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Abstract

The nucleus tractus solitarii (NTS) receives afferent projections frokey words

the arterial baroreceptors, carotid chemoreceptors and cardiopulmioglutamate

nary receptors and as a function of this information produces autdxcitatory amino acid
nomic adjustments in order to maintain arterial blood pressure withifeceptors

a narrow range of variation. The activation of each of these cardiovaSMPA receptors
cular afferents produces a specific autonomic response by the excita e
tion of neuronal projections from the NTS to the ventrolateral areas emoreflex

. Bezold-Jarisch reflex

the medulla (nucleus ambiguus, caudal and rostral ventrolateral mgp_-

dulla). The neurotransmitters at the NTS level as well as the excitatoRy , yreic acid
amino acid (EAA) receptors involved in the processing of the auto-

nomic responses in the NTS, although extensively studied, remain to
be completely elucidated. In the present review we discuss the role of
the EAA L-glutamate and its different receptor subtypes in the pro-
cessing of the cardiovascular reflexes in the NTS. The data presented
in this review related to the neurotransmission in the NTS are based on
experimental evidence obtained in our laboratory in unanesthetized
rats. The two major conclusions of the present review are that a) the
excitation of the cardiovagal component by cardiovascular reflex
activation (chemo- and Bezold-Jarisch reflexes) or by L-glutamate
microinjection into the NTS is mediated by N-methyl-D-aspartate
(NMDA) receptors, and b) the sympatho-excitatory component of the
chemoreflex and the pressor response to L-glutamate microinjected
into the NTS are not affected by an NMDA receptor antagonist,
suggesting that the sympatho-excitatory component of these responses
is mediated by non-NMDA receptors.
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Introduction Jarisch reflexes, since the activation of these
afferents produces bradycardic responses
The nucleus tractus solitarii (NTS) is thesimilar to that observed in response to chem-
first synaptic station of the cardiovasculaical or electrical stimulation of the nucleus
afferents in the central nervous system (CN@mbiguus (2-5).
and plays a key role in the modulation of the The sympatho-inhibitory pathways of the
autonomic efferent activity to the cardiovasbaro- and Bezold-Jarisch reflexes involve an
cular system. Among the major cardiovascuexcitatory projection from the NTS to the
lar afferent systems involved in the autocaudal ventrolateral medulla (CVLM) and
nomic regulation of arterial pressure, then inhibitory projection from the CVLM to
afferents of the carotid and aortic barorecephe rostral ventrolateral medulla (RVLM),
tors (baroreflex), the carotid chemorecepwhich is the site of neurons that generate the
tors (chemoreflex) and the cardiopulmonargympathetic vasomotor tone (6). The activa-
afferent C-fibers (Bezold-Jarisch reflex) alltion of this neuronal pathway by baro- or
have their first synapse in the NTS. TheBezold-Jarisch reflex afferents results in
different information from the periphery is sympatho-inhibition and a consequent fall in
processed in the NTS in order to produce tharterial pressure (7-9). On the other hand,
proper autonomic response, in accordandée activation of the peripheral chemorecep-
with the adjustments required to normalizeéors produces sympatho-excitation probably
arterial blood pressure. Activation of theby the activation of a direct and/or indirect
arterial baroreflex or Bezold-Jarisch reflexprojection from the NTS to the RVLM, re-
increases the parasympathetic activity to theulting in an increase in arterial pressure.
heart and reduces the sympathetic drive Despite the lack of anatomical evidence in
the heart and vessels in order to bring arteriddvor of these direct projections from the
blood pressure back to the normal level. ONTS to the RVLM, functional and anatomical
the other hand, the activation of the chemorestudies have indicated the existence of direct
flex, in addition to the ventilatory adjust- projections from the NTS to RVLM (10,11).
ments, produces cardiovascular changes char- Several experimental lines of evidence
acterized by an increase in the sympathetwoncerning neurotransmission of the affer-
and parasympathetic activity, with a conseent information of the cardiovascular re-
guent increase in arterial pressure and dtexes inthe NTS support the hypothesis that
intense bradycardic response (1,2). L-glutamate, an EAA, is the neurotransmit-
The activation of these cardiovasculater released by the afferents of baro-, chemo,
afferents probably releases excitatory aminand Bezold-Jarisch reflexes in the NTS and,
acids (EAA) at the level of the NTS neuro-despite some controversy (12-14), this amino
transmitter(s), which produce excitation ofacid remains the strongest candidate for the
different postsynaptic neurons projectingole of neurotransmitter of the baroreflex
from the NTS to other areas of the brain sterfl.5,16), chemoreflex (8,17) and Bezold-
involved in the generation and control of thelarisch reflex (5,18). Assuming that L-gluta-
autonomic activity. The projections from themate is in fact the neurotransmitter in the
NTS to the nucleus ambiguus, when actiNTS, the question that naturally arises is:
vated, produce the excitation of parasympdiow can the same EAA generate opposite
thetic preganglionic neurons located in thisutonomic responses such as sympatho-in-
area with a consequent increase in the vaghibition during baroreflex activation or
drive to the heart. The projection related t@ympatho-excitation during chemoreflex ac-
the parasympathetic pathways seems to biwation (8,17) at the NTS level? To address
involved in the baro-, chemo- and Bezold+this question it is essential to consider not
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only L-glutamate itself but also the differentthe commissural NTS involved in the pro-
subtypes of ionotropic receptors (N-methyl-cessing of the baro- and chemoreflex affer-
D-aspartate (NMDA), kainate, AMPA/ ents, and e) the subtypes of EAA receptors
quisqualate), which may be located on difinvolved in the cardiovascular responses to
ferent postsynaptic neurons associated witBezold-Jarisch reflex activation with seroto-
different pathways from the NTS to othernin (5-HT).
areas in the brain stem involved in the exci-
tation or inhibition of sympathetic activity in Characterization of the cardiovascular
the RVLM. response to L-glutamate microinjected
Before discussing the different subtypesdnto the NTS of conscious rats and the
of EAA receptors involved in the autonomicsubtypes of EAA receptors involved in
responses to the activation of the chemo- arthiese responses
the Bezold-Jarisch reflex, the effect of L-
glutamate microinjection into the NTS of The NTS has been used as a model sys-
conscious freely moving rats in comparisoriem for examining mechanisms of cardio-
with the effect of the same microinjectionvascular afferent processing within the CNS
into the NTS of anesthetized rats should bsince the study by Miura and Reis (20) dem-
emphasized. This aspect became relevant @mstrating that electrolytic lesion of this area
the evaluation of the role of L-glutamate inproduced fulminating hypertension. With
neurotransmission in the NTS because mrespect to the neurotransmission of the
croinjection of L-glutamate into the NTS of baroreceptor afferents in the NTS and espe-
unanesthetized rats produced an increase dially the role of L-glutamate in this neu-
arterial pressure (19) instead of the expectedtransmission, the first evidence that the
depressor response, as previously demomiicroinjection of this EAA into the NTS
strated in anesthetized rats (12,13,15). Theroduces responses similar to those obtained
qualitative difference between the cardioby baroreceptor activation was reported by
vascular responses to L-glutamate microinfalman et al. (15). Since this study, consid-
jectioninto the NTS of consciousanesthe- erable pharmacological, physiological and
tized rats is important, since most of theneurochemical evidence has supported the
support for the concept that L-glutamate mayypothesis that the excitatory amino acid L-
be the neurotransmitter of the baroreflex aglutamate is a neurotransmitter released by
the NTS level originated from studies perbaroreceptor afferent nerve terminals in the
formed under anesthesia. NTS (14). Pharmacological studies have dem-
The following aspects related to gluta-onstrated that administration of L-glutamate
matergic neurotransmission in the NTS wilinto the NTS of anesthetized animals pro-
be discussed in the present review: a) chattuces depressor and bradycardic responses
acterization of the cardiovascular responssimilar to those obtained by activation of
to L-glutamate microinjected into the NTSarterial baroreceptor afferents (12,13,15,21,
of conscious rats as well as the subtypes @2). Neurochemical studies have demon-
EAA receptors involved in these responsestrated high-affinity uptake of glutamate, in-
b) effects of previous local microinjection ofdicating the existence of glutamatergic nerve
glycine, an inhibitory amino acid, on theterminals and a mechanism for inactivation
cardiovascular responses to L-glutamate maf endogenously released glutamate in the
croinjected into the NTS; c) the subtypes oNTS (23,24). Other studies have also shown
EAA receptors involved in the cardiovascu-+that glutamate is released in the NTS during
lar responses to chemoreflex activation witlstimulation with high potassium levels
potassium cyanide (KCN); d) subregions o¥itro andin vivoas well as during electrical
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stimulation of the vagus afferantvivo(25- L-glutamate. On the other hand, studies by
28). More recently, studies by Ohta et alLe Galloudec et al. (34), also performed on
(29) have shown that activation of theanesthetized rats, demonstrated that
baroreflex releases L-glutamate in the NTSkynurenic acid was effective in blocking the
Removal of the nodose ganglion, the siteardiovascular responses to L-glutamate mi-
of origin of vagal visceral afferents to thecroinjected into the NTS. These differences
NTS (30), has been shown to lead to centrahay be related to the fact that those experi-
degeneration of these afferents (23). In addiments were performed under different anes-
tion, other studies have shown an immediatdetic conditions, which may have altered
reduction in the release of endogenous glutéhe effect of both agonists and antagonists of
mate into the NTS by removal of the nodos&AA receptors in the NTS.
ganglion (31) and increased binding affinity =~ Since anesthesia may affect neurotrans-
to glutamate receptors in the NTS approximission at the NTS level by an unknown
mately two weeks after unilateral removal ofmechanism, we decided to use in our experi-
the nodose ganglion (32). In anesthetizethents the unanesthetized model developed
rats, the hypotensive response to microinje@nd standardized by Michelini and
tion of L-glutamate into the NTS was signif-Bonagamba (35). Using this method, we
icantly augmented 10 days after removal oflemonstrated (19) that microinjection of L-
the nodose ganglion (22), supporting thglutamate into the NTS produced a dose-
concept that L-glutamate and its receptordependent pressor response in contrast to the
are involved in this neurotransmission. Takexlose-dependent depressor response observed
together, these data are consistent with the the same animals under chloralose or
hypothesis that glutamate is an integral transwethane anesthesia, indicating the strong
mitter of vagal baroreceptor afferents termiinfluence of anesthesia on the pathways acti-
nating in the NTS. vated by L-glutamate within the NTS. The
EAA play an important role in the trans- different cardiovascular responses to the mi-
mission of baroreceptor reflex and arteriatroinjection of L-glutamate into the NTS of
chemoreceptor reflex as well as in the Bezoldzonscious and anesthetized animals may be
Jarisch reflex pathways in the NTS (5,8,18associated with the effect of the anesthetics
33). However, the subtypes of receptors inen the chemoreflex pathway originating in
volved in these reflexes and whether L-gluthe NTS. Under anesthesia the chemoreflex
tamate is the neurotransmitter of the cardigpathway seems to be deeply affected and the
vascular afferents in the NTS remain contropressor response is blocked. Therefore, we
versial. Studies by Leone and Gordon (123uggested that under anesthetized conditions
and Talman (13) have shown that kynurenithe effect of L-glutamate may be linked more
acid microinjected into the NTS blocked theto the activation of the baroreflex pathways
response to NMDA, kainic acid and AMPA (a fall in pressure), while under unanesthe-
as well as the baroreflex and the responséized conditions the activation of the
elicited by electrical stimulation of the aorticchemoreflex pathways predominates (pres-
depressor nerve. However, the authorsor response).
showed that microinjection of kynurenicacid  In another study (16), we performed mi-
into the NTS prior to L-glutamate producedcroinjection of increasing doses of L-gluta-
no blockade of the cardiovascular responsesate into the NTS of conscious rats and
to the microinjection of L-glutamate into theobserved a dose-dependent pressor and
NTS and suggested that the neurotransmittéradycardic response. In order to study the
of the baroreceptor afferents in the NTSnechanisms involved in the responses to L-
could be an EAA or EAA analog other thanglutamate microinjection into the NTS, se-
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lective autonomic blockade was also perthetic drive to the heart (bradycardia) by L-
formed. Intravenous treatment with methyl-glutamate involves the activation of NMDA
atropine blocked the bradycardic responseeceptors and suggest that the activation of
to L-glutamate microinjected into the NTSthe sympatho-excitatory component (pres-
and the pressor response observed was sipr response) by L-glutamate in the NTS is
nificantly enhanced (16). In contrast, the mediated by non-NMDA receptors.
adrenergic blockade with prazosin virtually
abolished the pressor response to L-glut&ffects of previous local microinjection
mate, but produced no changes in thef glycine, an inhibitory amino acid,
bradycardic response, demonstrating thain the cardiovascular responses
bradycardia was not secondary to the activde L-glutamate microinjected into
tion of the baroreflex. These findings indi-the NTS
cate that microinjection of L-glutamate into
the NTS of unanesthetized rats activates para- Talman and Robertson (37) have shown
sympathetic (bradycardia) and sympathetithat the cardiovascular responses produced
(pressor responses) pathways in an indéy microinjection of L-glutamate into the
pendent manner, showing a dissociation beNTS of anesthetized rats were significantly
tween these two autonomic projections frommeduced by previous local microinjection of
the NTS. the inhibitory amino acid glycine, which is
In the study by Colombari et al. (16) wethe major inhibitory amino acid in the CNS.
blocked in a dose-dependent manner bothharmacological studies have shown that
pressor and bradycardic responses to L-glglycine may act on NMDA receptors as a co-
tamate microinjection into the NTS by previ-agonist of this receptor subtype (38). Since
ous local administration of increasing doseglycine affected the cardiovascular response
of kynurenic acid, a non-selective antagonisio L-glutamate microinjected into the NTS
of EAA receptors. The data indicated thabf anesthetized rats (37) and NMDA is in-
both pressor and bradycardic responses tolved in the bradycardic response to L-
microinjection of exogenous L-glutamate intoglutamate microinjected into the NTS of
the NTS of unanesthetized rats were effeainanesthetized rats (36), we recently per-
tively mediated by EAA receptors in theformed studies in order to determine the
NTS. In addition, we were also able to bloclpossible changes in the pressor and brady-
the reflex bradycardia induced by pressotardic responses to L-glutamate microin-
doses of phenylephriné/, indicating that jected into the NTS produced by previous
at least the parasympathetic component ddcal microinjection of increasing doses of
the arterial baroreflex is mediated by EAAglycine (39). Surprisingly, the data showed
receptors at the NTS level. that glycine mainly produced a dose-depend-
In order to evaluate the role of the differ-ent blockade of the pressor response to L-
ent subtypes of ionotropic receptors in thegjlutamate while the bradycardic response
cardiovascular responses produced by mwas only partially reduced, but not in a dose-
croinjection of L-glutamate into the NTS, dependent manner.
we demonstrated (36) that previous microin- In contrast to the studies by Talman and
jection of AP-5, a selective NMDA receptor Robertson (37) performed on anesthetized
antagonist, into the NTS of unanesthetizedats in which both depressor and bradycardic
rats produced a dose-dependent blockade afsponses to L-glutamate after glycine were
the bradycardic response and no effect oaffected, in our study the effect of glycine
the pressor response. These data indicaias not evident on the bradycardic compo-
that the activation of the cardiac parasympaient of the responses but the pressor compo-
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nent was abolished. Our data suggest thaation resembles the cardiovascular re-
glycine has a greater neuromodulatory effecponses obtained after microinjection of L-
onthe EAAreceptors related to the sympathailutamate into the NTS of conscious freely
excitatory component (pressor response) thanoving rats.
on the parasympathetic component (brady- The cardiovascular responses to chemore-
cardia) activated by L-glutamate microinjecflex activation with KCN may vary with the
tion into the NTS. The differences betweeriype of anesthetic used as well as with the
our data and the findings by Talman andevel of anesthesia. Studies by Franchini and
Robertson (37) are again probably related thrieger (42) have shown that the pressor
the anesthetizedrs unanesthetized condi- response produced by KCN in unanesthe-
tions of the rats. Studies on unanesthetizettzed rats was abolished under urethane or
rats to determine the role of glycine in thepentobarbital anesthesia, and in the case of
neurotransmission/neuromodulation of thehloralose anesthesia the pressor response
baro- and chemoreflexes are required to inwas converted to a depressor response (un-
prove our understanding of the effective rolgublished data from our laboratory). This is
of this inhibitory amino acid in the NTS.  animportant aspect to be considered in stud-
ies on the neurotransmission of the chemore-

Subtypes of EAA receptors involved flex because most of such studies on the
in the cardiovascular responses NTS of rats were performed under anesthe-
to chemoreflex activation with sia (8,17). Also, these studies did not con-
potassium cyanide sider the changes in heart rate in response to

chemoreflex activation because under anes-

The activation of the arterial chemore-thesia these changes are negligible, while in
flex produces respiratory as well as cardiounanesthetized rats chemoreflex activation
vascular adjustments (1,40). The activatioproduces an intense bradycardic response
of the chemoreflex by intravenous injection(2,41,42).
of KCN into unanesthetized animals pro- Studies performed by Vardhan et al. (8)
duced anincrease in arterial pressure, bradint anesthetized rats demonstrated that selec-
cardia and tachypnea in a dose-dependetive blockade of NMDA receptors in the
manner. These responses to KCN are essé¥fS produced no blockade of the pressor
tially dependent on the stimulation of carotidresponse induced by the chemoreflex. How-
chemoreceptors because bilateral ligature @ver, the changes in heart rate were not
the carotid body artery abolished both thevaluated, probably because the variations
cardiovascular and respiratory responses tf this parameter were blunted by the effect
KCN injection (2,41,42). The cardiovascu-of anesthesia. In order to determine the role
lar responses induced by KCN result fronof NMDA receptors in the neurotransmis-
the activation of two independent autonomision of the chemoreflex in the NTS, espe-
mechanisms: 1) a sympathetic pathway rezially in the cardiac parasympathetic com-
lated to the pressor response which wgsonent of this reflex, we performed bilateral
blocked by intravenous injection of prazosinmicroinjection of increasing doses of AP-5,
ana;-adrenoceptor antagonist, and 2) a para selective NMDA receptor antagonist, into
sympathetic pathway related to the bradythe NTS of unanesthetized rats (2). The data
cardic response which was abolished onlghowed that bilateral microinjection of AP-5
after intravenous injection of methyl-atro-into the NTS produced a dose-dependent
pine, a cholinergic receptor antagonisteduction in the bradycardic response of the
(2,41,42). Therefore, the pattern of the carchemoreflex, whereas the pressor and tach-
diovascular responses to chemoreflex actigpneic responses induced by intravenous
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KCN injection were not affected. These dataory component of this reflex in the NTS.
indicate that the cardiac parasympatheti®herefore, it is possible that microinjection
component of the chemoreflex in the NTS i®f L-glutamate into the NTS of unanesthe-
mediated by NMDA receptors and suggestized rats produces cardiovascular responses
that the sympatho-excitatory and ventilatonypy the activation of the same pool of EAA
components of this reflex are mediated byeceptors located in post-synaptic neurons
non-NMDA receptors. of the chemoreflex pathways.

These chemoreflex data indicating that
the cardiac parasympathetic component ubregions of the commissural NTS
the chemoreflex is mediated by NMDA re-involved in the processing of the
ceptors at the NTS level are similar to thosbaro- and chemoreflex afferents
reported previously in relation to the micro-
injection of L-glutamate into the NTS (36),  Anatomical studies (45-47) have shown
which showed that the bradycardic responsthat the carotid chemoreceptor afferents ter-
was also blocked in a dose-dependent maminate in the NTS and a physiological study
ner by AP-5. The dissociation between th¢8) has indicated that this termination occurs
processing of the different autonomic comin the midline portion of the commissural
ponents at the NTS level observed in OUNTS, an area close to the lateral commis-
studies agrees with the data of Mifflin (43)sural NTS in which most of our sites of
who demonstrated that the neurons in thmicroinjection of L-glutamate or its differ-
NTS do not integrate the chemoreceptor aient antagonists were located. The microin-
ferentinputs in a homogeneous manner, sugection of L-glutamate into the lateral com-
gesting that the different components of thisnissural NTS (16,19) as well as into the
reflex (i.e., pressor response, bradycardimtermediate NTS (48) produces pressor and
and tachypnea) might be mediated by differbradycardic responses. Electrolytic lesion of
ent neurons, and also by different subtypethe medial commissural NTS abolished the
of excitatory amino acid receptors. Anotheardiovascular responses to chemoreflex ac-
important aspect related to the cardiovascuivation with KCN and the pressor response
lar responses to microinjection of L-gluta-to L-glutamate microinjection into the inter-
mate into the NTS or to the activation of thanediate NTS, which was converted to a
chemoreflex in unanesthetized rats is thdepressor response (48). In addition, this
similarity of the pressor and bradycardicstudy by Colombari et al. (48) demonstrated
responses obtained in both experimental cothat lesion of the midline portion of the
ditions. This similarity supports the hypoth-commissural NTS abolished the chemore-
esis that the pressor response to L-glutamatiex while preserving the baroreflex, indicat-
microinjection into the NTS of unanesthe-ing that at the level of the medial commis-
tized rats is related to the activation of theural and intermediate NTS, there is a com-
chemoreflex pathways at the NTS level. plex interaction of the afferents of baro- and

A study by Mizusawa et al. (44) haschemoreflexes. This interaction became de-
shown that L-glutamate is released in thenonstrable after lesion of the medial com-
NTS during the stimulation of the carotidmissural NTS when the microinjection of L-
chemoreceptors and several other studiggutamate into the intermediate NTS pro-
have also shown that the pressor responsedaced a fall in pressure instead of the in-
chemoreflex activation was blocked by EAAcrease in pressure observed in intact ani-
receptor antagonists microinjected into thenals. These data are in accordance with
NTS (8,17), indicating that EAA receptorsother studies and support the hypothesis that
are directly involved in the sympatho-excitathe processing of the chemoreflex afferents

539

Braz J Med Biol Res 30(4) 1997



540

Braz J Med Biol Res 30(4) 1997

B.H. Machado et al.

in the NTS occurs mainly in the medialthetized rats indicate that the cardiac para-
commissural NTS. However, further inves-sympathetic component of the Bezold-Jarisch
tigations are required to identify the mechareflex is also mediated by NMDA receptors
nisms involved in the processing of theat the NTS level. These data, taken together
sympatho-excitatory component (pressor rewith those obtained with the microinjection
sponse) of the chemoreflex, especially imf L-glutamate into the NTS and with those
unanesthetized rats. obtained by chemoreflex activation, indicate
that the cardiac parasympathetic component
Subtypes of EAA receptors involved originating at the NTS level is mediated by

in the cardiovascular responses to NMDA receptors.
Bezold-]arisch reflex activation with
serotonin Summary and perspectives

The activation of the cardiopulmonary The data related to glutamatergic neu-
afferent C-fibers by chemical substances sualotransmission in the NTS of conscious freely
as serotonin or phenylbiguanide producesoving rats presented in this review indicate
hypotension, bradycardia and apnea, a patat the microinjection of L-glutamate into
tern of responses characterized as the Bezoltke NTS of unanesthetized rats increases
Jarisch reflex (49-51). In anesthetized ratdyoth pressure and bradycardic responses. In
the activation of the Bezold-Jarisch reflexthis case, both responses were blocked in a
produces intense bradycardia and a fall idose-dependent manner by kynurenic acid, a
pressure which is associated with a shampon-selective ionotropic receptor antagonist,
reduction in sympathetic activity (18,52). Inindicating that the effects of L-glutamate in
order to determine the role of NMDA recep-the NTS are effectively mediated by EAA
tors in the neurotransmission of the Bezoldreceptors. The data also showed that the
Jarisch reflex in the NTS, we activated thigeflex bradycardic response to an increase in
reflex before and after bilateral microinjec-pressure induced by phenylephrine was also
tion of increasing doses of AP-5 into theblocked by kynurenic acid. In another series
NTS (5). AP-5 produced a dose-dependerdf experiments, we demonstrated that the
blockade of both bradycardia and depressdaradycardic response to L-glutamate micro-
responses in unanesthetized rats, suggestimgection into the NTS was mediated by
that both autonomic components of the reNMDA receptors, considering that the
sponses, i.e., sympatho-inhibition and carmradycardic but not the pressor response was
diac parasympathetic excitation, were mediblocked in a dose-dependent manner by AP-5.
ated by NMDA receptors. Since the fall in  We also documented that local microin-
pressure in response to Bezold-Jarisch rgection of glycine, an inhibitory amino acid,
flex activation could be driven by the intenseprior to L-glutamate into the NTS produced
bradycardic response, we blocked the ch@& dose-dependent blockade of the pressor
linergic receptors with methyl-atropine, andresponse but not a dose-dependent blockade
under these experimental conditions the a®f the bradycardic response, indicating that
tivation of the reflex produced no bradycardidhis amino acid may play a major role in the
response or fallin pressure. These data cleamguromodulation of the sympatho-excitatory
indicate that the fall in pressure in responseomponent of the response to L-glutamate.
to Bezold-Jarisch reflex activation is driven The data also showed that the cardiac
by the bradycardic response, at least in comparasympathetic component (bradycardia) of
scious freely moving rats. the chemoreflex as well as of the Bezold-

Therefore, the data obtained for unanesiarisch reflex was blocked in a dose-depend-
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ent manner by the NMDA receptor antagoehemoreflex response, suggesting that this
nist AP-5. The pressor component of theomponent of the chemoreflex may be medi-
response to chemoreflex activation was nated by non-NMDA receptors. To answer
affected by an NMDA receptor antagonistthis question, it will be critical to perform
suggesting that this component may be mexperiments using selective (DNQx or
diated by non-NMDA receptors. Electro-CNQx) or non-selective (kynurenic acid)
Iytic lesion of the medial commissural NTSnon-NMDA receptor antagonists to deter-
abolished the pressor response to chemongine whether this pressor response associ-
flex activation and to the microinjection ofated with sympatho-excitation is mediated
L-glutamate into the NTS, indicating thatby non-NMDA receptors.
this subregion of the NTS plays a critical role  The present evidence in favor of the in-
in the processing of the chemoreflex pathvolvement of NMDA receptors in the pro-
ways in the NTS. cessing of the parasympathetic component
Taken together, these data indicate thaif the reflexes and the possibility that
the cardiovagal components of the chemasympatho-excitatory and sympatho-inhibi-
and Bezold-Jarisch reflexes and the bradytery components of the different reflexes are
cardic response to L-glutamate microinjectethediated by different EAA receptor sub-
into the NTS were mediated by NMDA re-types open new and interesting perspectives
ceptors. Additional experiments are requiredor the understanding of the autonomic pro-
in order to demonstrate whether the reflexessing of the cardiovascular afferents in the
bradycardic response to baroreceptor activaNTS.
tion is also mediated by NMDA receptors.
Since the reflex bradycardia to baroreceptokcknowledgments
activation was blocked by kynurenic acid
(16), we suggest that NMDA receptor an- The authors thank Leni G.H. Bonagamba
tagonists will also block the reflex bradycadigor her important contribution to the studies
to baroreceptor activation. performed in the laboratory of Dr. Benedito
The NMDA receptor antagonist producedH. Machado.
no change in the pressor component of the
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