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1 Experiments were carried out to explore the possible role played by the nitric oxide (NO) system
in the organum vasculosum laminae terminalis (OVLT) of rat brain in arterial pressure regulation.

2 Intracerebroventricular (ICV) or intra-OVLT administration of NO donors such as hydro-
xylamine, sodium nitro-prusside or s-nitro-acetylpenicillamine caused an up to 55 mmHg decrease in
blood pressure (BP) but an increase in NO release (measured by porphyrin/na®on coated carbon
®bre electrodes in combination with voltammetry) in the OVLT. In contrast, ICV or intra-OVLT
administration of NG-nitro-L-arginine methyl ester (L-NAME; a constitutive NO synthase inhibitor)
caused an up to 45 mmHg increase in BP but a fall in NO release in the OVLT.

3 Compared with the BP responses induced by ICV injection of NO donors or NO synthase
inhibitors, the OVLT route of injection required a much lower dose of NO donors or NO synthase
inhibitors to produce a similar BP e�ect.

4 The depressor e�ects induced by ICV or intra-OVLT administration of NO donors were
attenuated by pretreatment with intra-OVLT injection of methylene blue (an inhibitor of guanylate
cyclase), haemoglobin (a NO scavenger), L-NAME or spinal transection. On the other hand, the L-
NAME-induced pressor e�ects were attenuated by pretreatment with intra-OVLT injection of L-
arginine or spinal transection.

5 The data suggest that activation of cyclic GMP-dependent NO synthase in the OVLT of rat
brain causes cyclic GMP-dependent decreases in arterial pressure via inhibiting the sympathetic
e�erent activity.
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Introduction

Increasing evidence indicates that nitric oxide (NO) plays an

important role in central regulation of blood pressure (BP) and
sympathetic tone (Dinerman et al., 1993; Horn et al., 1994;
Sakuma et al., 1992; Shapoval et al., 1991; Togashi et al., 1992;

Tramu et al., 1983; Zangiger et al.,1995). Relatively large
numbers of NO-producing neurons are found in the
paraventricular nuclei (PVN) and supraoptic nuclei of the

hypothalamus (Bredt et al., 1990; Horn et al., 1994; Miyagawa
et al., 1994; Sanchez et al., 1994; Vincent & Kimura, 1992), the
nucleus of the tractus solitarius (NTS) and the ventrolateral
medulla (Dun et al., 1994; 1995; Sanchez et al., 1994), and the

organum vasculosum laminae terminalis (OVLT) (Jurzak et
al., 1994). Microinjection of NO donors into the NTS (Lewis et
al., 1991) or the PVN (Horn et al., 1994) has been reported to

elicit signi®cant decreases in BP of rats. On the other hand,
administration of NO synthase (NOS) inhibitors into the
rostral ventrolateral medulla (Shapoval et al., 1991) or NTS

(Harada et al., 1993) increases BP of rats. These observations
emphasize the potential of NO to act within NTS, PVN or
rostral medulla to in¯uence central control of the cardiovas-
cular system.

Many studies have also indicated that the OVLT is a major

forebrain area for maintaining the homeostasis of blood
pressure (Johnson & Gross, 1993). For example, electrical or
chemical stimulation of this area increases arterial blood

pressure while chemical lesions of this area attenuates the
angiotensin II-induced pressor e�ects (Bellin et al., 1987; 1988;
Mangiapane & Brody, 1997). However, despite the anatomical

demonstration of NOS within OVLT, there is to date no direct
evidence addressing the potential cardiovascular roles of NO
within this nucleus.

We have therefore undertaken to assess the e�ects of central

administration of several NO donors or NOS inhibitors on
both the cardiovascular responses and the NO formation in the
OVLT of rat brain. Prophyrin/na®on coated carbon ®bre

micro-electrodes in combination with in vivo voltammetry were
used to determine the brain NO formation.

Methods

Experimental animals

Two-hundred-and-forty-two male Sprague-Dawley rats (250 ±
350 g) were used in the entire series of experiments. Upon

receipt from the supplier (Animal Resource Center, National
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Taiwan, Republic of China), the animals were housed in a
temperature-regulated (22+18C) room on 12/12 h light/dark
cycle with food and water ad libitum for at least 2 weeks before

experiments. The light was turned on at 0600 h and turned o�
at 1800 h.

Surgical preparation

The animals were anaesthetized with urethane (1.4 g kg71,
i.p.) and placed in a Kopf stereotaxic apparatus. For direct

injection of drugs into the lateral cerebral ventricle or the
OVLT, a stainless-steel cannula which consisted of a guide
tube (0.81 mm outer diameter) with a snugly ®tting trocar

was implanted into the lateral cerebral ventricle (AP,
70.8 mm; LAT, 71.5 mm and DV, 73.5 mm) or the
OVLT (AP, 70.5 mm; LAT, 70.1 mm and DV, 78.5 mm)

according to the atlas and the coordinates of Paxinos &
Watson (1982). Microinjection was made into the OVLT
through a 26 gauge cannula connecting to a 10-m1 Hamilton
microsyringe. The volume of ¯uid injected over 5 s was 5.0

or 0.5 ml for intracerebroventricular (ICV) or intra-OVLT
injection, respectively. For measurement of NO release, a
porphyrin/na®on-coated carbon ®bre electrode was im-

planted stereotaxically into the OVLT. Auxiliary (silver
wire) and reference (Ag/AgCl) electrodes were placed on the
dura surface of the parietal skull. Di�erential pulse

voltammograms were then recorded automatically every
0.5 s. For assessment of cardiovascular functions, a ®ne
catheter was inserted into the femoral artery and was

connected via a Statham blood pressure transducer to a
Gould 4-channel polygraph for recording mean and pulsatile
arterial blood pressure. Both the heart rate and blood

pressure were measured. In preparing spinal transection, the
cervical vertebrae were exposed and complete transection
was made with a spatula at the seventh cervical segment of
the spinal cord.

Figure 1 E�ects of intracerebroventricular administration of hydro-
xylamine on NO release in the OVLT and MAP in rats. Data
represent mean+s.e.mean of eight rats. *P50.05, signi®cantly
di�erent from the control values (saline group), ANOVA.

Table 1 Maximal changes in mean arterial pressure (MAP)
produced by intra-OVLT administration of NO donors,
NOs inhibitors or NO scavenger rats

Treatment DMAP (mmHg)

0.9% Saline
Hydroxylamine 0.01 mg
Hydroxylamine 0.05 mg
Hydroxylamine 0.10 mg
SNP 0.01 mg
SNP 0.05 mg
SNP 0.10 mg
SNP 0.25 mg
NaN3 0.10 mg
L-Arginine 0.20 mg
Methylene blue 0.05 mg
Haemoglobin 0.10 mg
8-Br-cGMP 0.05 mg
L-NAME 0.05 mg
L-NAME 0.10 mg
L-NAME 0.50 mg
Aminoguanidine 1.0 mg

3+1 (8)
714+3 (8)*
725+3 (8)*
741+2 (8)*
717+2 (7)*
30+3 (7)*

755+4 (7)*
718+2 (6)*
723+3 (6)*
724+4 (6)*
72+1 (6)*
3+2 (6)*

718+2 (6)*
11+2 (8)*
29+3 (8)*
45+3 (8)*
4+2 (6)*

Values are means+s.e.mean for no. of rats given in
parentheses. Control values for MAP are 92+7 mmHg. D,
di�erence between control values before and 20 min after the
start of injection. *Signi®cantly di�erent from corresponding
control values (saline group), P50.05 (ANOVA).

Figure 2 Representative tracings showing the e�ects of administra-
tion of hydroxylamine into the lateral ventricle (ICV) on NO release
recorded in the OVLT area, blood pressure (BP) and mean arterial
pressure (MAP) in a rat. The basal level of NO in the OVLT is
325 nM.
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Drugs

Drugs, administered into the OVLT included hydroxylamine

(Sigma; 0.01 ± 0.1 mg), sodium nitroprusside (SNP; sigma;
0.01 ± 0.1 mg), S-nitroso-acetylpenicillamine (SNAP; RBI;
0.25 mg), sodium azide (NaN3; Sigma; 0.1 mg), NG-nitro-L-

arginine methyl ester (L-NAME; RBI; 0.05 ± 0.2 mg),
methylene blue (Sigma; 0.05 mg), 8-bromo-cyclic GMP
(Sigma; 0.05 mg), hemoglobin (Sigma; 100 mg) and amino-

guanidine (1 mg). SNAP was dissolved in DMSO solution
and diluted to 5% with saline. All other compounds were
dissolved in saline. The drugs administered intracerebroven-
tricularly included hydroxylamine (0.125 ± 0.5 mg) or L-

NAME (0.1 ± 1.0 mg). Di�erent dose experiments were
repeated in same animals at an interval of 60 ± 90 min
between injection.

NO monitoring

A multiple carbon ®bre (28 mm in diameter, AVCO, Lowell,
MA, U.S.A.) was inserted into the pulled glass micropipette
(20 ± 25 mm in length). The tip was cut, then carbon ®bre was

pushed out of the pipette tip. Electrical contact with the ®bre
was made using silver paste. The tip and blunt end of the pipet
were sealed with cyanoacrylate adhesive (super glue). The
entire surface of a pyrolytic carbon ®bre was 12 mm thick and

100+25 mm long. To improve the sensitivity and selectivity of
carbon ®bre for NO, the electrode was electrically pretreated
as described previously (Lin et al., 1995; 1997). This treatment

consisted of a DC current applied in two stages, 2.2 V for 30 s
in 0.1 M H2SO4, and 2.2 V for 30 s in 0.1 M HCl. The carbon
®bre electrode was washed with distilled water. The tip of the

carbon ®bre electrode was coated with nickel(II) tetrakis (3-
methoxy-4-hydroxyphenyl)-porphyrin by use of cyclic scan-
ning at a potential between 70.2 and 1.0 V. The polymeric

Table 2 Maximal changes in mean arterial pressure (MAP)
produced by intracerebroventricular (ICV) administration of
NO donors and intra-OVLT administration of a NO
scavenger in rats

Treatment
DMAP
(mmHg)

0.9% Saline (OVLT)+hydroxylamine
0.5 mg (ICV)

L-NAME 0.05 mg (OVLT)+hydroxylamine
0.5 mg (ICV)

Methylene blue 0.05 mg (OVLT)+hydroxylamine
0.5 mg (ICV)

Haemoglobin 100 mg (OVLT)+hydroxylamine
0.5 mg (ICV)

0.9% Saline (OVLT)+L-arginine 0.2 mg (ICV)
L-NAME 0.05 mg (OVLT)+L-arginine
0.2 mg (ICV)

752+3 (6)

720+2 (6)*

731+4 (5)*

729+3 (5)*

731+3 (4)
76+1 (4)*

Values are means+s.e.mean for no. of rats given in
parentheses. D, di�erence between control values before
and 20 min after the start of second injection; the second
injection was given 1 h after the ®rst injection. *Signi®cantly
di�erent from control values (saline groups), P50.05
(ANOVA).

Figure 3 (A) Mid-sagittal section of the rat upper brain stem showing the sites at which L-NAME and hydroxylamine were
administered into the OVLT, the third ventricle (3V) and the front OVLT region taken from Paxinos & Watson (1982). (B) MAP
changes caused by microinjection of L-NAME (0.5 mg) into the three di�erent brain regions; and (C) MAP changes caused by
microinjection of hydroxylamine (0.1 mg) into the three di�erent brain regions. In both (B) and (C), data represent mean+s.e.mean
of eight rats. #, *P50.05, signi®cantly di�erent from the control values (either front OVLT or 3V group respectively), ANOVA.
VDB, nucleus ventrical limb digonal band; ac, anterior commissure; MnPO, median preoptic nucleus; PE, periventricular
hypothalamic nucleus; OX, optic chiasma; VO, vascular organ; SOX, supraoptic decussation.
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porphyrin was subsequently coated by dipping for 10 s in 1%
na®on solution (Aldrich Chemical Company, Inc, Milwaukee,
WI., U.S.A.). The porphyrin/na®on-coated electrode was then

dried at 608C for 20 s and used immediately for in vitro
followed by in vivo measurements. Di�erential pulse ampero-
metry was performed in vitro and in vivo with a Biopulse (Solea
Tacussel Co., France) using the following scan parameters:

imposed initial potential=7220 mV; imposed ®nal poten-
tial=+690 mV; prepulse=100 ms; measuring pulse=60 ms;
measuring potential=50 mV; and pulse cycle=0.5 s. The

sensitivity of the porphyrin/na®on-coated carbon ®bre elec-
trode to several NO donors including hydroxylamine (1 ±
1000 mM), SNP (100 mM), NaNO2 (100 mM), HNO3

(100,1000 mM), or NaN3 (100 mM) was determined using
di�erential pulse amperometry in a temperature-controlled
(378C) water bath. Phosphate bu�ered saline (0.1 M, pH 7.4)

was used as blank and solvent for the test solution. To
determine the sensitivity of the porphyrin/na®on-coated
electrodes (resistance=200 O; capacitance=0.0056 mF) for
NO over NO2, NO3, ascorbic acid, dopamine, or serotonin, a

ratio of the sensitivity of hydroxylamine/NaNO2, hydroxyla-
mine/HNO3, hydroxylamine/dopamine, or hydroxylamine/
serotonin was calculated. Our electrodes were three times or

41000 times more sensitive to hydroxylamine than to NaNO2

or to HNO3, ascorbic acid. Our electrodes are insensitive to
dopamine, or serotonin.

Histology

After the completion of the experiments, an aliquot of 0.5 ml of
methylene blue was injected down the cannula to measure the
spread of the injected solution. The head of each animal was
perfused with PBS solution, followed by 4% paraformalde-

hyde (PFA) ®xative solution. After perfusion, the brain was
removed and placed in a well labelled glass vial ®lled with 4%

PFA ®xative, and ®xed at 48C for 0.5 ± 1 h after which the
solution was changed to 15% sucrose in PBS until the brain
sank in the vial. Later, the ®xed brains were cut in 50 mm
sections so that stereotaxic coordinates of injection site in each
animal were veri®ed. It was found that the stained cross-
sectional area in the OVLT was approximately 0.5 mm in
diameter.

Statistics

Data obtained from 238 animals were included after successful
experiments including histological veri®cation of the stereo-
taxic target. Blood pressure and NO release responses were

assessed as changes from pre-injection values (mmHg or nM).
Results are expressed as the mean+s.e.mean for n experi-
ments. A two way analysis of variance (ANOVA) with

repeated measures was used to evaluate the di�erence between
groups. Di�erences between individual means were assessed by
post hoc Sche�'s multiple range tests. P50.05 was taken to
indicate statistical signi®cance.

Results

Studies with NO donors

Intracerebroventricular administration of hydroxylamine
caused a dose-dependent decrease in the mean arterial
pressure (MAP) but an increase in NO release from the

OVLT of rat brain. The data are summarized in Figure 1.
Figure 2 depicts tracings from a representative experiment
showing the e�ect of ICV injection of hydroxylamine on
pulsatile BP, MAP and NO release of the OVLT. Direct

administration of hydroxylamine, SNP, NaN3 or L-arginine
into the OVLT of rat brain (Table 1) or ICV injection of L-
arginine (Table 2) also caused a decrease in MAP.

Compared with the MAP responses induced by ICV
injection of NO donors, the OVLT route of injection
required a much lower dose of NO donors to produce a

Figure 5 Representative tracings showing the e�ects of administra-
tion of L-NAME into the lateral ventricle (lv) on NO release
recorded in the OVLT area, blood pressure (BP) and mean arterial
pressure (MAP) in a rat. The basal level of NO in the OVLT is
338 nM.

Figure 4 E�ects of intracerebroventricular administration of L-
NAME on NO release in the OVLT and MAP in rats. Data
represent mean+s.e.mean of eight rats. *P50.05, signi®cantly
di�erent from the control values (saline group), ANOVA.
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similar depressor e�ect. As shown in Figure 3, compared to
those caused by intra-OVLT injection of hydroxylamine,
administration of same amount of hydroxylamine into the

neighbouring areas of the OVLT caused decreased MAP
changes.

Studies with NOS inhibitors

In contrast, ICV administration of L-NAME caused a dose-
dependent increase in MAP but a decrease in NO release in

the OVLT of rat brain. The data are summarized in Figure
4. Figure 5 depicts tracings from a typical experiment
showing the e�ect of ICV injection of L-NAME on the

pulsatile BP, MAP and NO release of the OVLT. Direct
administration of L-NAME, but not another NOS inhibitor
aminoguanidine, into the OVLT also caused an increase in

MAP (Table 1). Compared to those produced by ICV
injection of L-NAME, the OVLT route of injection required
a much lower dose of L-NAME. In addition, compared to
those produced by intra-OVLT dose of L-NAME, adminis-

tration of the same dose of L-NAME into any one of
neighbouring areas of the OVLT caused decreased MAP
responses (Figure 3). Pretreatment of rats with intra-OVLT

injection of L-NAME signi®cantly attenuated the MAP
responses induced by ICV (Table 2) or intra-OVLT (Table
3) injection of either hydroxylamine or L-arginine.

Studies with a cyclic GMP analogue

Intra-OVLT administration of the membrane permeable

analogue of cyclic GMP, 8-Bromo-cyclic GMP (0.05 mg),
produced a decrease in MAP (Table 1).

Studies with a cyclic GMP inhibitor or a NO scavenger

Pretreatment of rats with intra-OVLT injection of methylene
blue (an inhibitor of soluble guanylate cyclase, 0.05 mg, n=6)

or hemoglobin (a NO scavenger; 100 mg, n=6), although
showing no e�ect on the basal levels of MAP, signi®cantly
attenuated the depressor e�ects induced by intra-OVLT (Table

3) or ICV (Table 2) injection of hydroxylamine.

Studies with spinal transection

When hydroxylamine or L-NAME was administered into the
OVLT of the rats decentralized by spinal cord transection at
the C7 level, changes in MAP were decreased as compared to

those of the sham-operated controls (Table 4).

Discussion

In the present study, in vivo voltammetry was used in

combination with electrochemically treated prophyrin/na®on
coated carbon ®bre electrodes for measuring the NO release in
the OVLT of rat brain. Direct administration of hydro-

xylamine (a NO donor) into the cerebroventricular ¯uid
system elicits a decrease in MAP but an increase in NO release
in the OVLT of rat brain. In contrast, ICV administration of
L-NAME (a NOS inhibitor) elicits an increase in MAP but a

decrease in OVLT NO release. The BP responses caused by
ICV injection of either hydroxylamine or L-NAME could be
mimicked by direct administration of hydroxylamine or L-

NAME into the OVLT area of rat brain, respectively.
Compared to the BP responses induced by ICV injection of
NO donors or NOS inhibitors, the OVLT route of injection

required a much lower dose of NO donors or NOS inhibitors
to produce a similar BP response. In addition, intra-OVLT
administration of other NO donors (including SNP, SNAP,
NaN3 or L-arginine) also caused a decrease in BP.

Furthermore, microinjection of speci®c antagonists of NOS
lead to an inhibition of the pressure e�ects of intraventricular
injection of NO donors. These results suggest that the rise and

the fall in BP relate to the decrease and the increase in NO
release in the OVLT, respectively. The contention is supported
by several previous results. For example, the positive

identi®cation of NOS in the OVLT area was demonstrated
by Jurzak and his colleagues (1994). Electrical or chemical
stimulation of the OVLT also elicited an increase in BP

(Mangiapane & Brody, 1997).
In fact, three di�erent isoforms of NOS have been

described. Two constitutive forms producing NO have been
found in endothelial (eNOS) and neuronal (nNOS) cells

(Misko et al., 1993). A cytokine inducible form of NOS
(iNOS) can be expressed in vascular smooth muscle cells,
endothelium cells, muscle cells, macrophages, hypothalamus,

and pituitary (Brann et al., 1997; Satta et al., 1998). L-NAME
and L-NMMA are equally potent inhibitors of eNOS from
porcine endothelial cells (McCall et al., 1991). Aminoguani-

dine is more than 20 fold less potent than L-NMMA on the
activity of nNOS puri®ed from rat cerebellum (McCall et al.,
1991) and 40 fold less potent than L-NMMA in blocking eNOS
mediated vasodilation in rats (Corbett et al., 1992). In contrast,

Table 3 Maximal changes in mean arterial pressure (MAP)
produced by intra-OVLT administration of NO donors or
NOS inhibitors in rats

Treatment
DMAP
(mmHg)

0.9% Saline+hydroxylamine 0.05 mg
L-NAME 0.05 mg+hydroxylamine 0.05 mg
Methylene blue 0.05 mg+hydroxylamine 0.05 mg
Haemoglobin 100 mg+hydroxylamine 0.05 mg
Aminoguanidine 1.0 mg+hydroxylamine 0.05 mg
0.9% Saline+L-NAME 0.10 mg
L-Arginine 0.2 mg+L-NAME 0.10 mg

724+3 (7)
77+3 (6)*
75+2 (6)*
76+3 (6)*
722+4 (6)
30+4 (6)
5+3 (6)*

Values are means+s.e.mean for no. of rats given in
parentheses. D, di�erence between control values before
and 20 min after the start of second injection; the second
injection was made 1 h after the ®rst injection. *Signi®cantly
di�erent from control values (saline groups), P50.05
(ANOVA).

Table 4 Maximal changes in MAP produced by intra-
OVLT administration of hydroxlamine or L-NAME in
sham-operated and spinal transected rats

Treatment DMAP (mmHg)

Sham operation
0.9% Saline
Hydroxylamine 0.10 mg
L-NAME 0.50 mg

2+1 (8)
739+3 (8)
41+4 (8)

Spinal transfection
0.9% Saline
Hydroxylamine 0.10 mg
L-NAME 0.50 mg

73+1 (8)
75+2 (8)*
6+2 (8)*

Values are means+s.e.mean for no. of rats given in
parentheses. D, di�erence between control values before
and 20 min after the start of second injection. *Signi®cantly
di�erent from control values (Sham operation group),
P50.05 (ANOVA).
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aminoguanidine is a 2 fold more potent inhibitor of iNOS from
endotoxin-induced RAW 264.7 macrophages than L-NMMA
(Misko et al., 1993), and L-NAME is a 3 ± 5 fold less potent

inhibitor of iNOS in the murine macrophage cell-line J774
compared to L-NMMA (Mayer et al., 1993). In this study,
intra-OVLT administration of L-NAME, but not aminogua-
nidine, elicits an increase in MAP in rats. Given the high

degree of vascularization of the OVLT, BP e�ects could be due
to NO of endothelial origin (Jurzak et al., 1994). These
observations suggest that NO produced by constitutive, rather

than inducible NOS, in the OVLT of rat brain mediates
arterial pressure regulation.

In the present results, the hydroxylamine-induced depressor

response or the L-NAME-induced pressor response was,
respectively, attenuated by pretreatment with intra-OVLT
injection of haemoglobin (a NO scavenger) (Kanner et al.,

1992) or L-arginine. In addition, the present results show that
pretreatment with intra-OVLT injection of methylene blue, an
inhibitor of NOS and soluble guanylate cyclase (Ignarro et al.,
1984; McCall et al., 1991), attenuates the depressor e�ects

induced by intra-OVLT or ICV administration of hydro-
xylamine. This suggests that the NOS-dependent production of
cyclic GMP in the OVLT is involved in depressor responses.

Indeed, the present results show that intra-OVLT injection of
8-bromo-cyclic GMP, the membrane permeable analogue of
cyclic GMP, also causes a depressor response.

The present results further demonstrate that the depressor
e�ects caused by intra-OVLT administration of hydroxyla-
mine as well as the pressor e�ects caused by intra-OVLT

administration of L-NAME was attenuated by pretreatment
with spinal transection. These results imply that the decrease of
arterial pressure after intra-OVLT administration of hydro-
xylamine or the increase of arterial pressure after intra-OVLT

administration of L-NAME in sham-operated rats are
attributable to inhibition or activation of the sympathetic
e�erent pathway, respectively. In fact, previous results have

also shown that administration of NO donors into any one of
the autonomic sites (e.g. PVN or NTS) in brain elicits
signi®cant changes in BP of rats (Harada et al., 1993; Horn

et al., 1994). It would appear most likely that NO action a�ects
the normal intrinsic tonic activity of any one of these groups
(e.g. OVLT, PVN or NTS) of neurons (that exert direct control
over sympathetic preganglionic neurons in the intermediolat-

eral cell column) and could explain the observed responses in
BP of rats.

The inference from the present results is that many of the

e�ects of ICV application of NO donors or NOS inhibitors are
due to the release or inhibition of release of NO within the
OVLT, respectively. To properly address this question, NO

donors should be given ICV and a NO scavenger should be
given directly into the OVLT. Indeed, in the present results, we
have demonstrated that the depressor e�ects produced by ICV

injection of NO donors can be attenuated by intra-OVLT
injection of a NO scavenger in rats.

In summary, elevating NO release in the OVLT of rat brain

by NO donors decreases BP, while lowering NO release in the
OVLT by NOS inhibitors increases BP in rats. The depressor
e�ects induced by ICV injection of NO donors are attenuated
by intra-OVLT administration of a NO scavenger. Compared

with the BP responses induced by ICV injection of NO donors
or NOS inhibitors, the OVLT route of injection required a
much lower dose of NO donors or NOS inhibitors to produce

a similar BP e�ect. The depressor responses induced by NO
donors can be attenuated by intra-OVLT injection of
methylene blue (an inhibitor of guanylate cyclase), haemoglo-

bin (a NO scavenger), L-NAME (a constitutive NOS inhibitor)
or spinal transection. On the other hand, the pressor e�ects of
a NOS inhibitor can be attenuated by intra-OVLT injection of

L-arginine or spinal transection. The data suggest that
activation of NOS in the OVLT of rat brain causes cyclic
GMP-dependent decreases in BP via inhibiting the sympathetic
tone in rats.

Recently, Horn and his associates (1994) have collected
PVN microdialysis perfusates and measured the concentra-
tions of speci®c amino acids in these samples to determine the

e�ects of NO on their release within PVN. They provide the
®rst evidence that NO may play signi®cant roles in regulating
central nervous system control over the cardiovascular system

actions within the PVN and NO may exert signi®cant control
over endogenous release of amino acid neurotransmitters
within this region of the brain. Immunocytochemical studies

have reported high concentrations of NO (Jurzak et al., 1994),
dopamine and serotonin (Jennes et al., 1982; Tramu et al.,
1983) within OVLT. In addition, the pressor e�ects induced by
intracerebral injection of angiotensin were attenuated by intra-

OVLT administration of 6-hydroxydopamine (a neurotoxin
which is able to deplete central dopamine) (Bellin et al., 1987;
1988). These observations have led to the suggestion that the

NO within OVLT acts through the endogenous release of these
amino acids to induce BP responses. Therefore, future studies
should be undertaken to determine the e�ects of local

administration of NO donors, NOS inhibitors, or dopamine
agonists or antagonists into the OVLT on cardiovascular
variables. In addition, experiments should be carried out to
collect OVLT microdialysis perfusates and to measure the

concentrations of dopamine in these samples to determine the
e�ects of NO on their release within OVLT.
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