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Microinjection of muscimol into raphe pallidus suppresses
tachycardia associated with air stress in conscious rats

Dmitry V. Zaretsky, Maria V. Zaretskaia, Brian C. Samuels, Laura K. Cluxton and Joseph A. DiMicco
Department of Pharmacology and Toxicology, Indiana University School of Medicine, Indianapolis, IN 46202, USA

Sympathetically mediated tachycardia is a characteristic feature of the physiological response to
emotional or psychological stress in mammals. Activation of neurons in the region of the
dorsomedial hypothalamus appears to play a key role in the integration of this response.
Tachycardia evoked by chemical stimulation of the dorsomedial hypothalamus can be suppressed
by microinjection of the GABA, receptor agonist and neuronal inhibitor muscimol into the raphe
pallidus (RP). Therefore, we tested the hypothesis that neuronal excitation in the RP mediates
tachycardia seen in experimental air stress in rats. Microinjection of the GABA , receptor antagonist
bicuculline methiodide (BMI) into the RP evoked increases in heart rate. At the same sites,
microinjection of muscimol (80 pmol (100 nl)') had no effect on heart rate under baseline
conditions but virtually abolished air stress-induced tachycardia, while microinjection of lower
doses (10 or 20 pmol) produced transient but clear suppression. Microinjection of muscimol at sites
outside the RP had no effect on stress-induced tachycardia, although modest suppression was
apparent after injection at two sites within 500 xm of the RP. In another series of experiments,
microinjection of muscimol (80 pmol (100 nl)™") into the RP failed to influence the changes in heart
rate produced by baroreceptor loading or unloading. These findings indicate that activity of
neurons in the RP plays a previously unrecognized role in the generation of stress-induced
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tachycardia.
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Sympathetically mediated tachycardia is a common feature
of the response to stress in many mammals, including man.
Historically, the hypothalamus has been thought to play a
key role in integrating and generating the physiological
changes typically seen in stress in mammals. Recent evidence
points to such a role for neurons specifically in the region of
the dorsomedial hypothalamus (DMH; for review see
DiMicco et al. 2002). Chemical stimulation of this region in
rats provokes a pattern of behavioural and physiological
changes resembling those seen in experimental stress,
including marked increases in heart rate. Conversely,
microinjection of the GABA, receptor agonist muscimol
into this region can virtually abolish the increases in heart
rate seen in air stress in rats (Stotz-Potter et al. 1996a,b).
These findings have led to the suggestion that activation of
neurons in the region of the DMH generates various
components of the response to stress, including tachycardia.

If neurons in the DMH do play such a role, then the pathway
through which they might influence the activity of cardiac-
related sympathetic preganglionic neurons in the spinal cord
under conditions of experimental stress is unclear. Few ifany
neurons in this region project directly to the spinal cord,
pointing to the existence of at least one intermediate relay in
the pathway. However, no specific brainstem region has

been strongly implicated in the generation of stress-induced
increases in heart rate. Recently, we found that micro-
injection of muscimol into the medullary raphe pallidus
(RP) suppressed the tachycardia induced by chemical
stimulation of the DMH in rats (Samuels et al. 2002).
Neurons in the region of the RP are known to both project to
spinal sympathetic centres (Jansen et al. 1995) and receive
projections from neurons in the region of the DMH (Hosoya
etal. 1987; Hermann et al. 1997). Disinhibition of neurons in
the RP evokes a pattern of cardiovascular changes
resembling that produced by chemical stimulation of the
DMH, the salient feature of which is marked tachycardia
(Morrison et al. 1999; Samuels et al. 2002). Thus, neurons in
the RP may provide the critical relay mediating hypo-
thalamic influences on cardiac sympathetic nerve activity
under conditions of psychological or emotional stress.

To test this hypothesis, we examined changes in heart rate
seen under baseline conditions and in experimental air
stress after microinjection of muscimol or saline vehicle
into the RP in conscious rats. In order to establish the
specificity of any effect noted, we performed parallel
studies to determine the effect of identical treatment with
muscimol on changes in heart rate evoked through the
baroreceptor reflex.
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METHODS

Animal preparation

Male Sprague-Dawley rats (300 + 10 g) from Harlan (Indianapolis,
IN, USA) were maintained under standard animal housing
conditions with food and water ad libitum. All procedures
conformed to guidelines set forth by the NITH and were approved
by the Institutional Animal Care and Use Committee. Surgeries
were performed under ketamine—xylazine anaesthesia (80 mg kg™
ketamine and 11.5 mg kg xylazine, .p., supplemented (4-8 mg kg
ketamine and 0.6-1.15 mg kg xylazine, 1.p.) as required).

Experimental protocol: effect of microinjection of muscimol
into the RP on cardiovascular responses to stress

The role of neuronal activity in the RP in the response to stress was
examined in a total of 12 rats. A Dataquest telemetry system (Data
Sciences, MN, USA) was used for measurement of arterial blood
pressure, heart rate and locomotor activity. (Locomotor activity is
calculated from changes in strength of the transmitter signal over
time, where an activity unit is approximately equivalent to
movement of 1 cm s™'.) Rats were anaesthetized and the flexible
catheter of the transmitter (Model TA11PA-C40) was inserted
into the abdominal aorta through the right femoral artery. The
body of the transmitter was placed into the abdominal cavity and
sutured to the abdominal wall.

Five days after transmitter implantation, the rats were again
anaesthetized and placed in a stereotaxic apparatus with the
incisor bar set 3.3 mm below the interaural line for placement of a
microinjection guide cannula into the RP. The skin overlying the
dorsal surface of the skull was cut and retracted, and soft tissue was
removed from the exposed surface. In eight rats, the guide cannula
(26 gauge, Plastics One Inc., Roanoke, VA, USA) was then
positioned to target the RP (coordinates: AP —2.8 mm; LR
0.0 mm; HD —1.1 mm; interaural line as reference point) and
secured by three stainless-steel screws, Vetbond glue and
cranioplastic cement. Dummy wire cannulae were inserted in the
guides, and rats were returned to their home cages for recovery. In
experiments intended to serve as controls for neuroanatomical
specificity, guide cannulae were intentionally placed lateral or
posterior to the RP. Three to 4 days later, the rats were
re-anaesthetized and femoral arterial and venous catheters were
implanted for blood sampling (see below).

Three days later, appropriate placement of the guide cannula was
assessed in each rat by noting the cardiovascular response to
microinjection of the GABA, receptor antagonist bicuculline
methiodide (BMI, 40 pmol (100 nl)™") in the conscious freely
moving subject under baseline conditions. These and all other
microinjections were performed as follows. On the day of the
experiment, rats were placed in their home cage on the telemetry
receiver plate. The dummy cannula was then removed, the
microinjector (33 gauge, Plastics One Inc.) connected to a 10 ul
Hamilton syringe with Teflon FEP tubing (i.d.=0.12 mm;
0.d. = 0.65 mm; BAS, USA) was inserted into the guide cannula,
and the rat was left undisturbed for an additional 30—40 min. The
Hamilton syringe was mounted in an infusion pump (Sage,
Boston, MA, USA) that was used to deliver a volume of 100 nl of
injectate over 30 s. After the injection of BMI, the injector was left
in place for atleast 20 min while the animal remained undisturbed
in its cage. The microinjection was considered successful if,
immediately after removal of the microinjector, flow appeared
within 5 s after the pump was reactivated, indicating that the
injector was not clogged.
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All rats were then subjected to four different trials at 2 to 3 day
intervals in random order. In all rats, either saline (100 nl) or
muscimol (80 pmol) was microinjected, followed 5 min later by a
10 min period of air stress, as described previously (Stotz-Potter et
al. 1996a,b). The injector was removed 2—4 min after micro-
injections in these experiments, and rats were placed in a Plexiglas
restraining tube that was sufficiently confining as to prevent the
animal from turning around completely. An air jet (40 1 min™")
was then directed at the rat’s head for the duration of the trial, i.e.
from +5 to +15 min after the microinjections. At the end of the
10 min period, the rat was released from the tube into its home
cage. Three of the six rats in which guide cannulae had been placed
to target the RP were subjected to two additional air-stress trials
after microinjection of muscimol at lower doses (20 and 10 pmol).
The remaining nine rats were subjected to trials in which
treatment with saline vehicle or muscimol (80 pmol) was followed
by continued observation under baseline conditions in trials
designed to assess the effect of microinjection of muscimol in the
relative absence of stress. For consistency, the injector in these
trials was removed aproximately 2-4 min after the micro-
injection, and this evidently constituted a mild stress in all trials
(see below). In order to avoid inclusion of cardiovascular data
representing either the artifact associated with removal of the
injection cannula or the subsequent physical manipulation resulting
from placing the rat in the restraining tube, cardiovascular data
were summarized for analysis by averaging heart rate and blood
pressure for the period representing the last 5 min of the 10 min
stress period in air-stress trials (i.e. from 10 to 15 min after
microinjection). In all these studies, blood samples (0.35 ml) were
taken 5 min before microinjection and at the tenth minute of
stress in air-stress trials or at the corresponding time point in
unstressed trials for measurement of plasma ACTH (data to be
reported elsewhere).

Experimental protocol: effect of microinjection of muscimol
into the RP on baroreflex responses

The effect of similar microinjections of muscimol on changes in
heart rate evoked through the baroreflex was assessed in a separate
group of four rats. These animals were instrumented with guide
cannulae for microinjection into the RP as described above and
with arterial and venous lines. At least 3 days later, the arterial line
was connected to a blood pressure transducer via PE-50 tubing. A
microinjector was connected to a syringe filled with a solution of
muscimol as described above and fixed in the guide cannula. After
allowing at least 30-40 min for attainment of a stable baseline, the
baroreflex was tested by assessing the response to bolus intravenous
injections of phenylephrine (4 ugkg™) and, after return to
baseline (8-10 min later), sodium nitroprusside (4 xg kg™). After
recovery of baseline arterial pressure and heart rate, muscimol
(80 pmol (100 nl)™") was microinjected into the RP, and the
baroreflex was tested once again with phenylephrine and nitro-
prusside in identical fashion.

Localization of injection sites

After the last session, rats were injected with pentobarbital
(100 mg kg ' 1.p.), and microinjection sites were marked with 100
nl of 2.5% Alcian Blue dye. Brains were immediately perfused in
situ with 60 ml of cold saline (4°C) followed by 60 ml of 4%
paraformaldehyde. Brains were then removed and postfixed in
4 % paraformaldehyde at least overnight, and then saturated with
30% sucrose and cut in 30 um coronal sections on a freezing
microtome. Mounted sections were stained with 1 % Neutral Red.
Injection sites were determined according to the atlas of Paxinos &
Watson (1998) by a ‘blind” observer.
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Statistics

Results are expressed as means +S.e.M. Comparisons were
made between groups with repeated measures ANOVA where
appropriate. Fisher’s LSD was used for post hoc analysis. Limits of
probability considered significant were 5 % or less.

RESULTS

Effect of microinjection of muscimol into the RP on
cardiovascular responses to stress

Of the rats tested in stress protocols, injection sites were
highly restricted to the RP in six rats in which this region
was specifically targeted (Fig. 1). In another six rats, injection
sites were judged to be at other sites. In three of these rats,
injection sites were located dorsally or dorsolaterally
within approximately 500 #m of the targeted zone of the
RP (one filled and two half-filled circles in Fig. 1A).
Injection sites in the remaining three rats in the latter
group were located more than 500 ym lateral and/or
posterior to the RP (filled circles in Fig. 1A and B). For
convenience, these sites are referred to below as adjacent to

Raphe pallidus mediates stress-induced tachycardia 245

the RP (n =3) and outside the RP (n = 3), respectively,
and collectively as other injection sites (1 = 6).

Injection of 40 pmol BMI into the RP caused marked
increases in heart rate in all six rats (mean maximal
change = +75 + 12 beats min™') accompanied by slight
increases in arterial pressure while locomotor activity was
unaffected (not shown). Heart rate returned to baseline
15-20 min after injection of BMI. In contrast to the
consistent increases in heart rate seen after injection
into the RP, heart rate responses were highly variable
after microinjection of BMI at six other sites (mean
maximal change = +39 + 27 beats min™"). However, closer
examination revealed that injection of BMI at sites
adjacent to the RP elicited clear increases in heart rate
(mean maximal change = +89 + 19 beats min™'; n = 3),
while similar injections outside the region did not (mean
maximal change = —12 + 27 beats min™'; n = 3).

Baseline values for heart rate and arterial pressure prior to
any of the treatments in rats subjected to stress protocols

Figure 1

A-C, approximate locations of all injection sites depicted on schematic coronal sections through the
brainstem of the rat, representing, relative to bregma, —11.60 (A and C) and —12.30 (B; adapted from the atlas
of Paxinos & Watson, 1998). All microinjections involved volumes of 100 nl as described in the text. A and B,
injection sites in all rats included in stress studies (n = 12); open circles, sites in active region of the RP; filled
or half-filled circles, other sites (see text for details). C, injection sites in rats examined in baroreflex
experiments (n = 4). D, fixed and stained coronal section through brainstem of a rat depicting injection site

in raphe pallidus (arrow).
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were not different from one another. After injection of
saline into the RP, air-jet stress evoked marked tachycardia
and variable pressor responses (Fig. 2), as reported
previously (Stotz-Potter et al. 1996a,b). Heart rate rose
sharply at the onset of air stress to a plateau that was
maintained between 470 and 490 beats min™' for the
duration of the stress period and returned gradually to
baseline over 15-25min after its termination. After
microinjection of 80 pmol muscimol into the RP,
tachycardia was greatly reduced throughout the 10 min
stress trial compared to that seen under similar conditions
after injection of saline (Fig. 2). Thus, stress-associated
increases from baseline heart rate observed after injection
of saline were suppressed after microinjection of 80 pmol
muscimol into the RP in all six rats (mean suppression for
last 5 min of air-stress period = 76 + 8 %; range, 100—60 %;
n = 6). After treatment with this dose of muscimol, the
heart rate during much of the post-stress observation
period was also lower than that seen after treatment with
saline (Fig. 2). Similar injection of 80 pmol muscimol at all
other sites produced no significant effect when considered
as a group (mean suppression = 13 £ 8 %; n = 6; Fig. 3).
However, examination of data from individual
experiments revealed that injection of 80 pmol muscimol
at two of the three injection sites adjacent to the RP
appeared to produce moderate suppression of the
increases (i.e. by 34 and 42 %; half-filled circles in Fig. 1A).

. Physiol. 546.1

No suppression was evident after injection of muscimol at
any of the four other sites tested (filled circles, Fig. 1A and B).

In three animals, microinjection of 10 and 20 pmol
muscimol produced suppression of stress-induced tachy-
cardia that appeared to be most marked early in the trial
and to wane progressively over time (Fig. 2). Thus, 1 min
after the beginning of air stress, heart rate was elevated
above baseline by 112 + 24 beats min™" after injection of
saline (n=6), but only by 42+ 6beats min™' after
microinjection of 20 pmol muscimol (n=3) and
70 £ 31 beats min™' after microinjection of 10 pmol
muscimol (n = 3). However, by the end of the period of air
stress, the heart rate in animals treated with each of the two
lower doses of muscimol had attained levels that were no
different from those seen after injection of saline vehicle
(Fig. 2). Increases in heart rate averaged over either the
first or second 5 min period of air stress were highly
inversely correlated with the dose of muscimol injected
(linear regression analysis; first 5 min, r = —0.66, P = 0.02;
second 5 min, r = —0.83, P =0.001).

Under baseline (unstressed) conditions, microinjection of
vehicle (100 nl saline) into the RP in three rats was
followed by moderate and transient increases in heart rate
that returned to baseline within 5-6 min and were
unaccompanied by significant changes in blood pressure
(Fig.4). Thus, at 10—15 min after injection, corresponding
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to the last 5 min of air stress in stress trials during which
the analysis above was performed, heart rate and blood
pressure were not different from baseline. The initial
tachycardia seen after microinjection of saline occurred at
the approximate time at which the injector was removed
from the guide, but appeared to be absent after
microinjection of 80 pmol muscimol into the RP in the
same three animals (Fig. 4). In fact, injection of muscimol
had no significant effect on baseline heart rate and blood
pressure up to t = +15 min, the time corresponding to the
end of the stress period in air-stress trials. Thereafter,
modest but significant decreases in both heart rate and
blood pressure were apparent at several time points
between +15 min and +30 min. Microinjection of 80 pmol
muscimol into other sites under baseline conditions
likewise failed to alter heart rate and blood pressure (data
notshown).

Effect of microinjection of muscimol into the RP on
baroreflex responses

To assess the selectivity of the effect of muscimol on
changes in heart rate seen in experimental stress, the ability
of similar treatment to influence changes in heart rate
evoked by baroreceptor loading and unloading was tested
in four additional rats. Intravenous infusion of 4 ug kg™
nitroprusside before and after microinjection of 80 pmol
muscimol into the RP produced identical decreases in
blood pressure (—18 £2 mmHg before injection of

Figure 3

Mean heartrate (top) and blood pressure
(bottom) over time before, during and after air-jet
stress following microinjection of muscimol
(Mus 80, 80 pmol (100nl)*; 1 = 6) or saline
vehicle (100 nl; n = 6) into other sites in the
brainstem, i.e. outside or adjacent to the RP (see
filled and half-filled circles in Fig. 1A and B).
Microinjections were performed at ¢ = 0 min
(arrows), and rats were subjected to air-jet stress
during stress trial between ¢ = +5 min and

t = +15 min (shaded bars). No significant
differences were found at any time point for
corresponding values after injection of saline and
of muscimol.

Heart rate
(beats min-1)

Mean blood pressure
(mmHg)
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muscimol vs. —17 + 1 mmHg after injection of muscimol)
and increases in heart rate (+61 + 9 beats min~' before
muscimol vs. +60 + 9 beats min' after microinjection of
muscimol). Similarly, injection of 4 ug kg™' phenylephrine
before and after injection of muscimol caused equivalent
increases in blood pressure (+42 + 2 mmHgbefore injection
of muscimol vs. +41 £ 2 mmHg after injection of muscimol)
and decreases in heart rate (—81 + 12 beats min~' before
injection of muscimol vs. =79 + 15 beats min™"). Thus, all
calculated indices of cardiac baroreflex sensitivity
remained unchanged after microinjection of 80 pmol
muscimol into the RP.

DISCUSSION

The results of this study indicate that activation of neurons
in the RP is responsible for generating tachycardia seen in
air stress in rats. Prior injection of muscimol into the RP
produced dose-related suppression of the cardio-
acceleration associated with air stress and nearly abolished
it at the highest dose tested, but had no discernible effect
on heart rate under ‘unstressed’” conditions. Interestingly,
even the small and transient increase in heart rate
associated with removal of the injector from the guide
cannula after saline injection was absent after injection of
80 pmol muscimol. Thus, the effect of injection of the
highest dose of muscimol that was so striking with respect
to air stress was even apparent with respect to a relatively
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modest stressor imposed as an artifact of our experimental
design. Injection of lower doses of muscimol appeared to
produce a trend toward suppression that was most marked
early in the air-stress trial but was lost over time. Initial
microinjection of the GABA, receptor antagonist BMI
into the RP in this study increased heart rate under
baseline conditions in conscious rats, a finding reported
previously in anaesthetized preparations (Morrison et al.
1999; Samuels et al. 2002). Taken together, these data
suggest that neurons in the RP with the potential to
activate sympathetic pathways to the heart are subject to
tonic GABAergic inhibition. These putative cardio-
acceleratory neurons appear to contribute negligibly to
cardiac sympathetic nerve activity under baseline
conditions because of this inhibitory mechanism. On the
other hand, the tachycardia seen in experimental air stress
is likely to rely on their recruitment, perhaps by means of
withdrawal of GABA-mediated inhibition.

Owing to the ubiquity of GABA, receptors on central
mammalian neurons (Johnston, 1996), local micro-
injection of muscimol has proven to be an effective way to
inhibit neuronal activity acutely and reversibly in a
discrete region of the brain. In this study, microinjection
of the highest dose of muscimol tested at sites outside the
RP, sites at which injection of BMI had no effect on
baseline heart rate, failed to suppress air stress-induced

. Physiol. 546.1

tachycardia. In three experiments, injection sites were
misplaced by 500 ym or less dorsal and/or lateral to the
targeted area of the RP. At these sites, microinjection of
BMI elicited variable increases in heart rate and injection
of muscimol appeared to provoke modest suppression of
air stress-induced tachycardia. These findings are
consistent with spread or diffusion of the injected agents to
sites of action in the RP for both effects. As shown in other
studies, microinjections of this same dose and volume of
muscimol into different hypothalamic regions also
produced effects that appeared to be highly localized
(Stotz-Potter et al. 1996a,b; Morin et al. 2001). Previously,
identical treatment of the RP with 80 pmol muscimol
reduced the tachycardia evoked by disinhibition of
neurons in the DMH (Samuels ef al. 2002) while injection
of a much larger dose (1nmol) into the rostral
ventrolateral medulla (RVLM) did not (Fontes et al. 2001).
Taken together, these results suggest that the observed
effect of muscimol on air stress-induced tachycardia is
likely to be mediated through inhibition of neurons in RP
or its immediate vicinity.

The findings here are a logical extension of previous work
indicating that (1) activation of neurons somewhere in the
region of the DMH is responsible for air stress-induced
tachycardia (Stotz-Potter et al. 19964,b), and (2) the
tachycardia evoked by chemical stimulation of the DMH
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Figure 4
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in anaesthetized rats can be suppressed by microinjection
of muscimol into the RP (Samuels et al. 2002). The
simplest explanation for these findings is that the neural
pathway responsible for the generation of stress-induced
tachycardia involves excitation of neurons in the DMH
acting through recruitment of latent cardioacceleratory
neurons in the RP. Ample evidence exists for neural
connections that are likely to comprise such a pathway. In
a retrograde tracing study in cats, the RP contained the
most labelled cells of any brain region after tracer was
injected into the spinal cardioacceleratory sites at T3-T4
(Miura et al. 1983). Neurons in the RP are trans-
synaptically labelled from the stellate ganglion, the origin
of cardiac sympathetic innervation (Jansen et al. 1995). In
the same study, labelled neurons were also noted in a
specific subregion of the DMH, the dorsal hypothalamic
area. Neurons in the dorsal hypothalamic area are known
to project directly to the RP (Hosoya et al. 1987; Hermann
et al. 1997; Nogueira et al. 2000). Thus, the tachycardia
evoked by air stress and by chemical stimulation of the
DMH is probably mediated, at least in part, through a
direct projection from neurons in the dorsal hypothalamic
areato the RP.

Although a role for neurons in the RP in stress-induced
tachycardia has not been previously proposed, some
evidence supports this notion. Neurons in the RP appear
to be activated in diverse paradigms for emotional and
physical stress in which heart rate is also elevated (Bonaz &
Tache, 1994; Cullinan et al. 1995; Campeau & Watson,
1997), and at least some of these neurons send descending
projections to the spinal cord (Senba et al. 1993).
Activation of neurons in the RP elicits cutaneous
vasoconstriction in the rabbit pinna (Blessing & Nalivaiko,
2000), a characteristic feature of the alerting response in
this species (Yu & Blessing, 2001; Blessing & Nalivaiko,
2001). In the rat, activation of the RP provokes
vasoconstriction in cutaneous vessels in the tail (Blessing
& Nalivaiko, 2001) and excitation of sympathetic nerves
innervating brown fat (Morrison et al. 1999), effects that,
like cutaneous vasoconstriction in the rabbit ear (Pedersen
& Blessing, 2001), serve to elevate core body temperature.
Accordingly, the RP has been proposed as a key brainstem
thermoregulatory centre (Tanaka et al. 2002). However,
hyperthermia is also recognized as a facet of the
physiological response to stress in rats and many other
mammals (for review, see Oka et al. 2001). Interestingly,
activation of the neurons in the DMH in rats also elicits
sympathetically mediated thermogenesis in brown fat and
increases in core body temperature that correlate with the
accompanying increases in heart rate (Zaretskaia et al.
2002). Thus, thermogenesis evoked from the DMH, like
the tachycardia that can be generated from the same
region, may be mediated through neural projections from
the dorsal hypothalamic area to the RP.

Raphe pallidus mediates stress-induced tachycardia 249

In contrast to the virtual abolition of stress-induced
tachycardia resulting from microinjection of muscimol
into the RP, changes in heart rate evoked by nitroprusside
or phenylephrine were unchanged by the same treatment.
Thus, neurons in the RP play a role in the tachycardia
signalled from the hypothalamus in stress but not in that
evoked through the baroreceptors. This conclusion is
consistent with the exclusion of the RP from brainstem
pathways involved in sympathetic nervous regulation of
arterial pressure (Reis et al. 1994; Morrison, 2001).
Instead, the RP appears to constitute a key brainstem
centre responsible for integrating sympathetic adjustments
signalled from the hypothalamus, including thermo-
regulatory responses (Nalivaiko & Blessing, 2001; Tanaka
etal. 2002) and tachycardia (Samuels et al. 2002).

In summary, activation of neurons in the RP appears to
play a previously unrecognized role in the generation of
stress-induced tachycardia in rats. This response is likely to
be generated through a direct projection from neurons in
the dorsal hypothalamic area, a distinct subregion of the
DMH.
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