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Background: The areas of the bed nucleus of the stria terminalis
(BST) with a high density of estrogen receptors are involved
in cardiovascular regulation and send axonal projections to
the rostroventrolateral medulla (RVLM). We aimed to find the
contribution of the RVLM to cardiovascular responses elicited
by glutamate microinjection into the BST.

Methods: Experiments were done in a-chloralose anesthetized
ovariectomized (OVX) or OVX estrogen treated (OVX+E) female
Wistar rats. Drugs were microinjected into the BST and RVLM.
The average changes in mean arterial pressure (MAP) and heart
rate (HR) were compared between the case and control groups
using ¢ test and with the pre-injection values using paired ¢ test.
Results: Unilateral microinjection of glutamate (0.25 M/50 nl)
into the BST decreased MAP and HR, in the OVX+E and OVX
rats. These cardiovascular responses were reversibly attenuated 10
minutes after microinjection of synaptic blocker cobalt chloride
(CoCl,, 5 mM/50 nl) into the ipsilateral RVLM. Re-stimulation
of the BST 60 min after CoCl, injection elicited cardiovascular
responses that were not different from the control values. Ipsilateral
microinjection of GABA | antagonist bicuculline (1.0 mM/50 nl)
into the RVLM caused a 50% attenuation of glutamate induced
depressor and bradycardic responses in both groups. Ipsilateral
microinjection of GABA, antagonist, phaclophen (5.0 mM/50
nl), into the RVLM did not affect the depressor and bradycardic
responses due to re-stimulation of the BST by glutamate.
Conclusion: The RVLM sympathetic premotor neurons contain
GABA  receptors that mediate in part the sympathoinhibitory
responses to stimulation of the BST in the OVX animals.
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Introduction

Epidemiological studies have shown that cardiovascular diseases
rarely affect women before menopause, suggesting that the decrease
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in the level of circulating estrogen (173 estradiol)
might be a risk factor for the development of
hypertension. Experimental studies have shown that
estrogen plays an important role in the maintenance
of the baroreceptor reflex.’?

The bed nucleus of stria terminalis (BST)
is a limbic forebrain structure that concentrate
estrogen,®* and aromatase enzyme,® which
locally convert testosterone to estrogen. The
BST is known to be influenced by circulating
gonadal hormones altering immunoreactivity of
the neuropeptides vasopressin, substance P, and
cholecystokinin.®” The BST is also one of the
major sites for integrating steroid hormones and
olfactory information for sexual behavior.? The
cell number in the BST is controlled by estrogen
receptor subtypes.® This finding suggests that
gonadal steroid hormones may play an important
role in the regulation of the BST function.

An important function of the BST is
cardiovascular regulation. Microinjection of
glutamate into the BST decreased arterial
pressure (AP) and heart rate (HR)."®" A recent
study has also indicated that the cholinergic
system of the BST is involved in baroreflex
activity and cardiovascular response.' Moreover,
the GABAergic system of the BST mediates
cardiovascular effect via the sympathetic system
and vasopressin release.” The areas within
the BST that elicit cardiovascular responses
contain high densities of estrogen receptors.1°
In addition, the neurons within these areas that
concentrate estrogen send axonal projections
to medullary regions; the caudal ventrolateral
medulla (CVLM)," and the rostroventrolateral
medulla (RVLM),"Swhich are both directly involved
in autonomic output to the heart and vasculature.
Therefore, it is hypothesized that estrogen can act
on neurons within the BST to alter cardiovascular
function. On the other hand, major outputs from
the BST go to the RVLM and this medullary region
may mediate the BST cardiovascular responses
to the heart and vasculature.'®16

The RVLM contain many neurotransmitters
and neuromodulators, for example GABA is one
of the major inhibitory neurotransmitters. Nitric
oxide (NO) in the RVLM increases the release of
GABA and glutamate in conscious rats."-'° The
inhibition of GABA, receptor by microinjection
of bicuculline into the RVLM caused a marked
increase in mean arterial pressure (MAP) in
normotensive (but not hypertensive) rats.?

This study was performed to find the
contribution of the RVLM to cardiovascular
responses elicited by glutamate microinjection
into the BST. We studied ovariectomized (OVX)
and OVX estrogen treated (OVX+E) anesthetized
rats to assess the following:
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-The effect of circulatory estrogen on
cardiovascular responses of the BST,

-The effect of reversible ablation of the RVLM
on the BST cardiovascular responses, and

-The effect of blockade of the GABA system
of RVLM on the BST cardiovascular responses.

Materials and Methods

General Procedures

Experiments were performed on 53 female
Wistar rats (200-250 g) in accordance with the
European Communities Council Directive of 24
November 1986 (86/609/EEC). The rats were
anesthetized with equithesin (0.3 mi/100g,
intraperitoneally [i.p.]). Ovariectomy was
performed using sterile procedures, by making a
1 cm incision on both sides of the back to expose
the ovaries. The ovaries were clamped and
removed with the fallopian tubes being ligated,
and the skin was then sutured.

Then, a Silastic capsule (internal diameter:
1.57 mm, outer diameter: 3.17 mm, length: 5.0
mm) was implanted between the shoulder blades
subcutaneously which either contained cholesterol
(for OVXrats, n=27) or 17 3 estradiol (for OVX+E
rats, n=26). The estrogen containing capsule
produced a plasma level estrogen concentration
of approximately 30 pg/ml of blood which mimics
the proestrus stage of the estrous cycle in rats.
On the other hand, one study showed that the
estrogen level is not detectable (<1 pg/ml) in OVX
animals implanted with a cholesterol capsule.?'

The animals were given postoperative care for
two days. For a period of 10-20 days the animals
were housed under controlled condition with 12
h light/dark cycle with food and water available
ad libitum.

On the day of experiments, the animals were
anesthetized again with equithesin (i.p) for surgical
procedure and for the rest of the experiments with
alpha chloralose (60 mg/kg 1.V). Supplementary
doses (30 mg/kg) were given as required. The
paw pinch reflex was used to assess the depth
of anesthesia. The trachea was cannulated and
the animals were artificially ventilated using a
small rodent ventilator (Harvard Apparatus Inc.,
U.S, model 683) with a mixture of room air and
95% O,. Body temperature was maintained at
37.0£0.2 using a heating pad controller (model 73;
Yellow Spring Instrument, Yellow Spring, Ohio).
The femoral vein was cannulated for systemic
injections. The femoral artery was cannulated with
polyethylene catheter (PE-50, Stoleting, USA)
filled with heparinized saline and connected to
a Statham P23XL pressure transducer and HR
was monitored with a 7P4DEF Grass tachograph
(USA) triggered by the AP pulse. AP and HR
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were continuously recorded by a Grass 79D
polygraph. In some of the experiments AP and
HR were continuously recorded by both a Harvard
polygraph and a computer program written in our
laboratory.?

The animals were placed in prone position
in a stereotaxic frame (Stoelting, USA) and two
bilateral small holes were drilled through the
parietal bone over the BST and through the
occipital bone over the RVLM.

Drug Microinjection

Microinjection of the drugs were performed by
two single barreled micropipettes with an internal
diameter of 35-45 mm. Micropipette tips were
positioned in the BST and RVLM according to a
stereotaxic atlas of the brain.2 The stereotaxic
coordinates of the BST were explored -0.2 to -0.4
mm caudal, 2 mm lateral, and 5.5-7.5 mm ventral
from the bregma. The RVLM was explored -11.6
to -12 caudal, 2 mm lateral, and 9.6-10.8 mm
ventral from the bregma. The injection sites were
200 pm apart, and 1-6 injections were made in
each animal on both sides. Microinjection was
performed by a pressurized nitrogen pulse
controlled by a picospritzer (General Valve,
Fairfield, NJ). The injection volume was measured
by direct observation of the fluid meniscus in
the micropipette with a microscope fitted with
an ocular micrometer. The injection volume of
glutamate (Glu) into the BST and RVLM were 20
and 50 nl, respectively. All drugs were dissolved
in saline and injected unilaterally.

Experimental Groups

The experiments were designed for studying
the neuronal connectivity between BST and
RVLM in relation to cardiovascular responses.
The experiments were done on different groups
of OVX and OVX+E female rats, as follows:

-Microinjection of saline into the BST (the
control group [n=6], 20 nl; OVX [n=3], 13
injections; and OVX+E [n=3], 14 injections)

-Microinjection of L-glutamate into the BST
(0.25 M/20 nl; Sigma, OVX [n=24], 81 injections;
and OVX+E [n=23], 76 injections).

-To find the neuronal connectivity between
the BST and the RVLM, L-glutamate was initially
injected into the BST (control), then after arterial
pressure and HR returned to the baseline,
reversible synaptic blocker cobalt chloride (CoCl,
5 mM/50 nl, Sigma) was injected into the RVLM.
The BST was re-stimulated at 10, 20, 40, and 60
minutes after the injection of CoCl, into the RVLM
of the OVX (n=6, 23 injections) and OVX+E (n=4,
19 injections) rats.

-To investigate the effect of inhibition of
GABA, receptors of the RVLM on cardiovascular
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responses of the BST, first L-glutamate was
injected into the BST (control) and after the
arterial pressure and HR returned to the baseline,
a GABA, antagonist, bicuculline (1 mM/30 nl,
Sigma) was injected into the RVLM and the BST
was re-stimulated at 10, 20, 40, and 60 minutes
after the injection of bicuculline into the RVLM of
the OVX (n=6, 36 injections) and OVX+E (n=7,
41 injections) rats.

-To find the effect of inhibition of GABA,
receptors of the RVLM on cardiovascular
responses of the BST, first L-glutamate was
injected into the BST (control) and after the AP and
HR returned to the baseline, a GABA, antagonist
phaclophen (5 mM/50 nl, Sigma) was injected
into the RVLM and the BST was re-stimulated at
10, 20, 40, and 60 minutes after the injection of
phaclophen into the RVLM of the OVX (n=6, 36
injections) and OVX+E (n=7, 41 injections) rats.

Histology

At the end of each experiment, 20 and 50
nl pontamine sky blue (Sigma, USA) were
microinjected into the BST and the RVLM,
respectively, then the animal was sacrificed by
a high dose of the anesthetic, and perfused
transcardially with100 ml of 0.9% saline followed
by 100 ml of 10% saline formalin. The brain was
removed and stored in 10% formalin for at least
24 hours. Frozen serial transverse sections (50
pm) of the regions of the BST and RVLM were
cut and stained with neutral red (Merk, Germany).
The injection sites were determined according
to a rat brain atlas,?' under the light microscope
(Nikon, Japan) (figures 1 and 2).

Data Analysis

The results are expressed as meanzstandard
error of mean (SEM). First a normality test,
Kolmogorov Smirnov, was performed on all data.
All data were normal except for MAP after CoCl,
injection in the RVLM, for which the Wilcoxon
analysis was used. The maximum changes of
heart rate (AHR) and the maximum changes of
MAP (AMAP) were compared between OVX,
OVX+E, and saline groups using independent
t test. Data were also compared with the pre-
injection value using paired t test. P value<0.05
was considered as statistically significant.

Cardiovascular Responses of Regional Controls
In the anaesthetized female OVX and OVX+E
rats, microinjection of 20 nl of glutamate in
the regions around the BST did not affect the
pressure (AMAP=2.6+3.6 mmHg) and the HR
(AHR=-3.2%2.3 beats/min; 43 injections).
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a: OvX b: OVX+E

a: OVX b: OVX+E

Figure 1: Schematic coronal sections of rat brain adopted
rom an atlas,Z show the injection of glutamate ( ) into
he BST sites which decrease blood pressure and hea

rate. Ac: anterior commissure; acp: anterior commissure
posterior part; BSTm: bed nucleus stria terminals medial
part; ic: inferior colliculus; fx: fornix; OX: optic chiasma;
3v: third ventricle

Cardiovascular Responses to Vehicle Microinjection
into the BST

To test whether cardiovascular response of
BST was related to the volume of injection or
mechanical torsion, 20 nl saline was microinjected
into the BST of OVX and OVX+E animals. The
changes in MAP (AMAP=0.7+0.6 mmHg) and HR
(AHR=0.57+0.2 beats/min) were not significantly
different from the pre-injection values.

Cardiovascular Responses to Glutamate
Microinjection into the BST

To determine the effect of glutamate on the
MAP and HR, it was microinjected into the BST
(0.25 M/20 nl). The baseline mean (+SE) AP and
HR were 113.3 (3.23) mmHg and 386.4 (+7.6)
bpm in OVX rats and 112.1 (£3.98) mmHg and
339.9 (£20.2) bpm in OVX+E rats, respectively.
The changes of the HR in the OVX+E rats was
lower than the OVX rats (P<0.01, figure 3).
Microinjection of glutamate into the dorsolateral
and ventral subnuclei of the BST complex in both
OVX and OVX+E rats showed decreases in HR
and MAP (OVX: AMAP: -25.7+0.4 mmHg and
AHR: -14.34£0.3 bpm; OVX+E: AMAP: -25.5+0.3
mmHg and AHR; -12.6+0.5 bpm). The changes
were significantly different from the saline group
(P<0.01) and the pre-injection values (P<0.01).
However, the magnitude of bradycardia and
depressor response was not significantly different
between OVX and OVX+E rats.
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Figure 2: Schematic coronal sections of rat brain adopted
rom an atlas,Z_show the injection sites of cobalt chloride|
(A), bicuculline (), and phaclophen (O) into the RVLM. Amb:
ambiggus; ION: inferior olive nucleus; Pyr: pyramid tract
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Figure 3: This bar chart show the magnitude of blood pressure|

and heart rate in the OVX and OVX+E rats. *Significan
difference between OVX and OVX+E groups, f test, P<0.01
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Cardiovascular Response Elicited by Glutamate
Injection into the BST after the Injection of Synaptic
Blocker in the RVLM

To investigate the possibility that the BST
cardiovascular responses were mediated by
the projection to RVLM, glutamate was first
injected into the BST of the OVX and OVX+E
rats. The depressor and bradycardic responses
were similar in the magnitude in the pervious
experiments (OVX: AMAP: -23.8+5.97 mmHg and
AHR: -10.0£2.5 bpm; OVX+E: AMAP: -19.0+2.3
mmHg and AHR: -10.0£6.7 bpm, P<0.01), then
CoCl,, was injected into the RVLM. Microinjection
of CoCl, into the RVLM of OVX and OVX+E rats
had no significant effect on the baseline values
of MAP and HR compared with the pre-injection
values (OVX: AMAP: -0.240.2 mmHg and AHR:
-4.0+2.3 bpm; OVX+E: AMAP: -1.0+0.2 mmHg
and AHR: 0.8+0.1 bpm). Re-stimulation of the
BST, 10 minutes after microinjection of CoCl,
into the cardiovascular site of RVLM significantly
attenuated the depressor and bradycardic
responses of the same site of the BST.

The magnitude of depressor response during
stimulation of BST 10 minutes after CoCl,
microinjection into the RVLM was significantly
different from the pre-injection values (OVX:
AMAP: -6.3+2.1 mmHg and AHR: -2.5%+2.5
bpm [P<0.01]; OVX+E: AMAP: -11.3+1.6.3
mmHg and AHR: -6.2+4.2 bpm [P<0.05]).
The magnitude of depressor and bradycardic
responses by re-stimulation of BST, 60 min
after CoCl, microinjection into the RVLM (OVX:
AMAP: -19.8+3. 7 mmHg and AHR: -10.0+4.5

bpm; OVX+E: AMAP: -18.9+2.5 mmHg and AHR:
-8.5.0+5.2 bpm) did not yield different results from
the control values indicating that the effect of
CoCl, was abolished (figures 4 and 5).

Cardiovascular Responses Elicited by Glutamate
Injection into the BST after the Injection of Bicuculline
in the RVLM

To test the possible inhibition of cardiovascular
responses of the BST by GABAergic neurons of
the RVLM, first glutamate was injected into the
BST of the OVX and OVX+E rats, then a GABA,
antagonist bicuculline, was injected into the
RVLM. Microinjection of bicuculline into the RVLM
of the OVX and OVX+E rats led to a significant
increase on the MAP with no significant effect on
HR compared with their pre-injection value (OVX:
AMAP: 30.4+5.2 mmHg and AHR: 12.2.0+8.3
bpm; OVX+E: AMAP: 35.95+4.4 mmHg and
AHR: 9.246.11 bpm, P<0.01). Similar to pervious
experiments, 10 minutes later, glutamate was
injected into the BST of the OVX and OVX+E
rats. The depressor and bradycardic responses
caused by stimulation of the BST were similar
to those of the pervious experiments (OVX:
AMAP: -22.5+2.68 mmHg and AHR: -12.2+2.1
bpm; OVX+E: AMAP: -28.1+£3.7 mmHg and AHR:
-14.2+3.5 bpm, P<0.01, ¢ test).

The magnitude of depressor response during
stimulation of the BST 10 minutes after bicuculline
microinjection into the RVLM were reduced to
almost 50% of their control value (OVX: AMAP:
-11.943.3 mmHg and AHR: -10.0+2.5 bpm;
OVX+E: AMAP: -16.312.4 mmHg and AHR:

10 min after CoC12

Control

60 min after CoC12

Figure 4: This figure shows tracings of blood pressure and heart rate responses elicited by microinjection of glutamate into the|
BST before (control) and after injection of CoCI; into the RVLM and re-stimulation of BST at 10 and 60 minutes after injection of]
CoCl} in RVLM in OVX and OVX+E rats, arrows indicate the injection times. Scale bar: 1 min
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Figure 5: This figure shows the cardiovascular effect of]
glutamate (0.25 M/20 nl) injection into the BST before
(control) and 10, 20, 40, and 60 min after injection of CoCl

2]

(5 mM/50 nl) into the RVLM in OVX and OVX+E rats.

*Significant different compared with pre-injection values|
(control), paired { test, P<0.01

conbrol 10 min after BMI

-7.5+1.7 bpm, P<0.01).

60 min after the microinjection of bicuculline
into the RVLM, the magnitude of depressor and
bradycardic responses by re-stimulation of the
BST approximately returned to their control
value (OVX: AMAP: -15.8+3.7 mmHg and AHR:
-9.044.5 bpm; OVX+E: AMAP: -23.0+3.6 mmHg
and AHR: -12.5+2.5 bpm, figures 6 and 7).

Cardiovascular Response Elicited by Glutamate
Injected into the BST after the Injection of
Phaclophen in the RVLM

Tofind the possible effects of GABA, receptors
of the RVLM on the cardiovascular responses
of the BST, phaclophen, a GABA, antagonist,
was microinjected into the RVLM of the OVX
and OVX+E rats. No significant difference was
found in both MAP and HR compared with
their pre-injection values (OVX: AMAP: 4.311.1
mmHg and AHR: 3.3+2.1 bpm; OVX+E: AMAP:
6.9+1.4 mmHg and AHR: 8.7+3.2 bpm). Similar
to pervious experiments, microinjection of
glutamate into the BST elicited bradycardic and
depressor responses (OVX: AMAP: -26.1+3.0
mmHg and AHR: -16.9+3.1 bpm; OVX+E: AMAP:
-26.842.62 mmHg and AHR: -13.6x5 bpm,
P<0.01, t test). Unlike the effect of bicuculline,
microinjection of phaclophen did not alter
the magnitude of depressor and bradycardic
responses by re-stimulation of the BST, 10,
20, 40, and 60 minutes after microinjection of
phaclophen into the cardiovascular site of RVLM
(figures 8 and 9).

B0 min after BMI

Figure 6: This figure shows tracings of blood pressure and heart rate responses elicited by microinjection of glutamate into the|
BST before (control) and after injection of bicuculline (1 mM/50 nl) into the RVLM and re-stimulation of BST at 10 and 60 minutes|
after injection of bicuculline into the RVLM in OVX and OVX+E rats, arrows indicate the injection times. Scale bar: 1 min

Iran J Med Sci December 2012; Vol 37 No 4

247



Hatam M, Ganjkhani M

a
RVLM-BMI
0 Control 10 20 40 60
s =104
<
= *
ET -
E i
E'E, =20 e
L]
]
=30
COVXK  n=6
- Zzz QVX+E n=7
b RVLM-BMI
Control 10 20 40 60
(1]
=104 | * IT% L{% L:%

Change In HR
{bpm)
8

=30

Figure 7: This figure shows the cardiovascular effect off
glutamate (0.25 M/20 nl) injection into the BST before (control

and 10, 20, 40, and 60 min after injection of bicuculline into
he RVLM in OVX and OVX+E rats. *Significant difference
ith pre-injection values (control), paired f test, P<0.01

500 10 min after phaclophen

We found that estrogen decreased HR significantly,
circulatory estrogen did not alter the cardiovascular
depressor response evoked by BST stimulation,
RVLM neurons in the medulla mediated the BST
cardiovascular responses, and the depressor
response of the BST was partly mediated by the
activation of GABA neurons of the RVLM.

Circulating estrogen within the physiological
range affects HR, since the baseline HR in the
OVX+E rats was lower than in the OVX rats. Our
finding supports the previous report that estrogen
directly affects the heart and alters cardiac output.?*
Estrogen facilitates parasympathetic activity of the
heart and potentiates the bradycardic component
of the barorereflex.? Estrogen facilitates
bradycardic response evoked by intravenous
phenylephrine injection in ovariectomized female
mice. The effect of estrogen on resting vascular
tone was mediated by the estrogen beta receptor
subtype, whereas its effect on the heart rate
was mediated by the alpha subtype.?® The role
of endogenous estrogen in the protection of the
heart from ischemic heart disease has recently
been suggested.?® Estrogens also stimulate
NO generation and cause NO dependent
vasodilatation which may increase myocardial
blood flow.?¢ Microinjection of estrogen analogue
in the RVLM reportedly produced a depressor
effect through a decrease in sympathetic nerve
activity,?” and activation of inducible nitric oxide
synthase (iNOS)-derived NO in rats.®

60 min after phaclophen

r-'—--'\-,,‘_'_____,.——--———_‘'__'_\._...----"""__--"-"““_.

Figure 8: This figure shows tracings of blood pressure and heart rate responses elicited by microinjection of glutamate into the|
BST before (control) and after injection of phaclophen into the RVLM and re-stimulation of BST at 10 and 60 minutes after the
injection of phaclophen into the RVLM in OVX and OVX+E rats, arrows indicate the injection times. Scale bar: 1 min
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Figure 9: This figure shows the cardiovascular effect of]
glutamate (0.25 M/20 nl) injection into the BST before (control)

and 10, 20, 40, and 60 min after injection of phaclophen (5
mM/50 nl) into the RVLM in OVX and OVX+E rats.

We investigated the role of estrogen in the
cardiovascular responses of the BST for the first
time. Microinjection of glutamate into the BST
of OVX and OVX+E female anesthetized rats
elicited depressor and bradycardic responses
in both groups (figures 3-9). The magnitude of
depressor and bradycardic responses in OVX
and OVX+E rats were similar, suggesting that
the circulatory level of estrogen did not affect
the BST cardiovascular responses, even though
the BST contains a high density of estrogen
receptors that affect some physiological functions
such as sexual behavior,?® social affiliation,3°
sexual dimorphism, and masculinization of the
BST neurons.®' The depressor and bradycardic
responses to the BST stimulation by glutamate
are similar to the findings of the pervious
experiments in male anesthetized rat.’®" The
depressor effect is caused by the inhibition of
sympathetic effect on the vasculature and heart."°
In other areas of the central nervous system, the
regulatory effect of estrogen on the cardiovascular
system has been shown. For example circulatory

Iran J Med Sci December 2012; Vol 37 No 4

estrogen potentiates the bradycardic response
to stimulation of nucleus tractus solitarius by
microinjection of hypocretine-1;2' however, we
found that the estrogen receptor of the BST had
no significant effect on its cardiovascular effects.

For the first time, our study showed that the
decrease in MAP and HR in response to the BST
stimulation was partly mediated by a pathway
from the BST to the RVLM. This is based on
the finding that microinjection of the reversible
synaptic blocker CoCl, into the RVLM of OVX
and OVX+E animals reduced the depressor
and bradycardic responses elicited by the BST
stimulation for approximately 20 minutes. The
responses to re-stimulation of the BST 60 min
after the injection of CoCl, into the RVLM returned
to the control values, suggesting that previous
BST stimulation of the same site did not produce
neuronal damage. The injection of CoCl, into the
RVLM disrupt temporary neuronal transmission
because of reversible inactivation of calcium
channel on presynaptic terminals.3233

In another part of this study we showed that
GABAergic neurons in the RVLM are involved
in the cardiovascular responses elicited by
activation of the BST. Microinjection of bicuculline,
a GABA, antagonist, significantly attenuated the
BST cardiovascular responses. But injection of
phaclophen, a GABA, antagonist, did not alter the
BST cardiovascular responses. The alternation of
the BST responses by the injection of bicuculline
suggests that the cardiovascular output neurons
of the BST might stimulate the RVLM neurons. Itis
probable that the activation of GABAergic neuron
of the RVLM in part might be under the influence
of the BST neurons. A previous study showed that
GABA neurons in the RVLM were located caudal
to the end pole of the facial nucleus,* which is
the same site that we injected CoCl, and GABA
antagonists. Taken together, these data suggest
that there is a direct projection from the BST to
the RVLM. However, this possibility cannot be
considered that the BST innervate other forebrain
and brainstem area,'>3 that all are involved in
cardiovascular regulation and which in turn project
to the RVLM."** The RVLM is a critical site in
the tonic and reflex control of blood pressure
and monosynaptically connected to sympathetic
preganglionic neurons in intermediolateral horn
of the spinal cord. The spinal cord mediates the
sympathetic effect of the forebrain and brain stem
nuclei to vasculature and heart.*”

Conclusion

We demonstrated that circulatory estrogen at the
physiological level did not alter the depressor and
bradycardic responses to the BST stimulation by
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glutamate. For the first time we showed that these
responses are mediated partly by pathways that
terminate at RVLM neurons. The present result also
indicates that the GABA, receptors of the RVLM are
in partinvolved in the BST cardiovascular responses.
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