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a b s t r a c t

In the present study, we evaluated the involvement of the rennin–angiotensin system

(RAS) in the control of the blood pressure (BP), baroreceptor-mediated bradycardia and

the reactivity of caudal ventrolateral medulla (CVLM) neurons to Ang II and to AT2 receptor

antagonist in sedentary or trained renovascular hypertensive rats. Physical activity did not

significantly change the baseline mean arterial pressure (MAP), heart rate (HR) or the

sensitivity of the baroreflex bradycardia in normotensive Sham rats. However, in 2K1C

hypertensive rats, physical activity induced a significant fall in baseline MAP and HR and

produced an improvement of the baroreflex function (bradycardic component). The

microinjections of Ang II into the CVLM produced similar decreases in MAP in all groups,

Sham and 2K1C, sedentary and trained rats. The hypotensive effect of Ang II at the CVLM

was blocked by previous microinjection of the AT2 receptors antagonist, PD123319, in all

groups of rats. Unexpectedly, microinjection of PD123319 at the CVLM produced a depres-

sor effect in 2K1C sedentary that was attenuated in 2K1C trained rats. No significant

changes in MAP were observed after PD123319 in Sham rats, sedentary or trained. These

data showed that low-intensity physical activity is effective in lowering blood pressure and

restoring the sensitivity of the baroreflex bradycardia, however these cardiovascular

effects are not accompanied by changes in the responsiveness to Ang II at CVLM in

normotensive or hypertensive, 2K1C rats. In addition, the blood pressure changes observed

after AT2 blockade in 2K1C rats suggest that hypertension may trigger an imbalance of

AT1/AT2 receptors at the CVLM that may be restored, at least in part, by low-intensity

physical activity.
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1. Introduction

It is well accepted that physical activity of low intensity

induces resting bradycardia and a decrease in blood pressure

(BP) in hypertensive animals and humans [36,48,51]. Previous

studies [26,36] have shown that the lowering in blood pressure

induced by exercise training may be related to fall in

sympathetic drive and improvement of baroreflex function.

The sympathetic drive and baroreflex is primarily modu-

lated by medullary neurons. The ventrolateral medulla (VLM)

influences the intrinsic activity of spinal preganglionic

sympathetic nerve and has a critical role in the control of

blood pressure [7,14]. The rostral ventrolateral medulla (RVLM)

contains excitatory neurons that directly project to the

sympathetic preganglionic motor region involved in the spinal

cord. Baroreflex inputs from nucleus tractus solitarii (NTS)

stimulates the caudal ventrolateral medulla (CVLM) that elicits

dramatic effects on blood pressure and sympathetic nerve

activity, and it is highly likely the existence of direct

connections from these regions to the RVLM [7,14,46].

The VLM neurons are modulated by peptides of the rennin–

angiotensin system (RAS). Studies by us [1,2,6] and others

[5,7,14] have shown that there is an important interaction

between VLM neurons and angiotensin II (Ang II). Ang II

microinjected into the RVLM and the CVLM acts as an

excitatory agent [5,35,40]. The development of nonpeptide

angiotensin antagonists has produced definitive evidence for

the presence of Ang II receptor subtypes. The receptor subtype

that is associated with losartan and other ‘‘sartans’’ and

appears to mediate essentially all of the known effects of Ang

II is designated AT1. Further studies have shown that Ang II

endogenous to the RVLM and CVLM modulates the tonic

activity of cardiovascular neurons in rabbit [14,32] and

hypertensive and normotensive rats [5,35,40]. In addition to

AT1, other receptor subtype, which is associated with

PD123319 and its structural analogs, is designated AT2. Recent

evidence indicates that AT2 receptor subtype does participate

in multiple physiologic functions, including pressure-natriur-

esis [30], pressor response [19,49] and autoregulation of

cerebral blood flow [45]. Whereas the physiologic role of AT2

receptors has been a matter of debate, emerging information

is presently available which suggests their participation in

functions previously ascribed to the AT1 subtype

[19,30,31,45,49]. The engagement of AT2 receptor subtype in

the cardiovascular actions of RAS is ascertained in mutant

mice targeted for disruption of the gene encoding this

angiotensin receptor subtype where it was observed elevated

blood pressure [16,20]. Studies also assigned a role of central

AT2 receptors subtype in the suppression of baroreflex

sensitivity by showing an increased baroreceptor sensitivity

and decreased blood pressure variability in AT2 receptor-

deficient mice [16,23]. In rats, Ang II was also shown to

suppress the baroreflex, at least in part, through AT2 receptors

at the RVLM or NTS [23,29,31].

The Goldblatt renovascular hypertension model is char-

acterized by high levels of tissue and circulating Ang II, and an

increased sympathetic nerve discharge, which may be related

to a central action of Ang II on the sympathetic nervous

system. We hypothesized that the changes in sympathetic

activity produced by physical training are also related to an
alteration of the responsiveness of CVLM neurons to Ang II. To

test this hypothesis, in the present study, we evaluated the

RAS involvement in the control of the BP, baroreceptor-

mediated bradycardia and the reactivity of CVLM to Ang II and

to AT2 receptor antagonist in sedentary or trained renovas-

cular hypertensive rats.
2. Methods

2.1. Animals

Experiments were performed in male Fisher rats (n = 26)

(ENUT, UFOP, Brazil). All animal procedures were according to

the Guidelines for Ethical Care of Experimental Animals and

were approved by the Institutional Ethics Committee of the

Federal University of Ouro Preto.

2.2. Production of renal hypertension

To obtain hypertensive animals, the rats (150–200 g) were

anesthetized with the mixture of ketamine and xylazine (50

and 10 mg/kg, i.p., respectively) and a silver clip (0.20 mm i.d.)

was placed around the left renal artery through a midline

incision (Goldblatt renovascular hypertension, 2-kidney, 1-clip

model; 2K1C). Other rats were submitted to similar procedures

but without the renal artery clip placement (Sham group or

normotensive rats). One week after the surgery, systolic blood

pressure (SBP) was measured by tail-cuff method for 4 weeks.

The 2K1C and Sham rats were separated in two experimental

groups, sedentary and physical training. The training protocol

started 4 days after the surgery.

2.3. Physical training protocol

Training was performed without workload by 20 sessions of

swimming of 1 h duration daily, 5 days a week. At the first day

the rats swam for 20 min, at the second day for 40 min and

from third day until the end of training period, they swam for

1 h. The exercise was performed in group of four or five rats in

a 38 cm � 60 cm � 50 cm tank. Water temperature was main-

tained at 30 � 2 8C, controlled by a thermostat.

2.4. Arterial pressure measurements

Mean arterial pressure (MAP) was continuously monitored by

a Gould pressure transducer (PM-1000, CWE) coupled to a

blood pressure signal amplifier (UIM100A, Powerlab System),

and heart rate (HR) was determined by the arterial pressure

waves. All variables were recorded and saved to a PowerLab

digital acquisition system (Powerlab, 4/20, ADInstruments)

with an 800 Hz sampling rate.

2.5. Evaluation of baroreflex sensitivity

Baroreflex control of HR was determined by recording reflex

heart rate changes in response to transient increases in MAP

produced by repeated bolus injections of graded doses of

phenylephrine (0.25–5 mg, i.v.) (baroreflex bradycardia) in

urethane anesthetized rats. Phenylephrine doses were injected
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1–2 min apart into a femoral vein in 0.1 mL of isotonic sodium

chloride. Blood pressure and heart rate were allowed to return

to basal levels before the next dose was given. Peak changes in

HR occurring during the initial 5–10 s of the corresponding

maximum change in MAP produced with phenylephrine. The

HR was converted to pulse interval (PI, ms) by the formula:

60,000/HR. Best-fit regression line was draw from the mean

� S.E.M. of pressure and HR changes for each dose of phen-

ylephrine for each animal. The slope of the regression line was

used as an index of baroreflex sensitivity (baroreflex gain).

2.6. CVLM microinjections

2K1C and Sham rats (260–300 g) after 32 days of surgery were

anesthetized with urethane (1.2 g/kg, i.p.) and underwent a

tracheostomy. Next, a polyethylene catheter was inserted into

the abdominal aorta, through the femoral artery for arterial

pressure measurement and another catheter was inserted

into the inferior cava vein, through the femoral vein for

injection of drugs. The animals were placed in a stereotaxic

frame (David Kopf instruments, CA) with the tooth bar 11 mm

below the level of the interaural line. The dorsal surface of the

brainstem was exposed by a limited occipital craniotomy and

an incision of the atlanto-occipital membrane and meninges

was performed, as previously described [1].

Unilateral microinjections of Ang II, PD123319 or sterile

saline (vehicle, NaCl 0.9%) in a volume of 100 nL were made

over a 20–30 s period into the CVLM (0.7 mm anterior, 1.8 mm

lateral to the obex, and just above pia mater in the ventral

surface), as previously described [1]. Microinjections were

made with a triple barreled glass micropipette (outside

diameter = 90–130 mm), fixed to the stereotaxic manipulator

that was inserted in the brain tissue through the dorsal

surface. Experiments were made only at sites where the

positioning of the micropipette produced a transitory depres-

sor response (usually 10–20 mmHg).

2.7. Experimental protocol

The arterial pressure and HR of urethane anesthetized Sham

and 2K1C sedentary (n = 5–6) and trained (n = 7) rats were

continuously recorded. After 10 min of stabilization period,

baroreflex control of heart rate was evaluated. Next, the

micropipette was positioned in the CVLM and Ang II (40 pmol)

or saline (NaCl, 0.9%, 100 nL) was microinjected in random

order. After, a period of 15 min, PD123319 (50 pmol) was

microinjected into the CVLM and after 5, 15 and 30 min Ang II

microinjection was repeated in order to verify the duration of

AT2 receptor blockade.

2.8. Drugs

Ang II and PD123319 were purchased from Sigma Chemical

Company (St. Louis, MO, USA) or Peninsula Laboratories

(Belmont, CA, USA). Phenylephrine was from Sigma Chemical

Company (St. Louis, MO, USA).

Ang II (2 mg/mL) and PD123319 (3.2 mg/mL) were dissolved

in sterile isotonic saline (NaCl, 0.9%), aliquoted (10 mL) and

stored at �20 8C. Phenylephrine was dissolved in sterile saline

at 1 mg/mL concentration and 100 mL aliquots were stored at
�20 8C. At the moment of the experiment, the aliquots were

diluted in the desired concentrations and used only once.

2.9. Histological verification of injection sites

At the end of each experiment, the animals were then killed

with excess of anesthetic and the brain was carefully removed

and fixed in 10% phosphate-buffered formalin. Serial coronal

sections (40–50 mm) of the medulla oblongata were made and

stained with neutral red for histological examination. Micro-

injections sites were identified by tissue rupture produced by

the volume of microinjections under a light microscopy and

referred to standard anatomical structures of the brain stem

according to the atlas of Paxinos and Watson [39].

2.10. Statistical analysis

The results are expressed as means � S.E.M. Comparisons

among different groups were assessed by one-way or two-way

ANOVA followed by Bonferroni or Dunnet test where appro-

priated. The analysis was performed with the software

Graphpad Prism (version 4.00). The criterion for statistical

significance was set at p < 0.05.
3. Results

3.1. Baseline values of MAP and HR in sedentary and
trained rats

The baseline MAP of 2K1C (161 � 14 mmHg, n = 5) was

significantly higher than the baseline MAP of Sham rats

(105 � 4 mmHg, n = 6) in sedentary groups. Physical training

significantly lowered MAP of 2K1C (127 � 6 mmHg, n = 7),

however, the MAP of 2K1C trained rats was significantly higher

than the baseline MAP of Sham training group (105 � 4 mmHg,

n = 7; Fig. 1A).

The baseline values of HR were not significantly different in

Sham trained group (373 � 10 beats/min, n = 7) in comparison

to sedentary Sham rats (400 � 13 beats/min, n = 6). However,

2K1C training group the baseline HR (375 � 8 mmHg, n = 8) was

significantly smaller than the baseline HR of sedentary 2K1C

group (407 � 12 mmHg, n = 5; Fig. 1B).

The reduction in the weight of the clipped kidney was

similar in sedentary 2K1C (�27 � 7%, n = 5) and 2K1C trainer

group (�39 � 9%, n = 8; Fig. 1C).

3.2. Evaluation of the sensitivity of reflex bradycardia in
sedentary and trained rats

As expected, the reflex bradycardia in the sedentary 2K1C rats

(0.09� 0.03 ms/mmHg, n = 5; Fig. 2) was significantly smaller in

comparison to Sham sedentary rats (0.36� 0.07 ms/mmHg,

n = 6). There was not significantly difference in the baroreflex

bradycardia in the sedentary or trained Sham groups. Con-

versely, in 2K1C rats physical training significantly increased

baroreflex bradycardia (0.2� 0.03 ms/mmHg, n = 7 versus

0.09� 0.03 ms/mmHg, n = 5, 2K1C sedentary; Fig. 2). The

baroreflex sensitivity in 2K1C trained rats was not different

from Sham trained rats (0.33 � 0.03 ms/mmHg, n = 7; Fig. 2).



Fig. 1 – Baselines values of mean arterial pressure (MAP,

mmHg; A) and heart hate (HR, beats/min; B) in Sham (n = 6)

and 2K1C (n = 5) sedentary and Sham (n = 7) and 2K1C

(n = 7) trained rats. Percentage of reduction in the weight of

the left (clipped) kidney in Sham and 2K1C sedentary and

trained rats (C). *p < 0.05 in comparison to the respective

Sham group (ANOVA followed by Bonferroni test). #p < 0.05

in comparison to sedentary 2K1C group (ANOVA followed

by Bonferroni test).

Fig. 2 – Baroreflex mediated changes in HR expressed as

pulse interval (ms) in response to changes in mean arterial

pressure (MAP, mmHg; A) produced by graded doses of

phenylephrine in Sham (n = 6) and 2K1C (n = 5) sedentary

and Sham (n = 7) and 2K1C (n = 7) trained rats. Lines

represent the least-square regression equation fitted

through the average points and the baroreflex sensitivity

index (ms/mmHg) for bradycardia is expressed by the

slope of these regression line (B). *p < 0.05 in comparison to

the respective Sham group (ANOVA followed by

Bonferroni test). #p < 0.05 in comparison to sedentary 2K1C

group (ANOVA followed by Bonferroni test).
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3.3. Cardiovascular effects produced by microinjection of
Ang II and PD123319 into the CVLM in sedentary and trained
rats

In order to verify whether the changes involved by physical

activity were related to the reactivity to Ang II at the CVLM we

determined the cardiovascular responses to Ang II in normo-

tensives and renovascular hypertensive rats submitted low-

intensity physical activity. Microinjection of Ang II into the

CVLM produced a significant decrease in MAP in 2K1C trained
rats (�14� 3 mmHg, n = 7) was similar to that observed in

sedentary 2K1C rats (�12� 1 mmHg, n = 5). Similar fall in blood

pressure after CVLM microinjection of Ang II was observed in

Sham rats (�13� 1 mmHg, n = 6 in sedentary Sham rats and

�13� 2 mmHg, n = 7 in trained rats; Fig. 3A). All these

hypotensive effects were significantly different from the

hypotensive effect produced by microinjection of saline into

the CVLM. Microinjection of Ang II into CVLM of Sham or 2K1C

groups (sedentary or trained rats) did not significantly alter HR

(Fig. 3B). The AT2 Ang II antagonist, PD123319, produced a

significant hypotensive effect compared to saline in 2K1C

sedentary (�10� 1 mmHg versus �5� 1 mmHg; saline, n = 5),

however in 2K1C trained rats these depressor effect is similar to

saline (�6� 2 mmHg versus �5� 1 mmHg; saline, n = 7;

Fig. 3A). In contrast, PD123319 has a similar hypotensive effect

to saline in Sham sedentary or trained groups (Fig. 3A).

As shown in Fig. 4A, the microinjection of PD123319 into

the CVLM abolished Ang II effect up to 5 min in Sham

sedentary, Sham trained, 2K1C sedentary and 2K1C trained



Fig. 3 – Averaged changes in mean arterial pressure (MAP,

mmHg; A) and heart hate (HR, beats/min; B) produced by

microinjection of saline (100 nL, n = 5–7), Ang II (40 pmol,

n = 5–7) or PD123319 (50 pmol, n = 5–7) into the CVLM in

Sham and 2K1C sedentary and trained rats. *p < 0.05 in

comparison to saline (ANOVA followed by Dunnets test).

Fig. 4 – (A) Mean arterial pressure changes (MAP, mmHg)

produced by CVLM microinjections of Ang II (40 pmol,

n = 5–7) before and 5, 15 and 30 min after microinjection of

PD123319 (PD, 50 pmol, n = 5–7) in Sham and 2K1C

sedentary (n = 5–6) and trained (n = 7) rats. (B)

Diagrammatic representation of frontal sections of the

lower brain stem showing the center of the

microinjections in the CVLM (shaded area) as determined

by tissue rupture produced by the volume of

microinjections in each experiment. Maps and

coordinates (in mm, right margin) are from the atlas of

Paxinos and Watson [39]. Amb, ambiguus nucleus; AP,

area postrema; LRt, lateral reticular nucleus; LRtPC, lateral

reticular nucleus, parvocellular; py, pyramidal tract; XII,

hypoglossal nucleus. *p < 0.05 in comparison to saline

(two-way ANOVA followed by Bonferroni test).
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rats. In addition, Ang II was significantly reduced up to 15 min

after PD123319 microinjection in all groups of animals

(Fig. 4A). Thirty minutes after PD123319 microinjection into

the CVLM, Ang II effect was not different from control (before

PD123319, Fig. 4A). No significant changes in HR were observed

in all groups at any of the different time points (data not

shown). In addition, And II depressor effect were not different

5, 15 and 30 min after the CVLM microinjection of saline (time

control, data not shown).

3.4. Histological examination

Fig. 4 presents diagrams of frontal sections of the medulla

according to the atlas of Paxinos and Watson [39], showing the

localization of the microinjections in the CVLM. The micro-

injections into the CVLM were located in the ventral portion of

the lateral reticular nucleus.
4. Discussion

The results of the present study showed that the low-intensity

physical activity is effective in reducing high BP, HR and in
restoring the sensitivity of the reflex bradycardia in renovas-

cular hypertensive rats. Ang II microinjected into the CVLM

had similar hypotensive effects that were significantly blocked

by Ang II AT2 receptor antagonist in sedentary or trained, 2K1C

and Sham rats. In addition, the Ang II AT2 receptor antagonist

induced a fall in arterial pressure after CVLM microinjection in

2K1C sedentary rats that was attenuated in 2K1C trained rats.

Overall, the present study showed that the low-intensity

exercise provokes a significant improvement of the cardio-

vascular parameters in the renovascular 2K1C hypertension

accompanied by an alteration of AT2 mediated Ang II

responses at neurons of the CVLM in hypertensive 2K1C rats.
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In renovascular hypertensive rats the reflex bradycardia of

the sedentary 2K1C rats was significantly smaller in compar-

ison to Sham sedentary rats as extensively shown in previous

studies [9,27,33]. In addition, low-intensity training was

effective in reducing high BP and in restoring the sensitivity

of the reflex bradycardia in renovascular hypertensive rats.

These findings are in agreement with previous studies [48,51]

that showed that exercise training can induces important

changes in the cardiovascular system in animals and humans

with hypertension. Studies in SHR have shown that low-

intensity exercise training decreases HR and cardiac output,

consequently, attenuates hypertension in SHR [48,51]. To

address the mechanisms by which low-intensity exercise

causes bradycardia, a variety of studies [15,26] have shown an

attenuated sympathetic tone in SHR, but not the vagal tone,

which remained unchanged. The low-intensity exercise

training brings the sympathetic tone to the normal level. An

increased arterial BRS after exercise training has been

observed in hypertensive subjects [26,38]. In SHR during the

postexercise, the BRS for bradycardiac responses was

increased, while the BRS for tachycardiac responses remained

depressed [26,43]. In addition, an increase in vascular

compliance was also observed in humans after exercise

training [25]. Increased shear stress during exercise may also

enhance the release of endothelial factors [25]. All of these

mechanisms may increase the sensitivity of the arterial

baroreceptor afferents, thus increasing the BRS.

There are evidences suggesting that RAS and neurogenic

mechanisms interact, central and peripherally, in the devel-

opment and maintenance of hypertension. Despite of the

number of studies [8,11] it is still not yet clear the involvement

and dependence on activation of angiotensin AT1 or AT2

receptor subtype in 2K1C hypertensive model. Cervenka et al.

[11] showed that the target disruption of AT1A receptor gene

prevents the development of 2K1C Goldblatt hypertension in

mice. AT1A receptors play an essential role in BP control

[11,22,37] and moreover suggest that for the development of

2K1C hypertension, the presence of AT1A receptor is critical.

However, acute AT2 receptors blockade increased BP in 2K1C

AT1 receptors knockout mice indicating that, at least to some

extent and under specific conditions, AT2 receptors participate

in acute BP regulation [11].

Considering that low-intensity training is effective in

reducing high BP and in restoring the sensitivity of the

baroreflex bradycardia in 2K1C hypertensive rats, we postu-

lated that low-intensity training may induce changes in the

neuronal activity of the CVLM of 2K1C hypertensive model

mediated by Ang II. Most forms of hypertension, in which the

renovascular 2K1C is included, are related to an imbalance of

the depressor and pressor sympathetic pathways in the

medulla. Part of this imbalance appears to be due to the

inability of CVLM neurons to counterbalance the apparent

greater intrinsic pressor activity of RVLM neurons of hyper-

tension animals [10].

Other studies have shown that the brain RAS may be

involved in the early stages of 2K1C hypertension, inasmuch

as intracerebroventricular injection of Ang II antagonists such

as salarasin can reduce BP [24,47]. However, the participation

of the RAS at the CVLM in the hypertension is still

controversial. Muratani et al. [35] showed that microinjection
of Ang II in the CVLM produced depressor responses that were

significantly greater in SHR than in WKY rats. In contrast,

other studies have shown that SHR and WKY rats had similar

pressor and depressor responses to microinjection of Ang II

into the RVLM or into the CVLM, respectively [35,44]. In these

studies tonic sympathoinhibitory activity of the CVLM seems

smaller in young SHR than in age-matched WKY controls,

suggesting that in SHR, an abnormal inhibitory activity of the

CVLM would produce an increase in sympathetic and

neurogenic hypertension that characterizes the initial phase

of hypertension in these animals. Our results showed that Ang

II into the CVLM produced a significant decrease in MAP in

2K1C groups similar to that observed in Sham groups,

suggesting that there were no significant alteration of the

RAS in the CVLM of 2K1C.

Several studies [4,21] have evaluated the role of the VLM

areas on the adjustments that follows static skeletal contrac-

tion, however, few studies have assessed the interaction of the

RAS and VLM in exercise trained animals. We have previously

shown that exercise training induces changes in the Ang II

responsiveness at the RVLM of normotensive rats [6]. In

contrast, in present study, we have observed that the low-

intensity physical activity did not change the hypotensive

effects of Ang II microinjected into the CVLM in Sham or 2K1C

rats.

The AT2 receptor is moderately expressed in certain nuclei

involved in cardiovascular regulation, such as, locus coer-

uleus, paragigantocellular nucleus, medullary reticular

nucleus, lateral reticular nucleus, NTS and ambiguous nucleus

[28,50], however, its contribution to BP regulation in these

areas remains elusive. Few studies have described a direct role

of AT2 receptors in the cardiovascular effects elicit by brain

microinjection of Ang II [12,17,18,41,42,52–54]. In the present

study, we have shown that the AT2 Ang II antagonist,

PD123319, significantly attenuated Ang II effect at the CVLM

for up to 15 min in Sham sedentary, Sham trained, 2K1C

sedentary and 2K1C trained rats. These data suggest that AT2

receptor, at least in part, mediates the hypotensive action of

exogenously Ang II in the CVLM. Ambuhl et al. [3] showed that

Ang II microinjection into the inferior olivary nucleus (ION)

has a excitatory effect on a considerable number of ION

neurons and that this effect is mediated by AT2 receptors.

Although unlikely, we cannot completely rule out the

possibility that in our study, Ang II had also reached neurons

in ION.

Unexpectedly, microinjection of PD123319 at the CVLM

produced a depressor effect in 2K1C sedentary that was

attenuated in 2K1C trained rats. No significant changes in MAP

were observed after PD123319 in Sham rats, sedentary or

trained. One possibility for the unexpected effect of PD123319

could be an increase in the expression of AT1 receptor on the

CVLM of hypertensive rats as reported for the RVLM [19].

Therefore, the blockade of AT2 receptors by PD123319 would

increase the availability of Ang II for AT1 receptors at the CVLM

thus resulting in a greater hypotensive effect. However,

ongoing experiments in our laboratory do not support this

hypothesis since microinjection of the AT1 receptor antago-

nist, losartan, into the CVLM did not change MAP in 2K1C

hypertensive rats. Considering that in some instances

PD123319 can interfere with the response of other peptides
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or can present an agonistic effect [13,34,53]. Further studies are

necessary to clarify our present findings.

In summary, our results showed that low-intensity

physical activity that is effective in reducing high BP and in

restoring the sensitivity of the baroreflex bradycardia, does

not induce changes in the responsiveness to Ang II at CVLM of

normotensive or hypertensive, 2K1C rats. These results, on the

order hand, changes in the responsiveness to AT2 related

stimuli at the CVLM appears to be involved in the cardiovas-

cular effect of low-intensity physical activity and add new

significant insights into RAS mechanism involved in cardio-

vascular homeostasis and its adaptation to exercise in

renovascular hypertension.
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