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ABSTRACT

This study was carried out to determine the role of cholinoceptors in the ventrolateral medulla
on central control of blood pressure (BP) and heart rate (HR). In rats anesthetized with urethane and
paralyzed, microinjections of the neuroexcitatory amino acid L-glutamate (300 ng/site) were perfor-
med to functionally identify the vasopressor area (VLPA) and the vasodepressor area (VLDA) in the
ventrolateral medulla oblongata.

1. The bilateral microinjection of carbachol (300 ng/site) into the VLPA produced significantly
an increase in BP and HR which was not blocked by bilateral pretreatment of hexamethoium (4
u1g/site).

2. The bilateral microinjection of physostigmine (200 ng/site) and oxotremorine (300 ng/site)
into the VLPA produced signficantly an increase in BP respectively.

3. The bilateral microinjection of atropine (4 pg/site) into the VLPA produced significantly a
decrease in BP and HR.

4. The bilateral microinjection of acetylcholine (500 ng/site) and dimethylphenylpiperazinium
(500 ng/site) into the VLDA produced significantly a decrease in BP and HR respectively.

5. The depressor and bradycardiac responses elicited by the bilateral microinjection of acetyl-
choline (500 ng/site) into the VLDA were blocked by bilateral pretreatment of hexamethonium (4
ug/site).

The results suggest that the activation of cholinoceptors in VLPA produce hypertensive and
tachycardiac responses which may be mediated by muscarinic receptors, and the activation of
cholinoceptors in VLDA produce hypotensive and bradycardiac responses which may be mediated
by nicotinic receptors.
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INTRODUCTION

In rescent years, it has become apparent that
neurons in the vasopressor area of the ventrolate-
ral medulla (VLPA) play an integral role as a
tonic vasomotor center (Guertzenstein et al.,
1978; Dampney and Moon, 1980; Ross et al.,
1983; Granata et al., 1985b) Electrical or chemi-
cal stimulation of the VLPA causes an increase in
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BP, while lesions of the VLPA result in reduc-
tions of BP comparable to those produced by
sectioning the spinal cord (Dampney et al., 1982;
Granata et al., 1983; Punnen and Sapru, 1985;
McAllen, 1986). Anatomical and electrophysio-
logical studies indicate that the VLPA contains
neurons which project to the intermediolateral
column of the thoracolumbar spinal cord (Ross et
al., 1984; Brown and Guyenet, 1985; Levedev et
al., 1986; Dampney et al., 1987).

In contrast with the VLPA, neurons in the
vasodepressor area of the ventrolateral medulla
(VLDA) exert opposing action on BP. Electrical



stimulation or L-glutamate microinjection to the
VLDA lowers BP, and bilateral destruction by
electrolytic lesions or tetrodotoxin microinjection
to this area raises BP (Blessing and Reis, 1982a;
Blessing and Reis, 1982b; Minson and Chalmers,
1984; Willette et al., 1987).

There is much evidence that the acetylcholine
in brain is implicated in the central control of
cardiovascular functions, for exemple: first,
intracerebroventricular (i.c.v.) injection of cho-
linomimetics evokes hypertension (Hoffman and
Phillips, 1976; Lee and Kim, 1984); second, only
acetylcholinesterase inhibitors that can enter the
central nervous system evoke a pressor response
after systemic administration (Varagic, 1955), and
reductions in brain acetylcholine levels after i.c.v.
injection of hemicholinium-3 result in a reduction
of the pressor response to physostigmine (Bre-
zenoff and Rusin, 1974); third, a central cho-
linergic antagonist lowers BP in spontaneously
hypertensive rats (Coram and Brezenoff, 1982).

However, variable cardiovascular effects were
reported following central administration of cho-
linomimetics (Armitage and Hall, 1967; Brezenoff
and Jenden, 1970; Guertzenstein, 1973; Kubo and
Misu, 1981). The differing results obstained by
these investigators may arise from either differ-
ences in receptor function at various neuronal
sites in the central nerovous system or the species
of animals used.

The present sutdy was, therefore, carried out to
clarity the role of cholinoceptors in the
ventrolateral medulla on central control of BP
and HR. Thus, after bilateral microinjections of
cholinergic agonists, cholinesterase inhibitors, or
cholinergic antagonists into the VLPA or the
VLDA, the cardiovascular effects were observed.

MATERIALS AND METHODS
General procedures

Male Wistar rats weighing 300-350 g were
anesthetized with urethane (1.25-1.4 g/kg, i.p.). A
short trachea cannula was inserted to allow a
clear surgical field. A common carotid artery was
cannulated for measurement of blood pressure.
The sternohyoideus muscles and omohyoideus
muscles were cut at their insertions and reflected
caudally. The upper part of the trachea, together
with esophagus, were ligated, cut, and retracted
rostrally. The longus capitis muscles were retract-

ed caudally, exposing the occipital foramen and
the basal aspect of the occipital bone. The basal
occipital bone was removed with a drill, creating
a window 5 mm long and 6 mm wide. The ventral
surface of the medulla was then exposed by incis-
ing the dura and arachnoid under the stereomicro-
scrope (Reichert). To avoid secondary cardiovas-
cular effects, the animals were paralyzed with
d-tubocurarine (0.7 mg/kg, im.) and artificially
ventilated with room air using respirator (Harvard)
as described by Kleinman and Radford (1964).
The pulsatile arterial blood pressure recordings
were made using a Toyo pressure transducer
connected to a Biophysiograph (San Ei). The
mean blood pressure

was calculated as diastolic pressure +1/3
(Systolic pressure minus diastolic pressure).
Heart rate was computed by a heart rate meter
(San Ei-2140). Rectal temperature was monitored
and maintained at 37+0.5°C by a heat plate.

Microinjection technique

The rats were fixed supine in a stereotaxic
instrument (David Kopf Instruments). Glass mi-
cropipettes were pulled to an outside tip diameter
of 50-70 ym and were connected to a 10 gl
Hemilton syringe by polyethylene tube (PE 20).
Drug solutions were microinjected in a volume of
100 nl in 5 s with a micrometer. The rostrocaudal,
mediolateral and ventrodorsal stereotaxic stan-
dard coordinates were determined to the most
caudal aspect of the occipital foramen, basilar
artery and ventral surface of the medulla, respec-
tively. L-Glutamate excitatory aminoacid (300 ng
/site) was microinjected in 250 ym steps from the
stereotaxic standard coordinates into the
ventrolateral medulla and then the VLPA and
VLDA were identified observing a transient
hypertensive and hypotensive responses, res-
pectively. In present study, the VLPA and
VLDA were located 2.6 to 3.5 mm and 1.8 to 2.3
mm rostral from the most caudal aspect of the
occipital foramen, 1.6-2.0mm and 1.6-1.8 mm
lateral to the basilar artery and 0.5-
1.0mm and 0.5-1.1 mm dorsal from the ventral
surface of medulla, respectively. Following the
identification of the VLPA or the VLDA each
drug solution was microinjected into the VLPA
or the VLDA and the pulsatile arterial pressure
and heart rate responses were recorded. Microin-
jections of 0.9% NaCl solution were used as
controls. After observing each drug responses, 1%



fast green solution was microinjected into the
same injection site of each drug. At the end of the
experiments, rats were perfused through the heart
with 10% formalin in 0.9% NaCl. The brains
were removed and postfixed into the same fixative.
Microinjection sites were then confirmed on 50 zm
sections.

Drugs

All drugs microinjected were dissolved in 0.9
% NaCl and pH was adjusted to 7.2 to 7.4 with
NaOH or HCI The following drugs were pur-
chased from Sigma: L-glutamate monosodium,
carbamylcholine chloride, physostigmine sulfate,
oxotremorine, atropine sulfate, acetylcholine bro-
mide, dimethylphenylpiperazinium iodide
(DMPP) and hexamethonium bromide.

Statistical analysis

All values were expressed as the mean
+S.E.M. Paired two-tailed t-tests were used to

determine significance of differences between
means.

RESULTS

Cardiovascular effects of carbachol, physos-
tigmine, oxotremorine and atropine in the
VLPA.

The VLPAs were functionally identified by
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microinjection of the neuroexcitatory amino acid
L-glutamate monosodium (300 ng/site) into the
rostral ventrolateral medulla which caused a tran-
sient increase in BP and HR (Fig. 1A). These
microinjection sites were identified histologically
(Fig. 1B). Each drug responses were observed in
the VLPA identified functionally with L-gluta-
mate.

Carbachol: Bilateral microinjections of carba-
chol chloride (300 ng/site) into the VLPA pro-
duced an increase in BP and HR. Control BP and
HR in these animals (n=7) were 93+ 6 mmHg
and 368+22 beats per min (bpm), respectively.
The magnitude of the increase in BP and HR was
46+ 8 mmHg (P<.01) and 2347 bpm (P<.05),
respectively (Fig. 2). In four experiments, pretreat-
ment by the bilateral microinjections of hexameth-
onium bromide (4 xg/site) into the VLPA did not
affect the cardiovascular responses to carbachol
chloride (300 ng/site) injected into the same area.

Physostigmine: Bilateral microinjections of
physostigmine sulfate (200 ng/site) into the
VLPA produced an increase in BP with little or
no change in HR. Control BP and HR in these
animals (n=7) were 89+5 mmHg and 353+13
bpm, respectively. The magnitude of the increase
in BP was 28+4 mmHg (P <.001) (Fig. 3).

Oxotremorine: Bilateral microinjections of
oxotremorine (300 ng/site) into the VLPA produ-
ced an increase in BP with little or no change in

2 mm

Fig. 1. The VLPA was functionally identified by observing hypertensive response after microinjection of L-glutamate
(300 ng/site) into the rostral ventrolateral medulla (A). The location of the site (*) was determined histologi-

- cally (B, Adapted from Pellegrino et al., 1979).

Abbreviation : BP, blood pressure ; HR, heart rate ; mlf, medial longitudinal fasciculus ; na, nucleus ambiguus ;
nts, nucleus tractus solitarius ; p, pyramidal tract ; rim, nucleus reticularis lateralis magnocellularis ; rlp, nucleus

reticularis lateralis parvocellularis.
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Fig. 2. Effects of bilateral microinjection of carbachol
(300 ngfsite} into the VLPA on mean arterial
pressure (MAP) and heart rate (HR). Number of
rats=7,* P < 01, ¥* P < 05
Base, baseline ; Car, carbachol
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Fig. 3. Effects of bilateral microinjection of physostig-
mine (200 ng/site) into the VLPA on mean
arterial pressure (MAP) and heart rate (HR).

B Number of rats = 7, * P < .001
Base, baseline ; Phy, physostigmine

HR. Control BP and HR in these animals (n=7)
were 89+ 3 mmHg and 376+ 14 bpm, respectively.
The magnitude of the increase in BP was 37+3
mmHg (P<.001) (Fig. 4).

Atropine: Bilateral microinjections of atropine
sulfate (4 pg/site) into the VLPA produced a
decrease in BP and HR. Control BP and HR in
these animals (n=7) were 87+ 4 mmHg and 364+
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Fig. 4. Effects of bilateral microinjection of oxotre-
morine (300 ng/site) into the VLPA on mean
arterial pressure (MAP) and heart rate (HR).
Number of rats = 7, ¥ P <.001
Base, baseline; Oxo, oxotremorine
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Fig. 5. Effects of bilateral microinjection of atropine
(4 upg/fsite} into the VLPA on mean arterial
pressure (MAP) and heart rate (HR}. Number
of rats =7, % P <.001, **P <.01

Base, baseline; Atr, atropine

14 bpm, respectively. The magnitude of the de-
crease in BP and HR was 44+4mmHg (P<
.001) and 49+ 8 bpm (P < .01), respectively. (Fig.
5).

Cardiovascular effects of acetylcholine, DMPP
and hexamethonium in the VLDA

The VLDAs were functionally identified by
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The VLDA was functionally identified by observing hypotensive response after microinjection of L-glutamate

(300 ng/fsite) into the caudal ventrolateral medulla (A). The location of the site (*) was determined histologi-

cally (B, Adapted from Pellegrino et ar., 1979).

Abbreviation : BP, blood pressure ; HR, heart rate ; mif, medial longitudinal fasciculus ; nts, nucleus tractus
solitarius ; p, pyramidal tract ; rim, nucleus reticularis lateralis magnocellularis

microinjection of L-glutamate (300 ng/site) into
the caudal ventrolateral medulla which caused a
transient decrease in BP and HR (fig. 6A). These
microinjection sites were identified histologically
(Fig. 6B). Each drug responses were observed in
the VLDA identified functionally with L-gluta-
mate.

Acetylcholine: Bilateral microinjections of
acetylcholine bromide (500 ng/site) into the
VLDA produced a decrease in BP and HR.
Control BP and HR in these animals (n=7) were
83+3 mmHg and 351+ 12 bpm, respectively. The
magnitude of the decrease in BP and HR was 28+
2 mmHg (P < .001) and 52+ 9 bpm (P< .01) res-
pectively (Fig. 7).

DMPP: Bilateral microinjections of dimethyi-
phenylpiperazinium iodide (500 ng/site) into the
VLDA produced a decrease in BP and HR.
Control BP and HR in these animals (n=7) were
82+4 mmHg and 369+9 bpm, respectively. The
magnitude of the decrease in BP and HR was 27+
3mmHg (P< .001) and 66+21bpm (P< .05)
respectively (Fig. 8).

Blockade of acetylcholine responses by hexa-
methonium pretreatment: In five experiments,
bilateral microinjections of hexamethonium bro-
mide (4 pg/site) into the VLDA produced little or
no change in BP and HR. Ten minutes after
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Fig. 7. Effects of bilateralmicroinjection of acetylcholine
(500 ng/site} into the VLDA on mean arterial
pressure (MAP) and heart rate (HR). Number of
rats =7, * P <.001, ** P <.01
Base, baseline ; Ach, acetylcholine

administration of hexamethonium, acetylcholine
bromide (500 ng/site) was microinjected bilateral-
ly into the same VLDA site. Cardiovascular ef-
fects of acetylcholine were blocked by pretreat-
ment of hexamethonium.
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Fig. 8. Effects of bilateral microinjection of DMPP
(500 ng/site} into the VLDA on mean arterial
pressure (MAP) and heart rate (HR). Number
of rats=7, ¥ P <.001, ¥* P < 05
Base, baseliney DMPP, dimethylphenylpipera-
zinium.

DISCUSSION

The VLPA and the VLDA located in the
ventrolateral medulla oblongata seem to be im-
portant sites for the neural regulation of BP. The
VLPA is involved in the maintenance of vaso-
motor tone (Ross et al., 1983), in barorecep-
tor and chemoreceptor reflex mechanisms
(Granata et al., 1983; Caverson et al., 1984) and
in mediating the cerebral ischemic response and
the somatosympathetic reflexes (Rohlicek and
Polosa, 1983; McAllen, 1985). The VLPA is
known to contain adrenergic neurons (C, cells)
which project directly to the preganglionic sym-
pathetic cells in the intermediolateral cell column
of the thoracolumbar spinal cord (Hokfelt et al.,
1974; Goodchild et al., 1984). On the other hand,
neurons in the VLDA provide a tonic inhibition
of vasomotor activity (Blessing and Reis, 1982a;
Willette et al., 1984a) and are also involved in the
control of the secretion of vasopressin (Blessing
and Willoughby, 1985), but are not directly
involved in the baroreflex (Granata et al., 1985b).
The VLDA includes the noradrenergic neurons
(A, cells) (Dahlstréom and Fuxe, 1964; Blessing et
al., 1978) and there exists no direct pathway
which descend from the VLDA to spinal cord
(Blessing et al., 1981). Changes in the activity of

neurons in the VLDA mediate the activity of
preganglionic sympathetic neurons via neurons in
the VLPA (Granata et al., 1985a; Punnen and
Sapru, 1985). Neurochemical studies have shown
that in addition to epinephrine-, norepinephrine-,
serotonin- and peptide- containing perikarya, the
ventrolateral medulla also contains a cholinergic
system which has been identified by the presence
of acetylcholine esterase (Palkovits and Jacob-
owitz, 1974), choline acetyltransferase (Kimura et
al., 1981), acetylcholine (Helke et al., 1980),
muscarinic receptors (Hershkowitz et al., 1983)
and nicotinic receptors (Yamada et al., 1987).

In this study, the VLPA and VLDA were
functionally identified bilaterally by microinjec-
tion of the neuroexcitatory amino acid L-
glutamate (300 ng/site) which caused a transient
increase and a decrease in BP, respectively. L-
Glutamate is known to depolarize cell bodies but
not to excite axons of passage (krinjevic and
Phillips, 1963; Fries and Zieglgansberger, 1974),
and therefore it could be thought that the VLPA
and the VLDA identified with L-glutamate con-
tain vasopressor- and vasodepressor-neuron pools,
respectively.

In the present study, stimulation of cholinergic
receptors in the VLPA with carbachol caused an
increase in BP and HR. Willette et al. (1984b)
and Benarrhoch et al. (1986) also demonstrated
the presence of excitatory cholinergic receptors in
the VLPA. In addition, vasopressor and tachycar-
diac responses to carbachol in the VLPA were not
blocked by local pretreatment with the nicotinic
blocking agent hexamethonium. Thus, to ascertain
the role of muscarinic cholinergic receptors in the
VLPA which may be involved in cardiovascular
regulation, the selective muscarinic cholinergic
receptor agonist, oxotremorine (Cho et al., 1962)
and the same receptor antagonist, atropine, were
microinjected into the VLPA. In the VLPA,
oxotremorine caused an increase in BP and
atropine did a decrease in BP and HR. Further-
more, the bilateral microinjection of physostig-
mine into the VLPA caused an increase in BP.
Since the action of physostigmine results from the
inhibition of cholinesterase, it could be thought
that the cardiovascular response to physostigmine
was mediated via the accumulation of acetyl-
choline released from terminals of cholinergic
neurons innervated in the VLPA. These results
indicate the presence of excitatory muscarinic
cholinoceptors in the VLPA which may be
tonically involved in cardiovascular regulation.



On the other hand, bilateral microinjection of
acetylcholine into the VLDA caused a decrease in
BP and HR. Dev and Loeschcke (1979) also
demonstrated the presence of inhibitory choliner-
gic receptors in caudal ventrolateral medulla by
observing facts that the topical administration of
acetylcholine in the ventral surface of the medulla
caused a decrease in BP and HR. Bisset and
Chowdrey (1984) reported that nicotinic receptors
are located on neurons in the caudal ventrolateral
medulla of the rabbit. Thus, to clarify the role of
nicotinic cholinergic receptors in the VLDA on
cardiovascular regulation, the hypotensive and
bradycardiac responses were observed when the
selective nicotinic cholinergic receptor agoinst,
DMPP, was microinjected into the VLDA. In
addition, the responses to acetylcholine in the
VLDA were blocked by hexamethonium-
pretreatment in this area which itself did not alter
the BP and HR. These results indicate the pre-
sence of inhibitory nicotinic cholinoceptors in the
VLDA which may be involved in cardiovascular
regulation.

In summary, the results suggest that the activa-
tion of cholinoceptors in the VLPA produce the
hypertensive and tachycardiac responses which
may be mediated by muscarinic receptors, and the
activation of cholinoceptors in the VLDA pro-
duce the hypotensive and bradycardiac responses
which may be mediated by nicotinic receptors.

REFERENCES

Armitage AK and Hall GH: Further evidence relating
to the mode of action of nicotine in the central
nervous system. Nature (London) 214:977-979,
1967

Benarroch EE, Granata AR, Ruggiero DA, Park DH
and Reis DJ: Neurons of C, area mediate cardio-
vascular responses initiated from ventral medul-
lary surface. Am J Physiol 250:R932-R 945, 1986

Bisset GW and Chowdrey HS: A cholinergic link in
the reflex release of vasopressin by hypotension in
the rat. J Physiol 354:523-545, 1984

Blessing WW, Chalmers JP and Howe PRC: Distribu-
tion of catecholamine-containing cell bodies in
the rabbit central nervous sytem. J Comp Neurol
179:407-424, 1978

Blessing WW, Goodchild AK, Dampney RAL and
Chalmers JP: Cell groups in the lower brain stem
of the rabbit projectng to the spinal cord, with
special reference to catecholamine-containing neu-

rons. Brain Res 221:35-55, 1981

Blessing WW and Reis DJ: Inhibitory cardiovascular
function of neurons in the caudal ventrolateral
medulla of the rabbit; relationship to the area
containing A, noradrenergic cells. Brain Res 253:
161-171, 1982a

Blessing WW and Reis DJ: Hypertension after inhibi-
tion of neuronal function in caudal ventrolateral
medulla: Evidence that A, catecholamine cells
have a vasodepressor function (Abstract). Fed
Proc 41:1661, 1982b

Blessing WW and Willoughby JO: Inhibiting the
rabbit caudal ventrolateral medulla prevents baro-
receptor-initiated secretion of vasopressin. J Phy-
siol (London) 367:233- 265, 1985

Brezenoff HE and Jenden DJ: Changes in arterial
blood pressure after microinjection of carbachol
into medulla and IV ventricle of rat brain.
Neuropharmacology 9:341-348, 1970

Brezenoff HE and Rusin J: Brain acetyicholine medi-
ates the hypertensive response to physostigmine in
the rat. Eur J Pharmacol 29:262-266, 1974

Brown DL and Guyenet PG: Electrophysiological
study of cardiovascular neurons in the rostral
ventrolateral medulla in rats. Circ Res 56:359
-369 1985

Caverson MM, Ciriello J and Calaresu FR: Chemore-
ceptor and baroreceptor inputs to ventrolateral
medullary neurons. Am J Physiol 247:R872
-R879, 1984

Cho AK, Haslett WL and Jenden DIJ: The peripheral
actions of oxotremorine, a metabolite of tremor-
ine. J Pharmacol Exp Ther 138249-257, 1962

Coram WM and Brezenoff HE: Antihypertensive
effect of selective central muscarinic receptor
blockade (Abstract). Fed Proc 41:1587, 1982

Dahlstrom A and Fuxe K: Evidence for the existence
of monoamine-containing neurons in the central
nervous system. 1. Demonstration of monoamines
in the cell bodies of brain stem neurons. Acta
Physiol Scand 232, Suppl 62:1-55 1964

Dampney RAL and Moon EA: Role of ventrolateral
medulla in the vasomotor response to cerebral
ischemia. Am J Physiol 239:8349-8358 1980

Dampney RAL, Goodchild AK, Robertson LG and
Montgomery W: Role of ventrolateral medulla in
vasomotor regulation; a correlative anatomical
and physiological study. Brain Res 249:223-235,
1982

Dampney RAL, Czachurski J, Dembowsky K, Good-
child AK and Seller H: Afferent connections and
spinal projection of the pressor region in the
rostral ventrolateral medulla of the cat. J Auton



Nerv Syst 20:73-86, 1987

Dev NB and Loeschcke HH: A cholinergic mechanism
involved in the respiratory chemosensitivity of the
medulla oblongata in the cat. Eur J Physiol 379
29-36 1979

Fries W and Zieglgansberger W: A method to discri-
minate axonal from cell body activity and to
analyse silent cells. Exp Brain Res 21:441-445,
1974

Goodchild AK, Moon EA, Dampney RAL and Howe
PRC: Evidence that adrenaline neurons in the
rostral ventrolateral medulla have a vasopressor
Sfunction. Neurosci Lett 45:267-272, 1984

Granata AR, Ruggiero DA, Park DH, Joh TH and
Reis DI: Lesions of epinephrine neurons in the
rostral ventrolateral medulla abolish the vasode-
pressor components of baroreflex and cardiopul-
monary reflex. Hypertehsion 5 Suppl V: V80
-V84, 1983

Granata AR, Kumada M and Reis DJ: Sympatho-
inhibition by A,-noradrenerigc neurons is mediat-
ed by neurons in the C, area of the rostral
medulla. J Auton Nerv Syst 14:387-395, 1985a

Granata AR, Ruggiero DA, Park DH, Joh TH and
Reis DJ: Brain stem area with C, epinephrine
neurons mediates baroreflex vasodepressor res-
ponses. Am J Physiol 248H547- H567, 1985b

Guertzenstein PG: Blood pressure effects obtained by
drugs applied to the ventral surface of the brain
stem. J Physiol (London) 229:395-408, 1973

Guertzenstein PG, Hilton SM, Marshall JM and Tinns
RJ: Experiments on origin of vasomotor tone. J
Physiol (London) 275:78-79, 1978

Helke CJ, Sohl BD and Jacobowitz DM: Choline
acetyltransferase activity in discrete brain nuclei
of DOCA-salt hypertensive rats. Brain Res 193:
293-298 1980

Hershkowitz M, Eliash S and Cohen S: The muscari-
nic cholinergic receptors in the posterior hypotha-
lamus of hypertensive and normotensive rats. Eur
J Pharmacol 86:229-236 1983

Hoffman WE and Phillips MI: A pressor response to
intraventricular injections of carbachol. Brain Res
105:157- 162, 1976

Hokfelt T, Fuxe K, Goldstein M and Johansson O:
Immunohistochemical evidence for the existence
of adrenaline neurons in the rat brain. Brain Res
66:235-251, 1974

Kimura H, McGeer PL, Peng JH and McGeer EG:
The central cholinergic system studied by choline
acetyltransferase immunohistochemistry in the cat.
J Comp Neurol 200:151-201, 1981

Kleinman LI and Radford EP: Ventilation standards

Jor small mammals. J Appl Physiol 19:360-362,
1964

Krinjevic K and Phillips JW: Iontophoretic studies of
neurons in the mammalian cerebral cortex. J
Physiol (London) 165:273-304, 1963

Kubo T and Misu Y: Cardiovascular responses to
intracisternal administration of nicotine in rats.
Can J Physiol Pharmacol 59:615-617, 1981

Lebedev VP, Krasyukov AV and Nikitin SA: Electro-
physiological study of sympathoexcitatory struc-
tures of the bulbar ventrolateral surface as
related to vasomotor regulation. Neuroscience 17:
189-203, 1986

Lee SB and Kim ON: The role of central cholinergic
neuron on the control of blood pressure in nor-
motensive Wistar rat and spontaneously hyperten-
sive rat. Korean Central J Med 46:1-6, 1984

McAllen RM: Mediation of the fastigial pressor
response and a somatosympathetic reflex by ven-
tral medullary neurons in the cat. J Physiol
(London) 368:423-433, 1985

McAllen RM: Action and specificity of ventral
medullary vasopressor neurones in the cat. Neuro-
science 18:51-59, 1986

Minson JB and Chalmers JP: Lesions of the
ventrolateral medulla in normal and vasopressin-
deficient (Brattleboro) rats. Clin Exp Pharmacol
Physiol 11:427-430, 1984

Palkovits M and Jacobowitz DM: Topographical
atlas of catecholamine and acetylcholinesterase-
containing neurons in the rat brain; IL. Hindbrain
(mesencephalon, rhombencephalon). J Comp
Neurol 157:29-42, 1974

Pellegrind LJ, pellegrino AS and Cushman AJ: 4
stereotaxic atlas of the rat brain. Plenum press.
New York, 1979

Punnen S and Sapru HN: Blockade of cholinergic
receptors in the C, area abolishes hypertensive
response to opiates in the A, area of the ventro-
lateral medulla. Brain Res 336180-186, 1985

Rohlicek CV and Polosa C: Mediation of pressor
responses to cerebral ischemia by superficial ven-
tral medullary areas. Am J Physiol 245:H962
-H968 1983

Ross CA, Ruggiero DA, Joh TH, Park DH and Reis
DJ: Adrenaline synthesizing neurons in the rostral
ventrolateral medulla; a possible role in tonic
vasomotor control. Brain Res 273:356-361, 1983

Ross CA, Ruggiero DA, Joh TH, Park DH and Reis
DJ: Rostral ventrolateral medulla: selective projec-
tions to the thoracic autonomic cell column from
the region containing C, adrenaline neurons. J
Comp Neurol 228168-185, 1984



Varagic V: The action of eserine on the blood pres-
sure of the rat. Br J Pharmacol 10:349-353,
1955

Willette RN, Barcas PP, Krieger AJ and Sapru HN:
Endogenous GABAergic mechanisms in the me-
dulla and the regulation of blood pressure. J
Pharmacol Exp Ther 230:34-39, 1984a

Willette RN, Punnen S, Krieger AJ and Sapru HN:
Cardiovascular control by cholinergic mechanisms
in the rostral ventrolateral medulla. J Pharmacol

Exp Ther 231:457-463, 1934b

Willette RN, Punnen S, Krieger AJ and Sapru HN:
Differential regulation of regional vascular resis-
tance by the rostral and caudal ventrolateral
medulla in the rat. J Auton Nerv Syst 18:143- 151,
1987

Yamada S, Kagawa Y, Ushijima H, Takaganagi N,
Tomita T and Hayashi Z: Brain nicotinic cholino-
ceptor binding in spontaneous hypertension. Brain
Res 410:212-218 1987

3H B Agox] AdF - g Cholined 7|4

ekt A FraAel hE 295 Q4

9] choline4] &9 &g T3] 93
A5} vk, urethaneo 2 =} 3 3 FH oA Al EEA olu]x Akl L-glutamate (300
Z 4ol mjAFAlste] $9HE9] (VLPA) 9 ZHH5-9 (VLDA)Y & 77 7] 53 2

Z 3olsgdtl, VLPAS} VLDAG| 77+ o2 7}#] cholineA <FEE3} cholinedd &3¢ A3
AEE dFes sl e e AN B

1 PAo] carbachol (300 ng/site) & u]A|FAgl & A3 sgfals o) wiwlo] Ydojyton]
o] H‘_}%% hexamethonium (4 pg/site) 8] A2 X ol &Jsle] 2Axts =] ekskel,

2. VLPA®|| physostigmine (200 ng/site) 7 oxotremorine (300 ng/site)-& o] A FAM8 & 247 &

A Fepdsol dojyte

3. VLPAo] atropine (4 pg/site) S o] 4| FA}3k

3 WA el o Ago] Doixiwh,

4, VLDAo) acetylcholine (500 ng/site) #} dimethylphenylpiperazinium (500 ng/site) & =] A|s=A}

@ F A% ARW WY 2 AHe] Dot

5. VLDASs]| acetylcholine (500 ng/site) & w©]A|ZAl gl 3 25 dolksiz o Aurge
hexamethonium (4 pg/site) A ol 2] }ed zpelz| ol o},

ol4el Azz wob A F9Z A4 FLHelAE muscarined) 4
W4 W el Yolrkn YAl E

ol Yolupe Aoz Aasd,

nicotined 4~&A & 23lod sl ol A=



