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Abstract

The rostral ventrolateral medulla (RVLM) contains neurons involved
in tonic and reflex control of arterial pressure. We describe the effects
of gamma-aminobutyric acid (GABA) and anesthetics injected into
the RVLM of conscious and urethane (1.2 g/kg, iv) anesthetized
Wistar rats (300-350 g). In conscious rats, bilateral microinjection of
GABA (50 nmol/200 nl) induced a small but significant decrease in
blood pressure (from 130 ± 3.6 to 110 ± 5.6 mmHg, N = 7). A similar
response was observed with sodium pentobarbital microinjection (24
nmol/200 nl). However, in the same animals, the fall in blood pressure
induced by GABA (from 121 ± 8.9 to 76 ± 8.8 mmHg, N = 7) or
pentobarbital (from 118 ± 4.5 to 57 ± 11.3 mmHg, N = 6) was
significantly increased after urethane anesthesia. In contrast, there was
no difference between conscious (from 117 ± 4.1 to 92 ± 5.9 mmHg,
N = 7) and anesthetized rats (from 123 ± 6.9 to 87 ± 8.7 mmHg,
N = 7) when lidocaine (34 nmol/200 nl) was microinjected into the
RVLM. The heart rate variations were not consistent and only eventu-
ally reached significance in conscious or anesthetized rats. The right
position of pipettes was confirmed by histology and glutamate micro-
injection into the RVLM. These findings suggest that in conscious
animals the RVLM, in association with the other sympathetic premotor
neurons, is responsible for the maintenance of sympathetic vasomotor
tone during bilateral RVLM inhibition. Activity of one or more of
these premotor neurons outside the RVLM can compensate for the
effects of RVLM inhibition. In addition, the effects of lidocaine
suggest that fibers passing through the RVLM are involved in the
maintenance of blood pressure in conscious animals during RVLM
inhibition.
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Introduction

A turning point in our knowledge of the
autonomic nervous system control of arterial
blood pressure (BP) was the identification of
the ventrolateral medulla and the demonstra-
tion of its key role in BP maintenance and
reflex cardiovascular control (1-3).

Two distinct areas have been identified
within the ventrolateral medulla: the rostral
ventrolateral medulla (RVLM), responsible
for maintaining the tonic excitation of sym-
pathetic preganglionic neurons (4,5), and
the caudal ventrolateral medulla, a depres-
sor area clearly involved in the reflex regula-
tion of BP (2,3). Recently, a third area in a
region known as the caudal pressor area has
been shown to play an important role in
generating sympathetic vasomotor tone in
the rat. A significant proportion of tonic
activity in RVLM sympathetic premotor neu-
rons is driven by neurons in the caudal pressor
area, at least in anesthetized animals (6,7).

The RVLM is a pressor area and one of
the sympathetic premotor neurons (8). In the
rat, the RVLM extends from 1.0 to 2.5 mm
rostral to the median rootlet of the XII nerve
and 1.5-2.0 mm lateral to the midline (9).
There is a large body of evidence showing
that the functional integrity of the RVLM is
essential for the maintenance of the basal
sympathetic vasomotor tone. Electrolytic le-
sion or chemical inactivation of RVLM neu-
rons by inhibitory amino acids such as gly-
cine or gamma-aminobutyric acid (GABA)
results in a fall of BP similar to that usually
obtained in acute spinal animals (4,10-12).
However, these studies were performed on
anesthetized animals, a condition that may
be a limiting factor in the interpretation and
analysis of the results. For example, gluta-
mate microinjections into the RVLM in con-
scious animals cause a larger increase in BP
compared to anesthetized rats (13). Unilat-
eral or bilateral microinjection of glycine
into the RVLM decreases BP in anesthetized
rats, whereas in conscious animals the same

procedure causes an opposite effect (14).
There is no comparative study regarding the
cardiovascular effects of different inhibitory
drugs into the RVLM in conscious and anes-
thetized rats.

The aim of the present study was to in-
vestigate the cardiovascular effects of mi-
croinjection of GABA, sodium pentobar-
bital and lidocaine into the RVLM of con-
scious animals and to compare the results
with those obtained for urethane-anesthe-
tized rats.

Material and Methods

General procedures

Male Wistar rats weighing 300-350 g
were used. The animal experimentation Eth-
ics Committee of the Universidade Federal
de São Paulo approved the experiments. For
the surgical procedure, rats were anesthe-
tized with sodium pentobarbital (40 mg/kg,
ip), and the right femoral vein and artery
were cannulated and dorsally exteriorized
for drug infusion and for BP recording using
a transducer (Statham P23 Db, Quincy, MA,
USA) connected to a Beckman R511A re-
corder. Mean arterial pressure (MAP) was
obtained by filtering the BP signal in a sec-
ond channel, and heart rate (HR) was re-
corded with a cardiotachometer (Beckman
9857B, Schiller Park, IL, USA) triggered by
the pulse wave in a third channel. Body
temperature was maintained at 37 ± 0.5ºC by
a heating table.

Animals were placed prone in a stereo-
taxic apparatus with the bite bar 5 mm below
the interaural line. The lambda was taken as
a landmark for the stereotaxic coordinates.

Cannula implantation into the RVLM

The method used for conscious animals
was a development of the method already
used in our laboratory for anesthetized acute
experiments (6,15). Two occipital holes were
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bilaterally drilled to allow penetration of the
guide cannulas. Two separate electrode ma-
nipulators were used in the stereotaxic frame
with independent movements, allowing dis-
tinct rostral, caudal and lateral measurements
on each side. The electrode carriers were
bent 8º backwards. A stainless steel tube
(1.5-mm outer diameter (OD) x 15 mm in
length) was fixed on the side of an electrode
holder in order to contain and allow dis-
placement of the support system of the guide
cannula.

Since the guide cannulas were very small
(they were made from two coupled needles,
-0.6- and 0.9-mm OD and 11 and 10 mm in
length) their handling was facilitated by cou-
pling them to a support cannula made with
the same needles, but having a length of 26
mm, inserted into the stainless steel tube
mentioned above.

A stainless steel micropipette (OD = 0.3
mm) was placed inside the set of the support
and guide cannulas. The length of the mi-
cropipettes and of the guide cannulas was
adjusted to allow only the micropipettes to
be inserted into the brain tissue. The guide
cannula was then directed at the desired
stereotaxic position (AP = -1.8 mm posterior
to the lambda and L = 1.6 mm lateral to the
parietal suture) according to the atlas of
Paxinos and Watson (16). Vertical position-
ing was obtained by slowly lowering both
the micropipette and the set of supporting
and guide cannulas until a slight displace-
ment between them was observed.

To confirm the position of the micropi-
pette, L-glutamate (6 nmol/200 nl) was in-
jected into the RVLM. A hypertensive re-
sponse of at least 30 mmHg was taken as the
positive control. No more than two attempts
were made on each side. Once the response
was confirmed, the guide cannulas were kept
in place with acrylic polymer and the sup-
port systems were withdrawn. Two screws
were placed +2 mm from the lambdoid su-
tures for further stabilization of the guide
cannulas. Finally, the cannulas were sur-

rounded with a ring-like crown structure in
order to protect the cannulas from contact
with the animal’s paw.

The animals were allowed to recover from
surgery for at least 24 h. On the day of the
experiments, they were kept in their indi-
vidual cages, and basal recordings of BP and
HR were obtained for at least 30 min from
conscious rats.

Drug microinjections

Drugs were microinjected into the RVLM
through micropipettes placed inside guide
cannulas and connected to Hamilton (701)
microsyringes fixed in a manual injector.
The positions of the micropipettes were de-
termined previously as described above. Only
one drug was tested on each animal by a
single bilateral microinjection. Microinjec-
tions consisted of 50 nmol GABA, 24 nmol
sodium pentobarbital or 34 nmol lidocaine
chlorhydrate diluted in 200 nl of physiologi-
cal saline and the duration of microinjection
for each side was approximately 10 s. This
relatively large volume was used to be cer-
tain that the entire RVLM region was reached
by the drugs. The pH of the solutions was
adjusted to 7.4. These drugs and doses were
selected because they were used extensively
in previous studies of the role of the ventro-
lateral medulla in the maintenance of BP in
rats (17).

After 24 h of recovery from the microin-
jection, the animals were anesthetized slowly
with urethane (1.2 g/kg, iv) and the same
procedure was repeated for microinjection
of drugs. The same drug used in the con-
scious condition was microinjected again
into the same animal after anesthesia.

Histology

At the end of each experiment, 200 nl of
2% Evans blue dye was injected into the
ventromedullary sites. Animals were sacri-
ficed with an overdose of urethane and the
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brainstem was removed and fixed in 10%
formaldehyde for histological analysis (6).
The injection sites, as indicated by dye diffu-
sion, were ovoid-shaped ranging from 1.5 to
2.0 mm in the rostrocaudal direction and
from 0.8 to 1.2 mm on the mediolateral axis,
and extended 0.5 to 0.8 mm dorsal to the
ventral surface. A characteristic injection
site is shown in Figure 1. A significant change

in BP in conscious or anesthetized animals
was observed only when the dye was depos-
ited ventral to the nucleus ambiguus and
lateral to the inferior olivary nucleus. When
the drugs were injected outside this region
no response was obtained. The injection sites
were plotted on a map according to the atlas
of Paxinos and Watson (16).

Statistical analysis

All data are reported as means ± SEM.
The significance of changes in MAP or HR
following microinjection was determined
within each group by the Student paired t-
test. The cardiovascular responses to micro-
injection of drugs into the RVLM of con-
scious or anesthetized rats were assessed by
analysis of variance (ANOVA) followed by
the Student-Newman-Keuls test. Differences
were considered significant for a P value
<0.05 in relation to the basal condition.

Results

Effects of bilateral microinjection of GABA
into the RVLM

As shown in Figure 2, bilateral microin-
jection of GABA into the RVLM provoked a
decrease in BP and tachycardia in conscious
animals. However, in anesthetized animals,
bilateral injection of GABA into this area
produced a more intense hypotension, as
shown in Figure 2. In a group of 7 animals,
bilateral injection of GABA into the RVLM
of conscious animals significantly reduced
MAP (control: 130 ± 3.6; after GABA: 110 ±
5.6 mmHg; P < 0.05) with a nonsignificant
change in HR (control: 326 ± 12.4; after
GABA: 358 ± 8.6 bpm; Figure 2). The re-
sponse started during the microinjection,
peaked at 2 min and remained below resting
level for 5.5 ± 1.0 min. When GABA was
microinjected into the RVLM in anesthe-
tized animals (N = 7), a significant and promi-
nent decrease in MAP was observed (con-

Figure 1. Typical bilateral micro-
injection sites into the rostral
ventrolateral medulla evaluated
by 200 nl of Evans blue diffusion
(A). In B, a schematic represen-
tation of the medulla. Amb,
nucleus ambiguus; CST, corti-
cospinal tract; ION, inferior oli-
vary nucleus; NTS, nucleus of
the tractus solitarii; STN, spinal
trigeminal nucleus.
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Figure 2. Effects of bilateral mi-
croinjection of gamma-aminobu-
tyric acid (GABA, 50 nmol/200
nl) into the RVLM on the mean
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trol: 121 ± 8.9; after GABA: 76 ± 8.8 mmHg;
P < 0.05) but no significant change in HR
was observed (control: 469 ± 24.7; after
GABA: 426 ± 46.6 bpm; Figure 2). The
decrease in MAP in response to GABA ob-
served in anesthetized animals was signifi-
cantly greater than in the conscious condi-
tion. The response started 30 s after the end
of the microinjection, peaked at 2 min and
remained below resting level for approxi-
mately 10 min.

Effects of bilateral microinjection of sodium
pentobarbital into the RVLM

Bilateral microinjection into conscious
animals produced only a small, but signifi-
cant, fall in MAP not associated with a sig-
nificant variation in HR, although there was
a tendency to tachycardia (control MAP:
131 ± 4.0; after the drug: 123 ± 4.9 mmHg;
control HR: 337 ± 32; after the drug: 368 ±
36.4 bpm). In contrast, in anesthetized ani-
mals, the decrease in BP was significantly
larger (control BP: 118 ± 4.5; after the drug:
57 ± 11.3 mmHg, N = 6). The response was
accompanied by a significant change in HR
(Figure 3).

Effects of bilateral microinjection of lidocaine
chlorhydrate into the RVLM

The same procedure was used with mi-
croinjections of lidocaine chlorhydrate into
the RVLM performed in conscious (N = 7)
as well as in anesthetized animals (N = 7).
The fall in BP was similar in anesthetized
and conscious animals (control MAP of con-
scious animals: 117 ± 4.1; after lidocaine: 92
± 5.9 mmHg; control MAP of anesthetized
animals: 123 ± 6.9; after lidocaine: 87 ± 8.7
mmHg). Bilateral microinjection into con-
scious animals produced a significant in-
crease in HR (control: 315 ± 18.1; after
lidocaine: 380 ± 18.0 bpm), whereas no
change in HR was observed in the anesthe-
tized condition (Figure 4).

Figure 4. Effects of bilateral mi-
croinjection of lidocaine (34
nmol/200 nl) into the RVLM on
the mean arterial pressure
(MAP) and heart rate (HR) of
conscious (left, N = 7) or anes-
thetized (right, N = 7) rats. *P <
0.05 compared to respective
control (Student paired t-test).
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Figure 3. Effects of bilateral mi-
croinjection of sodium pento-
barbital (24 nmol/200 nl) into the
RVLM on the mean arterial pres-
sure (MAP) and heart rate (HR)
of conscious (left, N = 6) or
anesthetized (right, N = 6) rats.
*P < 0.05 compared to respec-
tive control (Student paired
t-test).
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10.7 bpm, N = 6). Similar results were ob-
tained in anesthetized animals, with the mi-
croinjection of saline producing a discrete
increase in MAP (control: 130 ± 6.4; after
saline: 134 ± 8.9 mmHg) but no significant
change in HR (control: 387 ± 32; after sa-
line: 365 ± 43.6 bpm, N = 6), as shown in
Figure 5.

Discussion

The major new finding of the present
study was the demonstration that: 1) the fall
in BP in response to microinjection of GABA
and pentobarbital into the RVLM was greater
in anesthetized than in conscious animals,
and 2) there was no difference between
groups when lidocaine was injected.

Previous studies on different species have
shown that the integrity of the RVLM is
essential for the maintenance of BP and for
the reflex control of the cardiovascular sys-
tem (18,19). RVLM inhibition by GABA
produced a fall in BP similar to that observed
after acute spinal cord transection. How-
ever, the cited studies were carried out on
animals anesthetized with urethane, α-chlor-
alose or sodium pentobarbital (20-22), drugs

with central and peripheral effects that might
directly or indirectly modify the cardiovas-
cular responses to RVLM inhibition.
Cochrane and Nathan (23), for example,
showed that the hypotension produced by
RVLM lesion in rats is dependent on the
anesthesia. They showed that the persistent
fall in MAP after RVLM lesion appeared
only in animals anesthetized with urethane,
whereas in animals anesthetized with so-
dium pentobarbital or α-chloralose only a
transient hypotension was observed. These
studies with electrolytic lesions agree with
our results with pharmacological inhibition,
which show that the cardiovascular effects
of RVLM inactivation are also affected by
the anesthesia condition.

In the present study we found that the fall
in BP caused by RVLM inhibition with
GABA or pentobarbital was less intensive in
conscious than in anesthetized rats. Araujo
et al. (14) also found that the depressor
response to glycine into the RVLM was ob-
served only when low doses of the drug were
injected and, in this case, the fall in BP was
also more marked in anesthetized rats. This
result supports the view that the actions of
inhibitory amino acids into the RVLM are
clearly influenced by anesthesia.

Urethane might either directly or indi-
rectly affect the magnitude of the cardiovas-
cular responses mediated by drugs microin-
jected into the RVLM. It has been demon-
strated that urethane produces hormonal or
biochemical changes that can interfere with
the cardiovascular responses. Some re-
sponses involving pharmacological stimula-
tion of adrenoceptors are affected by ure-
thane (24). Since these receptors are involved
in the responses mediated by the RVLM we
may postulate that the central or peripheral
actions of urethane on adrenoceptors can
interfere with actions mediated by premotor
neurons of the ventrolateral medulla.

Fontes et al. (25) showed that microin-
jection of both AT1 and AT2 ligands into the
RVLM in conscious rats produced pressor
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Figure 5. Effects of bilateral mi-
croinjection of saline (0.9%, 200
nl) into the RVLM on the mean
arterial pressure (MAP) and heart
rate (HR) of conscious (left, N =
6) and anesthetized (right, N = 6)
rats.
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effects at doses that did not change BP in
anesthetized rats, another example of differ-
ential responses by conscious and anesthe-
tized rats.

It is possible that in conscious animals
other areas of the nervous system are ca-
pable of maintaining BP during RVLM inhi-
bition. Until a short time ago the RVLM was
recognized as the only area in the brainstem
in which pharmacological inhibition could
produce a decrease in BP. More recently,
however, a tonic vasomotor activity was dem-
onstrated in the parabrachial nucleus (26),
the pontine reticular formation (27), the para-
ventricular nucleus of hypothalamus and the
caudalmost ventrolateral medulla, the cau-
dal pressor area (15).

In studies with cats under chloralose
anesthesia, Feldberg and Guertzenstein (1)
demonstrated that in the medullary-spinal
transition an area (caudal pressor area) ap-
pears to maintain BP. These investigators
demonstrated that during surgical anesthesia
with chloralose the stimulation of this area
by leptazol produced a decrease in BP. In
contrast, when the same animals were pro-
foundly anesthetized, an increase in BP was
observed. Machado and Bonagamba (28)
showed that glutamate microinjection into
the nucleus tractus solitarii of rats anesthe-
tized with urethane or chloralose produces a
fall in BP. However, in conscious animals, a
dose-dependent increase in BP was observed
in response to glutamate. These data empha-
size the influence of anesthesia on the car-
diovascular responses mediated by drug mi-
croinjections in specific regions of the brain-
stem involved in cardiovascular regulation.

In the same type of experiment, Bachelard
et al. (13) demonstrated that the cardiovas-
cular responses to microinjection of L-gluta-
mate into the RVLM are more prominent in
conscious animals than in animals anesthe-
tized with urethane.

One explanation for the observation of a
different intensity in the cardiovascular re-
sponse to microinjection of GABA and pen-

tobarbital into the RVLM of conscious and
anesthetized animals could be that in con-
scious animals behavioral effects may cause
secondary cardiovascular alterations that may
mask the actions of these drugs. However,
this possibility seems to be remote since no
behavioral alterations were observed in re-
sponse to microinjections of GABA, pento-
barbital, lidocaine or saline into the RVLM
of conscious animals. In addition, saline mi-
croinjection into the RVLM did not change
BP or HR. We cannot exclude, however, the
possibility that in non-anesthetized animals
the baroreceptor reflex is more effective in
compensating changes in BP during RVLM
inhibition. Sakima et al. (29), for example,
showed that glutamate microinjection into
the RVLM of conscious rats caused a de-
crease in HR but no change in anesthetized
animals.

Another point is the possible influence of
respiratory alterations masking cardiovascu-
lar responses in conscious animals. Vehicle
injections into the RVLM, for example, did
not change BP or HR, suggesting that if there
is any respiratory component in the cardio-
vascular responses mediated by microinjec-
tions into the RVLM in conscious rats it is
probably not important. In addition, the res-
piratory neurons in the ventrolateral medulla
are close but located more dorsally than the
premotor RVLM neurons (30). In this case,
our microinjections were located ventrally
in relation to the respiratory group, probably
mainly reaching the cardiovascular neurons.
However, only new experiments can solve
this question.

The only drug that caused the same effect
on BP in both conscious and anesthetized
rats was lidocaine. It is possible that this
agent was more effective than GABA or
pentobarbital because of its action on both
neurons and fibers of passage.

Finally, it is possible that in conscious
animals the RVLM in association with other
areas of the brain is responsible for the main-
tenance of vasomotor tone and sympathetic
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activity. We may hypothesize that during
RVLM inhibition other areas outside the
RVLM may take on its role in the mainte-
nance of arterial pressure in conscious ani-
mals. The fact that lidocaine injection into

the RVLM causes a similar fall in BP in
conscious and anesthetized rats suggests that
fibers from other nuclei passing through the
RVLM are involved in the maintenance of
BP in conscious animals.
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