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Effects of microinjection of melatonin and its receptor antagonists
into anterior hypothalamic area on blood pressure and heart rate in

rats!
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ABSTRACT

ATM: To examine the effects of microinjection of
melatonin and its receplor antagonists into the anterior
hypothalamic area (AHA) on blood pressure (BP) and
heart rate (HR) in nomotensive and stress-induced
hypertensive rats. METHODS: Melatonin and its
receptor antagonists were microinjected into the AHA,
then BP, mean arterial pressure {MAP), and HR were
synchronously recorded. RESULTS: Microinjection of
melaionin produced a fall in MAP.  Prazosin, an
antagonist of melatonin ML, receptor, could not
antagonize the depressive response induced by melatonin.
While luzindole, a competitive antagonist of melatonin
ML, receptor, was able to almost completely prevented
the depressive response induced by injection of
melatonin, CONCLUSION: Melatonin acts as a
hypotensive factor and the effects are mainly due to
activation of ML; receptors in mat brain, and the AHA
may be one of the important central areas where melatonin
can exert modulatory effects on BP and HR.

INTRODUCTION

Melatonin, one of the pineal hormones, has been
found to play a role in the mechanism of cardiovascular
regulation. The nocturnal increase of melatonin seems to
show an inverse temporal relation with the decrease of
cardiovascular activities'V. It has been shown that
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surgical removal of the pineal gland elevated blood
pressure in anaesthetized rats'> and a modest hypertension
(20 mmHg) has been described in unanzesthetized rats
after electrocoagulation of pineal glandm . A decrease in
serum melatonin concentration in essentially hypertensive
patients'®’ or in spontaneously hypertensive rats (SHR)'®
has been reporied. The hypotensive effect of melatonin
has been observed in patients with essential hyper-
tension'® or in rats with spontaneous hypertension'” . In
rats, melatonin is able to prevent cardiac arthythmia
induced by ischemia and/or reperfusion'®’, decrease
arterial pressure and heart rate®'), regulate blood flow
o the brain'’, and modify peripheral artery
responsiveness (0 norepinephrine!’?’ . There are many
reports related to the peripheral mechanism of the
antihypertensive effects of melatonin, but only rarely do
papers describe the mechanism in the central nervous
system (CNS) where melatonin receptors were found!'® .
It has been proposed that melatonin may act as an
endogenous hypotensive Iactor, possibly by stimulating
central inhibitory adrenergic pathways'®#). It has been
eported that intravenous administration of melatonin
decreased serotonin release in the anterior hypothalamic
area{ AHA) and resulted in sympathetic inhibition which
led to hypotension in rast'”. The AHA has been
postlated as a site of action for melatonin''>.
Therefore, in the present study, we tested the effect of
melatonin and its receptor antagonists microinjected into
the AHA on blood pressure (BP) and heart rate (HR).

MATERIALS AND METHODS

Animal preparations  Experiments were per-
formed on male Sprague-Dawley (SD) rats (Grade [T,
10 - 12 weeks old, 300 g+20 g, Animal Department of
Medical Center of Fudan University, No 02-22-2). Rats
were divided into two groups, one group animals were
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put individually into the cages provided with the electric
grid floor through which electric foot-shocks of 75 - 150
V and 50 - 100 ms duration were delivered from a steady
voltage power at an interval of 2 —30 s varied at random
and controlled by a computer, When lhe electric foot-
shocks were given, the animals were frightened by both
somatic and mental stress. In order to enhance the
mental stress and avoid too much somatic stimulation, a
noise (88 - 98 db, 50— 100 ms) produced by a buzzer
was combined synchronously to form a conditioned
reflex.  Once the conditioned reflex had been
established, the animals were stimulated only by the noise
instead of by foot-shocks. However, the conditioned
reflex to the noise would attenuate gradually, In order to
strengthen the conditioned reflex., the foot-shocks showld
be given at irregular intervals dependent on the rat
response to the conditioned stimulation. The animals
received the stress twice daily (2 hx 2), which lasted 15
d. The pretreatment of foot-shocks and noises increased
the BP of the animals by about 3 kPa. Another group of
the rats, as a control group, received the sham stress,
they were put into the same cage at the same time, but
without any foot-shock and noise. The BP of this group
animals remained normal.

Then the two groups of rats were anesthetized with a
mixmre of vrethane and chloralose (700 mg/kg and 35
mg/kg, ip}. 'The trachea was intubated first with a
polyethylene tube, and the animal breathed room air
spontanously.  The carotid artery was cannulated for
continuous  measuremient  of  arterial  pressure. A
poiygraph ( RM6000, Nihon Kohden, Japan} was used
for simultaneous recording of BP, mean arterial pressure
{MAP), and HR, During the experiment, the rectal
temperature was detected and kept at 37 ~38 T.

Brain microinjection The animal was placed on
a stereotaxic frame (SN-3, Narishige, Japan). After
scalp incision and burm hole were made in the skull,
according to the atlas of Paxinos and Wason™, a
stainless steel tube (outside diameter .20 mm) was
unilaterally inserted into the AHA (1.30 - 1.80 mm
behind the bregma, 0.5~ 1.0 mm left or right to the
sagiltal suture and 8.0 — 9.0 mm depth from the skull
surface) . The drugs were applied with a microinjector in
an amount of 0.1 pL at a constant rate within 1 min.

Drugs Melatonin, prazosin, and luzindole were
obtained from Sigma Chemical Company ( USA) and
were dissolved in 0.1 % ethanol saline. The vaives of
pH of the above solutions were 7.0.

Identification of brain sites for microinjec-
ton At the end of each experiment, the sites of
microinjection were marked by pontamine sky blue.
Afier the brain had been fixed with 10 % formalin for 7
d, frozen cross sections (40 pm) were made. The
actual sites of microinjection were identified according to
Paxinos and Watson'*% (Fig 1)

Bregma -1.30 mm

Fig 1. The location of the microinjection of drugs
{melatonin, its receptor antagonists, and vehicle of
0.1 % ethanol). The black circles and open triangies
indicate the effective and ineffective sites respectively.
3V: 3rd ventrical; AHA: anterior hypothalamic area;
LH: lateral hypothalamic area; mfb: medial forebrain
bundle; ox: optic chiasm; Pe: periventricular hypotha-
lamus nucleus; RCh: retrochiasmatic area; SCh;
suprachiasmatic nucleus.

Statistical analysis All data were expressed as
¥ =5, n represents the number of rats.  Statistical
analysis was performed with ANOVA ( analysis of
variance) . Two-way ANOVA was used for comparison
of the effect before and after administration of drugs in
different time, and one-way ANOVA was used for
comparison of the effect between the groups with different
drugs and their comesponding control groups. When the
resutis were significant, Dunnett’s test was performed 10
assess the significance of the differences.
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RESULTS —+ Control
Melatonin (1.0 mmol/L
Effects of microinjection of melatonin into l &~ Melatonin (1.0 mmolL)
the AHA on MAP and HR Melatonin was micro-
injected into the AHA in nermotensive (the sham stress)
-
rats and stress-induced hypertensive rats, respectively, e
In normotensive rats, administration of melatonin at E
different concentrations caused depressive  response ) I
immediately but to different extents (Fig 2). Melatonin of cfrerfefelcpcpefef
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0.1 mmol/L decreased MAP from the control level of 5 4 0 4 8 1216 20 24 25 33 36 40
(13.2+0.7) kPa to its minimum level of (11.9%0.7) Time/min
kPa (P <0.01) and lasted about 15 min, while at the
Fig 3. Effects of microinjection of (.1 % ethanol,

concentration of melatonin 1.0 mmol/L, MAP decreased
from the control level of (13.5 + 0.6) kPa to its
minimum level of (11.4 £ 0.5) kPa ( P < 0.01) and
lasted about 20 min. The changes in HR were not

significant.
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Fig 2. Effects of microinjection of 0.1 % ethanol (n =
6}, melatonin 0.1 mmol/L (n=7) or 1.0 mmol/L (n =
6) into the AHA on MAP in normotensive rats. The
downward arrow indicates the start of the microin-
jection. % +s. P<0.05, P<0.01 vs the baseline
before administration. P <0.01 vs control.

In stress-induced hypertensive rats, melatonin at a
concentration of 1.0 mmol/L {n =6) decreased MAP
from the control level of (16.7£0.7) kPa to the level of
(13.9£0.7) kPa (P <0.D1) and lasied about 30 min
(Fig 3). The changes in HR were not significant.

As a control, after 0.1 % ethanol (n = 6) was
microinjected into the AHA, there was no significant
change on MAP and HR ( P > 0.05). Nevertheless,
there werte significant differences in the above cardio-
vascular activities between groups of melatonin admini-
stration and the group of ethanol administration { P <
0.01) (Fig 2 and 3).

melatonin 1.0 mmol/L into the AHA on MAP in srtess-
induced hypertensive rats. The downward arrow
indicates the start of the microinjection. n#=5. %+
s. ‘P<0.01 vs the baseline before administration.
P <9Q.01 vs control.

Effects of prazosin microinjected into the
AHA on the depressive response of melatonin
Effect of prazosin, an ML, receptor antagonist, on the
melatonin-induced depressive Tesponses was tested in
normotensive rats.  No significant changes in MAP and
HR were seen in the group of rats ireated with prazosin
(10 mmol/L). In the other group, at 10 min after
administration of prazosin (10 mmol/L), melatonin (0.1
mmol/L) was microinjected into the same site. With
the presence of prazosin, melatonin retained its ability to
reduce MAP to the same extent as observed in the group
of rats treated with melatonin alone. It was reduced
from its control level of (13.2 x 0.8) kPa w0 its
minimum level of {11.8 £0.8) kPa (P < 0.01) and
lasted about 15 min (Fig 4), the changes in HR were not
significant.

Effects of luzindole microinjected into the
AHA on the depressive response of melatonin
Effect of luzindole, competitive antagonist of melatonin
ML, receptor, on the melatonin-induced depressive
response Was tested in normotensive rats.  In rats treated
with Juzindole (10 mmol/L), no significant alteration in
either MAP or HR was observed (£ > 0.05), In the
other group, at 10 min after administration of luzindole at
the same concerctration, melatonin (0.1 mmol/L) was
microinjected into the same site, decreases in MAP were
not observed.  Pretreatment with luzindole into the AHA
almost completely prevented the depressive pesponses
induced by following injection of melatonin 0.1 mmol/L
(P> 0.05) (Fig 5), the changes in HR were not
significant.
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Fig 4. Effects of microinjection of prazesin (10 mumol/
L) and melatonin (0.1 mmol/L) with the pretreatment
of prazosin into the AHA on MAP in nermotensive rats.
The downward arrow indicates the start of the
microinjection of prazosin (P) in the control group, the
upward arrows indicate the start of the microinjection
of prazosin (P) and melatonin (M), respectively, in
the group of melatonin admininstration. n=7. x%

5. W<0.05, P<0.01 vs the baseline before
administration. P <0.01 vs control.
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Fig 5. The effects of microinjection of luzindole (10
mmol’'L, } and melatonin { 0.1 mmol/L ) with

pretreatment of luzindole inte the AHA on MAP in
normotensive rats. The downward arrow indicates the
start of the microinjection of luzindole (L} in the group
of control. The upward arrows indicate the start of the
microinjection of luzindole (L) and melatonin (M) in
the group of melatonin administration. n=6. *=xs.

DISCUSSION

The present study showed that microinjection of
melatonin into the AHA produced a fall in MAP in rats
with urethane and chloralose anesthesia, administration of
an antagonist, prazosin, could not antagonize the
depressive responses induced by melatonin, while
luzindole could almost completely prevent the depressive
responses induced by injection of melatonin.  The results

suggest that melaionin, one of the main pineal hormones,
participates in the regulation of cardiovascular function as
a hypotensive factor in the CNS.

Indeed, several laboratories have reported that male
SD rats develop hypertension following pinealectomy™ .
Pinealectomy-induced hypertension can be prevented by
oxypertine, a certainly acting adrenergic blockade with a
5-methoxyindole structure resembling melatonin!™* . In
addition, melatonin was shown to reduce blood pressure
in human beings'”’ and in intact!'”’, pincalectomized
7, and SHR.
melatonin concentration in the nocturnat serum of SHR
was elevated at the prehypertensive stage, while it
decreased afier the development of hypertension when
compared with age-matched nommotensive Wistar-Kyoto
(WKY) ruis'®.  Some more recent reports showed that
oral administration of melatonin (1 mg) was able to
reduce blood pressure, influence artery blood flow, and
blunt noradrenergic activation in healthy men!™® and
18] It jndicates that melatonin may blunt the
cardiovascular may both
physiopathologic and  clinical implications.  These
observations support the possibility that the pineal gland
may play a role in cardiovascular control and that an
abnormality in melatonin secretion might produce
hypertension.

In fact, it has been proposed that melatonin may act
as an endogenous hypotensive factor, possibly by
stimulating central inhibitory adrenergic pathwayst't).
After pinealectomy adrenal steroid level increased®
Indeed, melatonin-induced hypotension was abolished by
pretreatment  with spinal transaction, while melatonin-
induced bradycardia was abolished by pretreatment with
bilateral vagotomy in rats under general anesthesia. It is
also demonstrated that melatonin decreases brain ( AHA
and corpus striatum) serofonin release and results in a
decrease in sympathetic efferent activities or an increase in
vagal tone which leads to a decrease in arterial pressure in

ra Furthermore, it was found that

women

aclivities  and have

ratst0)

The AHA of rat brain is a site of central
cardiovascular regulation functioning as an integrative
center®’, [ 2% 1]iodomelatonin binding sites were
found over the AHA® . In the cument resuls,
microinjection of melatonin inio the AHA caused a
decrease in MAP. These results indicate that melatonin
acts as a hypotensive factor and the AHA may be one of
the important central areas where melatonin can exerl
modulatory effects on cardiovascular activities.

The mechanism of action of melatonin remains to be
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unraveled.  Receptors for melatonin are present in medial
basal hypothalamus, and a number of hypothalamic
metabolic functions and constitents are  affected by
melatonin  treatment, including protein  synthesis,
Serolonin v-aminobutyric  acid  content,
neurotransmitter uptake and release, axonal transport,
mbulin levels and prostagladin ( PG) and neurchommone
release.  Measurement of cyclic neuleotide accumulation
in rat medial hypothalamus incubated in vitro indicated
that melatonin significantly increased cGMP and depressed
cAMP levels. It has been reported that a general effect
of melatonin n target tissues may be the increase of
¢GMP levels'?'! . The linkage between cyclic nucleotide
changes and the depressive response by melatonin reported
herein deserves further investigation.

Prazosin, a known e-adrenoceptor antagonist that
also has a high affinity for ML, receptot®!, had not any
central effect on blood pressure in the present study, and
it could not antagonize the depressive response induced by

and

melatonin.

Luzindole  { 2-benzyl- N-acetylirytamine ),
N-acetyltrytamine lacking the 5-methoxy group and
possessing a 2-benzyl substitution, has been shown to be
the competitive melatonin ML, receptor antagonist'2-2*),
It has been reported that this competitive melatonin
antagonist is effectiive in blocking melatonin receptors in
brain and is active in vivo® . In the current study,
luzindole was able to almost completely prevent the
depressive responses induced by following injection of
melatonin.  These results suggest that in the brain,
luzindole blocks the activation of melatonin receptor by
melatonin.

Altogether, these observations suggest that melatonin
can inhibit the cardiovascular activity and the effects are
mainly due to activation of ML, receptors in the brain of
rals.

an
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