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Effects of a New Calcium Channel Blocker, 
Azelnidipine, on Systemic Hemodynamics and 

Renal Sympathetic Nerve Activity in 
Spontaneously Hypertensive Rats

Takatomi SHOKOJI*, Yoshihide FUJISAWA**, Hideyasu KIYOMOTO***, 

Matlubur RAHMAN*,***, Guang-Ping SUN***, Yu-Yan FAN*, Shoji KIMURA*, 

Masakazu KOHNO***, Youichi ABE*, and Akira NISHIYAMA*

Antihypertensive treatment with dihydropyridine calcium channel blockers elicits sympathetic nerve activa-

tion, which may contribute to cardiovascular events. However, recent clinical studies showed that treatment

with azelnidipine, a new dihydropyridine calcium channel blocker, significantly reduced blood pressure in

hypertensive patients while either maintaining or actually decreasing heart rate (HR). In this study, we exam-

ined the effects of azelnidipine and amlodipine on systemic hemodynamics and renal sympathetic nerve

activity (RSNA) in anesthetized spontaneously hypertensive rats (SHR). We also examined the effects of

these agents on baroreflex functions by infusing phenylephrine (30 µg/kg/min, i.v.) and sodium nitroprus-

side (10 µg/kg/min, i.v.) into azelnidipine- or amlodipine-treated SHR. Fifty min after administration of azelni-

dipine (10 µg/kg/min for 10 min, i.v.), mean arterial pressure (MAP) significantly decreased from 153±5 to

122±5 mmHg; however, HR and integrated RSNA did not change significantly (from 352±9 to 353±10 beats/

min and 115±5% of baseline, respectively). Infusion of amlodipine (50 µg/kg/min for 10 min) elicited similar

effects on MAP (from 152±5 to 120±4 mmHg). However, amlodipine significantly increased HR (from 351±9

to 375±11 beats/min) and integrated RSNA (165±5% of baseline). Analyses of baroreflex function curves

revealed that azelnidipine-treated rats showed a smaller baroreflex function than amlodipine-treated rats

(p<0.05). These data suggest that azelnidipine possesses sympathoinhibitory effects, which may be one

reason why it had less pronounced effects on HR in hypertensive patients. (Hypertens Res 2005; 28: 1017–

1023)
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Introduction

Dihydropyridine calcium channel blockers (CCBs) have
potent antihypertensive effects with few adverse reactions
and are the most common antihypertensive drugs prescribed
in Japan (1). However, it has been revealed that nifedipine, a
short-acting dihydropyridine CCB, increases the risks of
ischemic heart disease (2, 3), a phenomenon that is thought to
be mainly related to its reflex responses, i.e., activation of the
sympathetic nervous system and tachycardia after rapid low-
ering of blood pressure (4). Therefore, the use of long-acting
dihydropyridine CCBs is generally recommended in hyper-
tensive patients (5, 6). Nevertheless, clinical studies in hyper-
tensive patients have reported inconsistent data regarding the
responses of sympathetic nerve activity and norepinephrine
(NE) release to conventional long-acting CCBs, such as coat-
core nifedipine or amlodipine (7−13). While some studies
showed that coat-core nifedipine or amlodipine did not affect
sympathetic nerve activity or plasma NE levels (7−11), other
studies reported increased effects during antihypertensive
treatment with these drugs (10−13).

Azelnidipine is a new dihydropyridine CCB that is highly
lipid soluble and has prolonged antihypertensive properties
(its plasma half life is about 15−21 h) (14). Arita et al. (15)
reported that antihypertensive treatment with azelnidipine for
4 weeks did not affect heart rate (HR) or plasma levels of epi-
nephrine and NE despite significant blood pressure reduction.
Recently, Kuramoto et al. (13) examined effects of azelnid-
ipine and amlodipine on blood pressure and HR using 24-h
monitoring with a portable automatic monitor system in
patients with essential hypertension. The authors observed
that both drugs had a similar stable antihypertensive effect
lasting for 24 h following administration. Of interest,
although amlodipine increased HR, azelnidipine significantly
decreased HR. These observations suggest that azelnidipine
possesses inhibitory effects on the autonomic system. How-
ever, to date, the response of sympathetic nerve activity to
azelnidipine treatment has not been investigated.

In the present study, we examined the effects of azelnid-
ipine on renal sympathetic nerve activity (RSNA) in sponta-
neously hypertensive rats (SHR). In addition, we compared
the effects of azelnidipine on RSNA with those of amlodipine
and sodium nitroprusside. Finally, we examined the effects of
azelnidipine and amlodipine on baroreflex functions by ana-
lyzing baroreflex function curves (16).

Methods

Animal Preparation

Experiments were performed in 13- to 14-week-old male
SHR (Charles River Japan, Inc., Yokohama, Japan). All sur-
gical and experimental procedures were performed according

to the guidelines and practices established by the Animal Care
and Use Committee of Kagawa University Medical School.
The surgical preparation of animals and basic experimental
techniques were identical to those previously described (16−
18). Briefly, rats were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.) and given additional doses as required. A
polyethylene catheter was inserted into the abdominal aorta
via the right femoral artery, and MAP and HR were continu-
ously monitored using a pressure transducer (model 361;
NEC−San-ei, Tokyo, Japan). A catheter was also inserted into
the inferior vena cava via the right femoral vein, and an iso-
tonic saline solution was infused at a rate of 2 ml/h for the
duration of stabilization and experiments. The left kidney was
exposed through a retroperitoneal flank incision. The renal
nerve branch was then isolated near the aortic-renal arterial
junction and placed on a Teflon-coated stainless steel bipolar
electrode. Thereafter, the renal nerve and electrode were cov-
ered with silicone rubber. Renal nerve discharge was ampli-
fied using a differential amplifier (AVB-10; Nihon Kohden,
Tokyo, Japan) with a band-pass filter. Amplified and filtered
signals were visualized on a dual-beam oscilloscope (VC-10;
Nihon Kohden), and monitored by an audio speaker. Output
from the amplifier was integrated by an integrator (model
1322; NEC−San-ei) with a 1-s resetting. Changes in nerve
activity were expressed as percentages of the control resting
spontaneous nerve activity.

Experimental Protocols

Effects of Azelnidipine, Amlodipine and Sodium Nitroprus-
side on Systemic Hemodynamics and RSNA
After a 60 min stabilization period following completion of
surgery, the experimental protocol was started by recording
basal MAP, HR and RSNA. Then, azelnidipine (Sankyo Co.,
Ltd., Tokyo, Japan) was intravenously administered for 10
min (10 μg/kg/min, n=10). After cessation of azelnidipine
infusion, MAP, HR and RSNA were continuously monitored
for more than 110 min. In a separate group of animals, amlo-
dipine (50 μg/kg/min, n=10) or sodium nitroprusside (3 μg/
kg/min, n=10) was infused intravenously for 10 min, and
MAP, HR and RSNA were continuously monitored in a sim-
ilar manner as in the azelnidipine group. Azelnidipine and
amlodipine were dissolved in dimethylformamide with an
isotonic saline solution (less than 0.1%, respectively), as
described previously (19). Sodium nitroprusside was dis-
solved in an isotonic saline solution. Preliminary experiments
showed that infusion of dimethylformamide or saline solution
did not alter MAP, HR or RSNA (n=3, respectively, data not
shown). Furthermore, we found that infusion of azelnidipine
(10 μg/kg/min) and amlodipine (50 μg/kg/min) for 10 min
decreased MAP to a similar extent in SHR (n=3, respec-
tively, data not shown). Doses of amlodipine and sodium
nitroprusside were determined on the basis of results from
previous studies on rats (16, 20).
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Effects of Phenylephrine or Sodium Nitroprusside on Sys-
temic Hemodynamics and RSNA after Treatment with
Azelnidipine or Amlodipine
After recording basal MAP, HR and RSNA, azelnidipine (10
μg/kg/min, n=10) was infused for 10 min, as described
above. Ninety min after the end of azelnidipine infusion, phe-
nylephrine (30 μg/kg/min, n=5) or sodium nitroprusside (10
μg/kg/min, n=5) was infused intravenously, and MAP, HR
and RSNA were continuously monitored. In a separate group
of animals, amlodipine (50 μg/kg/min, n=10) was infused
intravenously for 10 min in a similar manner as azelnidipine.
Ninety min after cessation of amlodipine infusion, phenyl-
ephrine (30 μg/kg/min, n=5) or sodium nitroprusside (10 μg/
kg/min, n=5) was administered. Both phenylephrine and
sodium nitroprusside were dissolved in isotonic saline solu-
tion. In preliminary experiments, we observed that the
response of MAP to azelnidipine and amlodipine peaked at 60
min after infusion, and remained stable for more than 60 min
(n=4, respectively, data not shown). Doses of sodium nitro-
prusside and phenylephrine were determined on the basis of
results from previous studies on rats (16).

Statistical Analysis

Values are presented as the means±SEM. Statistical compar-
isons of differences were performed using a one-way or two-
way analysis of variance for repeated measures combined
with a Newman-Keuls post hoc test. Values of p<0.05 were
considered to indicate statistical significance.

Results

Responses of Systemic Hemodynamics and
RSNA to Azelnidipine, Amlodipine or Sodium
Nitroprusside

Typical responses of systemic hemodynamics and RSNA to
administration of azelnidipine and amlodipine are shown in
Fig. 1. Intravenous infusion of azelnidipine and amlodipine
for 10 min significantly decreased MAP from 153±5 to
138±6 mmHg and from 152±5 to 140±5 mmHg, respec-
tively. On the other hand, significant changes in HR and
RSNA were not observed during infusion of azelnidipine or
amlodipine (Fig. 2). Intravenous infusion of sodium nitro-
prusside rapidly decreased MAP by 29±4 mmHg and
increased HR and RSNA by 42±5 beats/min and 135±5%,
respectively (at 10 min infusion for each, Fig. 2).

After cessation of azelnidipine or amlodipine infusions,
MAP continued to decrease (Fig. 2). The azelnidipine- and
amlodipine-induced MAP reductions peaked at about 50 min
after infusion cessation (122±5 and 120±4 mmHg, respec-
tively). In azelnidipine-treated animals, significant changes in
HR and integrated RSNA were not observed during the
experimental period. However, HR and RSNA were signifi-
cantly increased in amlodipine-treated animals (by 24±3
beats/min and 65±5% at 50 min after end of infusion, respec-
tively, Fig. 2). On the other hand, sodium nitroprusside-
induced changes in MAP, HR and RSNA returned to the con-
trol levels immediately after cessation of infusion (Fig. 2).

Fig. 1. Typical responses of blood pressure (BP), mean arterial pressure (MAP), heart rate (HR), renal sympathetic nerve
activity (RSNA), and integrated RSNA to azelnidipine and amlodipine in spontaneously hypertensive rats (SHR). Azelnidipine
and amlodipine were dissolved in dimethylformamide with an isotonic saline solution (less than 0.1%, respectively).
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Responses of Systemic Hemodynamics and
RSNA to Phenylephrine and Sodium Nitroprus-
side after Treatment with Azelnidipine or Amlo-
dipine

The effects of azelnidipine on baroreflex functions were
examined by infusing phenylephrine and sodium nitroprus-
side, as described previously (16). Ninety min after the end of
azelnidipine infusion, MAP was 120±3 mmHg. Intravenous

infusion of phenylephrine significantly increased MAP and
decreased RSNA. When phenylephrine-induced increases in
MAP reached 20 and 40 mmHg in azelnidipine-treated SHR,
RSNA decreased by 10±3% and 17±3%, respectively (Fig.
3). On the other hand, sodium nitroprusside significantly
decreased MAP and increased RSNA in azelnidipine-treated
SHR. When sodium nitroprusside decreased MAP by 20 and
40 mmHg, RSNA was increased by 5±2% and 6±1%,
respectively (Fig. 3). In amlodipine-treated SHR, basal MAP
was similar to that in azelnidipine-treated animals (119±3
mmHg). When the phenylephrine-induced increases in MAP
reached 20 and 40 mmHg in amlodipine-treated SHR, RSNA
was decreased by 11±5% and 39±4%, respectively (Fig. 3).
On the other hand, when sodium nitroprusside decreased
MAP by 20 and 40 mmHg, RSNA was increased by 9±2%
and 17±4%, respectively (Fig. 3). Based on group compari-
sons, the magnitude of the phenylephrine-induced reduction
in RSNA in amlodipine-treated animals was significantly
greater than that in azelnidipine-treated animals (p<0.05, Fig.
3). Similarly, the magnitude of the nitroprusside-induced
increase in RSNA in amlodipine-treated animals was signifi-
cantly greater than that in azelnidipine-treated animals
(p<0.05, Fig. 3).

Discussion

Dihydropyridine CCBs have been shown to cause reflex sym-
pathetic stimulation and tachycardia in association with a
decrease in blood pressure (4, 21), and this increased cardiac
workload has been considered responsible for their limited
preventive effects against cardiac complications (2, 3). How-
ever, recent clinical studies indicated that tachycardia was not
associated with the antihypertensive effects of azelnidipine, a
new lipophilic dihydropyridine CCB (13, 15). The present
study provided the first evidence that azelnidipine had less
pronounced effects on sympathetic nerve activity in SHR
compared to other CCBs, despite a significant blood pressure
reduction. These data along with those of recent clinical stud-
ies (13, 15) indicate that azelnidipine avoids the disadvan-
tages of conventional CCBs, including adverse effects on the
heart, and might, therefore, be beneficial for treating hyper-
tensive patients.

The slow and prolonged antihypertensive action of long-
acting CCBs might be responsible for their inhibitory effects
on reflex nerve stimulation (22). In the present study, we
compared the effects of another long-acting dihydropyridine
CCB, amlodipine, on HR and RSNA with those of azelnid-
ipine. Several clinical studies previously reported that antihy-
pertensive treatment with amlodipine had no effects on either
sympathetic nerve activity or HR (7−10). However, it has also
been shown that amlodipine treatment significantly increased
HR and plasma NE levels (11−13). The reasons for these dis-
crepancies among clinical observations are not clear; how-
ever, they may be due to differences in the experimental
settings, including the patient populations, the patient back-

Fig. 2. Effects of intravenous infusions of azelnidipine,
amlodipine or sodium nitroprusside on MAP, HR and inte-
grated RSNA in SHR. Azelnidipine or amlodipine infusion for
10 min gradually decreased MAP, but did not change HR
and RSNA. On the other hand, sodium nitroprusside rapidly
decreased MAP and increased HR and RSNA. After cessation
of azelnidipine or amlodipine infusion, MAP decreased fur-
ther. In azelnidipine-treated animals, significant changes in
HR and integrated RSNA were not observed during the
experimental period. However, HR and RSNA significantly
increased in amlodipine-treated animals. On the other hand,
the sodium nitroprusside-induced decrease in MAP and
increases in HR and RSNA returned to the control values
immediately after cessation of infusion. *p<0.05 vs. baseline
(0 min). †p<0.05: azelnidipine vs. amlodipine.
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grounds, and the durations or doses of amlodipine treatment.
In the present study, we observed that in anesthetized SHR,
systemic administration of amlodipine resulted in a similar
slow and prolonged blood pressure reduction in response to
azelnidipine. However, amlodipine significantly increased
HR and RSNA, whereas azelnidipine did not affect these
parameters. Thus, azelnidipine showed lesser effects on sym-
pathetic nerve activity, which might not be simply explained
by its slow and prolonged antihypertensive action.

Dihydropyridine CCBs have high binding affinity to L-type
calcium channels (23). However, it has also been reported
that some dihydropyridine CCBs, including amlodipine,
blocked N-type and T-type calcium channels (24−26), which
might then suppress sympathetic stimulation and atrial con-
duction, respectively (23). Koike et al. (14) used a patch-
clamp technique and examined effects of azelnidipine on N-
type and T-type calcium channels in PC12 cells. The authors
showed that azelnidipine minimally affected N-type and T-
type calcium channels (14). In the present study, we exam-
ined the effects of these agents on baroreflex functions by
infusing phenylephrine and sodium nitroprusside. We
observed that phenylephrine- or nitroprusside-induced
changes in blood pressure were similar in azelnidipine- and
amlodipine-treated SHR. However, the magnitudes of the
phenylephrine-induced reductions in HR and RSNA in amlo-
dipine-treated SHR were significantly greater than those in
azelnidipine-treated SHR. Similarly, the magnitudes of
sodium nitroprusside-induced increases in HR and RSNA in
amlodipine-treated SHR were significantly greater than those
in azelnidipine-treated SHR. These data suggest that the sym-
pathoinhibitory effects of azelnidipine are mediated, at least

in part, through inhibition of baroreflex functions. However,
the precise mechanisms by which azelnidipine exerts its sym-
pathoinhibitory effects on baroreflex functions are still not
clear.

A growing body of evidence suggests that reactive oxygen
species (ROS) are involved in the regulation of sympathetic
nerve activity (17, 18, 27, 28). We previously showed that
systemic administration of the superoxide dismutase (SOD)
mimetic, tempol, resulted in decreases in MAP and HR along
with a reduction in RSNA (17, 18). We also showed that these
parameters were significantly increased by systemic adminis-
tration of the SOD inhibitor, diethyldithio-carbamic (DETC).
Gao et al. (27) showed that intracerebroventricular adminis-
tration of tempol or the NADPH oxidase inhibitor, apocynin,
decreased RSNA in rabbits with chronic heart failure. In the
same study, they showed that intracerebroventricular admin-
istration of DETC significantly increased RSNA in these ani-
mals (27). These observations suggest that ROS serve as
important regulators of the sympathetic nervous system.
Interestingly, Shinomiya et al. (29) showed that azelnidipine
exhibited a stronger anti-oxidative activity in human endothe-
lial cells than amlodipine or nifedipine. Similarly, azelnid-
ipine inhibited tumor necrosis factor-α−induced NADPH
oxidase activation in endothelial cells (30). Therefore, it is
interesting to speculate that some of the sympathoinhibitory
effects of azelnidipine are mediated via its antioxidative
activity. Obviously, however, further studies will be needed
to address these issues.

In conclusion, the results in the present study suggest that
azelnidipine elicits sympathoinhibitory effects through a
reduction in baroreflex functions, which might be one reason

Fig. 3. Effects of azelnidipine and amlodipine on baroreflex functions were examined by infusion of phenylephrine and sodium
nitroprusside. The magnitude of the phenylephrine-induced reduction in RSNA in amlodipine-treated SHR was significantly
greater than that in azelnidipine-treated SHR. Similarly, the magnitude of the nitroprusside-induced increase in RSNA in amlo-
dipine-treated SHR was significantly greater than that in azelnidipine-SHR. *p<0.05: azelnidipine vs. amlodipine.
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for its less pronounced effects on HR in hypertensive patients
compared to other CCBs. It is possible that azelnidipine
avoids the disadvantages of conventional CCBs, including
their adverse effects on the heart, and may, therefore, be ben-
eficial for treating hypertensive patients. However, further
studies will be needed to investigate the likelihood of adverse
reactions, including orthostatic hypotension, in azelnidipine-
treated hypertensive patients.
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