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Baroreflex in rats with chronic renal hypertension

Acute AT1 receptor blockade does not
improve the depressed baroreflex in
rats with chronic renal hypertension
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Abstract

To assess the role of angiotensin II in the sensitivity of the baroreflex
control of heart rate (HR) in normotensive rats (N = 6) and chronically
hypertensive rats (1K1C, 2 months, N = 7), reflex changes of HR were
evaluated before and after (15 min) the administration of a selective
angiotensin II receptor antagonist (losartan, 10 mg/kg, iv). Baseline
values of mean arterial pressure (MAP) were higher in hypertensive
rats (195 ± 6 mmHg) than in normotensive rats (110 ± 2 mmHg).
Losartan administration promoted a decrease in MAP only in hyper-
tensive rats (16%), with no changes in HR. During the control period,
the sensitivity of the bradycardic and tachycardic responses to acute
MAP changes were depressed in hypertensive rats (~70% and ~65%,
respectively) and remained unchanged after losartan administration.
Plasma renin activity was similar in the two groups. The present study
demonstrates that acute blockade of AT1 receptors with losartan
lowers the MAP in chronic renal hypertensive rats without reversal of
baroreflex hyposensitivity, suggesting that the impairment of barore-
flex control of HR is not dependent on an increased angiotensin II
level.
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In chronic hypertension, the threshold of
the arterial baroreceptors is reset to the high
resting arterial pressure, and a significant
reduction occurs in arterial baroreceptor gain
that could be responsible in part for the
impairment of the baroreflex control of heart
rate (HR) observed in several forms of chronic
hypertension (1-5). In rats with chronic renal
hypertension (1K1C, 2 months), the pressure
threshold for baroreceptor activation is reset
to hypertensive levels and is accompanied by
a depressed sensitivity of the arterial barore-
ceptor afferents (36%) (6). The impairment

of the baroreceptor reflexes has been associ-
ated with chronic renin-angiotensin system
overactivity (3). The renin-angiotensin sys-
tem has been involved in the modulation of
HR responses in chronic renal hypertension
and in the other models of high-renin hyper-
tension (1,3). Angiotensin II has also been
shown to centrally modulate the reflex brady-
cardia of spontaneously hypertensive and
normotensive control rats (4), impairing the
reflex bradycardia during transient increases
in pressure without changing blood pressure
levels. Although many studies have reported
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only transient increases in plasma renin ac-
tivity in the 1K1C model of renal hyperten-
sion, persistent increases in plasma renin
activity may also occur in this model de-
pending on the severity of hypertension (7).

The actions of angiotensin II are medi-
ated by the interactions of this peptide with
specific receptors that have been classified
into two major types: AT1 and AT2. AT1
receptors have been associated with all of
the known cardiovascular and renal effects
of angiotensin II (8). Losartan, the first
nonpeptide angiotensin II receptor antago-
nist, exerts its antihypertensive actions
through the inhibition of angiotensin II bind-
ing to AT1 receptors (9,10). Moreover, lo-
sartan crosses the blood-brain barrier in vivo
blocking the AT1 receptor in different brain
nuclei, including the nucleus tractus solita-
rius and dorsal motor nucleus of the vagus
nerve (11).

The present experiment was undertaken
to analyze the sensitivity of the baroreflex
control of HR, bradycardia, and tachycardia
reflex in male rats with chronic (2 months)
1K1C renal hypertension (N = 7) during the
control period and after acute (15 min) ad-
ministration of losartan (10 mg/kg, iv). On
the day before the experiment, catheters were
fitted into the rats� right femoral artery and
vein for blood pressure measurements and
drug injection. To evaluate the baroreflex
control of HR, changes in mean arterial pres-
sure (MAP) (±10 to ±40 mmHg) were pro-
duced by increasing doses of phenylephrine
and sodium nitroprusside (0.25 to 16 µg/ml)
administered by bolus injections (0.1 ml) to
conscious unrestrained rats. The relation-
ship between changes in arterial pressure
and changes in HR was assessed by mean
index, linear regression analysis, and by the
logistic method (maximum gain of the sig-
moid curve by a logistic function), which has
the advantage of providing a better compari-
son of the baroreflex sensitivity of animals
with different basal blood pressure levels
(12). The mean index of baroreflex sensitiv-

ity for each rat was calculated as the mean
value of all points (DHR/DMAP) for the
bradycardic responses, and another index
was calculated for the tachycardic responses.
The regression coefficient (slope) was deter-
mined for each rat by fitting a separate linear
regression line through the points over a
wide range for the bradycardia and tachycar-
dia responses. In the logistic function (sig-
moid curve), all data points for the bradycar-
dic and tachycardic responses were plotted
after the alterations in blood pressure using a
specially developed computer program to fit
the logistic function relating MAP to HR
(12). The same data points obtained after
blood pressure alteration and the correspond-
ing HR alteration were used to calculate the
index, the linear regression, and the sigmoid
curve. For the plasma renin activity assay,
free-flowing blood (~1 ml) was collected
from conscious unrestrained rats one day
after the end of the experiments. The results
are reported as mean ± SEM, and the Student
t-test was used to compare groups, with dif-
ferences considered significant at P<0.05.

The MAP of the hypertensive rats was
195 ± 6 mmHg compared with 110 ± 2
mmHg for the normotensive control rats (N
= 6). After acute administration of losartan,
the MAP of the hypertensive rats decreased
significantly to 164 ± 11 mmHg, with no
change in HR (354 ± 21 vs 385 ± 20 bpm). In
normotensive rats the MAP after losartan
was not significantly different (104 ± 5
mmHg), and the HR increased slightly but
not significantly (373 ± 20 vs 324 ± 12 bpm)
(Figure 1).

During the control period, the baroreflex
index (average DHR/DMAP) for the brady-
cardic responses was reduced in the hyper-
tensive rats, corresponding to 27% of the
values of normotensive rats (0.4 ± 0.1 vs 1.5
± 0.2 bpm/mmHg). After losartan, the index
of the reflex bradycardia sensitivity remained
unchanged in both groups (hypertensive rats:
0.5 ± 0.1 bpm/mmHg and normotensive rats:
1.4 ± 0.2 bpm/mmHg). The sensitivity of the
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reflex bradycardia analyzed by linear regres-
sion was also depressed in the hypertensive
rats (0.5 ± 0.1 bpm/mmHg), corresponding
to 28% of the normotensive rat values (1.8 ±
0.5 bpm/mmHg). After losartan, the regres-
sion coefficient for bradycardic reflex sensi-
tivity remained unchanged in hypertensive
rats (0.5 ± 0.2 mmHg) and normotensive rats
(1.7 ± 0.4 bpm/mmHg) (Figure 2A).

The baroreflex index (average DHR/
DMAP) for the tachycardic responses during
the control period was depressed in the hy-
pertensive rats (1.4 ± 0.5 bpm/mmHg) com-
pared to normotensive rats (4.0 ± 0.4 bpm/
mmHg) (35% of the normotensive rat val-
ues). After losartan, the index remained un-
changed in both hypertensive and normoten-
sive rats (2.0 ± 0.6 and 3.1 ± 0.3 bpm/mmHg,
respectively). Linear regression analysis
showed that the sensitivity of the tachycardic
reflex was also depressed in hypertensive
rats (1.9 ± 0.9 bpm/mmHg) when compared
to normotensive rats (5.1 ± 1.7 bpm/mmHg)
(37% of the normotensive rat values). After
losartan, the regression coefficient for the
tachycardic reflex remained unchanged in
both the hypertensive (2.6 ± 1.1 bpm/mmHg)
and normotensive rat groups (3.7 ± 0.7 bpm/
mmHg) (Figure 2B).

The average gain in the sensitivity of the
baroreflex control of HR during the control
period was analyzed by logistic function,
which showed depression in hypertensive

rats (2.6 ± 0.6) compared with normotensive
rats (5.6 ± 0.7). After losartan administra-
tion, the average gain remained unchanged
in both groups (2.2 ± 0.5 in hypertensive rats
and 4.0 ± 0.5 in normotensive rats) (Figure
2C).

Plasma renin activity was measured in
the hypertensive rat group (1.6 ± 0.4 ng
angiotensin I/ml) and was similar to that in
normotensive rats (2.6 ± 0.7 ng angiotensin I/
ml).

The present study demonstrates that acute
blockade of AT1 receptors with losartan
lowers blood pressure in 1K1C hypertensive
rats having a normal level of plasma renin
activity. Although in this study plasma renin
activity was within the range of normal val-
ues, a significant increase was observed in
aortic and mesenteric angiotensin convert-
ing enzyme activity and aortic angiotensin II
levels in rats with chronic 1K1C hyperten-
sion, suggesting that local generation of an-
giotensin II may be increased in arteries
from 1K1C hypertensive rats. In addition, an
angiotensin converting enzyme inhibitor,
enalapril, acutely administered intravenously
to unanesthetized rats, significantly lowered
the blood pressure of chronic 1K1C hyper-
tensive rats (13). Increased local concentra-
tion of angiotensin II may participate in the
maintenance of vascular tone and hyperten-
sion. In fact, renin-angiotensin system in-
hibitors showed significant depressor effects

Figure 1 - Mean arterial pressure
(MAP) and heart rate (HR) of
conscious normotensive control
rats (NCR) or chronic 1K1C renal
hypertensive rats (RHR), before
and after acute administration of
losartan (10 mg/kg, iv). *P<0.05
compared to before losartan
(Student t-test).
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Figure 2 - Baroreflex sensitivity
of conscious normotensive con-
trol rats (NCR) or chronic 1K1C
renal hypertensive rats (RHR),
determined by mean index and
linear regression for bradycardic
(A) and tachycardic (B) re-
sponses, and by logistic function
(C) before (Pre) and after (Post)
acute administration of losartan
(10 mg/kg, iv). *P<0.05 com-
pared to normotensive rats (Stu-
dent t-test). AG, Average gain.
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when vascular renin, but not plasma renin,
was high, indicating that angiotensin II gen-
erated by renin in vascular tissue exerts a
significant pressor effect (14,15). So the hy-
potensive effect of losartan in 1K1C hyper-
tensive rats can be attributed to the inhibi-
tion of the AT1 receptor on vascular smooth
muscle that reduces vascular tone.

When AT1 is blocked, this effect on vas-
cular tone and cell growth is increased by
additional effects of the AT2 receptor when
exposed to increased angiotensin II concen-
trations (16). In fact, it has been demon-
strated that AT1 receptor antagonists such as
losartan might reduce blood pressure not
only by blockade of AT1 receptors, but also
through the stimulation of AT2 receptors by
excess angiotensin II causing vasodilatation
(17). This vasodilatation may be mediated
by renal nitric oxide production through stim-
ulation by angiotensin II at the angiotensin
AT2 receptor (18).

The present data showed blood pressure
reduction and no reversal of the hyposensi-
tivity of the baroreflex by acute losartan
treatment. Impairment of reflex bradycardia
has been described in several models of
chronic hypertension such as renal (1-3),
spontaneous (4), and essential hypertension
(5), and a possible role for the renin-angio-
tensin system was always suggested. This
assumption was based on the ability of an-
giotensin II to exert inhibitory influences on
baroreceptor reflex control of HR as ob-

served in rats (4). The ability of angiotensin
II to exert inhibitory influences on barore-
ceptor reflex control of HR has been ob-
served by several authors (2,4,11,19), but in
many of those experiments an increased
plasma angiotensin II concentration existed.
Indeed, we demonstrated in previous studies
that in high-renin hypertension the acute
administration of losartan is effective in re-
versing the depressed baroreceptor reflex
bradycardia (11). Chronic administration of
losartan also reverses baroreflex tachycardia
(18). Moreover, losartan improves the sensi-
tivity of afferent aortic nerve activity (20) in
hypertensive coarcted rats during loading
and unloading of receptors in the physiologi-
cal range of pressure changes. Although a
great deal of evidence exists showing the
role of the renin-angiotensin system in barore-
ceptor sensitivity, the actual role of the tis-
sue renin-angiotensin system was not con-
sidered.

In the present study, losartan reduced
blood pressure, but this reduction did not
improve the baroreflex control of HR. In
fact, in previous studies we demonstrated
that in the time frame of the present experi-
ment (15 to 45 min after pressure normaliza-
tion) we could not expect a marked improve-
ment in the hyposensitivity of the peripheral
baroreceptors present in this model of hyper-
tension by reducing the level of hyperten-
sion.
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