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I. Introduction

Areas in the central nervous system involved in car-
diovascular regulation receive a heavy innervation from

5-HTt containing neurons (Dahlstr#{246}m and Fuxe, 1965).
5-HT neurons, located primarily in raphe obscurus and

raphe pallidus (B1 and B2 5-HT cell groups), project to

autonomic areas of the lower brain stem and spinal cord,
whereas forebrain areas involved in cardiovascular reg-

ulation receive their 5-HT input from the dorsal raphe

(Fuxe, 1965; Bobillier et al., 1976; Jacobs et aL, 1984).
Despite an appreciation for the 5-HT innervation of

central areas involved in cardiovascular regulation, our

knowledge of the role that 5-HT plays in regulating
central autonomic pathways has been slow to evolve.
Central administration of 5-HT or 5-HT precursors has

provided a very confused picture regarding the role that

5-HT plays in the regulation of blood pressure. Investi-
gators have found that 5-HT and 5-HT precursors can

elicit increases, decreases, or biphasic changes in arterial
blood pressure, heart rate, and sympathetic nerve activ-

ity, depending of the site of injection, the species, or the

dose administered (Kuhn et al., 1980).

It is now evident that much of the early confusion can

be explained on the basis of multiple 5-HT receptor

subtypes. 5-HT receptors can be divided into seven major

subtypes (5-HT1 to 5-HT7). Investigators have also de-

termined that at least five subtypes of the 5-HT1 receptor

site exist. The 5-HT1D and the 5-HT1E receptor subtypes

can be further subclassified as having a and �3 subtypes

Corre8pondence to: The Upjohn Company, Cardiovascular Dis-
eases Research, 7243-209-3, Kalamazoo, MI 49001.

t Abbreviations: 5-HT, serotonin; 8-OH DPAT, 8-hydroxy-2-(di-n-
propylamino)tetralin; DO!, 1-(2,5-dimethoxy-4-iodophenyl)-2-amino-
propane.

(Humphrey et a!., 1993; Peroutka, 1993; Ruat et al.,

1993). Three subtypes of the 5-HT2 receptor have been

described and include the formerly described 5-HT1�

receptor (5-HT2c, Humphrey et a!., 1993). This knowl-

edge, coupled with the identification of selective agents

for certain receptor subtypes, has greatly facilitated our

understanding of the mechanisms by which central 5-

HT regulates cardiovascular function. At the present

time, agents have been identified that bind with a high
degree of selectivity to the 5-HT1A, 5-HT2, and 5-HT3

receptors. Not coincidentally, our knowledge is most

complete regarding the roles that 5-HT1A, 5-HT2, and 5-

HT3 receptors play in the central regulation of arterial

blood pressure. The binding profile for many of the

compounds described in this review are listed in table 1.

The most widely used compounds to study the effects of

central serotonergic regulation of the cardiovascular sys-

tem include the 5-HT1A receptor agonists 8-OH DPAT

and flesinoxan and the 5-HT2 receptor agonist DOl.

Spiperone has been used often as a 5-HT1A receptor

antagonist, although the compound’s lack of selectivity

limits its usefulness. Recently, a more selective 5-HT1A

receptor antagonist, WAY 100135, has been identified

and used to confirm the observations made using spipe-

rone (see section below).

In this review we will focus on recent studies that

suggest that the sympathoinhibitory effects of 5-HT on

central autonomic function result predominantly from

activation of 5-HT1A receptors, whereas the excitatory

effects result from predominant activation of 5-HT2

receptors. At present, there is very little evidence to

suggest that 5-HT3 receptors play a significant role in

the central serotonergic regulation of blood pressure.
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TABLE 1

Affinity of 5-HT agonists and antagonists for a variety of binding site?

Compound 5-HT1A 5-HT1�, 5-HT, D, a, a2

8-OH DPAT 1.6 210 >1000 84 >2427 116

Flesinoxan 2 33 4500 51 380 >1000

Buspirone 9.3 >12,000 178 13 >2427 >1042

Gepirone 13 NT >1000 58 >2427 >1042

Ipsapirone 1.6 2,418 >1000 110 229 730

U-92016A 0.4 7.7 >1000 36 >1000 >1000

DO! 2355 7,200 0.7 NT NT NT

Spiperone 24 >12,000 1.2 <1 32 >1000

WAY 100135 7 37 271 NT NT NT
Ketanserin >2000 >40,000 0.4 99 3 >1000

Methysergide 74 120 6000 150 >2427 3400

* Values are K1 (nM). NT, not tested. For further methodological detail see McCall et al., 1994.

II. Inhibitory Effects of SerotoninlA Receptor
Agonists

Several compounds have been developed that are se-

lective and potent agonists at the 5-HT1A receptor site.

Those compounds most thoroughly studied from a car-

diovascular perspective are 8-OH DPAT (Arvidsson et
a!., 1981; Middlemiss and Fozard, 1983; Fozard et aL,

1987) and flesinoxan (Bevan et a!., 1986). Administration

of either compound results in decreases in arterial blood

pressure and heart rate in a variety of species, including

normotensive and spontaneously hypertensive rat (Foz-

ard et aL, 1987; Martin and Lis, 1985; Gradin et al., 1985;

Wouters et a!., 1988a), rabbit (Hof and Fozard, 1989;

Shepheard et aL, 1990), cat (McCall et a!., 1987; Ramage

et a!., 1988; Wouters et a!., 1988b), and dog (Di Francesco

et a!., 1988; Laubie et aL, 1989; Grohs et a!., 1990). These
compounds decrease blood pressure and heart rate in
both anesthetized and unanesthetized animals (Fozard
et al., 1987; Dreteler et a!., 1990; Kolbasa et al., 1991),
although the magnitude of the depressor response is less
in conscious animals because of behavioral excitation. In

addition, tolerance to the hypotensive activity is not

observed following chronic administration of either 8-
OH DPAT (Kolbasa et al., 1991) or flesinoxan (Wouters

et al., 1988a) in the rat.
A large number of studies indicate that 5-HT1A ago-

nists act in the central nervous system to produce their

cardiovascular effects. Intracisternal administration of
8-OH DPAT or flesinoxan produces a greater decrease
in arterial blood pressure than do similar doses given

intravenously in the cat (Doods et al., 1988; Wouters et

al., 1988b). Similarly, 8-OH DPAT and flesmoxan are

reduce blood pressure more potently when administered

via the vertebral arteries than when given intravenously

(Wouters et al., 1988b). Interestingly, 8-OH DPAT pro-

duces a greater decrease in arterial blood pressure when

administered intracisternally than when given into the
lateral ventricle (see below; Mir and Fozard, 1987).

Taken together, these data suggest that 5-HT1A receptor

agonists act in the caudal portion of the brain stem or
the spinal cord to produce their hypotensive effect.

More direct evidence of a central site of action comes
from studies in which the effects of 5-HT1A receptor

agonists were determined on spontaneous sympathetic

nerve activity. 8-OH DPAT produces a dose-related in-

hibition of sympathetic activity recorded from the infe-

nor cardiac (McCall et al., 1987, 1989), renal (Ramage

and Fozard, 1987; Ramage et al., 1988), or splanchnic

nerves (McCall et al., 1987; Ramage and Wilkinson,

1989). The fact that 8-OH DPAT inhibits sympathetic
activity recorded from the preganglionic splanchnic

nerve, as well as from postganglionic sympathetic nerves,

indicates that 8-OH DPAT is not acting as a ganglionic

blocker to inhibit sympathetic nerve discharge. In addi-

tion, there is no evidence to suggest that 5-HT1A receptor

agonists act directly to alter the release of norepinephrine

from sympathetic nerve terminals. Finally, 8-OH DPAT
inhibits sympathetic activity recorded from barorecep-
tor-denervated as well as baroreceptor-intact animals

(King and McCall, 1991).
These data provide strong evidence that 5-HT1A recep-

tor agonists act in the central nervous system to inhibit

sympathetic nerve activity and, therefore, decrease ar-

terial blood pressure. The decrease in heart rate observed
following administration of 5-HT1A receptor agonists

may be due in part to the sympatholytic effects of these
agents, but, in addition, 5-HT1A receptor agonists act

centrally to stimulate the vagus nerve. The bradycardia

observed following administration of 5-HT1A receptor
agonists is blocked by vagotomy or by atropine (Gradin
et al, 1985; Ramage and Fozard, 1987; Ramage et a!.,

1988). In addition, administration of8-OH DPAT in Cl-

transected cats spinal animals results in a bradycardia

that can be prevented by prior vagotomy (personal ob-

servation). Thus, the hypotensive action of 5-HT1A

receptor agonists appears to result from a centrally me-
diated inhibition of sympathetic nerve activity and an

excitation of cardiac vagal nerve activity.

A great deal of evidence indicates that 8-OH DPAT
and flesinoxan produce their cardiovascular effects as a

result of their 5-HT1A agonist properties. First, several
structurally distinct and selective 5-HT1A receptor ago-
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nists decrease arterial blood pressure and inhibit sym-

pathetic nerve activity. These include 8-OH DPAT

(McCall et a!., 1987), flesinoxan (Ramage et a!., 1988;

Lin et a!., 1993), buspirone (Romero et a!., 1993), ipsa-
pirone (Ramage and Fozard, 1987), urapidil (Ramage,

1986), and U-92016A (Romero et al., 1993; McCall et a!.,

1994). The fact that these structurally distinct com-

pounds all produce vasodepression suggests that they do

so by their common 5-HT1A agonist properties. It is
interesting to note that 5-HT1A agonists possessing high

intrinsic efficacy, such as 8-OH DPAT and U-92016A,
are more effective hypotensive agents than are partial 5-

HT1A agonists, such as buspirone and ipsapirone (McCall

et a!., 1994).

More direct evidence for the role of 5-HT1A receptors
in the sympatho!ytic effect of 8-OH DPAT comes from

experiments using 5-HT1A receptor antagonists. The car-

diovascular effects of 8-OH DPAT are blocked by the

“5-HT1-like” receptor antagonists metergoline, meth-

iothepin, and (-‘)-pindo!o! (Fozard et al., 1987; Doods et
a!., 1988). In addition, the hypotension produced by 8-

OH DPAT is antagonized by the 5-HT1A partial agonists

8-methoxy-2-(N-2-chlorethy!-N-n-propyl)aminotetralin

and MDL 72832 (Fozard et al., 1987; Mir et al., 1988).

The sympatho!ytic effect of 8-OH DPAT and is blocked

by the 5-HT1A antagonist spiperone (McCall et a!., 1987;

Clement and McCall, 1990). Finally, the selective 5-HT1A

receptor antagonist WAY 100135 blocks the cardiovas-

cular effects of 8-OH DPAT (Escandon et a!., 1994). In

contrast, these agents fail to antagonize the central sym-

patholytic effect ofthe a2-receptor agonist c!onidine. The

5-HT2 receptor antagonist ketanserin, the 5-HT3 recep-
tor antagonist MDL 72222, and the a2-receptor antago-

nist idazoxan fail to block the vasodepressor effects of 8-

OH DPAT (Fozard et al., 1987; Ramage and Fozard,
1987). These data indicate that 8-OH DPAT acts as an

agonist at 5-HT1A receptors in the central nervous system

to elicit its cardiovascular effects.

m. Studies of the Site and Mechanism of the

Sympatholytic Effect of SerotoninlA Receptor

Agonists

Midcollicular transection fails to affect the sympatho-

lytic effects of 8-OH DPAT in the cat (Clement and

McCall, 1990). These data indicate that 5-HT1A receptor
agonists act either in the pons, the medulla, or the spinal

cord to inhibit spontaneous sympathetic nerve discharge.

Serotonergic innervation of caudal brain stem and spinal

cord areas involved in cardiovascular control arises pri-
marily from cell bodies located in the medulla (i.e.,

nucleus raphe obscurus, nucleus raphe palhidus, nucleus

raphe magnus, and the parapyramidal region) (Loewy,
1981; Loewy and McKellar, 1981; Jacobs et al. 1984).

Sympathetic preganglionic neurons located in the inter-
mediolateral cell column of the spinal cord receive a very

heavy serotonergic input (Wu et al., 1993; Thor et a!.,

1993). lontophoretic 5-HT consistently excites sympa-

thetic preganglionic neurons (DeGroat and Ryal!, 1967;

McCall, 1983). This effect is blocked by either intrave-

nous or iontophoretical!y applied methysergide or met-

ergohine.
These data suggest that 5-HT neurons excite sympa-

thetic preganglionic neurons and that the receptors
mediating this excitation are sensitive to methysergide

and metergoline. Interestingly, the 5-HT antagonists

methysergide and metergoline decrease the spontaneous

discharge rate of sympathetic preganghionic neurons in

intact cats but not in spinally transected animals

(McCall, 1983). These data provide strong evidence to
suggest that medullary 5-HT neurons provide a tonic

excitatory input to sympathetic preganghionic neurons
and are necessary, at least in the anesthetized cat, to

maintain the firing rate of these sympathetic neurons.
This conclusion lays the theoretical ground work to

suggest that 5-HT1A receptor agonists inhibit sympa-

thetic nerve activity by decreasing the firing rate of
medullary 5-HT neurons. There are several observations

that support this hypothesis. Anatomically, medullary
raphe nuclei contain a high density of 5-HT1A receptors

(Thor et a!., 1990). Intravenous or iontophoretic admin-

istration of 8-OH DPAT markedly inhibits the firing of

meduhlary 5-HT neurons (McCall and Clement, 1989;

McCall et a!., 1989). The EDsc value for the inhibitory

effect of 8-OH DPAT on medullary 5-HT cell firing is 1

�tg/kg, given intravenously. Taken together, these data

suggest that 8-OH DPAT may produce its sympatholytic
effect via a process of disfacilitation (i.e., removal of

tonic serotonergic excitatory input). Furthermore, mi-

croinjection of 8-OH DPAT into medullary raphe nuclei

produces small decreases in arterial blood pressure, heart

rate, and sympathetic nerve activity (Valenta and Singer,

1990; Nosjean and Guyenet, 1991). Finally, the inhibition

of 5-HT cell firing produced by low doses of intravenous

8-OH DPAT is accompanied by a mild inhibition of renal

sympathetic nerve activity (Ramage et al., 1992). These

observations suggest that a small portion of the vasode-

pressor effects of 5-HT1A receptor agonists may be re-

hated to their ability to inhibit the 5-HT neuronal firing

(i.e., disfacihitation).

The observations described above, however, are not
adequate to explain the profound sympatholytic effect of

5-HT1A receptor agonists. Indeed, much recent evidence
suggests that inhibition of 5-HT cell firing does not play

an important role in the sympathoinhibitory effects of

8-OH DPAT. Pretreatment of animals with the 5-HT
synthesis inhibitor parach!orophenylalanine has been

demonstrated to deplete brain levels of 5-HT and to

block the sympathoinhibitory effects of 5-HT receptor

antagonists (McCall and Humphrey, 1982). However,

parachloropheny!alanine pretreatment fails to prevent
the vasodepressor effects of 8-OH DPAT (Fozard et al.,
1987). This suggests that 5-HT1A receptors involved in
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cardiovascular regulation are located postsynaptically

rather than directly on 5-HT neurons.

Similarly, the sympatholytic effects of 8-OH DPAT
have been compared in intact animals and animals re-

ceiving large electrolytic lesions in the midline area of
the lower brain stem. These lesions extended from the

obex rostral through the level of the facial motor nucleus

and encompassed the brain stem from the dorsal to the

ventral surface. The sympatho!ytic effect of 8-OH DPAT
was identical in intact animals and animals receiving the

lesion (McCall et a!., 1989). Furthermore, microinjection

of 8-OH DPAT into medullary raphe nuclei has no effect

on arterial blood pressure, heart rate, and renal sympa-

thetic nerve activity in the anesthetized dog (Laubie et

a!., 1989).

These data suggest that inhibition of 5-HT cell firing

is not sufficient to explain the vasodepressor effects of
5-HT1A receptor agonists. This has been tested directly

by simultaneously recording activity from medullary 5-

HT neurons and from the inferior cardiac sympathetic

nerve (fig. 1). Low doses of intravenous 8-OH DPAT (1

jig/kg) reduced 5-HT neuronal firing by approximately

50% but had no obvious effect on inferior cardiac sym-
pathetic nerve activity. Increasing the dose to 2 �.tg/kg

resulted in complete inhibition of 5-HT cell firing but,

again, had no effect of spontaneous sympathetic nerve
activity. The threshold 8-OH DPAT dose to produce

vasodepression was 10 jsg/kg, with maximal effects oc-

curring between 30 and 100 .tg/kg, intravenously (McCall

et a!., 1989). Similar results have been observed in bar-

oreceptor-denervated animals (King and McCall, 1991).
These data provide strong evidence that direct inhibition

of medullary 5-HT neurons is not sufficient to explain

the central sympatholytic effects of 8-OH DPAT. Rather,

these data suggest that 8-OH DPAT acts postsynapti-

cally to inhibit sympathetic nerve discharge.
The effects of 5-HT and 5-HT1A receptor agonists on

sympathetic preganglionic neurons located in the inter-

mediolateral cell column of the spinal cord have been

investigated. Microiontophoretically applied 5-HT typi-

cally has been found to increase the firing of sympathetic

preganglionic neurons (DeGroat and Ryall, 1967; Mc-

Call, 1983). This is consistent with the observation that

the sympathoexcitatory response elicited from medullary
raphe nuclei is blocked by 5-HT antagonists and poten-

tiated by 5-HT uptake inhibitors (McCall, 1984; Morn-
son, 1993).

The effects of 5-HT on sympathetic preganglionic

neurons have been studied with intracellular recording

techniques in slice preparations from neonatal rats
(Lewis et a!., 1993). Superfusion of 5-HT causes a con-

centration-dependent, slow depolarization that is accom-

panied by an increase in synaptic activity. Similar effects

are observed during superfusion with 5-carboxamido-

tryptamine and a-methyl-5-hydroxytryptamine. A com-

panison of the potency of these compounds suggests that

the 5-HT-induced slow depolarization is mediated by a

5-HT2 receptor (Lewis et al., 1993). In this regard, a high
density of 5-HT2 receptors exists in the intermediolateral

cell column (Thor et a!., 1993). 5-HT1A receptors are also

found in the intermediolateral cell column (Thor et al.,
1993).

lontophoretic application of 8-OH DPAT fails to alter

the spontaneous firing of sympathetic preganglionic neu-

rons. Interestingly, 8-OH DPAT antagonizes the excit-

atory effects of iontophoretic 5-HT on sympathetic pre-

ganglionic neurons (Clement and McCall, 1990). The
significance of this observation is yet to be determined

but is not responsible for the sympathoinhibitory effect

of the drug because 8-OH DPAT alone fails to inhibit
firing. Similarly, intrathecal administration of 8-OH

DPAT fails to decrease arterial blood pressure (Yusoff

and Coote, 1988). These data indicate that an action at
the level of the sympathetic preganglionic neuron is not

sufficient to explain the central sympatholytic effects of

5-HT1A agonists.

Neurons located in the area of the rostra! ventrolateral

medulla are critical to the central regulation of sympa-

thetic nerve discharge. These neurons project directly to

sympathetic preganglionic neurons in the intermedio!at-

eral cell column of the spinal cord. Neurons in the rostra!

ventrolateral medulla subserve a sympathoexcitatory

8-OH DPAT

:�‘ ‘�#{176}1 CONTROL 1 pg/kg 2 pg/kg 10 pg/kg 30 pg/kg
� E L � *�z:=- fij%r:�jimjjj ______

E 75 � #{149}� � � � �� � .1 ii i. #{149}ii ijii Id � � hi i I� � i. ii I � LI JI hil, �

� � �I�aliM��ki k1k�� �

1��T � �

FIG. 1. Effects of 8-OH DPAT on arterial pressure (AP), sympathetic nerve discharge (SND), and medullary 5-HT neuronal firing (unit).

The largest amplitude unit in the recording field was determined to be a 5-HT neuron (bottom trace). Low doses of 8-OH DPAT (1 to 2 gig/kg,

intravenously) markedly depressed the firing of the 5-HT neuron but had little effect on blood pressure or SND. Larger doses of 8-OH DPAT
(10 to 30 pg/kg) were required to depress blood pressure and SND. Horizontal calibration is 1 minute.
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function and provide a major excitatory input to sym-

pathetic preganghionic neurons. Bilateral lesions of the

rostra! ventrolatera! medulla result in decreases in blood

pressure similar to those observed following Cl transec-

tion of the spinal cord. Finally, sympathoexcitatory neu-
rons in the rostra! ventrolateral area of the medulla

integrate autonomic afferent information from other

areas of the central nervous system. Anatomically, the
area of the rostra! ventrolatera! medulla receives a 5-HT
input (Steinbusch, 1981) and contains a high density of

5-HT1A receptor-binding sites (Thor et a!., 1990). How-

ever, it is unknown whether sympathoexcitatory neurons

in the rostra! ventrolatera! medulla receive a 5-HT input

or possess 5-HT1A receptors. Indeed, the highest density

of 5-HT1A receptors in the area are found around 5-HT

neurons located in the parapyramida! region (Thor et al.,

1990), whereas medu!lospinal sympathoexcitatory neu-
rons are located in the subretrofacial area of the rostra!

ventro!ateral medulla (Barman and Gebber, 1985; Ca!a-

resu and Yardley, 1988). A great deal of recent work
suggests that the rostral ventrolatera! medulla may be

necessary to mediate the sympatholytic effects of 8-OH

DPAT and other 5-HT1A receptor agonists.

Local application of 8-OH DPAT onto the ventral

surface of the cat brain stem, which underlies the rostra!
ventro!atera! medulla (i.e., Schlaefke’s area), results in a

decrease in arterial blood pressure and bradycardia. The

effects of 8-OH DPAT are blocked by the purported 5-

HTTA receptor antagonist WB 4101 (Gillis et a!., 1989).
Local surface application of 5-HT produces only a mild

vasodepressor response, but this effect is potentiated by

administration of the 5-HT2 receptor antagonist ketan-

serin (Gihlis et a!., 1989). These data suggest that 5-HT1A

receptors in the rostral ventro!ateral medulla mediate a

vasodepressor response, whereas 5-HT2 receptors me-

diate opposite actions of 5-HT on blood pressure (see

be!ow).

The cardiovascular effects of 8-OH DPAT in the ros-
tral ventrolatera! medulla have been more thoroughly

investigated using the microinjection technique. Mi-

croinjection of 8-OH DPAT into the subretrofacial flu-
cleus produces a decrease in blood pressure in the rat
(Lovick, 1989; Nosjean and Guyenet, 1991), cat (King

and Hoitman, 1990; Manda! eta!., 1991), and dog (Laubie

et al., 1989). The decrease in blood pressure is associated
with a decrease in renal sympathetic nerve activity in
the dog (Laubie et a!., 1989) and lumbar sympathetic

nerve activity in the rat (Nosjean and Guyenet, 1991).

Microinjection of 8-OH DPAT into the rostral ventro-
lateral area is also associated with an increase in hind-

limb vascular conductance (Lovick, 1989). The cardio-
vascular effects of microinjected 8-OH DPAT appear to

be mediated via 5-HT1A receptors. Thus, the vasodepres-
sor effects of microinjected 8-OH DPAT are blocked by

administration of the putative 5-HT1A receptor antago-
nists spiroxatrine and spiperone (King and Ho!tman,

1990; Mandal et a!., 1991). These data suggest that 5-

HT1A receptor agonists produce their vasodepressor ef-

fects, in part, by inhibiting sympathoexcitatory neurons

in the subretrofacial nucleus of the rostra! ventrolateral

medulla.
A limitation to the above studies is the uncertainty as

to how far drugs diffuse following local application or

microinjection. These difficulties have been partially
eliminated by studying the effects of 8-OH DPAT on the

firing of medu!lospinal sympathoexcitatory neurons 10-

cated in the rostral ventrolatera! medulla. In the cat

medu!!ospinal sympathoexcitatory neurons in the sub-

retrofacial nucleus can be identified using antidromic
activation and spike-triggered averaging techniques

(Clement and McCall, 1990). These sympathoexcitatory
neurons are inhibited during baroreceptor reflex activa-

tion. The simultaneous effects of intravenous 8-OH
DPAT on the firing of sympathoexcitatory neurons and

on inferior cardiac sympathetic nerve activity have been

reported (fig. 2). Intravenous 8-OH DPAT (10 to 100 �sg/
kg) inhibits the firing of sympathoexcitatory neurons in

the rostra! ventrolateral medulla. The inhibition of unit

firing produced by 8-OH DPAT exactly parallels the

shutoff of inferior cardiac nerve activity (fig. 3). The

highest dose of 8-OH DPAT tested completely inhibited

the firing of both the unit and the nerve. The 5-HT1A

receptor antagonist spiperone reversed both the inhibi-

tion of neuronal firing and the inhibition of sympathetic

activity produced by 8-OH DPAT (Clement and McCall,
1990).

The parallel inhibition of unit and sympathetic nerve

activity strongly suggests that inhibition of medullo-
spinal sympathoexcitatory neurons in the rostra! ventro-

lateral medulla is critical for the expression of the sym-

patholytic action of 5-HT1A receptor agonists. In the rat,

intravenous 8-OH DPAT also simultaneously inhibits

the firing of medullospina! sympathoexcitatory neurons

in the subretrofacial nucleus and whole sympathetic

nerve activity (Nosjean and Guyenet, 1991). However,
the magnitude of the reduction of both the unit and

whole nerve activity (-17%) is not nearly as great as

that observed in the cat. Nevertheless, these data support

the conclusion that inhibition of rostra! ventro!ateral
sympathoexcitatory neurons is an important component

in the vasodepressor effect of 5-HT1A receptor agonists.
The direct effect of 8-OH DPAT on neurons in the

rostral ventrolateral medulla has been determined using

microiontophoretic or superfusion techniques. The effect

of 5-HT on rostral ventro!ateral medullary neurons in

the rat in vitro using intracellular recording techniques

has been determined (Lewis and Coote, 1993). 5-HT

evokes a slow concentration-dependent hyperpolariza-

tion in both spontaneously active and silent neurons in
the slice preparation. The hyperpo!arization is accom-

panied by a decrease in the input resistance of the cell.

These data suggest that 5-HT is inhibitory to neurons
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FIG. 3. Dose-response curve illustrating the inhibitory effects of
intravenous 8-OH DPAT on mean arterial blood pressure (n), sympa-

thetic nerve discharge (#{149}),and rostral ventrolateral sympathoexcita-
tory unit activity (C]). n = 9. Results are means ± SE.

in the rostra! ventrolateral medulla of the rat, although

the function of these neurons could not be determined.
The effects of microiontophoretica!ly applied 5-HT

and 5-HT1A receptor agonists on rostra! ventrolateral
medu!lary neurons has also been determined in the rat

(Wang and Lovick, 1992). lontophoretically applied 5-

HT and 5-HT1A receptor agonists, such as 8-OH DPAT,
buspirone, and flesinoxan inhibit the firing of neurons
located in the rostra! ventrolateral medulla. Although a

mixed population of neurons was been studied, at least
some of these cells projected to the spinal cord and some
were inhibited during baroreceptor activation. This sug-

gests that some cells were sympathoexcitatory neurons.
It should be noted that many of the neurons studied were
being driven by iontophoresis of an excitatory amino acid
and that 5-HT1A receptor agonists inhibited the amino
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FIG. 2. Intravenous 8-OH DPAT decreases arterial blood pressure (top trace) and inhibits neuronal activity recorded from a sympathoexci-

tatory neuron in the rostral ventrolateral medulla (middle trace) and from the inferior cardiac sympathetic nerve (bottom trace).

acid-driven activity. This may be important because a

recent study demonstrated that the inhibitory effect of

8-OH DPAT is much greater in a neuron activated by

excitatory amino acids than in a spontaneously firing

neuron (Mah and Cunningham, 1993). Nevertheless,
these studies suggest that 5-HT1A agonists act directly

-----1 on sympathoexcitatory neurons in the rat to inhibit their

firing and, therefore, reduce sympathetic nerve activity.
The relatively minor effects of intravenous 8-OH

DPAT on sympathoexcitatory neuronal firing in the rat

described above (Nosjean and Guyenet, 1991), however,
suggests that this may not be the sole mechanism by

which 5-HT1A agonists inhibit sympathetic activity. The

effects of microiontophoretic 5-HT and 8-OH DPAT on

the firing of identified medu!!ospinal sympathoexcitatory

neurons have also been evaluated in the cat (Clement
and McCall, 1990). Microiontophoretic application of 5-

HT or 8-OH DPAT fails to affect the firing of sympath-
oexcitatory neurons over a wide range ofejecting currents

(0 to 115 nA). These same neurons were inhibited by

subsequent intravenous administration of 8-OH DPAT.

These data suggest that in the cat, at least, 8-OH DPAT
and other 5-HT1A receptor agonists act on central sym-

pathetic neurons that lie antecedent to ventrolateral
medulla sympathoexcitatory neurons. Alternatively, 8-

OH DPAT may act on distal dendrites of the rostra!
ventrolateral sympathoexcitatory neurons. In this case,

iontophoretical!y applied 8-OH DPAT may not gain

access to these receptor sites.

Many of the above experiments examined the central

sympatholytic effects of 8-OH DPAT based on the

preeminent role that the rostra! ventrolateral medulla,

and the sympathoexcitatory neurons found therein, plays
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in the generation of basal sympathetic nerve activity.

Other areas of the brain stem are thought to be involved
in the generation of sympathetic nerve activity. One such

area is the lateral tegmental field which is located dorsal
and medial to the rostra! ventrolateral medulla (Barman

and Gebber, 1987; Gebber and Barman, 1985). Electrical

stimulation of the lateral tegmental field evokes large
increases in blood pressure, whereas bilateral lesions

reduce blood pressure and heart rate to levels resembling

those of spinal cord-transected animals (Dampney and

Moon, 1980; Kumada et a!., 1979). The lateral tegmental

field contains both sympathoexcitatory and sympathoin-
hibitory neurons. The sympathoexcitatory neurons pro-

ject to and provide a tonic excitatory input to sympath-
oexcitatory neurons in the rostra! ventrolateral medulla

(Barman and Gebber, 1987).

The role of the lateral tegmental field in mediating the
sympatholytic effects of 5-HT1A receptor agonists has

been investigated in the cat (Clement and McCall, 1992,
1993a,b; Vayssettes-Courchay et a!., 1993a). These stud-

ies were based on the concept that (a) the lateral teg-

mental field sympathoexcitatory neurons fulfill the cri-
teria of being a putative source of basal sympathetic

activity that lies antecedent to the rostra! ventrolateral

medulla and (b) microiontophoretica!ly applied 8-OH

DPAT fails to affect the firing of rostra! ventrolateral

sympathoexcitatory neurons in the cat. Intravenous ad-

ministration of 8-OH DPAT inhibits the firing of lateral

tegmental field neurons (Clement and McCall, 1992;
Vayssettes-Courchay et a!., 1993a). The inhibition of

neuronal firing exactly parallels the inhibition of inferior

cardiac sympathetic nerve activity (Clement and McCall,
1992) and renal sympathetic nerve activity (Vayssettes-

Courchay et-al., 1993a). A similar relationship was pre-
viously noted for the inhibition of rostra! ventrolateral

sympathoexcitatory neurons (Clement and McCall,
1992). The inhibitory effect of 8-OH DPAT on the firing

of lateral tegmental field sympathoexcitatory neurons is
blocked by the 5-HT1A receptor antagonist spiperone

(Vayssettes-Courchay et a!., 1993a). Microinjection of 8-

OH DPAT into the lateral tegmenta! field results in a
vasodepressor response accompanied by an inhibition of

renal sympathetic nerve activity (Vayssettes-Courchay
et a!., 1993a). These data suggest that the effects of

intravenous 8-OH DPAT may result from a direct action
on lateral tegmenta! field sympathoexcitatory neurons.

This was tested directly using microiontophoretic tech-

niques. Microiontophoresis of either 5-HT or 8-OH

DPAT directly inhibits the firing of lateral tegmental

field sympathoexcitatory neurons (fig. 4, Clement and

McCall, 1992).

The data described above suggest that the lateral teg-

mental field plays an important role in the sympathoin-

hibitory action of 5-HT1A receptor agonists. This is con-
firmed in experiments in which the lateral tegmental

field was !esioned using the excitatory amino acid kainic

Mlnut.s

FIG. 4. Rate histogram depicting the inhibitory effect of microion-

tophoretically applied 8-OH DPAT and 5-HT on a syinpathoexcitatory

neuron located in the lateral tegmental field. Bin size = 8 second. Bar
denotes microiontophoretic period. Intravenous norepinephrine (NE,
arrow) illustrates inhibitory response of unit to increased blood pres-

sure.

acid (Clement and McCall, 1993a,b; Vayssettes-Cour-
chay et a!., 1993a). Microinjection of kainic acid has been
reported to destroy cell bodies while leaving fibers of

passage intact in the central nervous system (McGeer
and McGeer, 1982). Kainic acid microinjection into the
lateral tegmental field produces an immediate increase

in arterial blood pressure and heart rate and has little

effect on sympathetic nerve activity. Thirty to 60 mm-
utes following kainic acid microinjections, blood pressure
and heart rate return to pretreatment values and sym-

pathetic activity is only slightly increased.
Intravenous administration of 8-OH DPAT (1 to 100

�.tg/kg) fails to decrease arterial blood pressure, heart

rate, inferior cardiac sympathetic nerve activity, or renal

nerve activity in animals receiving the lateral tegmental

field kainic acid lesion. In contrast, the a2-receptor ago-
nist clonidine decreases blood pressure and sympathetic

activity in the kainic lesioned animal (fig. 5). The pressor
response evoked by stimulation of the rostral ventrolat-

era! medulla was not altered following kainic acid mi-
croinjections into the lateral tegmental field. This mdi-

cates that the rostra! ventrolateral medulla is not com-
promised by lateral tegmental field kainic acid lesions.
In addition, because rostra! ventro!ateral medul!ary neu-

rons project through the lateral tegmental field, the data
indicate that the lesion spared fibers of passage. Taken

together, these data indicate that the lateral tegmental
field is critical for the expression of the vasodepressor
effects of 5-HT1A receptor agonists. The microionto-

phoretic experiments suggest that 5-HT1A receptor ago-
nists produce their sympatholytic effect by directly in-

hibiting the firing of sympathoexcitatory neurons in the

lateral tegmental field (Clement and McCall, 1993a;
Vayssettes-Courchay et a!., 1993a). Interestingly, kainic

acid lesions of the lateral tegmental field attenuate the
hypotensive effects of 8-OH DPAT applied to the ventral

surface of the medulla (Vayssettes-Courchay et a!.,
1993b). Thus, the integrity of the lateral tegmenta! field
is needed for the expression of the sympatholytic effects
of 8-OH DPAT applied onto the ventral surface of the

medulla.
Microinjections of kainic acid into the lateral tegmen-
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FIG. 5. Effects of bilateral microinjection of 100 nl of kainic acid into the lateral tegmental field on the response of blood pressure (BP) and
sympathetic nerve discharge (SND) to intravenous 8-OH DPAT and intravenous clonidine. Drug doses are in pg/kg. Blood pressure units are

expressed as mm Hg.

tal field which block the sympatholytic effects of 8-OH

DPAT also eliminate the baroreceptor reflex (Clement

and McCall, 1993b; Vayssettes-Courchay et al., 1993a).

These data suggest that lateral tegmental field 5-HT1A

receptors may be associated with terminals of neurons

arising in the nucleus tractus sohitarius. In this regard,

the nucleus tractus sohitarius is the site of primary bar-

oreceptor afferent endings in the central nervous system.

To test this hypothesis, Vayssettes-Courchay et a!.

(1993b) determined the cardiovascular effects of 8-OH

DPAT following microinjections of kainic acid into the

nucleus tractus sohitarius. They found that chemical

lesions of the nucleus tractus solitarius blocked both the

baroreceptor reflex and the sympatholytic effect of 8-OH

DPAT. Microinjections of 8-OH DPAT into the nucleus

tractus solitarius of nonlesioned animals failed to dimin-

ish arterial blood pressure or sympathetic nerve activity.

The caudal ventrolateral medulla receives baroreceptor

input from the nucleus tractus solitarius and projects to

the rostra! ventro!ateral medulla. Kainic acid microinjec-

tions into the cauda! ventrolatera! medulla blocked the

baroreceptor reflex but failed to blunt the vasodepressor

effect of 8-OH DPAT (Vayssettes-Courchay et a!.,

1993b). Baroreceptor denervation failed to alter the va-

sodepressor effects of 5-HT1A receptor agonists (King

and McCall, 1991). Taken together, these data indicate

that the integrity of neurons in the nucleus tractus

solitarius is required for the expression of the sympatho-

lytic effect of 8-OH DPAT. However, an intact baroreflex

is not a prerequisite for the mediation of the cardiovas-

cular action of 5-HT1A receptor agonists. These data are

consistent with the hypothesis that 8-OH DPAT de-

creases blood pressure by acting in the lateral tegmental

field at the level of axonal terminals projecting from the

nucleus tractus solitarii.

IV. Studies of the Bradycardic Effects of

SerotoninlA Receptor Agonists

Inhibition of sympathetic nerve activity undoubtedly

contributes to the bradycardic effects of 5-HT1A receptor
agonists. However, much data suggest that 5-HT1A recep-
tor agonists also decrease heart rate by direct vagal

stimulation. Anatomically, vagal preganglionic neurons
innervating the heart are located in the nucleus ambiguus

of the cat (Hopkins, 1987) and in the nucleus ambiguus
and dorsal motor vagal nucleus of the rat (Izzo et al.,

1993). Both nuclei receive a dense input from 5-HT

containing neurons (Steinbusch, 1981). Neuronal pen-

karya and the dendrites of cardiac vagal motoneurons
are often found to be ensheathed in 5-HT-immunoreac-

tive axonal boutons, and synaptic specializations exist

between these boutons and cardiac vagal motoneurons
(Izzo et a!., 1993). Finally, a dense concentration of 5-

HT1A receptors are located in both the nucleus ambiguus

and the dorsal motor vaga! nucleus (Pazos and Palacios,
1985; Dashwood et a!., 1988; Manaker and Verderame,

1990).
The bradycardic effect of 5-HT1A receptor agonists is

blocked by atnopine or vagotomy, indicating that these

drugs stimulate the vagus (Gradin et a!., 1985; Ramage

and Fozard, 1987; Ramage et al., 1988). A great deal of

evidence indicates that the vagal stimulatory effect of 5-

HT1A receptor agonists results from a direct effect on
vagal motoneurons located in the nucleus ambiguus and

in the dorsal vagal motor nucleus. Microinjection of 5-

HT into nucleus ambiguus of the cat produces a vagal

bradycardia (Coote, 1990). This effect is mimicked by
microinjection of 8-OH DPAT (Izzo et a!., 1988). In the

rat intracenebroventnicular administration of 5-HT elic-

its a vagal bradycardia (Dalton, 1986). Microinjections

of 8-OH DPAT or flesinoxan into the dorsal vagal motor

nucleus decreased heart rate in the rat (Sporton et al.,

1991). Similarly, microinjection of 8-OH DPAT into the
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rat nucleus ambiguus elicits a vagal!y mediated brady-

cardia (R. F. Calaresu, personal communication). Taken
together, these data suggest that 5-HT1A agonists elicit

a vagal!y mediated bradycardia via a direct action on

vagal preganglionic motoneurons.

V. Sympathoexcitatory Effects of SerotoninlA
Receptor Agonists

The experiments described above indicate that 5-HT1A

agonists elicit a vasodepressor response that results from
a centrally mediated inhibition of sympathetic nerve

activity and an excitation of cardiac vagal nerve activity.

The findings may likely explain the mechanism by which
centrally administered 5-HT decreases blood pressure.
However, as described above, centrally administered 5-

HT produces a complex circulatory response that can
include increases as well as decreases in arterial blood
pressure (Kuhn et al., 1980). The biphasic nature of the

effects of 5-HT can be explained in part by the fact that

different 5-HT receptor subtypes mediate opposite car-
diovascular responses (see below). However, recent evi-

dence suggests that activation of 5-HT1A receptors may
mediate distinctly different cardiovascular response pat-

terns. Thus, central administration of 5-HT activates 5-
HT1A receptors which mediate a sympathoexcitatory as

well as a sympathoinhibitory response in the rat (Ander-

son et al., 1992).
A 5-HT1-like receptor, possibly the 5-HT1A receptor,

may be involved in a sympathoexcitatory process in the
cat (Anderson et a!., 1992). These investigators found

that intracerebroventricular administration of 5-HT

caused a long-lasting pressor response in the rat that was
associated with an initial bradycardia and renal sympa-

thoinhibition, followed by tachycardia and renal sym-

pathoexcitation. Pretreatment with the 5-HT2 receptor
antagonist, LY 53857, reversed the initial bradycardia

and sympathoinhibition to tachycardia and sympathoex-

citation. These latter effects were blocked by the 5-HT1A
receptor antagonist spiroxatrine. 8-OH DPAT adminis-

tered intracerebroventnicular!y resulted in an increase in
arterial blood pressure, heart rate, and renal sympathetic
nerve activity that could by prevented by pretreatment
with spiroxatnine.

These data indicate that activation of 5-HT1A recep-
tors reached by intracerebroventricular administration

results in a vasopressor response. Based on the route of
administration and the large database indicating that the
5-HT1A receptors in the hindbrain mediate vasodepressor
responses, it is likely that the 5-HT1A receptors that

mediate sympathoexcitatory responses are located in

forebrain areas.

VI. Clinical Significance of SerotoninlA Agonist
Hypotensive Activity

The data described above suggest that 5-HT1A receptor

agonists may have clinical utility as centrally acting
antihypertensive agents. Indeed, single-dose administra-

tion of the 5-HT1A receptor agonist flesinoxan decreases

arterial blood pressure in hypertensive patients (de

Voogd and Prager, 1990). However, when administration

is repeated it appears that tolerance develops to the
antihypertensive effects of flesinoxan in humans (W.

Wouters, personnel communication). This is surprising

because tolerance failed to develop to the antihyperten-
sive effect of 8-OH DPAT (Ko!basa et a!., 1991) or

flesinoxan (W. Wouters, personnel communication) in

the spontaneously hypertensive rat. Thus, it is unknown

whether humans develop tolerance to the antihyperten-

sive effects of all 5-HT1A agonists or whether this prop-

erty is unique to flesinoxan. In this regard, urapidil is a

marketed antihypertensive agent with a1-receptor antag-

onist/5-HT1A agonist properties (Schook et a!., 1989;
Kolassa et al., 1989). The hypotensive activity of urapidil

is due to a reduction in total peripheral resistance, as-
sociated with sympathoinhibition and vagal!y mediated

bradycardia (Sanders and Jurna, 1985; Ramage, 1986,

1988). The hypotensive effects of urapidil are antago-

nized by the 5-HT1A receptor antagonist spiroxatrine,
suggesting that urapidil decreases blood pressure via its

5-HT1A receptor agonist properties (Kolassa et al., 1989).

Furthermore, urapidil decreases arterial blood pressure

in animals pretreated with the a1-receptor antagonist

prazosin, and this effect is blocked by spiperone (Ra-
mage, 1990). These data indicate that urapidil decreases

blood pressure in part via its 5-HT1A agonist properties.

The extent that these properties are important in the

antihypertensive effects of urapidil in humans is still

being debated.

VII. Vasopressor Response to Activation of

Serotonin2 Receptors

Several studies indicate that 5-HT2 receptor agonists
act as peripheral vasoconstnictor agents to increase ar-

tenial blood pressure (Alper, 1990). However, it is also

apparent that 5-HT2 receptor agonists act centrally to

increase sympathetic nerve discharge and promote the

release of vasopressin. Thus, intravenous administration
of the 5-HT2 receptor agonists DOI or quipazine results

in a marked increase in spontaneous sympathetic nerve

discharge in the cat (McCall et a!., 1987; Vayssettes-

Courchay et. al., 1991; Ramage et al., 1991). The sym-

pathoexcitatory effect of DOI is reversed by the 5-HT2

receptor antagonists ketansenin and LY 53857. In addi-

tion, pretreatment with ketansenin completely prevents

the increase in sympathetic nerve discharge produced by

DOl (McCall and Harris, 1988). These data indicate that
5-HT2 receptor agonists act centrally to increase sym-

pathetic nerve activity.

Many nonselective compounds that act as antagonists
at 5-HT2 receptor sites act centrally to inhibit sponta-
neous sympathetic nerve activity. These compounds in-

clude cinansenin, methysergide, metergo!ine, and ketan-

senin (McCall and Humphrey, 1982; Gradin et al., 1985;
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Antonaccio and Taylor, 1977; Ramage, 1985; McCall and

Harris, 1987). These observations suggest that central 5-

HT2 receptors may play an important role in the regu-
lation of tonic sympathetic nerve activity. However, re-

cent studies suggest that, although 5-HT2 receptor acti-
vation leads to a sympathoexcitatory response, these

receptors may not be critical in regulating tonic nerve

activity. Although ketanserin inhibits sympathetic nerve

discharge, evidence indicates that ketanserin’s sympa-

thoinhibitory effects result from the drug’s a1-receptor

antagonist properties. In this regard, a1-receptor antag-
onists inhibit sympathetic nerve activity (McCall and

Humphrey, 1981; Ramage, 1984). In addition, the sym-
pathoinhibitory effect of ketanserin is prevented by prior

administration of prazosin (McCall and Shuette, 1984;

McCall and Harris, 1987; Ramage, 1988). Finally, selec-

tive 5-HT2 receptor antagonists, such as LY 53857 and
ritanserin, fail to inhibit sympathetic activity and de-

crease arterial blood pressure (Ramage, 1985, 1988;

McCall and Harris; 1987). These data indicate that 5-

HT2 receptor activation is not critical in the maintenance
of tonic sympathetic activity in the anesthetized animal.

The mechanism by which 5-HT2 receptor agonists

increase sympathetic nerve activity has begun to be

explored. Medullospinal 5-HT neurons provide an excit-

atory input to sympathetic preganglionic neurons
(McCall, 1983, 1984). Thus, the possibility exists that 5-

HT2 receptor agonists mediate their sympathoexcitatory

effect at the level of the sympathetic preganglionic neu-

ron. However, microiontophoretic application of DOI

fails to alter the firing of sympathetic preganglionic

neurons. In contrast, iontophoretic 5-HT increases the
firing ofthese same neurons (Clement and McCall, 1990).

These data indicate that DOI does not act at the level of

the sympathetic preganglionic neurons to increase sym-

pathetic activity.

5-HT applied to the ventral surface of the medulla
produces only a slight hypotensive response. However,

the hypotensive response is potentiated following block-

ade of 5-HT2 receptors. Application of 5-HT2 receptor

agonists to the ventral surface of the medulla produces

an increase in arterial blood pressure and sympathetic

nerve activity (King and Ho!tman, 1990; Mandal et a!.,

1990). Bilateral microinjection of DOl or quipazine into
the subretrofacial nucleus of the rostra! ventrolateral

medulla increases arterial blood pressure (Vayssettes-

Courchay et al., 1990; Mandal et a!., 1991). Intravenous

administration of DOI produces a marked increase in the

firing of medullospinal sympathoexcitatory neurons lo-

cated in the subretrofacial nucleus of the rostral ventro-

lateral medulla (Clement and McCall, 1990). The in-
crease in firing of sympathoexcitatory neurons is corre-

lated with an increase in inferior cardiac nerve discharge

following DOI administration. The increase in neuronal

firing produced by DOI is reversed by the 5-HT2 receptor
antagonist LY 53857. These data suggest that DOI acts

at the level of the medul!ospinal sympathoexcitatory

neurons of the rostra! ventrolateral medulla to produce
its sympathoexcitatory effect. However, microiontophor-

etic application of DO! fails to affect the firing of sym-

pathoexcitatory neurons in the rostra! ventrolateral me-

dulla, even though these neurons are activated following
intravenous DOl administration (Clement and McCall,

1990). These data suggest that the sympathoexcitatory
effect of DOI may result from an action on sympathetic

neurons that lie antecedent to the sympathoexcitatory

neurons in the rostra! ventrolateral medulla. Alterna-

tive!y, DOl may produce its sympathoexcitatory effect
by acting on distal dendrites of the sympathoexcitatory

neurons. In either case, the data indicate that sympath-

oexcitatory neurons in the rostral ventrolateral medulla

play an important role in mediating the sympathoexci-

tatory response to DOI.
The data described above indicate that in the cat

activation of 5-HT2 receptors leads to a sympathoexci-

tatory response. However, in the rat several studies have

failed to document a sympathoexcitatory effect of 5-HT2

receptor activation (A!per, 1990; Vayssettes-Courchay et

a!., 1990; Anderson et a!., 1992). In the rat, intracerebro-

ventricular administration of 5-HT, but not DOI, results

in release of vasopressin (Brownfield et a!., 1988; Pergola

and Alper, 1991; Anderson et a!., 1992). Intracerebroven-

tnicular or intravenous administration of DOI in the rat
results in hypertension, bradycardia, and sympathoin-

hibition. The inhibition of sympathetic activity likely

results from baroreceptor activation resulting from the

peripheral vasoconstnictor properties of DOI (Dabire et

al., 1989; Alper, 1990). Thus, there appears to be species
differences between the rat and the cat.

Vifi. Conclusions

A great deal of progress has been made in the last
decade in understanding the role that 5-HT plays in the

central regulation of blood pressure. The identification

of multiple 5-HT receptors and the identification of

specific 5-HT receptor agonists and antagonists have
been primarily responsible for the rapid progress in this

area. It is now clear that 5-HT1A receptors play an

important role in the mediation of the inhibitory effects
of 5-HT. Activation of 5-HTTA receptors in the lower

brain stem results in a vasodepressor response that is

accompanied by sympathoinhibition and vagal bradycar-

dia. Evidence indicates that the lateral tegmenta! field is
a critical site of action of the 5-HT1A receptor agonists,

as is the subretrofacial nucleus of the rostra! ventrolat-

era! medulla. The clinical significance of these findings

is questionable at this time. In contrast, 5-HT1A receptors
in the forebrain mediate a sympathoexcitatory response.

Activation of central 5-HT2 receptors results in a

pressor response associated with large increases in sym-

pathetic activity in the cat and vasopressin release in the
rat. The sympathoexcitatory response appears to be me-
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diated, in part at least, through the rostral ventrolatera!

medulla. However, 5-HT2 receptors do not appear to play

a critical role in the maintenance of tonic sympathetic

nerve activity. Thus, the effects of centrally administered
5-HT can be very complex and depend on the net acti-
vation of 5-HT1A and 5-HT2 receptors.

The rapid increase in our knowledge regarding the role

that 5-HT plays in the central regulation of blood pres-

sure has been due, in large part, to the availability of

compounds that bind selectively to 5-HT receptor sub-

types. In this regard, selective agents have been discov-

ered for the 5-HTTA and 5-HT2 receptors. Future progress

in the area will be coupled with the availability of new
and selective compounds for the remaining 5-HT recep-

ton subtypes.
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