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Abstract

The nucleus tractus solitarii (NTS) in the dorsomedial medulla comeywords

prises a wide range of neuropeptides and biogenic amines. Several@jantitative

them are related to mechanisms of central blood pressure contrsidioautography
Angiotensin Il (Ang I1), neuropeptide Y (NPY) and noradrenaline Nucleus tractus solitarii
(NA) are found in the NTS cells, as well as their receptors. Based offPha-2-adrenoceptors
this observation we have evaluated the modulatory effect of thédicuropeptide Y receptors

peptide receptors am-adrenoceptors in the NTS. Using quantitativé Angiotensin Il receptors

receptor radioautography, we observed that NPY and Ang Il receptors
decreased the affinity afi,-adrenoceptors for their agonists in the
NTS of the rat. Cardiovascular experiments agreed witlinthéro

data. Coinjection of a threshold dose of Ang Il or of the NPY agonists
together with an EE) dose of adrenergic agonists such as NA,
adrenaline and clonidine counteracted the depressor effect produced
by the a,-agonist in the NTS. The results provide evidence for the
existence of an antagonistic interaction between Ang Il AT1 receptors
and NPY receptor subtypes with the,-adrenoceptors in the NTS.
This receptor interaction may reduce the transduction oveathe
adrenoceptors which can be important in central cardiovascular regu-
lation and in the development of hypertension.

The nucleus tractus solitarii (NTS) in the baroreceptor reflex responses (3). Electrical
medulla oblongata has a crucial role in cen-or pharmacological activation of the medial
tral cardiovascular control. This nucleus re-NTS mimics baroreceptor reflex responses,
ceives primary afferents which derive fromi.e., causes areduction in mean arterial blood
visceral receptors such as cardiopulmonarypressure, heart rate and sympathetic nerve
gut, hepatic and pancreatic receptorsactivity similar to that induced by electrical
chemoreceptors, and baroreceptors via thetimulation of the aortic depressor nerve, the
vagus and glossopharyngeal nerves (1,2)arotid sinus nerve or the nerve trunk con-
Several lines of evidence suggest that théaining baroreceptor afferents (1,3). Further-
NTS, particularly its medial portion, is abso- more, the NTS is a converging area for the
lutely essential to baroreceptor reflex integ-information from other cardiovascular cen-
rity (1,3). Lesions or pharmacological block- ters. Electrophysiological techniques have
ade of the NTS effectively eliminate the confirmed that afferent fibers from other
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Table 1 - Summary of the results obtained by the modulation of the ag2-
adrenoceptors by NPY and Ang Il receptors.
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brainstem and higher brain nuclei may exemgiotensin 1l (Ang Il) are of special interest
a modulatory role in the activity of the NTSconcerning central cardiovascular control
neurons induced by activation of periphera{29-31). Evidence suggests a central inhibi-
cardiovascular afferent fibers. The NTS neutory role of catecholamines in the regulation
rons activated by stimulation of barorecepef blood pressure and heart rate since de-
tor and visceral afferent nerves can alsoreases in blood pressure and heart rate were
respond to electrical stimulation of the cerobserved following intraventricular injec-
ebellum (4), the parabrachial nucleus (5)ion of noradrenaline into the NTS (32).
the hypothalamus (2), the ventrolateral meNPY in the NTS possesses cardiovascular
dulla (6) and the central nucleus of theeffects similar to those observed for cat-
amygdaloid complex (7). Thus, the NTS actgcholamines, leading to a prolonged decrease
as an important cardiovascular center bin arterial pressure and heart rate (33,34).
integrating the cardiovascular informationAng Il is also well characterized as a partici-
from peripheral receptors and other cardiopant in the mechanisms of blood pressure
vascular centers. control (29,31). Ang Il injected into the brain
Another outstanding feature of the NTSventricular system leads to an increase in
is the large quantity and diversity of neu-blood pressure. In the NTS Ang Il seems to
rotransmitters/neuromodulators and their rehave a more variable effect, i.e., a depressor
ceptors localized in this nucleus (1,8). Nonaction at low doses followed by a pressor
peptidergic systems such as biogenic aminessponse (31). Itis also suggested that Ang Il
(9,10), histamine (11) and acetylcholine ar@nhibits the baroreceptor reflex (35).
present (12), as well as most of the known These neurotransmitters share another
mammalian peptidergic systems includingnteresting feature. NPY and Ang Il coexist
thyrotropin-releasing hormone (13), corti-in catecholaminergic cell bodies and nerve
cotropin-releasing factor (14), vasopressiterminals (36,37). Furthermore, an overlap
(15), oxytocin (16), adrenocorticotropic hor-of thea,-adrenoceptor (38,39), NPY recep-
mone (17), B-endorphin (18), dynorphin (19)tor (40) and Ang Il receptor (41,42) distribu-
enkephalins (20), substance P (21), vasoaten is observed in the NTS (Figure 1).
tive intestinal polypeptide (22), bombesin These morphological substrates suggest
(23), galanin (24), neurotensin (25), calcitothat these neurotransmission lines may inter-
nin gene-related peptide (26), angiotensin l&ct with one another in the NTS. In support
(27), and neuropeptide Y (28). of this view, it has been shown that NPY and
Among these neurotransmitters, the catadrenaline injected intraventricularly in the
echolamines, neuropeptide Y (NPY) and anawake rat can antagonize the hypotensive
actions of one another (43). It has also been
shown that NPY reduces the affinity &fl]-
p-aminoclonidine H]-PAC) binding sites
in membrane preparations from the rat dor-

The binding parameters were obtained from saturation curves of [3H]-PAC in somedial medulla (30)_

the NTS using quantitative receptor radioautography. Cardiovascular param-
eters were obtained by injection of a,-adrenoceptor agonists into the NTS and

These findings and the existence of inter-

simultaneous recording of blood pressure in anesthetized animals. action among other neurotransmission lines

in different brain areas such as between sub-

Bindi 1 Cardi | 1
inding parameters ardiovascular parameters stance P and 5-HT receptors (44)’ cholecys—
KD Bmax Hypotension Bradycardia tOkInIn and dOpamlne D2 receptors (45),
neurotensin and dopamine D2 receptors (46)
NPY 1 unchanged counteracted counteracted led us to evaluate carefully the possible ex-
Ang Il 1 1 counteracted unchanged
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Receptor-receptor interactions in the NTS

rotransmission lines involved in cardiovas-agonist which could lead to a reduced trans-
cular control in the NTS. duction over the activated,-adrenoceptor

The experiments were designed to evalun the NTS.
atein vitro the alterations in binding param-  These modulatory effects of peptides on
eters of one specific receptor in the presendbe a,-adrenoceptor seem to be specific for
of another receptor system being activated areas rich in Ang Il receptors amgadreno-
the same time. Furthermoiia,vivo experi- ceptors like the NTS. No modulatory effect
ments were performed in order to obtairby Ang Il was observed on ttre-adreno-
insights about the physiological meaning oteptor in the amygdala (38), an area exhibit-
those interactions. ing a high density ofi,-adrenoceptors (49)

Table 1 summarizes the results of thdut very low levels of Ang Il receptors (50).
analysis of the modulation of thg-adreno- In support of these findings, an antago-
ceptors by peptide receptors such as NPMistic interaction between Ang Il AT1 recep-
and Ang Il. tors anda,-adrenoceptors in the ventrolat-

The in vitro modulation of then,-adre- eral medulla has been described since angio-
noceptors was evaluated by analyzing thtensin Il was able to counteract the vasode-
binding parameters offHl]-PAC, an a,- pressor and bradycardic effects of guanabenz
adrenoceptor agonist, in the presence or afsl).
sence of different concentrations of NPY
(40) and of Ang I (38). We employed quan-g§y
titative radioautography which provides a
good anatomical resolution for studying thg
NTS and is also a sensitive method for dete
mining binding parameters.

The Kp (dissociation constant) value of
[®H]-PAC was increased in the presence @
NPY and Ang Il. This means that the affinity|
of the a,adrenoceptor for3H]-PAC was
reduced in the presence of NPY and Ang |

Noradrenaline and othex,-adrenocep-
tor agonists such as adrenaline and clonidi
(47,48) induce a decrease in blood pressu
when injected into the NTS. The modulatio
of a,-adrenoceptorsn vivo was evaluated
by injecting into the NTS an Epdose of an
o,-adrenoceptor agonist such as noradren
line in the presence or absence of a thresh S WAl
dose of NPY or Ang Il. A threshold dose wa¢
chosen as a dose that had no effect on blo
pressure or heart rate. We observed th
NPY (40) and Ang 1l (38) counteracted the
decrease in blood pressure triggered by t
injection of noradrenaline into the NTS.

Thein vivo findings are in line with the
data obtained with quantitative radioautog
raphy.In vitro, NPY and Ang Il decreased
the affinity of the a,-adrenoceptor for its

the

[125]]-PYY
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Figure 1 - Autoradiograms of
coronal sections of the medulla
oblongata of the rat showing the
binding of different ligands in

nucleus tractus solitarii (ar-

row). A, Binding of [3H]-p-
aminoclonidine ([3H]-PAC). B,
Binding of [*251]-angiotensin Il
(*2511-Ang 1). C, Binding of [125]]-
neuropeptide Y ([1251]-PYY).
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Furthermore, interactions between thesignals in the central control of blood pres-
NPY receptor and the,-adrenoceptor have sure. Actually, the receptor-receptor interac-
been described in other systems. llles anibns among these neurotransmitter systems
Regenold (52) showed that NPY increasedre altered in the NTS of spontaneously hy-
the hyperpolarizing effect of,-agonists such pertensive rats (54,55), highlighting the pos-
as noradrenaline and UK 14304 on locusible participation of these interactions in
ceruleus cells but had no effect on (Met the central mechanisms controlling blood
enkephalin or (D-Alg D-Lew)-enkephalin pressure.
at opioid p-receptors. These findings are in  Although the presence of receptor-recep-
agreement with ours and suggest that NP¥r interaction has been identified in several
inhibits the action of catecholamines via aystems, the exact mechanism of this phe-
receptor-receptor interaction. Tsuda and cohomenon has not yet been elucidated. A
laborators (53) also suggested an interactigerobable mechanism involves the participa-
between NP, adrenergic receptors sincetion of the G protein. The reduction of af-
NPY inhibited the stimulation-evoke®H]- finity of the a,-adrenoceptors induced by
norepinephrine release in slices of the meNPY in membranes of the medulla oblon-
dulla oblongata. gata was blocked by pretreatment with per-

These findings suggest the existence dlssis toxin (56). The treatment with pertus-
receptor-receptor interactions involving thesis toxin was also able to counteract the
o,-adrenoceptor and the NPY and Ang licardiovascular actions of both NPY and clo-
receptors. These neurotransmission systemgline administered to the intraventricular
are involved in the mechanisms of bloodsystem of the rat (57). The G protein seems
pressure control and these interactions mag be also important in the modulatiorogf
have a role in the integration of extracellulaadrenoceptors by bradykininin the NTS (58).
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