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1 Our objective was to determine whether a2A-adrenoceptors modulate the baroreceptor reflex. The
efficacy of the reflex was evaluated by measuring the spontaneous blood pressure and heart rate
variability at rest and the heart rate responses to evoked changes in blood pressure. Experiments were
carried out in conscious, unrestrained, and anaesthetized a2A-adrenoceptor-deficient (a2A-KO) mice
and WT mice.

2 In conscious a2A-KO mice, the spontaneous blood pressure variability was greater, and the
spontaneous heart rate variability was lower than in conscious WT mice. This was also observed in
anaesthetized animals.

3 The reflex bradycardia after intravenous injection of phenylephrine was greatly attenuated in
conscious a2A-KO compared to conscious WT mice; the baroreceptor reflex gain (ratio maximal
change in heart rate/maximal change in mean arterial pressure) was decreased by 40%.

4 Similar results were obtained when reflex bradycardia was elicited by intra-arterial volume loading
of conscious WT and a2A-KO mice. The baroreceptor reflex gain upon volume loading was also low in
anaesthetized a2A-KO mice.
5 The reflex tachycardia evoked by intravenous sodium nitroprusside injection was also significantly
less in a2A-KO mice as compared to WT, conscious as well as anaesthetized; the baroreceptor reflex
gains were decreased by 50 and 65%, respectively.

6 Direct stimulation of cardiac b-adrenoceptors by the agonist isoprenaline produced similar
cardioacceleration in a2A-KO and WT animals.
7 Our results show that the baroreceptor reflex function is impaired in mice lacking a2A-
adrenoceptors. We conclude that central a2A-adrenoceptors facilitate the reflex response to both
loading and unloading of the arterial baroreceptors.
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Introduction

The baroreceptor reflex represents the major mechanism of

rapid adjustment to blood pressure changes. The afferents

from the baroreceptors of the carotid sinus and aortic arch

terminate almost exclusively in the nucleus tractus solitarii

(NTS). Short neuronal pathways then connect the afferents to

parasympathetic efferents (in the dorsal motor nucleus of the

vagus and the nucleus ambiguus) and sympathetic efferents (in

the rostral ventrolateral medulla oblongata, RVLM) in such a

way that stimulation of the carotid or aortic stretch receptors

by a blood pressure increase is followed by a rise in vagal tone

and a decrease in sympathetic tone, and vice versa (for review,

see Dampney, 1994; Singewald & Philippu, 1996; Aicher et al.,

2000; Dampney et al., 2002; Stauss, 2002).

More than 25 years ago, Haeusler (1975) suggested that

a-adrenoceptors activated by clonidine (i.e., a2-adrenoceptors,
but this term was new at that time and Haeusler did not use it)

were present on some neurons of the medullary baroreflex

pathway, and that these receptors, although not themselves

constituents of the reflex, modulated it. Since then, several

studies have supported Haeusler’s hypothesis. a2-Adrenocep-
tors occur in all cardiovascular brain stem nuclei at high

density (Scheinin et al., 1994; Tavares et al., 1996), and their

expression in the NTS and the RVLM is increased following

chronic impairment of the baroreflex by surgical denervation

of the aortic baroreceptors (El-Mas & Abdel-Rahman, 1997).

Reflex heart rate responses to baroreceptor loading and

unloading are enhanced when the a2-adrenoceptor agonists
clonidine and a-methylnoradrenaline (or its precursor,

a-methyldopa) are injected into the cisterna cerebellomedul-
laris or microinjected into the NTS (Badoer et al., 1983; Kubo
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et al., 1990). Conversely, the reflex bradycardia induced by

electrical stimulation of the carotid sinus or aortic depressor

nerves is decreased when the a2-adrenoceptor antagonist
yohimbine is injected into the vertebral artery or microinjected

into the NTS (Huchet et al., 1981; 1983; Kubo et al., 1990).

Overall, these studies indicate that activation of brain stem a2-
adrenoceptors facilitates the reflex response to blood pressure

changes.

Several points remain, however, questionable or unan-

swered. First, in the publications cited above, yohimbine was

used as an a2-antagonist. Yohimbine, however, may also act
on a1-adrenoceptors, dopamine, and serotonin receptors

(Goldberg & Robertson, 1983), and, in one study, the

baroreflex function actually was not altered by yohimbine

(Knuepfer et al., 1993). Second, no previous study discrimi-

nated between the different a2-adrenoceptor subtypes. Experi-
ments using autoradiography, immunohistochemistry or in situ

hybridization indicate that, although the main a2-adrenoceptor
subtype in the cardiovascular nuclei of the brain stem is a2A,
the two other subtypes a2B and a2C are also present (Boyajian
et al., 1987; Scheinin et al., 1994; Rosin et al., 1996; Tavares

et al., 1996). Third, the exact role of a2-adrenoceptors within
the baroreflex loop – whether a necessary link or only

facilitatory – has not been firmly established. For example,

in some studies, microinjection of yohimbine into the NTS or

the nucleus ambiguus did not only attenuate, but even

abolished the reflex bradycardia induced by intra-arterial

volume loading or electrical stimulation of the aortic nerve

(Gurtu et al., 1982; 1983; Sved et al., 1992), suggesting that

a2-adrenoceptors did not only modulate, but were even

required for, baroreceptor reflex function.

The objective of the present study was to re-examine the role

of a2-adrenoceptors in the baroreceptor reflex and to identify
the subtype involved. Disruption of receptor genes represents a

new tool to elucidate receptor mechanisms. Therefore, we used

mice in which the gene encoding the a2A-adrenoceptor had
been disrupted (a2A-KO; Altman et al., 1999; for review, see
Hein, 2001). Mice sharing the genetic background of the a2A-
KO animals (wild type (WT)) were used as controls. The

efficacy of the baroreceptor reflex was evaluated by two

approaches. First, spontaneous blood pressure and heart rate

oscillations at rest were analyzed; an impairment of the

baroreflex increases the spontaneous fluctuations in blood

pressure, whereas the spontaneous fluctuations in heart rate

are decreased (Parati et al., 1997; Pires et al., 2001; Souza Neto

et al., 2003). Second, the baroreflex gain following evoked

changes in blood pressure was examined. For this purpose,

reflex decreases in heart rate were elicited by bolus injection of

phenylephrine or, nonpharmacologically, by intra-arterial

volume loading, and reflex increases in heart rate were elicited

by bolus injection of sodium nitroprusside. Most experiments

were carried out in conscious, unrestrained animals, but some

assessments were also done in anaesthetized mice.

Methods

Animals

The a2A-adrenoceptor-deficient (a2A-KO) mice have been

described previously (Altman et al., 1999; Hein et al., 1999).

The experiments were carried out on male a2A-KO and WT

(C57BL/6x129Sv) mice aged 12–16 weeks (mean body

weight¼ 3171 g). Genotypes were checked from DNA probes
isolated from the tail of the animals. All procedures and

experiments were approved by the Committee for Animal

Experiments of the district of Freiburg (Tierversuchskommis-

sion).

Surgery

Animals were anaesthetized with halothane (1–2%). A

polyethylene catheter (0.28mm i.d., 0.61mmo.d.) was im-

planted into the abdominal aorta (through the right femoral

artery, 1–2mm beyond the iliac bifurcation) for recording

blood pressure and heart rate; this catheter was also used to

sample blood for the determination of the plasma noradrena-

line concentration. A second catheter was implanted into the

right femoral vein for intravenous (i.v.) injections of drugs. In

some animals, a third catheter was placed into the left femoral

artery for intra-arterial (i.a.) volume loading. Catheters were

filled with heparinized saline.

For experiments in conscious mice, the free catheter ends

were tunnelled under the skin of the back to the level of the

shoulder blades. Animals were then placed in individual cages

and allowed at least 4 h to recover from surgery. Preliminary

experiments showed that extending the postsurgery period to

24 h did not change the cardiovascular parameters (unpub-

lished results; compare also baseline values for mean arterial

pressure and heart rate in the present study with Altman et al.

(1999) and Makaritsis et al. (1999)).

For experiments in anaesthetized mice, halothane anaesthesia

was stopped and urethane was given i.v. (0.75 g kg�1).

Experimental protocol

At the end of surgery (anaesthetized mice) or of the recovery

period (conscious mice), the arterial catheter was connected to

a low-volume pressure transducer (Baxter, Bentley Labora-

tories Europe, Uden, The Netherlands) coupled to a bridge

amplifier (Hugo Sachs Elektronik, Hugstetten, Germany).

Heparin (40 IU/40 ml) was injected i.a. The arterial blood

pressure was recorded continuously on a PC –computer, using

a software for digital on-line acquisition and analysis of

haemodynamic data (PolyView, Grass-Instruments, Astro-

Med, Rodgau, Germany). Values for mean arterial pressure at

each time point were the averages of values recorded over 10

heart beats (i.e., about 1 s). Heart rate was calculated manually

by measuring the time duration of the 10 heart beats.

A 35–50min stabilization period was allowed before any

measurements were made. The spontaneous blood pressure

and heart rate variability at rest were then estimated by

measuring the mean arterial pressure and heart rate every

second during 10min. For each animal, the mean, variance,

and coefficient of variation (CV) (the standard deviation as a

percentage of the mean) were calculated from the 600 mean

arterial pressure and heart rate values thus obtained. The

variance and CV were taken as indexes of the spontaneous

blood pressure and heart rate variability.

At the end of this 10min period, the baseline mean arterial

pressure and heart rate values (PRE) for the subsequent

induction of baroreceptor reflexes were determined. Arterial

blood (100ml) was sampled immediately afterwards via the
arterial catheter, for the determination of the plasma
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noradrenaline concentration. The baroreceptor reflex was

activated 15min after the PRE values by injection of a

vasoactive drug or by volume loading (see below). The mean

arterial pressure and heart rate were then evaluated every 30 s

during the next 5min.

Only one experiment was carried out in a single mouse. At

the end of the experiment, animals were killed by an overdose

of i.v. pentobarbitone.

Induction of baroreceptor reflexes

Baroreceptor reflexes were induced by three procedures: first,

brief increases in blood pressure caused by i.v. injection of

phenylephrine (50 mg kg�1); second, longer-lasting increases in
blood pressure caused by i.a. volume loading (10ml kg�1 of

dextran solution infused within 2min); third, brief decreases in

blood pressure caused by i.v. injection of sodium nitroprusside

(500mg kg�1). The baroreceptor reflex gain was calculated in
each experiment as the ratio of the maximal change in heart

rate (beatsmin�1) over the maximal change in mean arterial

pressure (mmHg).

The capability of the heart to increase its rate of beat was

tested by i.v. administration of the b-adrenoceptor agonist
isoprenaline (5 mg kg�1).

Determination of the plasma noradrenaline concentration

Arterial blood samples (100ml) were immediately centrifugated
(12,000� g; 3min; 01C) to obtain 50ml plasma. Noradrenaline
in the plasma was determined by alumina chromatography,

followed by HPLC and electrochemical detection, as pre-

viously described (Szabo et al., 2001).

Statistics

Means7s.e.m. of n experiments are given throughout.

Differences between groups were evaluated with the nonpara-

metric two-tailed Mann–Whitney test. Po0.05 was taken as
the limit of statistical significance.

Drugs

Drugs were obtained from the following sources: (7)-
isoprenaline bitartrate, (7)-phenylephrine hydrochloride,

sodium nitroprusside and urethane from Sigma (Deisenhofen,

Germany); dextran solution (Rheomacrodexs 10%) from

Pharmacia (Erlangen, Germany); heparin (Heparin-Natrium

Braun) from B. Braun Melsungen (Melsungen, Germany).

Isoprenaline, phenylephrine, sodium nitroprusside and

urethane were dissolved in 0.9% saline and administered as

i.v. bolus injections with a volume of 1ml kg�1. Intravenous

bolus injections of equivalent volumes of saline had no effect

on the mean arterial pressure and heart rate (þ 271 and
þ 373%, respectively; n¼ 4 conscious a2A-KO mice). Doses

refer to the salts.

Results

Figure 1 shows typical 10min recordings of the mean arterial

pressure and heart rate in conscious, unrestrained animals. In

the a2A-KO mouse, the spontaneous fluctuations in mean

arterial pressure are more frequent and more pronounced than

in the WT mouse, whereas the spontaneous fluctuations in

heart rate are less frequent and less pronounced. In fact,

statistical evaluation showed that the two calculated indexes of

spontaneous blood pressure variability, variance and CV, were

significantly increased, whereas the indexes of spontaneous

heart rate variability were significantly decreased, in the a2A-
KO compared to WT animals (Table 1). Similar results were

obtained in anaesthetized animals (Table 1).

Baseline values for the subsequent induction of baroreflexes

are given in Table 2. In awake a2A-KO mice, heart rate

was increased compared to WT, but the mean arterial pressure

was unchanged; the concentration of noradrenaline in plasma

was also significantly greater in a2A-KO than in WT animals.
In anaesthetized animals, baseline values for mean arterial

pressure and heart rate were similar in the two strains; the

plasma noradrenaline concentration tended to be higher in

a2A-KO compared to WT mice.

Figure 1 Typical 10min recordings of mean arterial pressure and heart rate in a conscious WT and a2A-KO mouse. After a 35–
50min stabilization period, the MAP and HR were measured every second during the next 10min. Note that the recording
conditions were the same in the two animals. The tracings are representative of 23 (WT) and 24 (a2A-KO) animals.
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Bolus i.v. injection of 50mg kg�1 phenylephrine to conscious
WT and a2A-KO mice elicited very similar, brief increases in

blood pressure (see Figure 2 for typical recordings and

Figure 3). The reflex bradycardia in response to the blood

pressure increase was much smaller in a2A-KO than in WT

mice. The baroreceptor reflex gain was therefore decreased by

40% in the a2A-KO animals (Figure 3).
I.a. volume loading also produced very similar, but longer-

lasting increases in mean arterial pressure in conscious animals

of the two strains (Figure 4). In conscious WT mice, heart rate

fell rapidly and greatly, and remained notably below the

baseline (PRE) during the whole measurement period. In

conscious a2A-KO mice, heart rate decreased slowly and

significantly less and almost returned to its PRE value after

5min; the baroreceptor reflex gain was markedly reduced in

these animals, by 50% compared to WT (Figure 4). A similarly

low baroreflex gain was obtained in volume-loaded anaes-

thethized a2A-KO mice (Figure 4; we did not carry out volume
loading in anaesthetized WT mice).

The acute hypotension induced by i.v. injection of sodium

nitroprusside was slightly lower in conscious a2A-KO than

conscious WT mice (see Figure 2 for typical recordings and

Figure 5). The maximal tachycardic reflex response was much

less in conscious a2A-KO mice, so that the baroreceptor reflex
gain was decreased by 50% compared to WT (Figure 5). In

anaesthetized WT and a2A-KO mice, i.v. injection of sodium

nitroprusside elicited similar hypotension (Figure 6). Again,

the reflex tachycardia was much smaller in the anaesthetized

a2A-KO mice, and the baroreceptor reflex gain was reduced by
65% (Figure 6).

Isoprenaline produced blood pressure falls and heart rate

increases in conscious animals of the two strains (Figure 7).

Both the fall in blood pressure and the increase in heart rate

tended to be smaller in a2A-KO mice, but the differences were
not significant.

Discussion

As explained in Introduction, modulation of the baroreceptor

reflex by central a2-adrenoceptors was first postulated more
than 25 years ago (Haeusler, 1975). Subsequent studies

suggested that activation of a2-adrenoceptors enhanced,

whereas blockade of the receptors impaired, the baroreceptor

reflex function (Huchet et al., 1981; 1983; Badoer et al., 1983;

Kubo et al., 1990; Yamazaki & Ninomiya, 1993; but see

Knuepfer et al., 1993). The present study using genetically

modified mice lacking a2A-adrenoceptors confirms and extends
these findings.

The efficacy of the baroreceptor reflex was first evaluated by

means of the spontaneous blood pressure and heart rate

oscillations in resting animals. Increases in spontaneous blood

pressure variations together with decreases in spontaneous

heart rate variations are indicative of an impairment or loss of

baroreflexes (Parati et al., 1997; Pires et al., 2001; Souza Neto

et al., 2003). In conscious a2A-KO mice, the spontaneous

fluctuations in mean arterial pressure were more frequent and

more pronounced than in conscious WT mice, and the two

calculated indexes of spontaneous blood pressure variability

were significantly increased. Simultaneously, the spontaneous

fluctuations in heart rate were less frequent and less

pronounced in conscious a2A-KO than in WT mice, and the

two calculated indexes of spontaneous heart rate variability

were significantly decreased. Similar differences between the

two strains of mice were obtained when the animals were

anaesthetized.

The efficacy of the baroreceptor reflex was secondly

evaluated by measuring the baroreflex gain following evoked

blood pressure changes. In conscious animals, deletion of a2A-
adrenoceptors greatly attenuated the reflex bradycardia

elicited by brief, pharmacologically induced, and longer-

lasting, nonpharmacologically induced hypertension, as well

as the reflex tachycardia following sodium nitroprusside-

induced hypotension. In all experiments, the evoked changes

in blood pressure were very similar in the two mouse strains.

The calculated baroreceptor reflex gain was therefore

Table 1 Spontaneous blood pressure and heart rate
variability at rest

Mean arterial pressure

n Mean (mmHg) Variance CV (%)

Conscious mice
WT 23 11173 11.071.0 2.970.1
a2A-KO 24 11872* 20.373.0* 3.770.3*

Anaesthetized mice
WT 6 9778 5.771.0 2.670.4
a2A-KO 10 8472 28.578.9* 5.670.8*

Heart rate

n Mean
(beatsmin�1)

Variance CV (%)

Conscious mice
WT 23 565714 911.87266.1 4.870.6
a2A-KO 24 59679* 354.2754.4* 3.070.2*

Anaesthetized mice
WT 6 510737 700.47202.2 5.070.8
a2A-KO 10 573725 135.5754.2* 1.870.3*

After a 35–50min stabilization period, the mean arterial
pressure and heart rate were measured every second during
the next 10min; the mean, variance, and coefficient of
variation (CV) were calculated from the 600 values thus
obtained. Values are means7s.e.m. of n experiments.
*Po0.05 versus WT.

Table 2 Baseline mean arterial pressure, heart rate,
and plasma noradrenaline concentration

n Mean arterial
pressure (mmHg)

Heart rate
(beatsmin�1)

Plasma noradrenaline
concentration (pgml�1)

Conscious mice
WT
23 11373 588715 774770

a2A-KO
24 11873 625713* 12997217*

Anaesthetized mice
WT
6 9376 519737 12977227

a2A-KO
10 8373 569725 24187477

Initial (PRE) values for mean arterial pressure, heart rate and
the plasma noradrenaline concentration were determined
15min before the induction of baroreceptor reflexes, and
are the means7s.e.m. of n experiments. *Po0.05 versusWT.
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decreased by 40–50% in a2A-KO mice compared to WT.

Again, similar results were obtained in anaesthetized animals.

Overall, these results show that the efficacy of the

baroreceptor reflex is attenuated in animals lacking the a2A-
adrenoceptor gene. However, deletion of a2A-adrenoceptors

has many consequences, of which at least three might

attenuate the apparent baroreceptor function without an

impairment of the reflex proper. First, lack of a2A-adrenocep-
tors may amplify the response to alerting or stressful stimuli,

and, since stress inhibits the baroreflex (Dampney et al., 2002;

Figure 2 Typical BP and HR responses to phenylephrine or sodium nitroprusside injection in conscious WT and a2A-KO mice.
PHE or SNP was injected i.v., as indicated by the arrows. The tracings are representative of six experiments each.

Figure 3 Reflex bradycardia evoked by injection of phenylephrine in conscious WT and a2A-KO mice. After determination of
baseline values (PRE), PHE 50 mg kg�1 was injected i.v., as indicated by the arrow. The MAP and HR were then evaluated every 30 s
during the next 5min. The baroreceptor reflex gain is the ratio of the maximal HR change over the maximal MAP change.
Means7s.e.m. of six experiments each. *Po0.05 versus WT.
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Figure 4 Reflex bradycardia evoked by volume loading in conscious WT and a2A-KO mice, and in anaesthetized a2A-KO mice.
After determination of baseline values (PRE), dextran solution (10ml kg�1 i.a.) was infused for 2min, as indicated by the horizontal
bar (from t¼�2 to 0min). The MAP and HR were then evaluated every 30 s from the beginning of infusion. The baroreceptor
reflex gain is the ratio of the maximal HR change over the maximal MAP change. Means7s.e.m. of six (conscious WT and a2A-KO)
and four (anaesthetized a2A-KO) experiments. *Po0.05 versus WT. þPo 0.05 versus conscious a2A-KO.

Figure 5 Reflex tachycardia evoked by injection of SNP in conscious WT and a2A-KO mice. After determination of baseline values
(PRE), SNP 500mg kg�1 was injected i.v., as indicated by the arrow. The MAP and HR were then evaluated every 30 s during the
next 5min. The baroreceptor reflex gain is the ratio of the maximal HR change over the maximal MAP change. Means7s.e.m. of
six experiments each. *Po0.05 versus WT.
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Stauss, 2002), the sensitization to stress might be responsible

for the changes observed in a2AKO mice. However, the

baroreflex efficacy was impaired equally in awake a2A-KO
mice and in anaesthetized a2A-KO mice, among which the

latter are presumably less susceptible to stress. Moreover, i.v.

injection per se had no effect on cardiovascular parameters,

showing that at least this manipulation was not a stressful

stimulus. Second, loss of a2A-adrenoceptors leads to higher
resting sympathetic tone, as shown by the increased plasma

noradrenaline levels and presumably also the higher baseline

heart rates (Table 2 of the present study and Hein et al., 1999;

Makaritsis et al., 1999). It seems unlikely, however, that these

differences in baseline can explain the attenuated heart rate

responses in a2A-KO mice. We also studied a group of Naval
Medical Research Institute (NMRI) mice, a common labora-

tory strain; these animals had the same basal heart rate as the

a2A-KO mice – higher than the WT mice – but their baroreflex
gain was much greater than in the a2A-KO animals and as large
as in the WT mice (Niederhoffer, Hein and Starke, data not

shown). Third, loss of a2A-adrenoceptors is accompanied by
downregulation of cardiac b-adrenoceptors (Altman et al.,

1999), so a lower density of cardioexcitatory b-receptors in
a2A-KO mice could explain the limited cardioacceleration in

these animals after sodium nitroprusside hypotension. How-

ever, direct stimulation of cardiac b-adrenoceptors by iso-
prenaline elicited a 15–20% increase in heart rate in a2A-KO
mice, a value only slightly (and not significantly) lower than in

WT mice, and, more importantly, very similar to the maximal

increase obtained after sodium nitroprusside in WT animals

(þ 18%). Taken together, these considerations suggest that
a2A-adrenoceptors in fact influence the baroreceptor reflex
proper.

In previous studies, the exact role of a2-adrenoceptors in the
baroreflex pathway has remained uncertain. Some authors

concluded that they act only as modulatory receptors (see

above). In contrast, Gurtu et al. (1982; 1983) and Sved et al.

(1992) suggested that activation of a2-adrenoceptors – at least
in the NTS and the nucleus ambiguus – is essential for

the propagation of the baroreceptor reflex, that is, that

the receptors are necessary constituents of the reflex arc. In

the present experiments, the reflex was reduced but not

abolished in mice lacking a2A-adrenoceptors. Radioligand-
binding experiments in brain homogenates from a2A-KO mice
showed that specific a2-adrenoceptor binding was reduced by
90%, and that the residual a2-adrenoceptors were not a2A
(Altman et al., 1999). Thus, the use of genetically modified

mice clearly demonstrates that a2A-adrenoceptors do not

represent a necessary link in the reflex, and that these receptors

modulate, rather than mediate, the baroreceptor reflex.

Figure 6 Reflex tachycardia evoked by injection of SNP in anaesthetized WT and a2A-KO mice. After determination of baseline
values (PRE), SNP 500 mg kg�1 was injected i.v., as indicated by the arrow. The MAP and HR were then evaluated every 30 s during
the next 5min. The baroreceptor reflex gain is the ratio of the maximal HR change over the maximal MAP change. Means7s.e.m.
of six experiments each. *Po0.05 versus WT.

Figure 7 Maximal changes in MAP and HR evoked by isoprena-
line in conscious WT and a2A-KO mice. Isoprenaline 5 mg kg�1 was
injected i.v. Means7s.e.m. of five (WT) and six (a2A-KO)
experiments.
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However, participation of a non-a2A-adrenoceptor as modulatory
receptor or as necessary link in the baroreflex remains possible.

Where are the a2A-adrenoceptors modulating the barore-
ceptor reflex located? For several reasons, the NTS and the

RVLM are a likely possibility. The two areas receive

substantial noradrenergic input, and experimentally induced

increases and decreases in blood pressure correlate with

reductions and elevations, respectively, of catecholamine

release in these nuclei (Yamazaki & Ninomiya, 1993;

Singewald & Philippu, 1996). Selective lesion of catecholami-

nergic terminals in the NTS or RVLM of rats impairs the

baroreceptor reflex function (Snyder et al., 1978; Granata et al.,

1983). Also, a2A-adrenoceptors are densely expressed in both
nuclei (Scheinin et al., 1994; Tavares et al., 1996), and

activation of these receptors seems to represent the main

mechanism of the cardioinhibitory and hypotensive effect of

clonidine-like a2-adrenoceptor agonists (Guyenet et al., 1995;
Vayssettes-Courchay et al., 2002; Szabo, 2002). Finally,

chronic impairment of baroreflexes leads to an upregulation

of a2-adrenoceptors in the NTS and the RVLM, although the
study did not discriminate between the different subtypes

(El-Mas & Abdel-Rahman, 1997). However, in addition to

the NTS and the RVLM, a2A-adrenoceptors are also

expressed in the two parasympathetic motor nuclei, the

dorsal motor nucleus of the vagus and the nucleus ambiguus,

and in the caudal ventrolateral medulla, the relay between

NTS and RVLM in the medullary baroreflex loop

(Scheinin et al., 1994; Tavares et al., 1996), suggesting that

the receptors may also operate there to modulate the

baroreceptor reflex.

In conclusion, spontaneous blood pressure variability was

increased, spontaneous heart rate variability was reduced, and

heart rate reflex responses to evoked changes in blood pressure

were attenuated in mice lacking the a2A-adrenoceptor gene.
These results show that central a2A-adrenoceptors play a
crucial role in the baroreceptor reflex, facilitating reflex

responses to both baroreceptor loading and unloading.

However, deletion of a2A-adrenoceptors did not totally abolish
the baroreflexes, suggesting that these receptors are modula-

tory and not a conditio-sine-qua-non for the reflex.
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