
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Chronic angiotensin-II treatment potentiates HR slowing in Sprague–Dawley rat
during acute behavioral stress☆

Richard E. Hoyt a, Richard O. Speakman b, David R. Brown b, Lisa A. Cassis c, Dennis L. Silcox b,
Chikodi N. Anigbogu d, David C. Randall a,b,⁎
a Department of Natural Sciences, Asbury College, Wilmore, KY, USA
b Department of Physiology, University of Kentucky College of Medicine, Lexington, KY, USA
c Department of Molecular and Biomedical Pharmacology, University of Kentucky, Lexington, KY, USA
d Department of Physiology, College of Medicine, University of Lagos, Idi-Araba, Nigeria

a b s t r a c ta r t i c l e i n f o

Article history:
Received 29 October 2012
Received in revised form 6 December 2012
Accepted 7 December 2012

Keywords:
Classical Pavlovian conditioning
Anxiety
Hypertension
Renin angiotensin system (RAS)

This study examined the effect of 2-week infusion of angiotensin-II (Ang-II; 175 ng/kg/min) via minipump in
rats (n=7) upon the mean arterial blood pressure (mBP) and heart rate (HR) response to an acute stress as
compared to rats infused with saline (n=7). The acute stress was produced by a classical aversive condition-
ing paradigm: a 15 s tone (CS+) followed by a half second tail shock. Baseline mBP in Ang-II infused rats
(167.7±21.3 mm Hg; mean±SD) significantly exceeded that of controls (127.6±13.5 mm Hg). Conversely,
baseline HR in the Ang-II infused rats (348±33) was significantly lower than controls (384±19 bpm). The
magnitude of the mBP increase during CS+ did not differ between groups, but the HR slowing during CS+ in
the Ang-II infused rats (−13.2±8.9 bpm) was significantly greater than that seen in controls (−4.2±
5.5 bpm). This augmented bradycardia may be inferentially attributed to an accentuated increase in cardiac
parasympathetic activity during CS+ in the Ang-II infused rats. The mBP increased above baseline immedi-
ately post-shock delivery in controls, but fell in the Ang-II infused rats, perhaps because of a ‘ceiling effect’
in total vascular resistance. This classical conditioning model of ‘acute stress’ differs from most stress para-
digms in rats in yielding a HR slowing concomitant with a pressor response, and this slowing is potentiated
by Ang-II.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The autonomic nervous system (ANS) and the renin–angiotensin
system (RAS) are major determinants of the cardiovascular response
to acute ‘emotional stress’, and over-activity in either or both systems
triggered by such stress has been implicated in the development of
cardiovascular dysfunction (e.g., Mancia, et al., 2006; Mayorov,
2011). The majority of studies of the effects of acute emotional stress
in rodent experiments use models that induce pressor responses and,
in most cases, a tachycardia. In fact, however, the heart rate (HR) re-
sponse, whether acceleratory or deceleratory, depends upon the na-
ture of the stress and upon the strain of rat (Paré, 1993). Inhibition
of the RAS in these studies generally diminishes the sympathetic

arousal normally attendant upon such stressors (summarized in
Mayorov, 2011, Table 1). Reports of the effects of RAS manipulation
upon the HR response to stress, however, vary (e.g., compare Lee, et
al., 2004 and Davern, et al., 2009).

We have reported (Randall, et al., 1993, 1994; Li, et al., 1998) that
classical aversive conditioning, produced by following a 15 s pulsed
tone (i.e., the conditional stimulus or CS+) with a ½ s tail shock in
Sprague–Dawley (S–D) rats, produces a moderate pressor response
with modest HR slowing, while the same paradigm in the spontane-
ously hypertensive rat (SHR) evokes a large increase in mean arterial
pressure (mBP) and a large concomitant bradycardia (Li, et al., 1997).
The fact that HR slowed significantly less in the borderline hyperten-
sive rat (BHR) on a high salt diet than it did in the same strain on a
low salt diet for a similar change over baseline in renal sympathetic
nerve activity (SNA) implicates the RAS as an influence in the nature
of the HR change (Brown, et al., 1999). The goal of the present study is
to determine the effect of sustained exposure to angiotensin-II
(Ang-II) via chronic infusion upon the magnitudes of the mBP and
HR changes evoked by classical aversive conditioning in the S–D rat.
We report that increases in mBP during CS+ were not statistically
different in rats infused with Ang-II (175 ng/min/kg for 2 weeks)
via osmotic minipump vs. those infused with saline, but that the
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concomitant bradycardia was significantly greater in the rats infused
with Ang-II.

2. Methods

2.1. Animals

Sprague–Dawley male rats obtained from Harlan Industries
(Indianapolis, IN) constituted a group ultimately to receive
angiotensin-II (n=7) or saline (n=7). Each animal was allowed free
access to water and regular rat chow except during the time of behav-
ioral training and testing. The protocol was performed in accordance
with the guidelines for animal experimentation described in the
“Guiding Principles for Research Involving Animals and Human Beings”
(American Physiological Society, 2002), and was approved by the
University of Kentucky Animal Care and Use Committee.

2.2. Drug protocol

The animals were anesthetized with sodium pentobarbital
(65 mg/kg IP) 2 weeks prior to the behavioral stress tests in prepara-
tion for surgical implantation of the mini-pump for drug administra-
tion. Aseptic techniques appropriate for rodent survival surgery were
used. An Alzet osmotic mini-pump (Duret Corp., Cupertino, CA) filled
with Ang-II (175 ng/kg/min) was inserted under the skin over the
dorsal chest (n=7). Control rats (n=7) received a minipump filled
with normal saline.

2.3. Behavioral conditioning to stressful stimulus

Animals were behaviorally trained using classical (i.e., Pavlovian)
conditioning according to a previously described technique (Randall,
et al., 1993, 1994). Each rat was trained in the behavioral paradigm
commencing 1 week after insertion of a mini-pump. Briefly, the ani-
mals were habituated for 1–2 hours daily for several days to handling
and restraint in a comfortable cloth sock. Each rat was then exposed
daily to five trials of a 15-s pulsed tone (CS+; on for 0.064 s, off for
0.16 s) and another five trials of an uninterrupted tone (i.e., non-
pulsed; CS−) that was otherwise identical to the pulsed-sound.
CS+ and CS− were presented in pseudorandom pairs (e.g., …CS+,
CS−, CS−, CS+…). On the initial training day only the last (i.e.,
5th) pulsed tone was reinforced with the 0.5 s shock (i.e., to establish
that the tone itself was initially neutral); the shock was delivered via
bipolar electrodes held by a plastic cuff placed around the subject's
tail prior to each day's trials. The shock was adjusted to the lowest
value that caused the rat to flinch and squeak which was usually
0.2 mA and never exceeded 0.3 mA. Training continued for two addi-
tional days, but with each CS+ shock reinforced. Aminimum of 5 min
was allowed between presentations of successive trials to allow the
studied variables to return to baseline. Each rat was removed from
the sock at the end of each daily session and was returned to the
animal quarters.

2.4. Catheter implant surgery

The animals were re-anesthetized, as above, 2 weeks after pump
implantation and a Teflon catheter (0.012 inch interior diameter)
was implanted in the abdominal aorta by way of the femoral artery.
The distal end of the catheter was tunneled under the skin, exited at
the shoulders, and run through a flexible wire tether stabilized at
the nape of the neck. The distal end was also glued to a piece of PE
50 plastic tubing to allow coupling to a pressure transducer during
data acquisition. After surgery, each animal was individually housed,
supplied with food and water, with its movement only slightly re-
stricted by the flexible tether. Each animal was allowed 48 hours re-
cuperation before behavioral testing commenced.

2.5. Data acquisition

BP was recorded by connecting the arterial catheter to a pressure
transducer (Cobe model CDX-III). The pressure signal was recorded
on a Grass model 7 polygraph. Data were acquired and analyzed
using software developed by ViiSoftware (Lexington, KY). During
data sessions mean arterial BP and HR were calculated from the pul-
satile BP signal digitized at 500 Hz. Individual files were created for
each conditioning trial starting 15 s before tone onset and terminat-
ing 15 s after the end of a tone so that each 45-s recording covered
the pretone baseline, tone, and recovery periods. Data were recorded
for five trials of each tone on each of two days. The individual digital
data files for 10 CS+ trials (and for 10 CS− trials) from a single sub-
ject were ensemble averaged to yield a single file depicting the condi-
tional cardiovascular response for that animal; we have called this
process a “high resolution analysis” (Randall, et al., 1993, 1994). For
each rat the first component of the conditional response (C1) was
read from the high resolution file as the peak value of mBP between
16 and 18 s (individual pkC1, that is, within the first 3 s of the tone's
sounding). The second component (C2) for each rat was taken as the
average between 20 and 29 s. The unconditional response (UR) for
that rat was the peak value between 30.5 and 33 s, where the shock
was presented at t=30 s. Finally, a group average, or ensemble (cf.
Fig. 1), was constructed by averaging the high resolution files for
each condition (e.g., saline trials or Ang-II trials) for each tone (i.e.,
CS+ or CS−) across all rats in a given treatment. This process reliably
assesses the cardiovascular response pattern to each tone (Randall,
et al., 1993).

2.6. Data analysis

The amplitude of the BP and HR conditional response was calcu-
lated relative to the beat-by-beat average BP (or HR) during the
pre-tone baseline period. We defined pretone BP to be the average
mean pressure between 0 and 14 s. The quantitative nature of the
conditional response was summarized by averaging the individual
values (see above) for pkC1, C2 and UR across rats to yield a group av-
erage (Table 1). Data were tested by analysis of variance (ANOVA)
followed by post hoc t-tests, when appropriate. Statistical significance
was accepted for pb0.05. All results are shown as mean±SD.

3. Results

3.1. Baseline mBP and HR

Baselinemean arterial BP was 127.6±13.5 mmHg during the 15 s
prior to CS+ in the saline-infused rats. The corresponding value in the
Ang-II infused rats of 167.7±21.3 significantly exceeded that of the
saline-infused controls (Student's t12=4.207). Baseline HR in the
saline group was 384±19 bpm which was significantly (t12=2.510)
greater than the 348±33 bpm in the Ang-II infused rats.

3.2. Conditional mBP and HR Responses in Saline vs. Ang-II Infused Rats

Fig. 1 presents the group (n=7, each) ensemble average change
(Δ; relative to baseline) in mBP (top row) and in HR (bottom row)
during CS+ (left) and CS− (right). In each case the tone was
presented during the dark bar on the time axis (i.e., between 15 and
30 s). The thicker tracings are for rats treated with angiotensin-II;
lighter tracings present the saline (S) group. The peak increase in
mBP during the initial C1 component of the conditional response
(i.e., pkC1 in Fig. 1) did not differ across groups in response to either
CS+ or CS− (Table 1). (Recall that the steady CS- tone is the same
frequency as the pulsed CS+ tone; it, therefore, evokes an initial C1
increase in mBP since the subject is initially unable to determine
which trial is underway (Randall, et al., 1993, 1994).) The HR value
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in Table 1 for C1 is the change recorded concomitantly with the peak
C1 mBP increase; for CS+ the difference approached significance
(t12=2.108; p=0.057).

The change in mBP during C2 for CS+ trials did not differ between
groups whether assessed as the average value during the last ~10 s of
the tone (Table 1), or as the peak value during the interval (Saline-
infused: + 5.9±2.4 mm Hg; Ang-II infused: +7.4±4.0 mm Hg).
Conversely, as illustrated in Fig. 1 (lower left) the HR slowing during
C2 was significantly larger in the Ang-II infused rats as compared to
the saline-infused controls (see also Table 1).

The saline-infused rats maintained an elevated mBP during the
seconds immediately following the sharp spike coincident with
shock delivery (Fig. 1 and Table 1). Conversely, the Ang-II infused
rats experienced a clear, if transient, drop in mBP during this same in-
terval. The difference was statistically significant (t12=3.765). Both
groups showed a sustained tachycardia post-shock.

The mBP response to CS− includes an initial, short-lived pressor
response analogous to C1, followed by a drop below baseline desig-
nated as “trough” in Fig. 1 (upper right panel). The magnitude of
this decrease at its nadir in the Ang-II infused rats (−6.5±3.7 mm
Hg) was significantly (t12=2.165) larger than in the saline-infused
controls (−3.1±2.6 mm Hg). There was no sustained change in

mBP or in HR during CS− in either group, indicating that animals in
both groups discriminated between CS+ and CS− (Randall, et al.,
1993, 1994).

4. Discussion

As expected for unanesthetized S–D rats infusedwith 175 ng/kg/min
of Ang-II via osmotic minipump (Cassis, et al., 1998), baseline mBP was
elevated, but, perhaps unexpectedly, neither the amplitude of the initial,
transient mBP increase (i.e., C1), nor that of the later, more sustained C2
component was significantly altered vs. the saline-infused controls. Con-
versely, HR slowed significantly more during the C2 component of the
conditional response in the Ang-II infused rats as compared to the con-
trols. In fact, while the HR change during CS+ in the saline-infused
rats closely resembled that reported elsewhere in the S–D rat (Randall,
et al., 1993, 1994), the bradycardia seen in the rats infused with Ang-II
qualitatively resembled that seen in the SHR (Li, et al., 1997). The
saline-infused controls maintained an elevated mBP post-shock, while
pressure dropped below baseline in the Ang-II infused rats. Finally, the
drop in mBP below baseline in CS− trials that follows the C1 mBP in-
crease was more pronounced in the Ang-II infused rats vs. controls. The
text that follows considers possible explanations for these observations

Fig. 1. Group average change (Δ) vs. baseline in mean arterial blood pressure (mBP) and in heart rate (HR) during 30 s pulsed tone (CS+; dark bar on time scale) followed by half
second tail shock (left panels) and during 30 s steady tone (CS−) never followed by shock (right panels) in rats infused with saline (S; thin lines) and those infused for 2 weeks
with angiotensin-II (Ang-II; 175 ng/kg/min; thick lines). Amplitude of changes in mBP during CS+ did not differ between groups (upper left panel), but HR slowed significantly
more in the Ang-II vs. saline group (lower left). Mean BP dropped transiently post-shock in Ang-II infused rats while mBP was elevated in saline-infused group. The transient
drop in pressure following the initial ‘on response’ for CS− (i.e., trough) was accentuated in the Ang-II infused rats.

Table 1
Changes in mean arterial blood pressure and heart rate during CS+ and CS− in saline (S) infused rats (n=7) vs. angiotensin-II (Ang-II) infused rats (n=7).

CS+ CS−

ΔmBP (mm Hg) ΔHR (bpm) ΔmBP (mm Hg) ΔHR (bpm)

S Ang-II S Ang-II S Ang-II S Ang-II

pk C1 +6.3±3.2 +5.7±3.3 +5.2±3.8 +11.2±6.4 +5.2±2.0 +4.1±2.3 +8.1±3.3 +11.6±6.5
avg C2 +1.7±2.4 +2.4±2.1 −4.2±5.5 −13.2±8.9* +0.3±0.8 +0.6±1.3 −3.1±3.5 −4.1±5.6
post- shock 6.5±4.0 −4.0±6.2* +26±24 +18±8 N/A N/A N/A N/A

See Fig. 1 for definitions of pk C1, avg C2 and post-shock. No shock was delivered post-CS−, so a value is inappropriate. The values shown in Table 1 may differ from those read
directly from Fig. 1 because the individual rat's changes in mBP or in HR, particularly for pkC1, were attained at somewhat different times after tone onset across rats. *pb0.05, saline
vs. Ang-II.
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in light of what is known about the mediation of the pattern of changes
that comprise the conditional mBP and HR responses.

The CS+ tone elicits a sequential series of changes in SNA, mBP
and HR (Randall, et al., 1994; Li, et al., 1997; Brown, et al., 1999).
The initial event is an abrupt (for S–D, latency from tone onset=
0.16±0.03 s), intense (4.09±1.02 times average baseline), but tran-
sient (duration: 0.58±0.12 s) ‘sudden burst’ (SB) in SNA. The SB is
quickly followed by the initial C1 BP increase (peak increase at
1.6±0.2 s after beginning of CS+ tone) onset. The C1 BP increase
‘maps’ to changes in SNA (Burgess, et al., 1997). This C1 increase in
mBP results essentially exclusively from an increase in peripheral
vascular resistance since stroke volume and cardiac output are
unchanged (Li, et al., 1998). Because the amplitudes of the peak C1

pressor event did not differ between the Ang-II vs. saline-infused
rats in the present study, we infer that the smooth muscle contractile
response to the sudden burst in SNA which occurs in response to tone
onset also did not differ between groups.

The SB is immediately followed by a transient drop in SNA below
baseline which we termed the ‘quiet period’ (QP); the decrease in
mBP following the initial C1 peak is closely associated with this tran-
sient drop in SNA (Randall, et al., 1994). The associated drop in mBP
is eliminated following sino-aortic denervation (SAD; Willingham,
et al., 2004); we therefore tentatively attribute the QP/mBP-decrease
to action of the baroreflex in response to the C1 BP increase (Randall,
et al., 1994), though recordings of SNA during CS+ before vs. after
SAD are required to substantiate this hypothesis. Since the frequency
of the CS+ and CS− tones is the same, an animal cannot know at first
sounding whether the trial is a shock-reinforced CS+ (i.e., pulsed
tone) or a ‘safe’ CS− trial (non-pulsed tone). Therefore, a similar
sequence occurs in the initial response to CS−, excepting that the
magnitude of the QP decrease in SNA during the CS− significantly ex-
ceeds the magnitude of the decrease observed during CS+ (Randall,
et al., 1994). It is noteworthy, therefore, that in the present study
the decrease in mBP in CS− that follows the C1 event was significant-
ly larger in the Ang-II infused vs. saline-infused rats. This suggests a
more robust reflex HR slowing to the C1 mBP increase in the Ang-II
infused rats, even though the magnitude of that mBP increase was
similar across groups.

SNA increases during the last 10 s of the CS+ tone to an average
of 1.24±0.14 (i.e., in Sprague–Dawley) of baseline; this change in
SNA for CS+ is accompanied in S–D by a modest, but statistically sig-
nificant, C2 increase in BP that averages 3±3 mm Hg (Randall, et al.,
1994). The changes in mBP again ‘map’ onto the changes in SNA
(Burgess, et al., 1997). The C2 mBP increase is largely secondary to a
sustained elevation in stroke volume and cardiac output (Li, et al.,
1998). The amplitude of the concomitant bradycardia differs across
rat strains: it is small, or absent in S–D rats (Randall, et al., 1993,
1994), moderately large in the borderline hypertensive rat on low
salt diet (Brown, et al., 1999), and very large in the SHR, which also
has a large C2 pressor response (Li, et al., 1997). We have reported
in the Zucker lean rat that this bradycardia is modestly attenuated
by administration of a β-adrenergic antagonist, but it is virtually elim-
inated by administration of atropine (El-Wazir, et al., 2008). There-
fore, the differences we describe here in the HR component of the
cardiovascular conditional response between the two groups of rats
can be interpreted most parsimoniously in terms of an action of
Ang-II that enhances parasympathetic slowing of HR. In turn, we
posited that “…one could reasonably ascribe this to the baroreflex
secondary to the MAP increase. (Li, 1997, p. 153).” If so, the larger
amplitude of the decrease in HR during C2 in the Ang-II infused rats
vs. the saline-infused rats, despite the near similarity in the corre-
sponding mBP increases, may again most reasonably be ascribed to
a greater baroreflex response in the Ang-II infused rats.

The interactions of Ang-II, the sympathetic nervous systemand baro-
reflex have been extensively studied (reviewed in Reid, 1992; Head,
et al., 2002). In particular, Ang-II given intravenously (10 ng/kg/min)

to unanesthetized rabbits reportedly increased mBP without changing
HR, but reset the baroreflex to higher pressure with no change in gain
(Reid and Chou, 1990). Head, et al. (2002) conclude from their own
work, and their review of the literature, that “…in situations where
there are increased excitatory and decreased inhibitory inputs to the
RVLM brainstem, such as barodenervation, acute stress, hypertension
or heart failure, the sympathoexcitatory Ang(iotensin) system within
the brainstem clearly becomes very important.” (quoted from p. 1057).
At least under the conditions of our experiment, where Ang-II had
been infused for 2 weeks via a subdural osmotic minipump, there
was little evidence that the sympathetically mediated pressor re-
sponses evoked by CS+ were significantly enhanced.

In contrast to interactions of Ang-II with the sympathetic nervous
system, interactions with the parasympathetic system per se have
been less extensively examined. Lumbers, et al. (1979), however, pur-
sued an early study in which they recorded activity of single cardiac
efferent fibers in anesthetized dogs during pressor responses pro-
duced by bolus injections of phenylephrine (PE) or inflation of an
aortic balloon, vs. those produced by Ang-II infusion (2–25 μg). They
reported that the first two interventions increased vagal discharge in
each of 8 fibers recorded from 8 anesthetized dogs. Conversely,
Ang-II pressor responses were associated with a fall in vagal discharge
(three fibers), little change (4 fibers) or an increase, but an increase
smaller than occurred in response to PE (1 fiber). In a recent and ele-
gant study in anesthetized rabbits with SAD and vagotomy, Kawada,
et al. (2009) stimulated the peripheral end of the right vagus with
vs. without background iv Ang-II administration (10 ng/kg/min).
They reported that the gain of the transfer function from vagal stimu-
lation to HR slowing decreased significantly with concomitant Ang-II
administration vs. control (i.e., no Ang-II). They interpreted the
findings to suggest that the elevated Ang-II inhibited acetylcholine re-
lease from the vagal nerve axons. In the human, Ang-II administration
to healthy volunteers reduced HR spectral power centered around
0.25 Hz, thought to be attributable primarily to parasympathetic ac-
tivity, to a greater degree than observed during equi-pressor doses
of PE (Townsend et al., 1995). Moreover, heart failure patients treated
with an angiotensin-converting enzyme inhibitor experienced in-
creased HR variability, indices of parasympathetic tone (Binkley, et
al., 1993). Conversely, in our study rats infused with Ang-II demon-
strated increased HR slowing associated with the C2 mBP elevation,
which, based upon our earlier work (El-Wazir, et al., 2008), is attribut-
able to a greater increase in parasympathetic tone during CS+.

The effects of systemic or intracerebroventricular (icv) exposure
to Ang-II, or to agents that inhibit the effects of endogenous Ang-II,
on the HR (and BP) responses to non-Pavlovian conditioning models
of acute stress have been reported by others. In an earlier study Saiki,
et al. (1997) reported that icv administration of Ang-II receptor an-
tagonists, both non-selective and AT1- receptor selective, attenuated
the pressor and tachycardic responses normally attendant upon re-
straint stress in WKY and SHR, thereby indicating that central Ang-II
has a generally excitatory role in sympathetic response to stress. A
more recent study in mice, Lee, et al. (2004) used a cage-switch stress
paradigm (placing a male mouse in a cage previously occupied by a
different male mouse) and reported that pretreatment of the stressed
animal with captopril in the drinking water attenuated the usual
pressor response, but had no effect upon the tachycardia seen in the
control state. They suggest that Ang-II played an important role in
mediating the hypertensive response, probably via an action through
β1 receptors. Davern, et al. (2009) studied the cage-switch cardiovas-
cular response of mice genetically deficient in the Ang-II AT1-receptor
(AT1A−/−) vs. AT1A+/+. Baseline mBP was decidedly lower in the AT1A−/−

vs. controls, but there was no between-group HR difference. The mag-
nitudes of the mBP and HR increases during stress in the AT1A−/− were
significantly smaller than the controls; activity was also less in the
test mice, but the differences in mBP and HR changes persisted during
quiet periods. These investigators concluded that activation of central
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AT1A receptors during stress normally facilitates the autonomic man-
ifestations of the stress. We are unaware of similar studies of the ef-
fects of Ang-II manipulations upon HR slowing during stress.

One additional between group comparison seems worthy of note:
the saline infused rats maintained mBP above baseline during the
interval immediately after cessation of shock, as presented as
‘post-shock’ in Table 1, but mBP fell in the Ang-II infused rats. In
Sprague–Dawley rats, the elevation in mBP is attributable to an in-
crease in peripheral vascular resistance; in fact, stroke volume and
cardiac output drop precipitously from the values they have immedi-
ately prior to shock delivery (Li, et al., 1998). The present data imply,
therefore, that the vasculature in the Ang-II infused rats was unable to
create the sudden and large increase in vasomotor tone required for
the mBP elevation, perhaps because vascular resistance was already
high secondary to the drug treatment.

Our observations of an unchanged pressor response with an ac-
centuated HR slowing during CS+ must be interpreted cautiously in
light of generally opposite published reports. Note, however, that
the conditional pressor response in the Ang-II infused rats occurs
superimposed upon a significantly increased baseline mBP so that,
as mentioned immediately above, we may be dealing with a ‘ceiling
effect’ whereby any additional pressor response to stress was
constrained in our rats. Nonetheless, in the conditioning paradigm it
seems likely that the baroreflex remains active, and may, in fact, or-
chestrate a larger increase in cardiac parasympathetic activity in re-
sponse to a given change in mBP. Perhaps the system was operating
on a portion of the mBP/HR relationship where the slope (i.e., ΔHR/
ΔmBP), or gain, was greater.

In summary, chronic infusion of Ang-II via osmotic minipump ele-
vated baseline mBP and modestly decreased the corresponding HR.
The amplitude of the increase in mBP during acute stress was
unchanged, but the HR slowing was significantly enhanced such
that it resembled in character that seen in the SHR. The most likely
explanation for the larger conditioned bradycardia is an enhancement
of cardiac parasympathetic activity during CS+, perhaps via an in-
creased baroreflex response to the conditional pressor responses.
Irrespective, our findings clearly demonstrate the importance of
looking at a variety of behavioral situations when seeking an under-
standing of the roles of any given regulatory system in producing
‘stress-induced’ cardiovascular responses.
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