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The neurotransmission of the chemoreflex in the nucleus tractus
solitarii (NTS), particularly of the sympatho-excitatory component, is
not completely understood. There is evidence that substance P may
play a role in the neurotransmission of the chemoreflex in the NTS.
Microinjection of substance P (50 pmol/50 nl, N = 12, and 5 nmol/50
nl, N = 8) into the commissural NTS of unanesthetized rats produced
a significant increase in mean arterial pressure (101 ± 1 vs 108 ± 2 and
107 ± 3 vs 115 ± 4 mmHg, respectively) and no significant changes in
heart rate (328 ± 11 vs 347 ± 15 and 332 ± 7 vs 349 ± 13 bpm,
respectively) 2 min after microinjection. Previous treatment with
WIN, an NK-1 receptor antagonist (2.5 nmol/50 nl), microinjected
into the NTS of a specific group of rats, blocked the pressor (11 ± 5 vs
1 ± 2 mmHg) and tachycardic (31 ± 6 vs 4 ± 3 bpm) responses to
substance P (50 pmol/50 nl, N = 5) observed 10 min after microinjection. Bilateral microinjection of WIN into the lateral commissural
NTS (N = 8) had no significant effect on the pressor (50 ± 4 vs 42 ± 6
mmHg) or bradycardic (-230 ± 16 vs -220 ± 36 bpm) responses to
chemoreflex activation with potassium cyanide (iv). These data indicate that the activation of NK-1 receptors by substance P in the NTS
produces an increase in baseline mean arterial pressure and heart rate.
However, the data obtained with WIN suggest that substance P and
NK-1 receptors do not play a major role in the neurotransmission of
the chemoreflex in the lateral commissural NTS.

Introduction
Studies from our laboratory have evaluated the autonomic processing of the cardiovascular reflexes in the nucleus tractus solitarii (NTS), with particular emphasis on the
role of excitatory amino acid (EAA) receptors (1-6). Several studies have indicated a
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major role for L-glutamate and the different
subtypes of EAA receptors in this neurotransmission (7-10). There is also evidence in the
literature suggesting that substance P also
plays an important role in the neurotransmission of the baroreflex afferents in the NTS
(11) and may be involved in the processing
of the sympatho-excitatory component of the
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chemoreflex in the NTS (11-14).
In a recent study (15) we observed that
microinjection of EAA receptor antagonists
(kynurenic acid; 6,7-dinitroquinoxaline-2,3dione (DNQX) or a-methyl-4-carboxyphenylglycine (MCPG)) into the NTS produced
only partial blockade of the pressor response
to chemoreflex activation, indicating that
the sympatho-excitatory component of this
reflex was not exclusively mediated by Lglutamate and EAA receptors. Considering
the possible involvement of substance P in
the processing of the sympatho-excitatory
component of the chemoreflex in the NTS
(11-14), in the present study we evaluated
the role of substance P and NK-1 receptors
in the processing of the chemoreflex afferents in the lateral commissural NTS of awake
rats. To achieve these goals we microinjected substance P into the NTS of awake
rats before and after local microinjection of
WIN, an NK-1 receptor antagonist, and we
also activated the chemoreflex before and
after bilateral microinjection of an effective
dose of WIN into the lateral commissural NTS
of awake rats. A preliminary report of these
data has been published as an abstract (16).

Material and Methods
Male Wistar rats weighing 280-300 g were
used in the present study. Four days before the
experiments rats under 2.5% tribromoethanol
anesthesia (1 ml/100 g, ip) were placed in a
stereotaxic apparatus (David Kopf, Tujunga,
CA, USA) and the technique described by
Michelini and Bonagamba (17) was used to
implant bilateral guide cannulas in the direction of the lateral commissural NTS (0.5 mm
lateral to the midline and ~0.5 mm rostral to
the calamus scriptorium) according to the coordinates of the Paxinos and Watson atlas
(18). To implant each guide cannula we made
a small window in the skull caudal to the
lambda and introduced a 15-mm long stainless
steel guide cannula (22 gauge; Small Parts,
Miami Lakes, FL, USA) perpendicularly
Braz J Med Biol Res 33(11) 2000

through the window at the following coordinates: 0.5 mm lateral to the bregma, 14.00 mm
caudal to the bregma and 7.9 mm below the
skull surface at the bregma. The tip of the
guide cannula was positioned ~1.0 mm above
the dorsal surface of the brainstem. The guide
cannula was fixed to the skull with methacrylate and watch screws and then closed with an
occluder until the time of experimentation
(2,5,17). The needle (33 gauge, Small Parts)
used for microinjection into the NTS was 1.5
mm longer than the guide cannula and was
connected by PE-10 tubing to a 1-µl syringe
(Hamilton, Reno, NV, USA). The needles for
microinjection of L-glutamate, used for functional identification of the NTS (5), substance
P and WIN were carefully inserted into the
guide cannula and manual injection was initiated 30 s later.
One day before the experiments, under
2.5% tribromoethanol anesthesia, a catheter
(PE-10 connected to PE-50; Clay Adams,
Parsippany, NJ, USA) was inserted into the
abdominal aorta through the femoral artery
for measurement of pulsatile arterial pressure (PAP), mean arterial pressure (MAP)
and heart rate (HR). A second catheter was
inserted into the femoral vein for drug administration. Both catheters were tunneled
and exteriorized through the back of the
neck to be connected to a pressure transducer under conscious freely moving conditions. PAP was measured with a pressure
transducer (model CDX III; Cobe Laboratories, Lakewood, CO, USA) connected to a
physiological recorder (Narcotrace 80; Narco
Bio-Systems, Austin, TX, USA) and MAP
was also evaluated using a Narco Universal
gain coupler (type 7189). HR was quantified
with a Narco biotachometer coupler (type
7302).
The chemoreflex was activated with potassium cyanide (KCN, 40 µg/rat, iv) according to the method described by Franchini
and Krieger (19) and the cardiovascular responses to chemoreflex activation were
evaluated before and 2, 10, 20 and 30 min
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after bilateral microinjection of WIN (2.5
nmol/50 nl) into the lateral commissural NTS.
At the end of each experiment 50 nl of
Evans blue (2%) was microinjected into the
same sites for histological analysis. The animals were then submitted to intracardiac
perfusion with saline followed by 10% buffered formalin under ether anesthesia. The
brains were removed and stored in buffered
formalin for 2 days, and serial coronal sections
(15 µm) were cut and stained by the Nissl
method. Only the rats in which the site of
microinjection was located in the lateral commissural NTS were used for data analysis.
The following drugs and solutions were
used: saline (0.9% NaCl), L-glutamate
(Sigma Chemical Co., St. Louis, MO, USA),
tribromoethanol (Aldrich Chemical Company,
Inc., Milwaukee, WI, USA), KCN (Sigma),
substance P (RBI, Natick, MA, USA) and
WIN 51.708 (NK-1 receptor antagonist, RBI).
All values are reported as means ± SEM.
Statistical analysis was performed using oneway ANOVA and the paired Student t-test.
Differences were considered significant at
the P<0.05 level.

Results

Comparison of the changes in MAP and
HR in response to two sequential bilateral
microinjections of substance P (50 pmol/50
nl) into the NTS at 20-min intervals in a
specific control group (N = 5) showed no
significant changes in the pressor (9 ± 3 vs 6
± 2 mmHg) or tachycardic responses (32 ±
12 vs 13 ± 9 bpm) to substance P microinjection. These data show that repeated microinjections of substance P into the NTS produced no tachyphylactic effect.
Effect of microinjection of WIN on the
cardiovascular responses to microinjection
of substance P into the NTS

Figure 1 summarizes the changes in MAP
and HR at 2, 5 and 10 min after unilateral
Table 1 - Basal mean arterial pressure (MAP) and heart rate (HR) before and 2 min after
bilateral microinjection of substance P (50 pmol/50 nl and 5.0 nmol/50 nl) or saline into
the NTS of three different groups of rats.
Values are reported as means ± SEM. *P<0.05 compared to control (paired t-test).
Substance P

50 pmol/50 nl
5 nmol/50 nl
Saline

Changes in baseline MAP and HR in response
to bilateral microinjection of substance P into
the NTS

DMAP (mmHg)

20

MAP (mmHg)

12
8
4

After

Before

After

101 ± 1
107 ± 3
103 ± 1

108 ± 2*
115 ± 4*
106 ± 2

328 ± 11
332 ± 7
314 ± 10

347 ± 15
349 ± 13
313 ± 9

15
10
5
*
2 min

5 min

HR (bpm)

Before

SP control (N = 5)
SP after WIN (N = 5)

0

*
10 min

Figure 1 - Changes in mean arterial pressure ( D MAP) and
heart rate (DHR) 2, 5 and 10 min
after a control microinjection of
substance P (SP, 50 pmol/50 nl)
into the NTS and 2, 5 and 10
min after microinjection of substance P preceded by microinjection of WIN (2.5 nmol/50 nl)
into the NTS. *P<0.05 compared to control (one-way
ANOVA).

40

DHR (bpm)

Table 1 shows the basal values of MAP
and HR before and 2 min after bilateral
microinjection of two doses of substance P
(50 pmol/50 nl and 5 nmol/50 nl) or saline
into the NTS of three different groups of rats.
There were significant increases in basal
MAP 2 min after microinjection of 50 pmol/
50 nl and 5 nmol/50 nl of substance P compared to control. Considering that these two
doses of substance P produced a similar
increase in MAP, it is possible that both are
in the maximal dose range and for this reason we used the dose of 50 pmol/50 nl in the
subsequent experiments.

N

30
20
10

*

*

5 min

10 min

0
-10

*
2 min
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microinjection of substance P (50 pmol/50
nl) into the NTS (control) and the changes in
MAP and HR 2, 5 and 10 min after microinjection of substance P following microinjection of WIN (2.5 nmol/50 nl) into the same
site. These data indicate that 2.5 nmol/50 nl
WIN produced a significant blockade of the
increase in MAP and HR produced by mi-

Figure 3 - Changes in mean arterial pressure (DMAP) and heart
rate (DHR) in response to chemoreflex activation (KCN, 40 µg/
rat, iv) before (control) and 2, 10,
20 and 30 min after bilateral microinjection of WIN (2.5 nmol/50
nl) into the NTS.

KCN control
MAP
PAP
HR
(mmHg) (mmHg) (bpm)

500
300
100
150
50
150
50
WIN NTS

100

DMAP (mmHg)

Figure 2 - Typical tracing of a
conscious rat representative of
the group showing the changes
in heart rate (HR), pulsatile arterial pressure (PAP) and mean arterial pressure (MAP) in response to chemoreflex activation with potassium cyanide
(KCN, 40 µg/rat, iv) before and 2,
10, 20 and 30 min after bilateral
microinjection of WIN (2.5 nmol/
50 nl) into the commissural NTS.

80

2

10

20 30 min

Control (N = 5)
After WIN (N = 5)

60
40
20

croinjection of substance P into the NTS at
2, 5 and 10 min. In a specific group of rats (N
= 5) microinjection of a low dose of WIN (1
nmol/50 nl) into the NTS produced no blockade in the cardiovascular responses to substance P (50 pmol/50 nl; data not shown).
Effect of bilateral microinjection of WIN into
the NTS on the chemoreflex

Figure 2 presents a typical tracing of one
rat representative of the group showing that
the effect of bilateral microinjection of WIN
(2.5 nmol/50 nl) into the lateral NTS produced no changes in the cardiovascular responses to chemoreflex activation. The data
summarized in Figure 3 show no significant
changes in the pressor or bradycardic responses to chemoreflex activation at 2, 10,
20 and 30 min after microinjection of WIN
when compared to control responses.
Figure 4 is a photomicrograph of a coronal section of the brainstem of one rat representative of the group that received microinjection of WIN and shows the bilateral sites
of microinjection in the lateral aspect of the
commissural NTS.

0
Control
0

DHR (bpm)

-50
-100
-150
-200
-250
-300
-350

Figure 4 - Photomicrograph of a
coronal section of the brainstem
of one rat representative of the
group that received bilateral microinjection of WIN showing the
bilateral sites of microinjections
in the lateral commissural NTS
(Nissl, 120X).
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Discussion
The NTS is the site of termination of
arterial baroreceptors, carotid chemoreceptors (chemoreflex) and cardiopulmonary afferents (Bezold-Jarisch reflex) in the brainstem and different subpopulations of postsynaptic neurons in the NTS are involved in
the autonomic responses to the activation of
these cardiovascular reflexes. In a recent
study from our laboratory (15), we observed
that microinjection of ionotropic receptor
antagonists (kynurenic acid and DNQX) or a
metabotropic receptor antagonist (MCPG)
into the lateral commissural and medial NTS
produced only partial blockade of the pressor response to chemoreflex activation, suggesting that the sympatho-excitatory component of this reflex is not exclusively medi-
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ated by EAA receptors (ionotropic and metabotropic). In view of these previous data
and of evidence in the literature in favor of
substance P as a neurotransmitter of the
chemoreflex (13,14), in the present study we
considered the possibility that substance P
may be involved in the processing of the
chemoreflex in the NTS, particularly in terms
of the sympatho-excitatory component. For
this reason we studied the possible role of
substance P receptors (NK-1) in the NTS in
the processing of the chemoreflex in unanesthetized rats.
Substance P is a peptide belonging to the
neurokinin family (20) and seems to play an
important role as a neurotransmitter or neuromodulator in primary baroreceptor and
chemoreceptor afferent fibers, but the
mechanisms of action of substance P in the
brain with respect to the cardiovascular reflexes in the NTS are not completely understood (12,21-25). It is important to note that
microinjections of substance P into the NTS
have produced variable effects on arterial
pressure in different studies. Whereas some
investigators failed to elicit cardiovascular
responses to microinjection of substance P
into the NTS (26,27), others reported that
substance P induced hypotensive responses
(22,23,25). The present study shows that
bilateral microinjections of substance P into
the lateral commissural NTS of unanesthetized rats produced a significant long-lasting
increase (at least 10 min) in MAP and HR.
On the other hand, the hypothesis that substance P may be involved in baroreflex neurotransmission was raised in studies showing that low doses of substance P into the
NTS elicit decreases in arterial pressure
(11,25). However, at higher doses substance
P produces long-lasting hypertension (24).
The different cardiovascular responses to
microinjection of substance P into the NTS
may be related to the different experimental
conditions used in each laboratory such as
the anesthetic administered and the level of
anesthesia. In the present study, we used

unanesthetized rats because in a previous
study we observed that urethane or chloralose anesthesia produced a major effect on
the cardiovascular responses to microinjection of L-glutamate into the NTS (5).
In the present study, WIN, a selective,
high-affinity, nonpeptide antagonist of NK1 receptors, was used to test the hypothesis
that substance P acting on these receptors
could be playing a role in the neurotransmission of the chemoreflex in the NTS. The
effective dose of WIN to block NK-1 receptors was determined in experiments in which
the long-lasting increase in MAP and HR
produced by substance P was blocked by
prior local administration of WIN. In these
experiments we observed that substance P
microinjected into the NTS produced significant cardiovascular changes which were
entirely blocked by an NK-1 receptor antagonist. These data confirm findings of previous studies showing that substance P and
NK-1 receptors may play some role in cardiovascular regulation at the NTS level
(11,25).
The microinjection of an NK-1 receptor
antagonist into the NTS produced no changes
in the cardiovascular responses to chemoreflex activation at 2, 10, 20 and 30 min after
bilateral microinjection, suggesting that substance P and particularly NK-1 receptors
play no major role in the neurotransmission
of the chemoreflex in the NTS. However,
other studies (14,21) have suggested a role
for substance P in the neurotransmission of
the chemoreflex. Intracisternal injections of
substance P, for example, mimic the effects
of hypoxia in normal rabbits while cats and
rabbits submitted to hypoxic challenges
showed an increase in substance P release
within some specific respiratory areas of the
NTS. In addition, the increase in substance P
release was abolished in rabbits by bilateral
carotid sinus nerve denervation (28). The
contrasting data of the present study may be
related to the different species used in other
studies as well as to the fact that our experiBraz J Med Biol Res 33(11) 2000
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ments were performed in awake rats. Anesthetics significantly reduce the cardiovascular responses to the chemoreflex and consequently the neurotransmission at the NTS
level may not be the same under anesthesia
(19; Haibara AS and Machado BH, unpublished data).
Bilateral microinjection of an NK-1 receptor antagonist into the lateral commissural NTS, as shown in Figure 2, produced
no changes in baseline MAP or HR, indicating that these receptors do not play a tonic
role in the processing of the baroreflex at the
NTS level. However, whether or not NK-1
receptors in the NTS play a neuromodulatory
role in the gain of the baroreflex is still
matter for further investigation in awake
rats.
Substance P has also been suggested to
be one of the major neurotransmitters of the
primary afferent barosensory fibers that terminate in the NTS (12,24). The study by
Morilak et al. (24) using in vivo microdialysis showed that substance P can be released
in the medial intermediate NTS during bilateral stimulation of the aortic depressor nerve
in the rabbit, but Feldman (29) reported that
blockade of NK-1 receptors in the NTS has
no effect on the baroreflex in urethane-anesthetized rats. There is also evidence showing
that endogenous neurokinins, especially substance P, act as mediators of stress responses
in the brain (30). Therefore, considering this
previous evidence and the fact that in the
present study the microinjection of substance
P produced a significant increase in MAP
and HR, although the blockade of NK-1
receptors produced no effect on the chemoreflex, we may suggest that neurokinin receptors are present in the NTS and in some
specific physiological situations like stress
or defense reaction they can be activated to
produce neuromodulation of the autonomic
components of cardiovascular regulation,
probably by facilitating the sympathetic out-
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flow, considering that in the present study
substance P microinjection produced a small
but consistent increase in MAP and in some
cases tachycardia.
With respect to the neurotransmission of
the sympatho-excitatory component of the
chemoreflex in the NTS, the present study
indicates that substance P plays no major
role in this processing and our previous study
(15) demonstrated that excitatory amino acids are not the sole system involved in this
neurotransmission. Therefore, considering
that substance P also plays no major role in
this neurotransmission, further experiments
are necessary to evaluate other potential neurotransmitters that may be involved in this
processing. In this case, adenosine and purinergic receptors seem to be an important
system to be evaluated in the neurotransmission of the sympatho-excitatory component
of the chemoreflex in the NTS of unanesthetized animals, especially due to the evidence
reported by St. Lambert et al. (31) indicating
that adenosine plays an important role in the
neurotransmission of hypothalamic projections to the NTS.
In conclusion, these results demonstrate
that microinjection of substance P into the
lateral commissural NTS produced an increase in MAP and HR, suggesting that this
neurokinin may play some neuromodulatory
role at the NTS level in some specific physiological situations. However, the blockade
of NK-1 receptors with WIN had no effect
on the cardiovascular responses to chemoreflex activation, indicating that substance P
and NK-1 receptors are not involved in the
neurotransmission of the chemoreflex at the
level of the lateral commissural NTS.
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