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Adrenergic responses of baroreceptive cells in the nucleus tractus
solitarii of the rat: a microiontophoretic study
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Anatomical and pharmacological evidence suggests a role for catecholamines (CAs) in the modulation of the baroreceptor reflex
within the nucleus tractus solitarn (NTS) Single neurons 1n the NTS of the rat were studied for their responses to activation of the
baroreceptor reflex and to 1ontophoretic administration of dopamine, norepinephrine (NE), and epinephrine (EPI) to determine the
relationship between the effects of baroreflex activation and CA application on baroreceptive neurons 1n the vagal sensory nucleus Of
269 cells studied, 104 (38 7%) exbited decreases and 41 cells (15 2%) showed increases 1n firing rate 1n response to baroreflex acti-
vation, while the remaining 124 neurons showed no response All 3 CAs inhibited spike activity 1n the majornty (68 5%) of NTS cells
These inhibitory effects on spontaneous finng were observed regardless of the response profile of a particular neuron to baroreflex ac-
tivation The inhibitory effects of NE and EPT on NTS neuronal activity were specifically blocked by the a-adrenergic receptor antago-
nist tolazoline, but not by the 8-adrenergic antagomst sotalol These results indicate that CAs may interact at several sites within the
NTS to influence baroreflex integration, and that the effects of NE and EPI on neuronal activity are mediated by an a-adrenergic re-

ceptor
INTRODUCTION

The nucleus tractus solitarn (NTS), located in the
dorsomedial medulla oblongata, 1s thought to play an
important role 1n the mediation of the vagal barore-
ceptor reflex’7!7 This cardiovascular reflex 1s acti-
vated by sudden increases 1n artenal blood pressure
and brings about both a decrease 1n peripheral vascu-
lar resistance and negative chronotropic and motrop-
1c effects on the heart!®?® This, i turn, leads to a
drop 1n systemic blood pressure and a decrease n
heart rate

Nerve fibers containing norepinephnne (NE) and
epinephrine (EPI) heavily innervate the NTS®!1-21
The greatest density of terminals which contain the
catecholamines (CAs) are found at the level of the
area postrema'* Electron microscopic studies 1n the
rat have revealed that adrenergic nerve terminals 1n
the NTS form synapses with dendntes, axons, and
cell bodies>?® While such anatomical results have

been interpreted to favor the involvement of central
CAs 1 autonomic regulation, the role played by this
adrenergic mnput 1n the processing of baroreceptive
information within the NTS remains ill-defined Ear-
lier studies performed 1n the rat have shown that mi-
cromjection of either NE or EPI into the nucleus pre-
cipitates a significant drop 1n blood pressure, thereby
mimicking the effects of activation of the barore-
flex’ > However, experiments involving mjection of
the catecholamine neurotoxin 6-hydroxydopamine
into the NTS indicate that adrenergic afferents to the
nucleus do not appear to be intrinsic to the circuitry
of the baroreflex arc!®?*?” 2 Snyder et al ** and Tal-
man et al 2’ ?® have suggested that CAs may serve in-
stead to modulate the activity of the baroreflex arc by
facihitating the synaptic transmission of barorecep-
tive information from the primary baroreceptor af-
ferents to the secondary baroreceptive neurons in the
NTS

Clanfication of adrenergic effects on synaptic
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transmussion 1n the NTS can only proceed based upon
firm knowledge of the specific nature and cellular
sites of action of CAs within the nucleus Moore and
Guyenet'® described the effects of 1ontophoretic ap-
plication of adrenergic compounds on the sponta-
neous discharge of a subpopulation of noradrenergic
cells within the commussural subnucleus of the NTS
Their 1investigation revealed that the majonty of the
noradrenergic cells that sent projections rostrally
through the medial forebrain bundle were inhibited
by EPI acting via an a-adrenergic receptor Conver-
sely, Granata and Woodruff® tound that the majority
of cells in the NTS which responded to 1ontophoresis
ot CAs were excited by NE One possible explana-
tion for this discrepancy in results 1s that the two stud-
1es sampled different populations of neurons In this
regard, Moore and Guyenet'® identitied the cells 1n
thetr study on the basis of their efterent projections
to the forebrain, whereas Granata and Woodruff®
made no attempt to characterize the cells in therr
study according to either hodology or physiology

The purpose of the present study was to charac-
terize the responsiveness to CAs of cells in the caudal
NTS that were specifically identified as barorecep-
tive 1n nature Neuronal responses to 1ontophoretic
application of putative adrenergic neurotransmitters
were examined 1n the absence and presence of specif-
1c adrenergic receptor antagonists and correlated with
responses to activation of the baroreflex arc brought
about by pharmacologically induced elevations of
blood pressure The results indicate that CAs consis-
tently decrease the spontaneous activity of barore-
ceptive neurons within the NTS independently of the
responses of the neurons to blood pressure elevation,
and that this effect 1s mediated by an a-adrenergic re-
ceptor

MATERIALS AND METHODS

Preparatory surgery

Experiments were carnied out on 49 male Sprague—
Dawley rats (200-500 g) Each animal was anesthe-
tized with urethane (1 5 g/kg, 1 p ) and the night fem-
oral artery was cannulated to monitor blood pressure
via a Gould Statham P23 Db pressure transducer
Another catheter was placed in the right femoral vein
tor infusion of the pressor substance, phenylephrine
HCl (2-4 ug/kg, pH 7 4) The ammal was then

placed 1n a stereotaxic frame and prepared surgically
tor electrophysiological recording The dorsal neck
muscles were retracted and a partial occipital cranio-
tomy was performed The atlanto-occipital mem-
brane and dura mater were excised, exposing the
dorsal surface of the medulla, and a pressor toot was
lowered to the brain surface to dampen the mechani-
cal vibrations set up by nearby blood vessels

Electrophysiological recording and microwontophore-
sis

Five-barreled glass microelectrodes with 3—8-um
tips were used to record extracellularly from single
neurons 1n the NTS at the level of the area postrema
and to apply drugs by microiontophoresis at the site
of recording The center barrel was filled with a 2%
solution (w/v) of Pontamine sky blue dye in 0 5 M so-
dium acetate and was used for recording cellular ac-
tivity Recording barrel resistances typically ranged
from 3 to 8 MQ Three of the peripheral barrels were
filled with various combinations of the following
drugs L-epmephrine (0 2 M, pH 4 0, Sigma), L-nor-
epinephrine HC1 (0 2 M, pH 4 0, Sigma), dopamine
HC1 (02 M, pH 40, Sigma), y-ammobutync acid
(GABA, 0 1 M, pH 4 0, Sigma), tolazoline HCI (0 1
M. pH 4 0, CIBA-Gegy). sotalol HC! (0 1 M, pH
4 0, Brstol-Myers) Automatic current balancing
was maintained through the remammng peripheral
barrel, which was filled with 3 M NaCl Posttive and
negative currents were independently passed
through this barrel to control for possible current ar-
tifacts that might have anisen during drug ejection
Constancy of the amplitude of the extracellularly
recorded action potentials was monitored through-
out the course of each experiment to control for pos-
sible anesthetic effects of the ejected drugs or
changes 1n the electrode-to-cell distance Drugs were
ejected as cations using ejection currents of up to 150
nA and retained by application of 10-20 nA currents
of opposite polarity

Action potentials of individual neurons were mon-
itored on an oscilloscope and converted to uniform
voltage pulses by a window discnminator (Labstar
NSP-105) The pulses were mtegrated over 1- or 2-s
intervals by a ratemeter and displayed on a stripchart
recorder together with simultaneous blood pressure
tracings Cells displaying rhythmic activity that ap-
peared synchronous with respiratory movements



were excluded from the analysis Testing of neuronal
responses to blood pressure elevation was performed
2-5 times 1n each cell studied, and activation of the
baroreflex was verified by noting the increase 1n the
cardiac interbeat interval

The window discriminator output was also led to a
digital computer (S/120 Microechipse, Data General)
which summed unit activity during regularly spaced
iontophoretic pulses of an agonist in the manner of a
perievent histogram' ¢ Responsiveness of each neu-
ron to a CA was first determined by applying the
agonist at fixed intervals with electrophoretic pulses
of uniform duration and incrementing the level of
ejection current until a well-defined response be-
came apparent To quantify neuronal responses to an
agomst, the discharge rate during application of the
agonist was compared with the rate between pulses,
and the difference was expressed as a percentage of
mhibition or excitation Discharge rates were calcu-
lated by the computer by dividing the number of
counts 1n a given response period by the product of
the duration of the peniod, in s, multiphed by the
number of agomst pulse cycles The period of re-
sponse to an agonist was selected to begin at the par-
ticular ime bin where counts deviated significantly
from baseline and to terrmnate at the bin where
counts reapproached the baseline (Student’s ¢-test)
For the most part, all histograms for a particular cell
were constructed with equal numbers of pulse cycles
to facilitate comparnsons between histograms

Once the control response of a cell to a fixed level
of CA was determined, 1ontophoresis of an antago-
nist was begun and another histogram constructed to
quantify any changes mn the agomst-induced re-
sponse All histograms were constructed when the
level of background discharge was steady to avoid ar-
tifacts due to variations 1n neuronal activity during
antagomst administration Blockade of agomist ac-
tion during application of antagonist was defined as a
decrease 1n the agomst-induced response of at least
50% Additional histograms were constructed after
termination of antagomst application to monitor the
recovery of agonist-induced neuronal responses to
control levels If recovery was not observed within 30
min after termination of antagonist application, the
cell was excluded from the analysis Each cell was
typically momtored for at least 2 h
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Histology

Upon termmnation of each experiment, the posi-
tions of individual recording tracks were marked by
passing 20 uA of amomc current through the record-
ng barrel for 15-20 min, thereby depositing spots of
Pontamine blue dye at the electrode tip Animals
were then perfused with an intracardiac infusion of a
10% solution (w/v) of buffered formalin phosphate
The location of each recording track and sites of
recorded neurons were verified histologically n 50-
um frozen sections counterstained with Neutral red

RESULTS

Responses of neurons in the NTS to activation of the
baroreceptor reflex

Two-hundred sixty-nine neurons located within
the NTS were examined for their responses to trans-
1ent elevations of arterial blood pressure These neu-
rons typically exhibited randomized patterns of re-
petitive single-spike activity which bore no obvious
relationship to spontaneous fluctuations 1n heart rate
or resting blood pressure Nearly one-half (n = 129)
of the neurons sampled had basal firing frequencies
between 5 and 12 spikes/s However, rates of sponta-
neous firing up to 38 spikes/s were sometimes en-
countered These findings are in keeping with the re-
sults of previous investigations 1n the rat!® 1920

A neuron was classified as ‘baroreceptive’ if 1t dis-
played an increase or decrease of at least 30% 1n
baseline spike activity in response to transient eleva-
tion of blood pressure Such responses, as illustrated
in Fig 1, were observed after infusion of the pressor
substance 1n 145 of the 269 cells (54%) Of the 145
baroreceptive cells, 104 displayed decreases 1n firng
rate, whereas the remaining 41 showed increases 1n
firing rates No sigmficant differences were seen 1n
the mean rates of baseline firing between groups of
cells categorized according to their response profiles
to baroreflex activation (P > 01, Cochran’s un-
paired t-test)

Neurons responded to infusion of the pressor
agent at latencies which ranged from less than 1 s up
to 20 s In some cases (n = 58), cells responded short-
ly after blood pressure began to rise An example of
this 1s shown 1n the cell depicted in Fig 1A This neu-
ron responded in an excitatory manner to blood
pressure elevation, with an onset of response occur-
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Fig 1 Effects of blood pressure elevation on the discharge rate
of neurons 1n the NTS The top tracings in A and B are inte-
grated ratemeter records of cell activity measured 1n spikes per
second The bottom tracings in A and B show changes 1n arten-
al blood pressure measured 1n mm Hg and recorded simulta-
neously with cell activity A excitatory response to elevation of
blood pressure B inhibitory response to elevation of blood
pressure Arrows indicate times of infusion of a bolus of pressor
substance Time calibrationisins

ring at an artenal pressure of 165 mm Hg In other in-
stances (n = 24), cells did not begin to show signifi-
cant changes 1n firing rate untl the peak in arteral
pressure was reached For example, the neuron
shown 1in Fig 1B responded to pressure elevation in
an ihibitory manner with a response latency of 6 s

The onset of 1ts response occurred at 4 peak artenal
pressure of 190 mm Hg Cases (n = 11) were also
sometimes encountered 1n which the change in firing
rate of a cell did not occur until after the peak
pressure had been reached and pressures began to re-
turn to baseline Surprisingly, many cells (n = 52)
displayed all 3 patterns of response, indicating that
in general. neurons could not be reliably categornized
according to their response latencies to elevation ot
arterial pressure

Because of the close proximity of the NTS to the
area postrema, a structure i which the blood-brain
barrier 1s notably absent. 1t was important to deter-
mine whether some ot the observed neuronal re-
sponses to phenylephrine infusion might be due to a
direct action of the a-adrenergic agonist on the
recorded neurons, rather than to the effects of baro-
reflex activation To assess this possibility, 13 addi-
tional neurons were examined for their responses to
phenylephrine-mduced elevations of blood pressure
following bilateral transection of the vagus and
glossopharyngeal nerves The patterns and rates ot
spontaneous activity (mean = 13 54 spikes/s. SE M
=1 34) of these 13 cells did not appear to differ sig-
nificantly from those of the 269 NTS neurons
recorded in the intact ammal However, 1 v infusion
of phenylephrine had no discernible effect on the ac-
tivity of any of these 13 neurons, despite the fact that
the doses of phenylephnne that were administered
consistently produced elevations of blood pressure
equal to or greater than those produced 1n the intact
animals These findings argue strongly that the
changes in NTS neuronal activity elicited 1n the intact
amimals by phenylephrine-induced elevations of
blood pressure resulted from the activation of baro-
reflex pathways, rather than an action ot the a-ad-
renergic agonist on the neurons under studv

Anatormucal distribution of baroreceptive neurons in
the NTS

Histological verification of the locations of the 269
neurons studied 1n the intact animals revealed shght
differences 1n the anatomical distributions of celis
when grouped on the basis of their responses to baro-
reflex activation (Fig 2) Although cells that were n-
hibited by pressure elevation were encountered
throughout the nucleus, these units were found in
greatest abundance 1n the dorsal regions of the medial
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NTS (Fig 2A) The greatest density of these umts
was observed ca 500 um lateral to the midline The
distribution of cells that were excited by blood
pressure elevations was shifted laterally with respect
to that of the inhubited class of cells (Fig 2B) While
also concentrated 1n the dorsal regions of the medial
NTS, cells that were excited were more hkely to be
encountered between 500 and 800 um lateral to the
midline, with the greatest density 700 um lateral to
the midiine Units that were unresponsive to eleva-
tions 1 blood pressure were found throughout the
dorsomedial medulla

Responses of neurons in the NTS to microiontophoret-
ic application of catecholamines

Two-hundred thirty-two of the 269 neurons stud-
1ed were examined for their responses to 10ntophore-
tic adminstration of dopamine (DA), NE, or EPI
(Table I) Of the 161 cells that responded to CA ap-
phication, 159 (68 5%) were inhibited by iontophore-
tic application of the biogenic amines, whereas -
creases 1n firnng rate were observed in only two neu-
rons (1%) The responses of a cell tested with all 3 of
the CAs 1s illustrated 1n Fig 3 As this figure shows,
mhibitory responses to 1ontophoresis of the CAs
were typically characterized by long latencies to on-
set and by relatively slow recoveries to baseline lev-
els of spike discharge All responses to CA tontopho-
resis were found to be reversible and graded in mag-
nitude and duration 1n direct relation to the level of
iontophoretic current used to eject the drugs As
shown 1n Table 1, 66% of the cells tested with EPI (n
= 85), 73% of those tested with NE (rn = 104), and
67% of those tested with DA (n = 26) were respon-
stve to application of those CAs x*-Tests revealed

Responses of NTS neurons to elevation of blood pressure and microiontophoretic application of catecholamines

In total, 232 neurons in the NTS were examined for their responses to elevation of blood pressure (b p ) and to microlontophoretic ap-
phication of EPI, NE or dopamine The 39 cells tested with dopamine were also tested for their responsiveness to NE and EPI See text

for discussion

Catecholamine administered

EPI NE Dopanune Total cells
Total cells studied 128 143 39 232
CA-responsive cells 85 104 26 161
CA-responsive cells inhibited by b p elevation 30 43 11 62
CA-responsive cells excited by b p elevation 15 21 4 31
CA-responsive cells unresponsive tob p elevation 40 40 11 68
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Fig 3 Responses of a single NTS neuron to microiontophoret-
1c applications of dopamune (A), norepinephnne (B), and epi-
nephrine (C) The tracings on the left are integrated ratemeter
records of cell activity measured 1n spikes/s The tracings on the
right are computer-generated histograms of the cellular activity
displayed in the accompanying ratemeter records Each histo-
gram shows cellular activity accumnulated over 5 cycles of drug
application and 1s measured 1n counts per 200-ms time bin
Solid bars indicate periods of application of agomist

that the proportions of cells responding to each of the
3 CAs were not significantly different (P > 01)
Comparison of the latencies and magmtudes of the
responses to CA application revealed no significant
differences between the effects of the three CAs on
neuronal activity (P > 0 1, one-way analysis of vari-
ance)

To determine whether the different classes of baro-
receptive cells showed differential sensitivities to
CA apphcation, the 161 CA-responsive cells were
grouped according to their response profiles to baro-
reflex activation and the particular CA being apphied
(Table I) Two-way analyses of vaniance of the laten-
cles and magnitudes of the unit responses revealed
that the CAs had similar inhibitory effects on the ac-
tivity of NTS neurons (P > 0 1), regardless of the re-
sponse profiles of the cells to baroreflex activation
However, because over four-fifths (n = 193) of the
232 cells studied for thetr responsiveness to CA apph-
cation were tested with only a single agonist, the pos-
sibility could not be excluded that the lack of correla-

tion between blood pressure response profiles and
responsiveness to CAs might reflect a sampling bias
owing to the restricted testing of adrenergic sensitivi-
ty This possibility was examined by comparing the
responses of the remaining 39 neurons to application
of all 3 of the CAs Of the 39 cells, 23 (59%) dis-
played decreases in spike activity during application
of each of the agonists (Table 1I) Eleven cells were
unresponsive to any of the 3 CAs, while the remain-
ing 5 neurons were inhibited by either one or two of
the CAs Significantly more neurons 1n the group of
cells showing excitatory responses to blood pressure
elevation were unresponsive to all 3 of the CAs,
while the group of cells showing inhibitory responses
to pressure elevation had a correspondingly higher
proportion of units that were responsive to CA apph-
cation (P < 0 05, y*-test)

Histological reconstructions were made ot the ana-
tomical locations of cells responsive to the CAs and
those ceils showing no response to CA administra-
tion Both groups of neurons were randomly distrib-
uted throughout the NTS, with no restriction to any
particular cytoarchitectonic structure

Spectficity of action of adrenergic agonists
Neuronal responses to NE and EPI were exam-

TABLE II

Responsiveness of NTS neurons to microtontophoretic applca-
non of EPI, NE and dopanune

Each of 39 NTS cells was studied for its responsiveness to dopa-
mine, NE, and EPI and to blood pressure (b p ) elevation All
responses to the catecholamines (CAs) were found to be inhibi-
tory Significantly more blood pressure-inhibited cells were re-
sponsive to apphication of at least one CA, while fewer
pressure-excited cells were responsive to any CA (P < 0 03, y*-
test)

Neuronal response to blood pressure

elevation
Inhibi- Excita- No
tion ton response
Cells studied 14 8 17
Cells responsive
to alt 3 CAs 9 3 11
Cells responsive
to one or
two CAs 2 2 1
Celis unrespon-
sive to any of
the CAs 3 3 5




ined 1n the absence and presence of the a-adrenergic
receptor antagomist tolazohne and of the S-antago-
nist sotalol to classify the receptors mediating the n-
hibitory actions of these putative adrenergic neuro-
transmitters in the NTS The results of such an ex-
periment on one NTS neuron are illustrated in Fig 4
The control response of this cell to iontophoresis
of NE 100 nA (sohid bars) was characterized by a
decrease 1n firing rate of 69% (Fig 4A) The reduc-
tion 1n spike activity induced by NE was essentially
abolished 1n the presence of a 40 nA apphication of to-
lazoline (dotted bars, Fig 4B) The inhibitory re-
sponse to NE returned to control levels within 15 min
following termnation of administration of tolazoline
(Fig 4C) In contrast to the effects of tolazoline, ap-
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NOREPINEPHRINE 100 nA

TV
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D Sotalol 40 nA
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Fig 4 Blockade of neuronal responses to NE by tolazoline but
not by sotalol The ratemeter records on the left show the re-
sponse of an NTS neuron to 100 nA apphcations of NE (sohd
bars) dehvered before, during and after an continuous 40-nA
application of either tolazoline or sotalol (dotted line) Corre-
sponding computer-generated histograms (right) show cellular
activity accumulated over 5 cycles of drug apphcation and mea-
sured 1n counts per 200 ms time bin Continuous application of
tolazoline blocked the inhibitory responses to NE (B) Foliow-
ing the recovery of NE-induced inhibition to control levels (C),
sotalol was admimistered but failed to block the inhibitory re-
sponses to NE (D)
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TABLE III

Blockade of neuronal responses to NE or EPI by tolazoline and
sotalol

Responses of NTS neurons to microiontophoretic apphication
of NE (n = 16 cells) or EPI (n = 16 cells) were examined in the
absence and presence of tolazoline and sotalol Inhibitions 1n
finng produced by either agonist were preferentially blocked
by the a-adrenergic antagomst but not the S-adrenergic anta-
gonist

Neuronal response to elevation of

blood pressure
Inhibi- Excita- No
tion tion response
Cells responsive
to NE 7 3 6
Blockade of NE
response by
tolazoline 6 3 4
Blockade of NE
response by
sotalol 0 0 0
Cells responsive
to EPI 5 3 8
Blockade of
EPI response
by tolazoline 3 3 7
Blockade of
EPI response
by sotalol 0 0 0

plication of sotalol 40 nA (dotted bars, Fig 4D) fail-
ed to dimimsh the inhibitory effects of NE, even
when the S-adrenergic antagonist was apphed at mi-
crolontophoretic doses producing a direct suppres-
sion of baseline discharge (Fig 4D)

The effects of NE were tested in this manner in 16
NTS neurons (Table III) Inhibitory responses to NE
were antagonized by tolazoline 1n 13 cells In com-
parison, sotalol had no effect on the neuronal re-
sponses to NE, even when admimistered at 1ontopho-
retic doses that exerted direct suppression of both ac-
tion potential amplhitudes and baseline firing Specific
blockade of NE responses by the a-antagonist was
observed 1n neurons located throughout the NTS and
was independent of the response profile of a given
cell to blood pressure manipulation

The inhibitory responses of NTS cells to EPI were
similarly blocked by 1ontophoretic administration of
a- but not B-adrenergic antagonists Fig 5 shows the
results of a typical experiment in which the ability of
tolazohne and sotalol to block EPI-induced in-
hibitions 1n firing was examined in the same NTS
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Fig 5 Blockade of neuronal responses to EPI by tolazoline but
not by sotalol The ratemeter records (left) show the response
of an NTS neuron to apphcation of EPI 100 nA (sohd bars) de-
hvered before, during, and after a continuous 40-nA applica-
tion of either tolazoline or sotalol (dotted bars) Histogram
records at the right correspond to the cellular activity displayed
in the accompanying ratemeter records Each histogram shows
cellular activity accumulated over 5 cycles of drug apphcation
and 1s measured 1n counts per 200-ms time bin Continuous ap-
phcation of tolazohine blocked the inhibitory responses to EPI
(B) Followmng the recovery of EPI-induced mhibition to con-
trol levels (C), sotalol was admimstered but failed to block the
inhibitory responses to EPI (D)

neuron In this cell, the control response to iontopho-
resis of EPI 100 nA (solid bars) was characterized by
a decrease 1n firing rate of 61% (Fig 5A) Applica-
tion of tolazohne 40 nA (dotted bars, Fig 5B)
abolished the inhibitory effect of EPI on spike activi-
ty Termination of tolazoline applhication was accom-
pamied by a return of EPI-induced responses to con-
trol levels (Fig 5C) As was the case with NE-n-
duced inhibitions of finng, adminstration of sotalol
40 nA (dotted bars, Fig 5D) failed to block inhibito-
ry responses to EPI

Mediation of the effects of EPI by an adrenergic
receptor was investigated 1n this manner n 16 cells

(Table I1) Tolazoline blocked the inhibitory actions
of the adrenergic agonist in 12 of the 16 neurons So-
talol had no appreciable etfect on EPI-induced in-
hibitions 1n firing, even when administered at 1onto-
phoretic doses exerting strong suppression of base-
line spike activity

Specificity of adrenergic antagonists

Speciticity of the action of adrenergic antagonists
against NE- and EPI-induced inhibitions in firing was
further assessed by examining the ability of the an-
tagonists to block neuronal inhibitions produced by a
non-adrenergic agonist, GABA The effects of 1onto-
phoretic administration of tolazoline or sotalol on n-
hibitory responses to NE and GABA were exam-
ined, respectively, 1n an additional 25 and 24 of the
104 neurons that had been intially characterized as
responsive to NE (Table IV) NE-induced inhibitions
were blocked by tolazoline 1n 20 of the 25 cells tested,
whereas inhibitory responses to GABA n the same
cells were blocked 1n only one case Sotalol blocked
NE-induced imhibitions n firing 1n only 3 of the 24
cells tested, while the inhibitory effect of GABA was
not altered by admmmstration of the S-adrenergic an-
tagonist in any of the neurons

In similar types of experiments, the etfects of tola-
zohne or sotalol on the inhibitory responses to EPI
and GABA were each compared in an additional 17
cells selected from the 85 cells found to be responsive
to EPI (Table IV) Admimstration of tolazoline re-
sulted 1n specific blockade of inhibitory responses to
EPIn 15 of 17 cells tested without affecting GABA-
mduced mhibitions m finng In contrast, inhbitory
responses to EPI or GABA were not blocked by ad-
munistration of sotalol in any of the 17 additional cells
tested with the f-adrenergic antagonist

DISCUSSION

Several earlier studies 1n the cat and dog have re-
ported the presence of cells 1n the dorsomedial me-
dulla which increase'®  or decrease!® 2 their rates
of firing 1n response to arterial pressure elevation
Moore and Guyenet!®?° have reported the presence
of cells 1n the rat NTS which also display inhibitory
responses to blood pressure elevation However
these investigators did not encounter units displaying
excitatory responses to mncreases in blood pressure
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Blockade of neuronal responses to adrenergic agonists and GABA by tolazoline or sotalol

The responses to NTS neurons to microiontophoretic application of catecholamines (CAs) and GABA were examined 1n the absence
and presence of tolazoline or sotalol The a-adrenergic antagonist preferentially blocked mhibitory responses to NE and EPI but had
httle effect on inhibitory responses to GABA The S-adrenergic antagonsst failed to block neuronal responses to any of the agonists

Agonist Antagonist Neuronal response Number of cells Blockade by antagonist
tested tested to elevation of responding to
blood pressure CA and GABA CA-induced GABA-induced
inhibition inhibition
NE Tolazoline Inhibition 7 7 1
n=25 Excitation 6 5 0
No response 12 8 0
Sotalol Inhibition 11 1 0
n=24 Exatation 4 1 0
No response 9 1 0
EPI Tolazoline Inhibition 5 5 0
n=17 Excitation 5 5 0
No response 7 5 0
Sotalol Inhibition 7 0 0
n=17 Exatation 4 0 0
No response 6 0 0

The present mvestigation confirms and extends these
earhier observations 1n presenting evidence for the
existence of cells 1n the NTS of the rat which are ex-
cited as well as those which are inhibited by barore-
flex activation The difference between our results
and those obtained by Moore and Guyenet®® may be
due 1n part to differences 1n sampling methods, as
their observations were restricted to cells in the A2-
noradrenergic region of the NTS that could be anti-
dromically activated by electrical stimulation of the
medial forebramn bundle Salmoiraghi® reported that
cells 1n the feline NTS that are inhibited by blood
pressure elevation outnumber those cells that are ex-
cited by a margin of 9 1 While our data indicate only
a 21 ratio between baroreflex-inhibited and
-excited cells 1n the rat NTS, 1t is apparent that the
predominant response of baroreceptive neurons to
blood pressure elevation was a depression of sponta-
neous finng rate

Although the anatomical distributions of the two
populations of baroreceptive cells found here 1n the
rat NTS overlapped to a large extent, the center of
the distnibution of cells excited by baroreflex activa-
tion was lateral to that of the inhibited cells This dif-
ference 1n distributions cannot simply be explained n
terms of the classically defined cytoarchitectonic
boundaries!?, since both types of baroreceptive cells

were found i similar subdivisions of the NTS Nev-
ertheless, the possibility exists that such a difference
1n the anatomical distributions of the two populations
of cells might reflect a difference 1n the physiological
function of the two cell types In this regard, Laubie
and Schmutt’® have presented evidence which sug-
gests that single units 1n the canine NTS that are in-
hibited by blood pressure elevation may be consi-
dered as ‘sympathoexcitatory or vagoinhibitory’,
while those units that are excited by pressure eleva-
tion may be considered as ‘sympathoinhibitory or va-
goexcitatory’

To date, little attention has been focused on the ef-
fects of 1ontophoretic admimistration of CAs on the
ongoing neuronal activity of single cells in the NTS
Granata and Woodruff® have reported predominant-
ly excitatory effects of both DA and NE on extracel-
lularly recorded cells in the commussural subnucleus
of the NTS Moore and Guyenet'?, on the other
hand, reported that 1ontophoretic admimstration of
the a-adrenergic agomists clomidine and EPI has an
mhibitory effect on the ongoing spike activity of r