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1 Systemic and regional cardiovascular changes were measured following bilateral microinjection
of speci®c and selective opioid-receptor antagonists into the paraventricular nuclei of the
hypothalamus (PVN) of awake, freely moving rats.

2 PVN microinjection of increasing doses of the speci®c opioid antagonist naloxone ±methiodide
(1 ± 5.0 nmol), or a selective m-opioid receptor antagonist, b-funaltrexamine (0.05 ± 0.5 nmol), evoked
important cardiovascular changes characterized by small and transient increases in heart rate (HR)
and mean arterial pressure (MAP), vasoconstriction in renal and superior mesenteric vascular beds
and vasodilation in the hindquarter vascular bed.

3 No signi®cant cardiovascular changes were observed following PVN administration of the highly
selective d-opioid-receptor antagonist, ICI 174864 (0.1 ± 1 nmol), or the selective k-opioid-receptor
antagonist, nor-binaltorphine (0.1 ± 1 nmol).

4 Most of the cardiovascular responses to naloxone (3 nmol) and b-funaltrexamine (0.5 nmol) were
attenuated or abolished by an i.v. treatment with a speci®c vasopressin V1 receptor antagonist.

5 These results suggest that endogenous opioid peptides and m-type PVN opioid receptors
modulate a tonically-active central depressor pathway acting on systemic and regional
haemodynamic systems. Part of this in¯uence could involve a tonic inhibition of vasopressin release.
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Introduction

The paraventricular nucleus of the hypothalamus (PVN) is an
important integrating site for modulating autonomic and
neuroendocrine cardiovascular responses (Sawchenko &
Swanson, 1982a,b; 1983; Jin & Rockhold, 1989; Kannan et

al., 1989). The PVN also contains numerous enkephalin-
containing neurons and nerve terminals, as well as opioid
binding sites (Sar et al., 1979; Goodman et al., 1980;

Sawchenko & Swanson, 1982a; Wamsley, 1983; Fallon &
Leslie, 1986; Desjardins et al., 1990). Earlier studies have
shown that activation of a m-opioid receptor mediated

pathway in this nucleus, using the m-selective enkephalin
analogue, [D-Ala2, MePhe4, Gly5ol]enkephalin (DAMGO) or
dermorphin, causes dose-related increases in blood pressure,

heart rate and sympathetic out¯ow as measured by a rise in
the plasma level of catecholamines in conscious rats (Appel et
al., 1986; Kiritsy-Roy et al., 1986; Bachelard & Pitre, 1995).
Previous studies from this laboratory have demonstrated that

the pressor response to DAMGO was secondary to a-
adrenoceptor-mediated vasoconstriction in renal and superior

mesenteric vascular beds and to b-adrenoceptor-mediated
vasodilation in the hindquarter vascular bed (Bachelard &
Pitre, 1995; Bachelard et al., 1997). In contrast to the
cardiovascular responses observed after PVN injection of

DAMGO, we reported no cardiovascular changes following
PVN administration of increasing doses of the d-selective
enkephalin analogue, [D-Phe2,5]enkephalin (DPDPE) or the

k-selective enkephalin analogue, U50488H (Bachelard &
Pitre, 1995). Therefore, these results suggest a role for opioid
peptides and m-opioid receptors in the central regulation of

cardiovascular function, whereas the involvement of PVN d-
and k-receptors in cardiovascular regulation are less obvious.
Opioid peptides are also associated to inhibitory modula-

tion of vasopressin release. Thus, vasopressin cell bodies and
dendrites of the magnocellular part of the PVN contains
immunoreactive opioid axons (Goldsmith et al., 1991).
Additional pharmacological evidence suggests that opioid

peptides exert a tonic inhibitory control on vasopressin
release (Yamada et al., 1989). Previous study showed that
i.c.v. injection of the selective m-agonist DALDA (H-Tyr-D-

Arg-Phe-Lys-NH2), but not the selective k- and d-agonists U-
69,593 and [D-Pen2,D-Pen5]-enkephalin decreased plasma
levels of vasopressin (Van de Heijning et al., 1991). These
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results indicate that central m-opioid receptors are preferably
involved in that mechanism. Although m-opioid agonists
produced important cardiovascular and endocrinological

changes, little is known about the endogenous in¯uence of
the PVN enkephalin-containing neurons and nerve terminals
on autonomic regulation. Therefore, we ®rst investigated the
in¯uence of the endogenous PVN opioid neurons and nerve

terminals in the cardiovascular system by measuring the
regional haemodynamic e�ects produced by PVN microinjec-
tion of highly selective opioid antagonists. Secondly, to verify

if cardiovascular changes are produced in part by an increase
in vasopressin release secondary to inhibition of endogenous
opioid activity in the PVN, cardiovascular responses were

reassessed after i.v. treatment with the selective vasopressin
V1-receptor antagonist d(CH2)5(Tyr(Et))DAVP. To avoid the
confounding e�ects of anaesthesia, these studies were carried

out in conscious, unrestrained rats (Van Loon, 1984). Thus,
blood pressure, heart rate, and regional haemodynamic
responses to PVN administration of naloxone ±methiodide
were compared with the cardiovascular responses to the m-
opioid receptor antagonist, b-funaltrexamine (Takemori et
al., 1981; Ward et al., 1982), the d-opioid receptor antagonist,
ICI-174864, (Cowan et al., 1985; Hirning et al., 1985), and

the k-opioid receptor antagonist, nor-binaltorphimine (Por-
toghese et al., 1987; Takemori et al., 1988).

Methods

The research and the care of animals conformed to the Guide
for the care and use of laboratory animals as adopted by the
National Institute of Health. Male Wistar rats (300 ± 400 g;
from Charles River, St-Constant, QueÂ bec, Canada) were

anaesthetized with a mixture of ketamine ± xylazine (100 and
10 mg kg71, respectively, i.p., supplemented as required) and
then positioned in a stereotaxic frame with the incisor bar set

at 3.3 mm below the interaural line. The skull was exposed
and cleaned, and two 23-gauge stainless steel guide cannulae
targeted 2 mm dorsal to the PVN were obliquely implanted

(angle of 108 relative to the vertical) according to the
following coordinates: 1.4 mm caudal and +1.75 mm lateral
to the bregma and 6.3 mm ventral to the surface of the skull.
The cannulae were secured to the skull with screws and

dental cement. Patency of the guide cannulae was ensured by
inserting 31-gauge stainless steel stylets fashioned to extend
0.5 mm beyond the end of the 23-gauge guides and

maintained in place with a piece of silastic tubing. The
re¯ected muscles and skin were replaced and sutured. After
surgery the animals were treated with ampicillin (Poly¯ex,

Ayerst, 150 mg kg71, s.c.) and ¯unixin (Banamine, Schering,
1 mg kg71, i.m.), housed in individual cages, and allowed to
recover.

At least 7 days later, the rats were re-anaesthetized with a
mixture of ketamine ± xylazine (100 and 10 mg kg71, respec-
tively, i.p., supplemented as required) and had pulsed
Doppler ¯ow probes (Haywood et al., 1981) implanted

around the left renal and superior mesenteric arteries and
the lower abdominal aorta, according to the method
previously developed by Gardiner & Bennett (1988) and as

we previously described (Bachelard & Pitre, 1995; Bachelard
et al., 1997). After operation, the rats were given s.c.
injections of ampicillin (150 mg kg71) and ¯unixin

(1 mg kg71) and allowed to recover for at least 7 days. After
this period, the rats were re-anaesthetized with a mixture of
ketamine ± xylazine (100 and 10 mg kg71, respectively, i.p.,

supplemented as required). The leads of the implanted probes
were soldered to a six-way microconnector (Microtech Inc.),
which was connected to a pulsed Doppler monitoring system
(VF-1 mainframe, Crystal Biotech) to check the quality of the

signals. The animal showing good-quality signals (signal:
noise ratio 420 : 1) from all three probes had one catheter
implanted in the right jugular vein (for drug administration)

and one in the distal abdominal aorta via the femoral artery
(for measurement of blood pressure and heart rate). The
catheters were tunneled subcutaneously to emerge at the same

point as the Doppler probe wires. The microconnector,
soldered to the Doppler probe wires, was clamped in a
custom-made harness worn by the rat, and the catheters were

passed through a ¯exible, protecting spring attached to the
harness. Experiments were not begun until at least 48 h after
the ®nal surgical intervention (catheter implantation).

Throughout the experiments, continuous recordings were

made of instantaneous heart rate, and phasic and mean
arterial blood pressures, and renal, mesenteric and hindquar-
ter Doppler shift signals using a pulsed Doppler monitoring

system (Crystal Biotech, Holliston, MA, U.S.A.), modi®ed to
operate with a pulse repetition frequency of 125 kHz
(Gardiner et al., 1990a) and a Gould ES2000 electrostatic

recorder. Changes in Doppler shift signals were calculated as
percentage of the baseline level. The latter have been shown
to be a reliable index of volume ¯ow (Haywood et al., 1981;

Wright et al., 1987) and are referred to as ¯ows in the text.
The Doppler shift and corresponding mean arterial blood
pressure signals were used to calculate percentage changes in
regional vascular conductances (Gardiner et al., 1990b). The

rats were allowed free access to food and water for the
duration of the experiment.

Before every experiment a 30 min baseline recording period

was made. Bilateral injections were made directly into the
PVN of awake, undisturbed, freely moving rats through 31-
gauge stainless still injectors that extended 2 mm beyond the

previously implanted guide cannulae. The injectors were
connected via polyethylene tubing to two Hamilton micro-
syringes (5 ml) and inserted into the guide cannulae without
handling the rats. All solutions for microinjections were

freshly prepared. The injection volume was 0.2 ml, delivered
by hand simultaneously into both sides for 1 min. At selected
time points (which averaged +20 s) heart rate, mean arterial

blood pressure, and mean Doppler shifts were measured to
represent the full pro®le of the e�ects of the opioid
antagonist and related to the pre-drug baseline (absolute

changes for the former two variables, percentages for the
Doppler shifts). The observation period after each drug
administration was 60 min.

At the end of the experiments, all animals received an
injection of 0.2 ml of India ink to mark the placement of the
cannula tip. The placements of the microinjection sites were
veri®ed histologically in serial coronal sections (50 mm, cut on

a freezing microtome), mounted on glass slides, and stained
with neutral red (Figure 1). Rats showing injection sites
within a distance larger than 0.5 mm from the PVN (after

post-mortem examination) were excluded from the study.
These rats evoked no signi®cant cardiovascular changes
compared to vehicle values (data not shown).
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Experimental protocols

Experiment 1: Cardiovascular responses to PVN injections of
opioid receptor antagonists Four separate groups of rats
were used in this study, and each group received only one
speci®c opioid receptor antagonist. The rats from each

group were used on a maximum of 4 consecutive days,
during which they received PVN bilateral injections of the
vehicle (arti®cial cerebrospinal ¯uid, aCSF) (all groups),

naloxone methiodide (group 1), b-funaltrexamine hydro-
chloride (b-FNA; group 2), nor-binaltorphimine dihy-
drochloride (nor-BNI; group 3), or ICI-174,864 (group 4)

at doses ranging from 0.1 to 5.0 nmol (for naloxone
methiodide), 0.05 and 0.5 nmol (for b-FNA), 0.1 and
1.0 nmol (for nor-BNI and ICI-174,864) per microinjection

site. No rat received more than one PVN bilateral injection
per day. The doses of the opioid receptor antagonists were
chosen according to previous studies using similar doses and
showing that they were e�ective in blocking the respective

receptors (Drolet et al., 1991; Kiritsy-Roy et al., 1986).
Preliminary study was performed for tachyphylaxis control.
Results showed no desensitization to naloxone (3 nmol,

n=6) when injected on 3 consecutive days (data not shown).
All antagonists were dissolved in aCSF, pH 7.4 (vehicle),
which served as the control injection. The composition of

the aCSF (in mM) was NaCl, 125; NaHCO3, 27; KCl, 2.5;
NaH2PO4, 0.5; Na2HPO4, 1.2; Na2SO4, 0.5; CaCl2, 1.0;
MgCl2, 1.0; and glucose, 5.0. Cardiovascular variables were

recorded for 60 min following each injection.

Experiment 2: E�ect of pretreatment with a vasopressin V1-
receptor antagonist on cardiovascular responses to naloxone

methiodide or b-FNA bilaterally injected into the PVN The
vasopressin V1-receptor antagonist d(CH2)5(Tyr(Et))DAVP
was administered i.v. as a bolus (10 mg kg71, 0.1 ml),

followed by continuous infusion (10 mg kg71 h71,
0.3 ml h71) (Gardiner et al., 1989) to a group of 21 rats.
This treatment was found to produce a stable antagonism of

the vasopressin V1-receptor, as the pressor response to
vasopressin (20 ng) was retested at regular interval
(120 min) during the infusion. Fifteen minutes after the onset

of the infusion, a ®rst subgroup of rats (n=12) were given a
bilateral microinjection of aCSF (0.2 ml), followed 180 min
later by a bilateral microinjection of naloxone methiodide
(3 nmol), and a second subgroup of rats (n=9) received a

bilateral microinjection of aCSF (0.2 ml), followed 180 min
later by a bilateral microinjection of b-FNA (0.5 nmol) into
the PVN.

Drugs

The drugs used were naloxone methiodide (RBI, Natick, MA,
U.S.A.), nor-BNI (nor-binaltorphimine dihydrochloride; RBI),
ICI-174,864 (RBI), b-FNA (b-funaltrexamine hydrochloride;

RBI) and the vasopressin V1-receptor antagonist d(CH2)

5(Tyr(Et))DAVP ([1-(b-Mercapto-b,b-cyclopenta-methylene
propionyl), 2-(O-Ethyl)-Tyrosine]-Arg8-Vasopressin; Bachem
California, Torrance, U.S.A.).

The vasopressin V1 receptor antagonist was dissolved in
0.5 ml of glacial acetic acid, diluted to a working concentra-
tion with isotonic saline.

Data analysis

The data analysis for this paper was generated using SAS/
STAT software, Version 8.02 of the SAS System for
Windows (#1999 SAS Institute Inc., Cary, NC, U.S.A.).
Results were analysed for statistical signi®cance by two-way

analysis of variance (ANOVA) with repeated measures. Since
the test for sphericity was rejected, the procedure Mixed of
SAS with the unstructured covariance-matrix to take into

account of the correlation between the observations was used
in all the analysis. When a signi®cant interaction between
treatment and time was detected, contrast to test for the

e�ect of time at each dose was used. When no interaction
between treatment and time was detected, the comparison
between the dose and the control (aCSF) was done averaging

over time. The stepdown Bonferronni (see Multitest
Procedure of SAS) correction was used to adjust the P-value
for these comparisons. Di�erences were considered statisti-
cally signi®cant at P50.05.

Results

The baseline values (prior to any drug administration) for
cardiovascular variables are given in Table 1. Control

Figure 1 Representative micrograph showing the location of the
injection sites (MS, marked with india ink) in the paraventricular
nucleus of the hypothalamus (PVN, dashed line represent the limit of
the nucleus). GC is the lesion evoked by the guide cannulae.
AP=1.4 mm posterior to the bregma. A rat was considered
successfully injected when both cannula tips were shown to be
slightly above the PVN or within a distance of 0.5 mm of the PVN.
3V, third ventricle; AH, anterior hypothalamic area; AVT, ante-
roventral thalamic nucleus; F, fornix; GP, globus pallidus; IC,
internal capsule; ST, striatum; VLT, ventrolateral thalamic nucleus.
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bilateral injection of aCSF (0.2 ml) into the PVN had no
signi®cant e�ect on any measured or calculated variables
(Figures 2 ± 7).

Haemodynamic responses to PVN injections of
naloxone ±methiodide and the selective m-opioid-receptor
antagonist b-FNA

Important cardiovascular responses to PVN injections of
increasing doses of naloxone ±methiodide (group 1, n=12) or

b-FNA (group 2, n=15) were observed in conscious unrest-
rained Wistar rats and are presented in Figures 2 ± 4.
In the ®rst group of rats we found that the lowest dose

of naloxone methiodide bilaterally injected into the PVN
(0.1 nmol on each side) did not have e�ects signi®cantly
di�erent from those of aCSF. With the 1 nmol dose of

naloxone ±methiodide there were signi®cant increases in
mean arterial blood pressure accompanied by a tachycar-
dia and a fall in superior mesenteric ¯ow, while an
increase in hindquarter ¯ow was observed (Figure 2).

Renal ¯ow did not change signi®cantly. These e�ects were
associated with falls in renal and superior mesenteric
vascular conductances, and an increase in hindquarter

vascular conductance compared to measurements following
aCSF (Figure 3).
Bilateral injection of the highest doses of naloxone ±

methiodide (3 and 5 nmol) into the PVN produced more
pronounced cardiovascular e�ects, characterized by long-
lasting increases in blood pressure and marked increases in

heart rate, compared with the e�ects of control bilateral
injection of aCSF. Moreover, there were falls in renal and
superior mesenteric blood ¯ows, and an increase in
hindquarter ¯ow following bilateral injection of naloxone ±

methiodide into the PVN (Figure 2). These responses were
associated with falls in renal and superior mesenteric vascular
conductances, and increases in hindquarter vascular con-

ductance (Figure 3).
In the second group of rats, we found that the

cardiovascular changes elicited by bilateral injection of b-
FNA into the PVN were similar to those previously
observed in the group of rats receiving naloxone ±
methiodide. Thus, slight but signi®cant increases in mean
arterial blood pressure accompanied by tachycardias, falls

in renal and superior mesenteric blood ¯ows and increases
in hindquarter ¯ow were noted following bilateral injection
of 0.05 and 0.5 nmol of b-FNA into the PVN, when

compared with the e�ects of control injection of aCSF
(Figure 4). These cardiovascular changes were associated
with signi®cant falls in renal and superior mesenteric

vascular conductances, and increases in hindquarter vas-
cular conductance (Figure 5).

Haemodynamic responses to PVN injections of the
selective d-opioid receptor antagonist, ICI 174,864

The e�ects of bilateral injection of ICI 174,864, at the dose of
0.1 nmol (n=8) or 1 nmol (n=10) into the PVN (on each
side) were not signi®cantly di�erent from aCSF values (Table
2).

Haemodynamic responses to PVN injections of the
selective k-opioid receptor antagonist nor-Binaltrophimine
(nor-BNI)

The e�ects of bilateral injection of nor-BNI, at the dose of

0.1 nmol (n=8) or 1 nmol (n=10) into the PVN (on each
side) were not signi®cantly di�erent from aCSF values (Table
2).

Haemodynamic responses to PVN injection of naloxone ±
methiodide (3 nmol) and b-FNA (0.5 nmol) in the
presence of vasopressin V1-receptor antagonist

Fifteen minutes after pretreatment with the vasopressin V1-
receptor antagonist, no signi®cant changes were seen on

blood pressure, heart rate, renal, superior mesenteric and
hindquarter ¯ows, or vascular conductances (Table 1).

Figures 6 and 7 show that in the presence of the

vasopressin V1-receptor antagonist, control injection of
aCSF (0.2 ml, n=12 in A and n=9 in B) into the PVN
had no signi®cant e�ect on any measured or calculated

variables. However, we found that in rats receiving
intravenous infusion of the vasopressin V1-receptor antago-
nist, bilateral injection of naloxone ±methiodide (3 nmol,
n=12) into the PVN produced slight but signi®cant

increases in mean arterial blood pressure and heart rate,
compared with aCSF (Figure 6A). The blood pressure
response to naloxone ±methiodide was found to be

signi®cantly reduced in rats treated with the vasopressin
V1-receptor antagonist, whereas the heart rate response was
not signi®cantly di�erent from that evoked by naloxone ±

methiodide in the absence of the vasopressin V1-receptor
antagonist. In the presence of the V1-receptor antagonist,
there were no signi®cant changes in renal, superior
mesenteric or hindquarter ¯ows, compared with aCSF.

Thus, the decreases in renal and superior mesenteric ¯ows
and the increase in hindquarter ¯ow observed in untreated
rats were completely inhibited in the presence of the

vasopressin V1-receptor antagonist (Figure 6A). The pressor
and heart rate responses to naloxone ±methiodide in the
presence of the V1-receptor antagonist were associated with

signi®cant falls in renal and superior mesenteric vascular
conductances and are presented in Figure 7A. These e�ects

Table 1 Baseline values of heart rate (HR), mean arterial blood pressure (MAP), regional Doppler shift and regional vascular
conductance in conscious, unrestrained rats

HR MAP Doppler shift (kHz) Vascular conductance (kHz mmHg71)
Treatment (b.p.m.) (mm Hg) Renal Mesenteric Hindquarter Renal Mesenteric Hindquarter

Untreated rats (n=45) 394+5 99+1 12.1+0.8 12.1+0.7 9.3+0.9 0.12+0.01 0.12+0.01 0.09+0.01
V1 antagonist (n=21) 390+6 101+2 10.8+1.0 11.3+1.1 10.0+1.9 0.11+0.01 0.11+0.01 0.10+0.02

Values are means+s.e.mean; n is the number of rats. The vasopressin V1-receptor antagonist d(CH2)5(Tyr(Et))DAVP was administered
i.v. as a bolus (10 mg kg71, 0.1 ml) 15 min earlier, followed by continuous infusion (10 mg kg71 h71, 0.3 ml h71).
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were found to be signi®cantly reduced when compared with

those evoked in the absence of the vasopressin V1-receptor
antagonist. Furthermore, the hindquarter vasodilation ob-

served in untreated animals was abolished by the treatment
(Figure 7A).
Figure 6B shows that in rats receiving i.v. infusion of the

vasopressin V1-receptor antagonist, bilateral injection of b-
FNA (0.5 nmol, n=9) into the PVN had no e�ect on heart
rate of blood pressure. These responses were di�erent from
those seen in rats not receiving the vasopressin V1-receptor

antagonist, in that the heart rate and blood pressure
responses were abolished. Moreover, we found that the
decreases in renal and superior mesenteric ¯ows and vascular

conductances, as well as the increases in hindquarter ¯ow and
vascular conductance observed in untreated rats following
bilateral injection of b-FNA into the PVN were signi®cantly

inhibited in the presence of the vasopressin V1-receptor
antagonist, as shown in Figures 6B and 7B.

Discussion

This study focuses on the regional haemodynamic responses

to PVN administration of speci®c and selective opioid-
receptor antagonists in conscious, unrestrained rats. This
study is a follow-up of our previous study indicating a role

for opioid peptides and m-opioid receptors in central
cardiovascular regulation (Bachelard & Pitre, 1995; Bachelard
et al., 1997). Thus, the present study shows that bilateral

injection of naloxone ±methiodide into the PVN of conscious
rats causes increases in blood pressure and heart rate. These
results are consistent with those of previous reports indicating

that intravenous injection of naloxone induces increases in
blood pressure in dog and human through a central
mechanism (Janssen & Lutherer, 1980; Bouloux, 1987).
Furthermore, the present study elucidates the peripheral

mechanisms of these changes. Thus, we found that the
pressor response to bilateral injection of naloxone ±methio-
dide into the PVN was accompanied by decreases in renal

and superior mesenteric vascular conductances and increases
in hindquarter vascular conductance. Together, the results
suggest the presence of a tonically-active central depressor

pathway involving endogenous opioids. This is consistent
with previous reports showing that morphine, b-endorphin
and [D-Ala2] Met-enkephalin induced a dose-dependent and
naloxone-reversible reduction in neuronal activity of a high

proportion of PVN neurons, when applied to rat hypotha-
lamic slice preparation (Muehlethaler et al., 1980; Pittmann et
al., 1980). Thus, the cardiovascular responses observed

following PVN administration of naloxone ±methiodide
could possibly result from the inhibition of a tonic inhibitory
in¯uence exerted by opioid peptides on PVN neurons.

Although naloxone was injected at nmolar range, it produced
the same cardiovascular changes than the highly selective m-
opioid receptor antagonist b-FNA, suggesting its speci®city

to opioid system.
Bilateral injection of the selective m-opioid receptor

antagonist, b-FNA, produced a signi®cant tachycardia and
a slight pressor response accompanied by vasoconstriction in

renal and superior mesenteric vascular beds and vasodilation
in hindquarter vascular bed. Although b-FNA displayed a
short lasting k-agonist activity (Qi et al., 1990), a recent work

from our laboratory showed that PVN microinjection of the
selective k-agonist U69593 (0.01 ± 5 nmol) induced no sig-
ni®cant cardiovascular changes compared to vehicle values

Figure 2 Cardiovascular changes elicited by bilateral microinjection
of the vehicle (aCSF, n=12) or increasing doses of naloxone ±
methiodide (0.1 ± 5 nmol, n=12) into the PVN of conscious, unrest-
rained rats. Values are means+s.e.mean shown by vertical lines. A
signi®cant interaction between treatment and time was found for all
measured cardiovascular variables. *P50.05 when the cardiovascular
responses to naloxone ±methiodide at the dose of 1, 3 or 5 nmol are
compared with those elicited by the control injection of a CSF.
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(Bachelard & Pitre, 1995). Thus, the cardiovascular e�ects
observed in that study following administration of b-FNA
are likely induced by inhibition of m-opioid receptors into the

PVN. The magnitude of the cardiovascular responses elicited
by PVN administration of b-FNA was signi®cantly smaller
than that observed with naloxone ±methiodide. This di�er-

ence might result from the fact that higher doses of
naloxone ±methiodide (0.1 ± 5 nmol) were used, compara-
tively to b-FNA (0.05 ± 0.5 nmol), or alternatively to

pharmacodynamic features of the antagonists. Moreover,
considering the relatively high doses of naloxone ±methiodide
used and the fact that, contrarily to b-FNA, naloxone is not
a m-speci®c opioid antagonist, one can not exclude the

possibility that this antagonist was acting on other subtypes
of opioid receptors (e.g. d- and k-opioid receptors) to
modulate cardiovascular responses. However, no signi®cant

cardiovascular changes was observed after PVN injection of
the highly selective d-opioid receptor antagonist, ICI 174,864,
or a highly selective k-opioid receptor antagonist, nor-BNI.

Therefore, it is suggested that most of the cardiovascular

responses to PVN administration of naloxone ±methiodide
are due to an inhibition of m-opioid receptor.

Part of the cardiovascular responses observed after

bilateral injection of naloxone ±methiodide or b-FNA in the
PVN are possibly vasopressin-mediated. This possibility is
supported by neuroanatomical studies demonstrating the

Figure 3 Changes in regional vascular conductances elicited by
bilateral microinjection of the vehicle (aCSF, n=12) or increasing
doses of naloxone ±methiodide (0.1 ± 5 nmol, n=12) into the PVN of
conscious, unrestrained rats. These data were derived from the data
shown in Figure 2. Values are means+s.e.mean shown by vertical
lines. A signi®cant interaction between treatment and time was found
for all calculated cardiovascular variables. *P50.05 when the
cardiovascular responses to naloxone ±methiodide at the dose of 1,
3 or 5 nmol are compared with those elicited by the control injection
of aCSF.

Figure 4 Cardiovascular changes elicited by bilateral microinjection
of the vehicle (aCSF, n=15) or increasing doses of b-FNA (0.05 ±
0.5 nmol, n=15) into the PVN of conscious, unrestrained rats.
Values are means+s.e.mean shown by vertical lines. A signi®cant
interaction between treatment and time for DHR, DMAP and DRenal
and Hindquarter Doppler Shift was found. *P50.05 when the
cardiovascular responses to b-FNA at the dose of 0.05 or 0.5 nmol
are compared with those elicited by the control injection of aCSF.
No signi®cant interaction was observed for DMesenteric Doppler
Shift, the comparison between b-FNA (at each dose) and the control
(aCSF) was done averaging over time.
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presence of opioid peptide-containing nerve terminals on
vasopressin neurons in the PVN and supraoptic nucleus

(Goldsmith et al., 1991). Moreover, several studies have
provided evidence for an inhibitory role of endogenous
opioid peptides on the release of vasopressin from the

hypothalamo-neurohypophysial system into the plasma
(Grossman et al., 1980; Arnauld et al., 1983; Yamada et
al., 1989; Goldsmith et al., 1991; Otake et al., 1991; Van de

Heijning et al., 1991). Although plasma levels of vasopressin
was not measured in the present study, the results of our
experiments carried out in the presence of the vasopressin V1-
receptor antagonist indicate that vasopressin might contribute

to the cardiovascular responses to PVN injection of
naloxone ±methiodide or b-FNA. Thus, in the presence of
the vasopressin V1-receptor antagonist, the renal and super-

ior mesenteric vasoconstrictor responses and the hindquarter
vasodilator response to naloxone ±methiodide or b-FNA
were signi®cantly inhibited by the treatment. It is likely that

vasopressin was primarily responsible for the renal and
superior mesenteric vasoconstrictor response to naloxone ±
methiodide or b-FNA, since the vasoconstrictor e�ect of

intravenously injected vasopressin is particularly marked in
those vascular beds (Gardiner et al., 1988). However, the
factors underlying the hindquarter vasodilator responses to
naloxone ±methiodide remain unknown at the present stage.

It is unlikely that vasopressin was primarily responsible for
this response, since a previous study has reported vasocon-
strictor e�ects in that vascular bed following intravenous

injection of vasopressin in conscious rats (Gardiner et al.,
1988). Moreover, in the present study the heart rate responses
to PVN injection of naloxone ±methiodide were not altered

by the treatment with the vasopressin V1-receptor antagonist,
and the pressor response was not completely inhibited by the
treatment, indicating a non-vasopressin-mediated pressor and

heart rate response. Further studies are required to elucidate
the mechanism of these e�ects.
In the present study, we found that microinjection of aCSF

(0.2 ml) into the PVN had no e�ect on blood pressure, heart

rate or regional blood ¯ows, indicating that displacement of
the tissue by the volume injected was not a cause of the
observed e�ects. However, considering the volume of

injection (0.2 ml) and the doses of naloxone ±methiodide
(0.1 ± 5.0 nmol) or b-FNA (0.05 ± 0.5 nmol) used, one cannot
exclude the possibility that the injections could have di�used

to opioid-sensitive sites outside the PVN in concentrations
su�ciently high to a�ect circulatory regulation by adjacent
brain networks. However, the possibility that the cardiovas-

cular responses to PVN administration of naloxone ±
methiodide were due to leakage of the antagonist from its
central site of injection into the periphery has been excluded
since the antagonist used, a quaternary salt of naloxone, does

not cross the blood brain barrier (Iorio & Frigeni, 1984;
Milne et al., 1990).
In a previous study, we found that PVN administration of

a selective m-opioid-receptor agonist, DAMGO, induced
important cardiovascular e�ects characterized by increases
in heart rate and blood pressure, while no e�ect was

observed following PVN administration of selective d- or k-
opioid-receptor agonists (Bachelard & Pitre, 1995). We
determined that the pressor response was secondary to
alpha adrenoceptor-mediated vasoconstriction in renal and

superior mesenteric vascular beds and to beta adrenoceptor-
mediated vasodilation in the hindquarter vascular bed
(Bachelard & Pitre, 1995; Bachelard et al., 1997). Although

those cardiovascular changes appear to be similar to the
ones observed in the present study, using speci®c opioid-
receptor antagonists, the haemodynamic pro®les and char-

acteristics of the cardiovascular responses are quite di�erent.
Indeed, in the present study we found that the maximum
cardiovascular changes after the administration of nalox-

one ±methiodide or b-FNA into the PVN are rapidly
achieved (e.g. within 4 ± 5 min) and the e�ects are short-
lasting (subsiding in 10 ± 15 min). In the previous study,
using the m-selective agonist DAMGO (1 nmol), we found

that the maximum e�ects, occurred much later (e.g. within
30 ± 45 min after PVN administration) and the cardiovas-
cular responses were long-lasting (more than 1 h) (Bachelard

et al., 1997). Moreover, by using speci®c antagonists
intravenously injected we found that the cardiovascular
responses to PVN injection of DAMGO were likely due to

Figure 5 Changes in regional vascular conductances elicited by
bilateral microinjection of the vehicle (aCSF, n=15) or increasing
doses of b-FNA (0.05 ± 0.5 nmol, n=15) into the PVN of
conscious, unrestrained rats. These data were derived from the
data shown in Figure 4. Values are means+s.e.mean shown by
vertical lines. A signi®cant interaction between treatment and time
for DRenal and Hindquarter Vascular Conductances was found.
*P50.05 when the cardiovascular responses to b-FNA at the dose
of 0.05 or 0.5 nmol are compared with those elicited by the control
injection of aCSF. No signi®cant interaction was observed for
DMesenteric Vascular Conductance, the comparison between b-
FNA (at each dose) and the control (aCSF) was done averaging
over time.
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activation of the sympatho ± adrenomedullary axis, while the
involvement of circulating vasopressin or angiotensin II has

been excluded (Bachelard et al., 1997). In the present study,
we found evidence of vasopressin-mediated vasoconstrictor
e�ects in the renal and superior mesenteric vascular beds.

Therefore, cardiovascular responses to microinjection of
opioid agonists and antagonists into the PVN could
originate from two di�erent mechanisms. Indeed, the

anatomical localization of opioid receptors on vasopressin
cell bodies of the PVN (Van de Heijning et al., 1991) and

the very quick and short lasting e�ect of the antagonists
suggest a local action with these drugs. Contrarily to opioid
antagonists which blocked a physiological activity, an

approach using opioid agonists leads to pharmacological
e�ects which could activate neurons not accessible to
endogenous opioids.

Figure 6 (A) Cardiovascular responses to naloxone ±methiodide (3 nmol) or vehicle (aCSF) bilaterally injected into the PVN of
conscious rats, in the absence (n=12 for both central injections) or presence (n=12 for naloxone ±methiodide; n=11 for aCSF) of
intravenous treatment with a vasopressin V1-receptor antagonist (10 mg kg71, i.v. bolus, 10 kg71 h71, infusion). (B) Cardiovascular
responses to b-FNA (0.5 nmol) or vehicle (aCSF) bilaterally injected into the PVN of conscious rats, in the absence (n=15 for both
central injections) or presence (n=9 for both central injections) of intravenous treatment with the vasopressin V1-receptor
antagonist. Values are means+s.e.mean shown by vertical lines. (A) A signi®cant interaction between treatment and time was found
for all measured cardiovascular variables; (B) A signi®cant interaction between treatment and time was found for DHR, DMAP and
DRenal and Hindquarter Doppler Shift. *P50.05 when the cardiovascular responses to naloxone ±methiodide or b-FNA in the
absence or presence of the vasopressin V1-receptor antagonist are compared with their respective untreated or intravenously treated
control (aCSF) group. {P50.05, when the cardiovascular responses to naloxone ±methiodide or b-FNA in the presence of the
vasopressin V1-receptor antagonist are compared with those elicited in the absence of the vasopressin V1-receptor antagonist. No
signi®cant interaction was observed for DMesenteric Doppler Shift, the comparison between b-FNA and the control (aCSF) (in the
absence or presence of the vasopressin V1 receptor antagonist) was done averaging over time.
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In summary, by using speci®c and some highly selective
opioid receptor antagonists, we demonstrated that PVN
administration of naloxone ±methiodide and b-FNA pro-

duced important cardiovascular responses, in conscious,
unrestrained rats. Thus, bilateral injection of both antago-
nists into the PVN induced tachycardia and increases in

blood pressure, accompanied by vasoconstriction in renal
and superior mesenteric vascular beds and vasodilation in
the hindquarter vascular bed. On the other hand, no

signi®cant cardiovascular changes were observed following
PVN administration of highly selective d- or k-opioid-
receptor antagonists. Therefore, these results suggest the

Figure 7 (A) Changes in regional vascular conductances elicited by bilateral microinjection of naloxone ±methiodide (3 nmol) or
vehicle (aCSF) into the PVN of conscious rats, in the absence (n=12 for both central injections) or presence (n=12 for naloxone ±
methiodide; n=11 for aCSF) of intravenous treatment with a vasopressin V1-receptor antagonist (10 mg kg71, i.v. bolus,
10 kg71 h71, infusion). (B) Changes in regional vascular conductances elicited by bilateral microinjection of b-FNA (0.5 nmol) or
vehicle (aCSF) into the PVN of conscious rats, in the absence (n=15 for both central injections) or presence (n=9 for both central
injections) of intravenous treatment with the vasopressin V1-receptor antagonist. Values are means+s.e.mean shown by vertical
lines. (A) A signi®cant interaction between treatment and time was found for all calculated cardiovascular variables; (B) A
signi®cant interaction between treatment and time was found for DRenal and DHindquarter Vascular Conductances. *P50.05 when
the cardiovascular responses to naloxone ±methiodide or b-FNA in the absence or presence of the vasopressin V1-receptor
antagonist are compared with their respective untreated or intravenously treated control (aCSF) group. {P50.05, when the
cardiovascular responses to naloxone ±methiodide or b-FNA in the presence of the vasopressin V1-receptor antagonist are
compared with those elicited in the absence of the vasopressin V1-receptor antagonist. No signi®cant interaction was observed for
DMesenteric Vascular Conductance, the comparison between b-FNA and the control (aCSF) (in the absence or presence of the
vasopressin V1 receptor antagonist) was done averaging over time.

Table 2 Cardiovascular responses to PVN administration of the d-opioid-receptor antagonist, ICI 174864, or k-opioid-receptor
antagonist, nor-binaltrophimine (N-BNI) in conscious, unrestrained rats

DDoppler shift (%) DVascular conductance (%)
DHR (b.p.m.) DMAP (mm Hg) Renal Mesenteric Hindquarter Renal Mesenteric Hindquarter

aCSF (n=18) +4+1 +1+1 +1.2+0.5 71.9+0.5 70.1+0.7 +0.3+0.5 72.5+0.5 70.7+0.7
ICI 169874 0.1 nmol (n=8) +12+16 +3+1 +2.7+1.3 72.3+0.9 +5.8+1.4 70.3+1.3 74.8+1.2 +2.8+1.2
ICI 169874 1 nmol (n=10) +8+3 +2+1 70.2+1.2 74.8+1.1 72.4+1.4 72.7+1.5 76.7+1.3 74.7+1.4
N-BNI 0.1 nmol (n=8) +10+2 +1+1 +1.1+0.6 +1.3+0.9 +3.7+1.3 +0.3+0.7 +0.8+1.1 +2.8+1.2
N-BNI 1 nmol (n=10) +1+2 +2+1 70.9+0.7 +2.0+1.2 71.7+1.0 71.9+0.8 +0.9+1.3 73.0+1.0

Values are means+s.e.mean; n is the number of rats. The e�ects of bilateral injection of ICI 174864 or N-BNI into the PVN (at both
doses tested) were not signi®cantly di�erent from aCSF values. HR, heart rate; b.p.m., beat per minute; MAP, mean arterial pressure.
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presence of a tonically-active central depressor pathway
involving endogenous opioid peptides and m-type PVN
opioid receptors. By using a speci®c vasopressin V1 receptor

antagonist intravenously administered, we found that part of
this in¯uence may involve a tonic inhibition of vasopressin
release.
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