 15-30 mins after a prior intracerebroventricular (i.c.v.) administration
of either GABA (10-100 ug), diazepam (1-10 ug, a GABA 4 agonist) or
baclofen (0.07-0.25 ug, a GABAg agonist) showed an enhanced epinephrine-
induced reflex bradycardia as compared to the control group (saline i.c.v.
injected). Pretreatment of animals with GABA, diazepam and baclofen,
however, did not influence the effects of epinephrine on arterial blood
pressure. The result thereby indicates that within the brain, GABA-sensitive
cells and GABA receptor, both GABA 4 site and GABAg site, are involved
in the regulation of cardiovascular function and may act through a central
mechanism to enhance the vagal tone and[or attenuate the preganglionic
sympathetic efferent activity which may lead to potentiation of the reflex
bradycardia.

Alterations of <vy-aminobutyric acid
(GABA)-mediated transmission are probably
involved in neurological disorders such as
Parkinson’s disease, Huntington’s chorea,
epilepsy, as well as some other behavior
disorders“’z). Recently, enough experi-
mental evidence has accumulated to suggest
that the GABAergic system within the brain
form essential links in the central regulation

-of cardiovascular function. For example,

it has been shown that direct administra-
tion of GABA into brain ventricles or onto
the ventral surface of the medulla or
localized sites in the medial reticular forma-
tion resulted in reduced blood pressure and
heart rate(3:45), Clinically, there are many
drugs of therapeutic importance which
can directly influence GABA-mediated
neurotransmission. These drugs include the

barbiturates, benzodiazepines, baclofen and
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valproate, all of which may enhance GABA
function. Although their pharmacologic
properties have been well studied, there
appears to be little information on the effect
of these drugs on arterial baroreceptor
functions. In our present study, rats were
used to assess the effects of exogenous
administration of GABA and its agonists
such as diazepam and baclofen on epine-

phrine-induced bradycardia.
METHODS AND MATERIALS

Male Wistar rats weighing about 250 g
were used. Prior to experiment, these
animals had been housed in a controlled
light and temperature environment. They
were given free access to tap water and
granular chicken feed supplied by Taiwan
Sugar Corporation. On the day of experi-
ment, prior to injection of the drug into the
lateral cerebral ventricle, the rats were put
under general anesthesia (sodium pento-
barbital 30 mg/kg i.p.) and implanted with
cannulae. The implantation of cerebroventri-
cular cannulae was carried out according
to the De Groot(®) coordinates: AP, 4.8;
L, 2.5 and H, 3.0 mm. The cannulae were
constructed by connecting a 10 ul Hamilton
syringe via PE 10 tubing. During surgery,
the carrect positioning of each guide tube
was verified by the rapid flow under
gravitym of saline into the lateral cerebral
ventricle. To monitor blood pressure and
to administer intravenously, rats were
implanted with polyethylene catheters (PE-

50 tubing) through the left femoral vein’

and artery. The implanted arterial lines

were attached to blood pressure transducers
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(Gould, type P231D) for continuous record-
ing of blood pressure. Heart rate was
monitored with a Gould Biotach amplifier.
All recordings were performed with a four-
channel Gould 2400S polygraph(s). Rectal
temperature was maintained at 37.5%0.5°C
throughout the course of the experiments
by irradiation with infrared light.

All solutions were prepared in pyro-
gen-free glass-ware baked at 180°C for
5 hr before use. GABA (Sigma), diazepam
(Hoffmann-La, Roche) and baclofen (Ciba-
Geigy) was freshly prepared in 0.9% saline
for intracerebroventricular (i.c.v.) adminis-
Epinephrine  (USP) (Retired

Pharmaceutical Plant of

tration.
Servicemen’s
Taiwan) was administered intravenously
(i.v.) by way of the femoral vein(9), Appro-
priate saline-injected controls were always
run simultaneously. Subsequent results were
then statistically evaluated by Fisher’s t-
test.

RESULTS

After administration of GABA (10-
100 ug), diazepam (1-10 ug) or baclofen
(0.01-0.25 pug) into the lateral cerebral
ventricle, the resting blood pressure (BP)
and heart rate (HR) showed immediate
change. The cardiovascular responses re-
covered 15-30 mins after treatment of drug
and there was no significant difference
compared with saline i.c.v. injected group
(Fig. 1, 2, 3, between the columns). In
saline-injected animals, intravenous adminis-
tration of epinephrine (1.5 wg/kg) elicited
marked hypertension and bradycardia (Fig.
1A, 2A, 3A). However, rats which were
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4 Fig. 1. Effect of i.c.v. injecfion of GABA on the Fig. 2. Effect of i.c.v. injection of diazepam on
bradycardia response to i.v. administration the bradycardia response to i.v. admini-
of epinephrine (1.5 ug/kg). Resting values stration of epinephrine (1.5 ug/kg).
for mean blood pressure (mmHg) and Resting values for mean blood pressure
mean heart rate (beats/min) are given (mmHg) and mean heart rate (beats/
between the column (*S.E.). Maximal min) are given between the column
changes induced by i.v. injection of (+S.E.). Maximal changes induced by i.v.
epinephrine are given by the columns as injection of epinephrine are given by the
mean *+ S.E. of 10 animals. A: saline- columns as mean * S.E. of 10 animals.
treated; B: GABA 10 ug,C: GABA 30 ug, A: saline-treated; B: diazepam 1 ug, C:
D: GABA 100 ug treated. *SignificantFy diazepam 3 ug, D: diazepam 10 ug treated.

g different from saline-treated group, at *Significantly different from saline-treated
p < 0.05. group, at p < 0.05.
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given epinephrine (1.5 ug/kg i.v.) 15-30
mins after a prior i.c.v. injection with
GABA (10-100 ug, Fig. 1), diazepam (3-10
ug, Fig. 2) or baclofen (0.01-0.25 ug, Fig.
3) (i.e. at the time when effects of these
drugs on BP and HR had already recovered),
exhibited bradycardia to a greater extent
when compared to saline injected rats
(p < 0.05, Fig. 1, 2, 3, lower columns).
Pretreatment of animals with GABA,
diazepam and baclofen, however, did not
influence the effects of epinephrine on
arterial blood pressure (Fig. 1, 2, 3, upper

columns).
DISCUSSION

The arterial baroreflex system s
regarded as one of the most powerful
and rapidly acting homeostatic mechanisms

for regulating blood pressure. An increase

in arterial ‘pressure stretches the baro-

receptors located in the carofid sinus, aortic
arch and other large central arteries. Signals
from these are transmitted to the brain
stem and hence back to the autonomic
nervous system to reduce the sympathetic
discharge and to increase the vagal discharge;
both effects slow the heart rate and dilate
the peripheral blood vessels thus restoring
the blood pressure to normal range“o).
The central baroreceptor arc is polysynaptic,
with the first synapse located in the nucleus
tractus solitarii (NTS), and

neurons interposed between the NTS and
(11,12)

inhibiting
the cardiovascular center It is gener-
ally accepted that the central baroreceptor
arc contains serotonergic, dopaminergic and
noradrenergic neurons. For example, activa-
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tion of serotonergic receptors within the
brain was found to depress adrenaline-
induced bradycardia, whereas inhibition of
these central serotonergic receptors faci-

litated adrenaline-induced bradycardia(w’

14) Blockade of dopaminergic receptors
in the brain with either dopamine receptor
antagonists or by destruction of dopamine
neurones caused a significant reduction in

(15,16) 1n contrast, activa-

reflex bradycardia
tion of dopaminergic receptor in the brain
with either dopamine receptor agonists
or by electrical stimulation on the rabbit,
both noradrenergic and serotonergic neurons
within_the brain had been shown to partici-

pate in central baroreceptor-heart rate reflex
(17,18)

. pathways . Recently, as mentioned

during introduction, evidence suggests that
GABAergic mechanisms are involved in the
regulation of cardiovascular function. It was
also implicated that GABA19) acted direct-
ly or indirectly on central monoaminergic
neuron to influence their brain contents
and activities. According to the review of
Bowery et aI.(2°), receptors for GABA
in the mammalian brain are not homogen-
ous, at least, two classes are known and
have been designated GABA4 and GABAp
sites respectively. The GABA4 sites re-
present all classical bicuculline-sensitive
sites whereas GABAp sites are not affected
by bicuculline and do not recognize many
of the accepted GABA-mimetics such as
isoguvacine and 3-aminopropanesulphonic
acid. With regards to influence on membrane
permeability, GABA4 receptors are linked
to chloride ion channels such that activa-
tion of the receptor increase the conduc-

tance of chloride across the neuronal mem-



brane, whereas GABAp site is unlikely
to be associated with a chloride channel
mechanism but possibly linked to a species
of calcium ion channel. Sedative benzo-
diazepines are the group capable of enhanc-
ing the binding of GABA to the GABA4
recognition site or increasing the lifetime
of GABA activated chloride channels.
On the contrary, baclofen (a muscle-
relaxant) activates the GABAp site thereby
producing its pharmacologic activities. The
present results showed that direct adminis-
tration of either GABA, GABA,4 agonist
(diazepam) or GABAp agonist (baclofen)
into the lateral cerebral ventricle caused
an enhancement of epinephrine-induced re-
flex bradycardia, although the responses
in arterial pressure were no different from
those of the control. Thus, our result in-
dicate that both the GABA-sensitive cells
and GABA receptor, (including GABA4
site and GABAp site) within several brain
regions are involved in the regulation of
cardiovascular function and act through
a central mechanism to enhance the vagal
tone and/or to attenuate the preganglionic
sympathetic efferent activity that serve to
potentiate reflex bradycardia. Our previous
results(g) demonstrated that microinjection
of GABA into the ventrolateral medullary
area — where serotonin cells of the B; and
B; groups were located(2V) — produced a
decrease in both mean arterial pressure
and heart rate but enhanced epinephrine-
induced reflex bradycardia. Needless to
say, further investigations would be neces-
sary to a better understanding of the intri-
cate relationships between the serotonergic

neuron, the catecholaminergic neuron, and

7"
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the GABA-sensitive neurons in their regula-

tion of cardiovascular function.
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