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Synopsis
The activation of the renin–angiotensin system (RAS) is one of the unfavourable characteristics of calcium channel
blocker (CCB). N type calcium channel is thought to be involved in renin gene transcription and adrenal aldosterone
release. Accordingly, N/L type CCB has a possibility of less elevation of plasma aldosterone concentrations (PAC)
among CCBs. In a monotherapy study, we had already demonstrated that N/L type CCB leads to less activation of the
RAS compared with L type CCB. The objective of this study is to substantiate the hypothesis that at the condition of
additive administration on the top of an angiotensin receptor blocker (ARB), still N/L type CCB leads to less elevation
of PAC compared with L type one. Subjects were 60 hypertensives administered with valsartan. As an open label study,
amlodipine (L type) or cilnidipine (N/L type) were administered on the top of valsartan (ARB) in a cross-over manner.
Results were as follows (valsartan + amlodipine compared with valsartan + cilnidipine): systolic blood pressure
(SBP)/diastolic blood pressure (DBP) (mmHg): 132 +− 10/76 +− 10 compared with 131 +− 10/77 +− 9, P = 0.95/0.48,
plasma renin activity (PRA) (ng/ml·h): 2.41 +− 2.67 compared with 2.00 +− 1.50 P = 0.20, PAC (pg/ml): 77.3 +− 31.0
compared with 67.4 +− 24.8, P < 0.05, urinary albumin excretion (UAE) (mg/gCr): 105.9 +− 216.1 compared with
73.9 +− 122.2, P < 0.05. Thus, PAC at cilnidipine was significantly lower than those at amlodipine in spite of the
comparable BP reductions. Besides, UAE was significantly lower at cilnidipine. In conclusion, on the top of the ARB, it
is suggested that cilnidipine administration might lead to less elevation of PAC and reduction in UAE compared with
amlodipine.
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INTRODUCTION

Calcium channel blocker (CCB) is one of the most useful anti-
hypertensive agents in respect of sure anti-hypertensive effect
and no crucial adverse effect. However, the activation of the
renin–angiotensin system (RAS) is one of the unfavourable char-
acteristics of CCB in a stand point of organ protection, because
the RAS plays major roles in blood pressure (BP) regulation and
electrolyte metabolism [1], at the same time, the over-activation
of the RAS is thought to play pivotal roles in the pathophysiology

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: ANP, atrial natriuretic peptide; ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel blocker; CKD, chronic kidney disease; CVD, cardiovascular
disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; PAC, plasma aldosterone concentrations; PRA, plasma renin activity; RAS, renin–angiotensin system; UAE,
urinary albumin excretion.
1 To whom correspondence should be addressed (email konosita@u-fukui.ac.jp).

of cardiovascular [2], renal [3] and metabolic conditions [4]. The
activation of the system by CCB is thought to be inevitable mainly
via sympathetic nerve activation which activates the human renin
gene transcription [5–7]. At the same time, N type calcium chan-
nel is thought to be involved in aldosterone release from adrenal
cortex [8]. Thus, N/L type CCB, which is classified as the fourth
generation CCB according to sympathetic nerve effects [9], has
a probability of less activation of the RAS among CCBs. Actu-
ally, in a monotherapy study, we had already demonstrated that
this type of CCB, cilnidipine, leads to less activation of the RAS
compared with L type CCB [10]. And it was shown that this
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Figure 1 The flow chart of the study of the comparison study of two types of Ca channel blockers on the top of ARB

type of CCB, cilnidipine, prevents the reflex up-regulation of
plasma aldosterone levels [11].

Recently, for the organ-protective hypertension therapy, an-
giotensin receptor blocker (ARB) is often selected as the first
line agent and CCB is added as a complementary agent. Thus it
should be a clinically important issue whether the RAS activa-
tion and UAE levels are different among L type CCB and N/L
type CCB. Thereby, we substantiated the hypothesis whether at
the condition of additive administration on the top of an ARB,
still N/L type CCB leads to less activation of the RAS, espe-
cially plasma aldosterone concentrations (PAC) compared with
L type CCB.

MATERIALS AND METHODS

Subjects and treatment
Subjects were recruited from 2007 January to 2013 September.
Subjects with age less than 20 years old, secondary hypertension,
acute phase disorder and severe organ failure were excluded. We
had assessed for eligibility for the study on 68 subjects, who did
not obtain the targeted BP (generally 140/90 mmHg) by valsartan
alone and enrolled 60 consecutive hypertensives administered
with valsartan of our out clinic into the study. All subjects were
Japanese. At the out clinic in the morning time, on each occa-
sion, BP was taken at least three readings with an automated
digital device (Terumo, ES-H51) at sitting position. If readings
varied more than 5 mmHg, additional readings were taken until
the last two were close with in the 5 mmHg according to general
guidelines for hypertension care. BP measurements were tried
to be performed in the same way every visit. The body mass
index (BMI) was calculated as the weight in kilograms divided
by the square of the height in meters. Metabolic syndrome was
diagnosed according to the criteria of the Japan atherosclerosis
society. Diabetes mellitus (DM) was diagnosed according to the
criteria of the World Health Organization. Dyslipidaemia was dia-
gnosed according to the criteria of the International Diabetes Fed-
eration. Chronic kidney disease (CKD) was diagnosed according
to the criteria of the Japanese society of nephrology. Diabetic sub-
jects, 53.3 % of the total subjects, continued to receive their usual
care for diabetes. A target glycated haemoglobin level of less than
7.0 % was recommended for all subjects. Arterial hypertension
was defined as a systolic blood pressure (SBP) of 140 mmHg or
more or a diastolic blood pressure (DBP) of 90 mmHg or more on

Table 1 Characteristics of subjects at valsartan
administration*
*Plus–minus values are means +− S.D. †The body-mass index
is the weight in kilograms divided by square of the height in
meters. ‡Values shown are medians (interquartile ranges).

Characteristics

Number 60

Age, year 65.6 +− 10.7

Male sex, no. (%) 33 (55.0 %)

Body-mass index† 24.8 +− 3.5

Waist circumference, cm 87.2 +− 8.7

Metabolic syndrome, no. (%) 29 (48.3 %)

Diabetes mellitus, no. (%) 32 (53.3 %)

Dyslipidaemia, no. (%) 34 (56.7 %)

Chronic kidney disease, no. (%) 44 (73.3 %)

Glucose, mg/dl 134.5 +− 55.3

Glycosylated haemoglobin, % 6.76 +− 1.48

Triacylglycerol, mg/dl‡ 107.0 (85.0–144.5)

Cholesterol, mg/dl

High-density lipoprotein‡ 53.0 (42.0–62.5)

Low-density lipoprotein 124.5 +− 30.2

eGFR, ml/min/1.73 m2 72.0 +− 19.3

Angiotensin converting enzyme, IU/l 14.9 +− 4.1

two separate occasions. The study was undertaken in accordance
with the Declaration of Helsinki Principles and informed con-
sent for participation was obtained from individuals. The clinical
characteristics at valsartan administration were summarized in
Tables 1 and 2.

As an open label study, on the top of valsartan (ARB) admin-
istration, the additive amlodipine (L type CCB) or cilnidipine
(N/L type CCB) was administered for 12 weeks each in a cross-
over manner by randomized turn with a table as a combination
therapy without washout periods (Figure 1). Amlodipine was ad-
ministered from starting from 5 mg and titrated up to 10 mg or
cilnidipine was administered from starting from 10 mg and ti-
trated up to 20 mg to achieve a target BP in an intention to treat
manner. Actually the subjects were seen twice or thrice in each
period and the dose were titrated. No diuretic was administered
in the study period. Just before the CCB addition, the items
shown in Table 1 were examined. At the complete baseline, sole
valsartan administration state and after the additive CCB admin-
istration, the items shown in Table 2 were examined. Estimated
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Table 2 Baseline characteristics and effects of amlodipine and cilnidipine*
* Plus–minus values are means +− S.D. † The differences between amlodipine and cilnidipine administration on the top of valsartan were
analysed by Student’s t test or Wilcoxon signed rank test as appropriate. Actually differences about urinary data were tested by Wilcoxon
signed rank test. All P values are two-sided. ‡ P < 0.05 for the comparison with baseline. § P < 0.05 for the comparison with the state of
valsartan alone. || Values shown are medians (interquartile ranges).

Characteristics Baseline Valsartan
Valsartan and
amlodipine

Valsartan and
cilnidipine P value†

Blood pressure, mmHg

Systolic 162 +− 18 145 +− 16‡ 132 +− 10‡§ 131 +− 10‡§ 0.95

Diastolic 93 +− 12 87 +− 10‡ 76 +− 10‡§ 77 +− 9‡§ 0.48

Pulse rate, beats/min 73 +− 14 73 +− 12 74 +− 12 73 +− 13 0.32

Serum sodium, mEq/l 141 +− 2 141 +− 2 141 +− 2 141 +− 2 0.49

Serum potassium, mEq/l 4.1 +− 0.3 4.1 +− 0.4 4.2 +− 0.5 4.2 +− 0.5 0.86

Serum chloride, mEq/l 105 +− 3 105 +− 2 106 +− 2 105 +− 3 0.22

Serum creatinine, mg/dl 0.80 +− 0.33 0.79 +− 0.31 0.83 +− 0.35 0.83 +− 0.34 0.94

Urinary sodium excretion,
mEq/creatinine||

137 (99–289) 171 (112–271) 150 (94–235) 199 (104–264) 0.05

Urinary potassium
excretion,
mEq/creatinine||

46 (31–75) 51 (38–76) 45 (36–71) 51 (37–70) 0.80

Urinary chloride excretion,
mEq/creatinine||

166 (104–296) 179 (130–294) 168 (102–263) 198 (116 –273) 0.16

PRA, ng/ml·h 0.64 +− 0.56 1.50 +− 2.14‡ 2.41 +− 2.67‡§ 2.00 +− 1.50 ‡§ 0.20

Plasma ANP, pg/ml 32.2 +− 17.5 33.3 +− 23.2 38.1 +− 27.5 38.7 +− 25.2 0.79

glomerular filtration rate (eGFR) was calculated according to
the formula for Japanese subjects: eGFR (ml/min/1.73 m2) =
194 × Cr− 1.094 × Age− 0.287 (× 0.739, in the case of female).
After 15 min rest in the supine position, blood samples were
drawn for the measurement at our out clinic in the morning.
Ideally sampling should be done on the same time of the day for
RAS components measurements. However, there was a limit for
actual practice on out clinic. For avoiding cold activation and de-
gradation of humoral factors, the plasma samples were frozen as
soon as possible. For plasma renin activity (PRA) measurement
sample were incubated 37 ◦C for adequate hours and generated
angiotensin I was measured by radioimmunoassay (Bio Medical
Laboratories). PAC and atrial natriuretic peptide (ANP) were as-
sayed by radioimmunoassay (Bio Medical Laboratories). Urinary
albumin excretion (UAE) was measured by immunoturbidimetry
(Siemens Healthcare K. K.).

Statistical analysis
The sample size of the study was calculated estimating a standard
deviation for the PAC of about 25; a difference to be detected
between groups of 10 pg/ml and used a bilateral paired Student’s
t test with protection against type I error of 5 % and 80 % of power.
From Altman’s nomogram with 2δ/σ d value for paired t test, it
was calculated tentatively the study required around 50 subjects
in total. Statistical analyses were performed with SPSS Version
22.0 (SPSS Japan). Data were presented as numbers, percentages,
means +− S.D. or medians (interquartile ranges), as appropriate.
The differences between two paired continuous variables were
analysed by Student’s t test fundamentally or Wilcoxon signed

rank test appropriately. The difference in PAC and UAE were
analysed by repeated measures ANOVA.

RESULTS

Final doses of amlodipine besilate and cilnidipine were
6.0 +− 2.6 mg/day and 13.0 +− 4.8 mg/day, respectively. On the
top of valsartan, a total number of 60 subjects received com-
bination therapy with amlodipine or cilnidipine by turns in a
cross-over manner for 12 weeks each, so that the study lasted
24 weeks totally. No serious adverse effect occurred in the study
term. Changes in clinical and biochemical characteristics with
drugs administration are summarized in Table 2.

At the original baseline, which means the state just before the
beginning of anti-hypertensive therapy with valsartan as a rep-
resentative ARB, BP revealed to be 162 +− 18/93 +− 12 mmHg,
retrospectively. With valsartan administration, BP had been sig-
nificantly reduced to 145 +− 16/87 +− 10. PRA had been signi-
ficantly augmented from 0.64 +− 0.56 to 1.50 +− 2.14. PAC had
been significantly reduced from 78.9 +− 34.6 to 63.1 +− 31.9 (Fig-
ure 2). UAE had been significantly reduced from 300.1 +− 85.5
(S.E.) to 114.9 +− 24.6 (S.E.) (Figure 3). In these 60 cases, the
aimed BP could not be obtained with valsartan administration
only. Accordingly, CCBs were added.

With both of CCBs administration, significant reductions
in systolic and diastolic BP were achieved from the state of
valsartan monotherapy (Table 2). The BP reductions are com-
parable between amlodipine and cilnidipine. With regard to
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Figure 2 PAC at the endpoint of each CCB administration
Closed columns and bars express means and standard deviations of
PAC. Significant differences were revealed among treatment status ana-
lysed by repeated measures ANOVA (F = 5.639, P = 0.001). *P < 0.05
for the comparison with baseline. †P < 0.05 for the comparison with the
state of valsartan alone. The exact P values from baseline were 0.001
and 0.009 for valsartan and valsartan + cilnidipine, respectively. The
exact P values from valsartan were 0.006 for valsartan + amlodipine.

Figure 3 UAE at the endpoint of each CCB administration
Closed columns and bars express means and standard errors of UAE.
Significant differences were revealed among treatment status analysed
by repeated measures ANOVA (F = 6.981, P = 0.008). *P < 0.05
for the comparison with Baseline. †P < 0.05 for the comparison with
the state of valsartan alone. The exact P values from baseline were
0.006, 0.014 and 0.007 for valsartan, valsartan + amlodipine and
valsartan + cilnidipine respectively.

humoral factors, significant elevations of PRA from the state
of valsartan monotherapy were observed by both CCBs. The
PRA at cilnidipine tended to be lower compared with that of
amlodipine; however, the difference did not reach statistical
significance on this setting (Table 2). On the other hand, the PAC
at cilnidipine (67.4 +− 24.8) was significantly lower than that at
amlodipine (77.3 +− 31.0) (Figure 1). The PAC at cilnidipine was
also significantly lower than the original baseline. Compared with

the state of valsartan monotherapy, the PAC at amlodipine was
significantly elevated. On the top of valsartan, the UAE at cil-
nidipine (73.8 +− 16.0 (S.E.)) was significantly lower than that at
amlodipine (105.9 +− 28.4 (S.E.)) (Figure 2). Thus, in spite of the
comparable BP reductions, significant differences are observed
in PAC levels and UAE between the two CCBs.

DISCUSSION

Recent studies of the human renin revealed the transcriptional
mechanism [5–7], the gene expression [12] and genetic and en-
vironmental factors [13]. CCB is thought to up-regulate renin
gene transcription via catecholamines–β1 adrenoceptor–cAMP–
PKA–CREB–CRE pathway [14] and Ca–Ref1–nCaRE pathway
[15]. On the other hand, calcium channel is thought to be in-
volved in aldosterone release from adrenal cortex [8]. Thus, CCB
is thought to give rise to activation of the whole RAS. Recently
Ca channels are categorized into several types, namely, L, N,
P/Q, R and T types [16,17]. L type channel is mainly expressed
in vascular smooth muscle and regulates vascular tones. On the
other hand, N type calcium channel is expressed in the sym-
pathetic nerve ends and regulates catecholamines’ release [18].
Cilnidipine was shown to suppress N type calcium channel in
isolated sympathetic nerve [19] and to reduce catecholamine se-
cretion rate [20]. Consequently, it is possible that cilnidipine leads
to less activation of the RAS compared with L type CCB. Actu-
ally, the less activation was reported in animal models [11,21,22].
In a human clinical study, we had shown that cilnidipine leads
to less activation of the whole RAS components compared with
amlodipine as a monotherapy [10].

In recent guidelines, ARB is recommended for complicated
hypertensives such as DM and CKD. However, in many cases,
single ARB therapy is not sufficient. Thus the additional agents
are required such as CCB. On the other hand, the variation in
PAC levels is shown to be associated with increased mortality
independent of major established cardiovascular disease (CVD)
risk factors [23] and aldosterone synthase gene is shown to be in-
volved in DM occurrence [24]. Thereby, we substantiated the
hypothesis that N/L type CCB still leads to less activation
of the RAS compared with L type CCB on the top of ARB. As the
primary purpose of this study, the results indicate that the PAC
at cilnidipine was significantly lower than that at amlodipine. To
our knowledge, until now there is only one report about the PAC
levels compared among L type CCB and L/N type CCB by Abe
et al. [25]. They compared the PAC levels among amlodipine
and cilnidipine administered groups (35 cases each) on the top
of ARB (not restricted to single agent) and found that although
PRA did not differ, the plasma aldosterone level was significantly
decreased in the cilnidipine group. The PAC values were almost
comparable to our data. As an explanation, it seems to be plaus-
ible that cilnidipine less stimulate the release of aldosterone from
mainly adrenal cortex compared with amlodipine in this human
setting as shown in animal model [11]. For more precise evalu-
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ation other reliable parameters reflecting RAS activity should be
ideal. So that we managed to measure plasma angiotensin I and
angiotensin II in 16 subjects with paired manner by radioimmun-
oassay (SRL). The results were as follows (pg/ml, median and
50 % quartile); angiotensin I: 145 (98.5, 215.0) at amlodipine and
130 (81.0, 265.0) at cilnidipine (P = 0.485, Wilcoxon’s signed
rank test), angiotensin II: 11.5 (10.0, 14.0) at amlodipine and
10.5 (8.5, 12.0) at cilnidipine (P = 0.244, Wilcoxon’s signed
rank test). Thus, the results did not reached a statistical signific-
ance but a tendency was shown that components of RAS were
less activated at cilnidipine indicating that low tendency of PRA
might effect on the lower stream of the system cascade. Ac-
cordingly, it seems that not only the release of aldosterone from
adrenal cortex but also lower PRA partly might contribute to the
results.

It has been revealed that UAE is a risk factor for end stage
renal disease and CVDs [26,27]. Besides, reductions in UAE
are associated with a trend in reducing renal death cardiovascular
events [28,29]. As a design of monotherapy with CCB, compared
with amlodipine, UAE reduction was observed by cilnidipine in
several studies including our previous reports [10,30,31]. Add-
on effect of cilnidipine on the top of RAS inhibition on UAE
reduction was reported [25,32–37] with conflicting several re-
ports [38,39]. Finally, our study also could indicate that sig-
nificant UAE reduction was obtained by cilnidipine compared
with amlodipine in relatively large scale subjects as an add-on
therapy.

Several limitations of this study should be noted. Mixture
of non-diabetic and diabetic subjects might have effects on the
results. We did not evaluate ambulatory BP results compared
with office BP. Considering the earnest practical limit for clin-
ical human subjects in Japan, washout period between the two
drugs administration was not set up. The sample number may
be still relatively small. Although primary endpoint of the study
was changes in PAC from the state of single valsartan admin-
istration, we used multiple statistical comparisons. The change
in eGFR could be more precise surrogate as well as albumin-
uria; however, the observation period was not sufficient for its
evaluation.

In conclusion, it is suggested that cilnidipine might lead
to less elevation of plasma aldosterone level compared with
amlodipine for the first time in human clinical study as the
primary end point with anti-albuminuric effect. Further in-
vestigations should be necessary for evaluation for hard end
points.

AUTHOR CONTRIBUTION

Tadashi Konoshita planned the study, collected the data, analysed
the data and wrote the main manuscript text. As a specialized clin-
ical team, Saori Kaeriyama, Machi Urabe, Takahiro Nakaya, Mika
Yamada, Mai Ichikawa, Katsushi Yamamoto, Satsuki Sato, Michiko
Imagawa, Miki Fujii, Yasukazu Makino, Yasuo Zenimaru, Shigeyuki
Wakahara, Jinya Suzuki and Tamotsu Ishizuka contributed to col-
lection of the subjects’ data and discussion. Hiroyuki Nakamura
contributed to statistical analysis and discussion.

ACKNOWLEDGEMENTS

We are grateful to the study investigators of the Genomic Dis-
ease Outcome Consortium (G-DOC), which was organized as the
Kanazawa Renal Disease Study Group on 1995 for presenting a
part of the subjects of this study. All of databases for the analysed
data, risk models and/or protocols will become publicly available
by demanding to the corresponding author by e-mail, if pertinent.
We are also grateful to Miss Tomoko Iwamoto for technical and
secretarial assistance.

FUNDING

This work was supported by the Ministry of Education, Science
and Culture of Japan [grant numbers 22590909 and 25461245];
the National Research Foundation/Japan Science and Technology
Agency (NRF/JST) [grant number J110000349]; and the Strategic
International Research Cooperative Program (SICP) [grant number
J150000120].

REFERENCES

1 Corvol, P., Soubrier, F. and Jeunemaitre, X. (1997) Molecular
genetics of the renin-angiotensin-aldosterone system in human
hypertension. Pathol. Biol. (Paris) 45, 229–239
PubMed

2 Dzau, V. (2005) The cardiovascular continuum and
renin-angiotensin-aldosterone system blockade. J. Hypertens.
Suppl. 23, S9–S17 CrossRef PubMed

3 Wakahara, S., Konoshita, T., Mizuno, S., Motomura, M., Aoyama,
C., Makino, Y., Kato, N., Koni, I. and Miyamori, I. (2007)
Synergistic expression of angiotensin-converting enzyme (ACE) and
ACE2 in human renal tissue and confounding effects of
hypertension on the ACE to ACE2 ratio. Endocrinology 148,
2453–2457 CrossRef PubMed

4 Konoshita, T., Wakahara, S., Mizuno, S., Motomura, M., Aoyama,
C., Makino, Y., Kawai, Y., Kato, N., Koni, I., Miyamori, I. and
Mabuchi, H. (2006) Tissue gene expression of renin-angiotensin
system in human type 2 diabetic nephropathy. Diabetes Care 29,
848–852 CrossRef PubMed

5 Konoshita, T., Germain, S., Philippe, J., Corvol, P. and Pinet, F.
(1996) Evidence that renal and chorionic tissues contain similar
nuclear binding proteins that recognize the human renin promoter.
Kidney Int 50, 1515–1524 CrossRef PubMed

6 Konoshita, T., Makino, Y., Wakahara, S., Ido, K., Yoshida, M.,
Kawai, Y. and Miyamori, I. (2004) Candidate cis-elements for
human renin gene expression in the promoter region. J. Cell.
Biochem. 93, 327–336 CrossRef PubMed

7 Konoshita, T., Fuchs, S., Makino, Y., Wakahara, S. and Miyamori, I.
(2007) A proximal direct repeat motif characterized as a negative
regulatory element in the human renin gene. J. Cell. Biochem.
102, 1043–1050 CrossRef PubMed

8 Aritomi, S., Wagatsuma, H., Numata, T., Uriu, Y., Nogi, Y., Mitsui,
A., Konda, T., Mori, Y. and Yoshimura, M. (2011) Expression of
N-type calcium channels in human adrenocortical cells and their
contribution to corticosteroid synthesis. Hypertens. Res. 34,
193–201 CrossRef PubMed

9 Takahara, A. (2009) Cilnidipine: a new generation ca channel
blocker with inhibitory action on sympathetic neurotransmitter
release. Cardiovasc. Ther. 27, 124–139 CrossRef PubMed

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

5

http://www.ncbi.nlm.nih.gov/pubmed/9296068
http://dx.doi.org/10.1097/01.hjh.0000165623.72310.dd
http://www.ncbi.nlm.nih.gov/pubmed/15821452
http://dx.doi.org/10.1210/en.2006-1287
http://www.ncbi.nlm.nih.gov/pubmed/17303661
http://dx.doi.org/10.2337/diacare.29.04.06.dc05-1873
http://www.ncbi.nlm.nih.gov/pubmed/16567826
http://dx.doi.org/10.1038/ki.1996.466
http://www.ncbi.nlm.nih.gov/pubmed/8914017
http://dx.doi.org/10.1002/jcb.20151
http://www.ncbi.nlm.nih.gov/pubmed/15368359
http://dx.doi.org/10.1002/jcb.21341
http://www.ncbi.nlm.nih.gov/pubmed/17455195
http://dx.doi.org/10.1038/hr.2010.191
http://www.ncbi.nlm.nih.gov/pubmed/20981032
http://dx.doi.org/10.1111/j.1755-5922.2009.00079.x
http://www.ncbi.nlm.nih.gov/pubmed/19426250
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


T. Konoshita and others

10 Konoshita, T., Makino, Y., Kimura, T., Fujii, M., Wakahara, S.,
Arakawa, K., Inoki, I., Nakamura, H. and Miyamori, I. (2010) A
new-generation N/L-type calcium channel blocker leads to less
activation of the renin-angiotensin system compared with
conventional L type calcium channel blocker. J. Hypertens. 28,
2156–2160 CrossRef PubMed

11 Aritomi, S., Konda, T. and Yoshimura, M. (2012) L/N-type calcium
channel blocker suppresses reflex aldosterone production induced
by antihypertensive action. Heart Vessels 27, 419–423
CrossRef PubMed

12 Makino, Y., Konoshita, T., Omori, A., Maegawa, N., Nakaya, T.,
Ichikawa, M., Yamamoto, K., Wakahara, S., Ishizuka, T., Onoe, T.
and Nakamura, H. (2015) A genetic variant in the distal enhancer
region of the human renin gene affects renin expression. PloS One
10, e0137469 CrossRef PubMed

13 Konoshita, T., Nakaya, T., Sakai, A., Yamada, M., Ichikawa, M.,
Sato, S., Imagawa, M., Fujii, M., Yamamoto, K., Makino, Y. et al.
(2014) Determinants of plasma Renin activity: role of a human
Renin gene variant as a genetic factor. Medicine (Baltimore) 93,
e354 CrossRef PubMed

14 Germain, S., Konoshita, T., Philippe, J., Corvol, P. and Pinet, F.
(1996) Transcriptional induction of the human renin gene by cyclic
AMP requires cyclic AMP response element-binding protein (CREB)
and a factor binding a pituitary-specific trans-acting factor (Pit-1)
motif. Biochem. J. 316, 107–113 CrossRef PubMed

15 Fuchs, S., Philippe, J., Corvol, P. and Pinet, F. (2003) Implication of
Ref-1 in the repression of renin gene transcription by intracellular
calcium. J. Hypertens. 21, 327–335 CrossRef PubMed

16 Catterall, W.A. (2000) Structure and regulation of voltage-gated
Ca2 + channels. Annu. Rev. Cell Dev. Biol. 16, 521–555
CrossRef PubMed

17 Ertel, E.A., Campbell, K.P., Harpold, M.M., Hofmann, F., Mori, Y.,
Perez-Reyes, E., Schwartz, A., Snutch, T.P., Tanabe, T., Birnbaumer,
L. et al. (2000) Nomenclature of voltage-gated calcium channels.
Neuron 25, 533–535 CrossRef PubMed

18 Hirning, L.D., Fox, A.P., McCleskey, E.W., Olivera, B.M., Thayer, S.A.,
Miller, R.J. and Tsien, R.W. (1988) Dominant role of N-type Ca2 +

channels in evoked release of norepinephrine from sympathetic
neurons. Science 239, 57–61 CrossRef PubMed

19 Uneyama, H., Takahara, A., Dohmoto, H., Yoshimoto, R., Inoue, K.
and Akaike, N. (1997) Blockade of N-type Ca2 + current by
cilnidipine (FRC-8653) in acutely dissociated rat sympathetic
neurones. Br. J. Pharmacol. 122, 37–42 CrossRef PubMed

20 Takahara, A., Dohmoto, H., Hisa, H., Satoh, S. and Yoshimoto, R.
(1997) Cilnidipine attenuates renal nerve stimulation-induced
renal vasoconstriction and antinatriuresis in anesthetized dogs.
JPN J. Pharmacol. 75, 27–32 CrossRef PubMed

21 Konda, T., Enomoto, A., Matsushita, J., Takahara, A. and
Moriyama, T. (2005) The N- and L-type calcium channel blocker
cilnidipine suppresses renal injury in dahl rats fed a high-sucrose
diet, an experimental model of metabolic syndrome. Nephron.
Physiol. 101, 1–13 CrossRef

22 Konda, T., Enomoto, A., Aritomi, S., Niinuma, K., Koganei, H.,
Ogawa, T. and Nitta, K. (2009) Different effects of L/N-type and
L-type calcium channel blockers on the
renin-angiotensin-aldosterone system in SHR/Izm. Am. J. Nephrol.
30, 155–161 CrossRef PubMed

23 Tomaschitz, A., Pilz, S., Ritz, E., Meinitzer, A., Boehm, B.O. and
Marz, W. (2010) Plasma aldosterone levels are associated with
increased cardiovascular mortality: the Ludwigshafen Risk and
Cardiovascular Health (LURIC) study. Eur. Heart J. 31, 1237–1247
CrossRef PubMed

24 Ichikawa, M., Konoshita, T., Nakaya, T., Yamamoto, K., Yamada,
M., Sato, S., Imagawa, M., Makino, Y., Fujii, M., Zenimaru, Y. et al.
(2014) Genetic variant of the renin-angiotensin system and
prevalence of type 2 diabetes mellitus: a modest but significant
effect of aldosterone synthase. Acta Diabetol. 51, 595–599
CrossRef PubMed

25 Abe, M., Maruyama, N., Suzuki, H., Inoshita, A., Yoshida, Y.,
Okada, K. and Soma, M. (2013) L/N-type calcium channel blocker
cilnidipine reduces plasma aldosterone, albuminuria, and urinary
liver-type fatty acid binding protein in patients with chronic kidney
disease. Heart Vessels 28, 480–489
CrossRef PubMed

26 National Kidney Foundation. (2002) K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification,
and stratification. Am. J. Kidney Dis. 39, S1–S266
PubMed

27 Sarnak, M.J., Levey, A.S., Schoolwerth, A.C., Coresh, J., Culleton,
B., Hamm, L.L., McCullough, P.A., Kasiske, B.L., Kelepouris, E.,
Klag, M.J. et al. (2003) Kidney disease as a risk factor for
development of cardiovascular disease: a statement from the
American Heart Association Councils on Kidney in Cardiovascular
Disease, High Blood Pressure Research, Clinical Cardiology, and
Epidemiology and Prevention. Circulation 108, 2154–2169
CrossRef PubMed

28 Ruggenenti, P., Perna, A. and Remuzzi, G. (2003) Retarding
progression of chronic renal disease: the neglected issue of
residual proteinuria. Kidney Int. 63, 2254–2261
CrossRef PubMed

29 de Zeeuw, D., Remuzzi, G., Parving, H.H., Keane, W.F., Zhang, Z.,
Shahinfar, S., Snapinn, S., Cooper, M.E., Mitch, W.E. and Brenner,
B.M. (2004) Albuminuria, a therapeutic target for cardiovascular
protection in type 2 diabetic patients with nephropathy. Circulation
110, 921–927 CrossRef PubMed

30 Morimoto, S., Yano, Y., Maki, K. and Iwasaka, T. (2007) Renal and
vascular protective effects of cilnidipine in patients with essential
hypertension. J. Hypertens. 25, 2178–2183 CrossRef PubMed

31 Konoshita, T., Makino, Y., Kimura, T., Fujii, M., Morikawa, N.,
Wakahara, S., Arakawa, K., Inoki, I., Nakamura, H. and Miyamori, I.
(2013) A crossover comparison of urinary albumin excretion as a
new surrogate marker for cardiovascular disease among 4 types of
calcium channel blockers. Int. J. Cardiol. 166, 448–452
CrossRef PubMed

32 Katayama, K., Nomura, S., Ishikawa, H., Murata, T., Koyabu, S.
and Nakano, T. (2006) Comparison between valsartan and
valsartan plus cilnidipine in type II diabetics with normo- and
microalbuminuria. Kidney Int. 70, 151–156 CrossRef PubMed

33 Fujisawa, T., Ikegami, H., Noso, S., Hiromine, Y., Kawabata, Y.,
Nishino, M., Asano, K. and Ogihara, T. (2007) Renoprotective
effect of N-type Ca channel blockade in diabetic nephropathy. J.
Diabetes Complications 21, 252–257 CrossRef PubMed

34 Fujita, T., Ando, K., Nishimura, H., Ideura, T., Yasuda, G., Isshiki,
M. and Takahashi, K. (2007) Antiproteinuric effect of the calcium
channel blocker cilnidipine added to renin-angiotensin inhibition in
hypertensive patients with chronic renal disease. Kidney Int. 72,
1543–1549 CrossRef PubMed

35 Miwa, Y., Tsuchihashi, T., Ohta, Y., Tominaga, M., Kawano, Y.,
Sasaguri, T., Ueno, M. and Matsuoka, H. (2010) Antiproteinuric
effect of cilnidipine in hypertensive Japanese treated with
renin-angiotensin-system inhibitors – a multicenter, open,
randomized trial using 24-hour urine collection. Clin. Exp.
Hypertens. 32, 400–405 CrossRef PubMed

36 Hatta, T., Takeda, K., Shiotsu, Y., Sugishita, C., Adachi, T., Kimura,
T., Sonomura, K., Kusaba, T., Kishimioto, N., Narumiya, H. et al.
(2012) Switching to an L/N-type calcium channel blocker shows
renoprotective effects in patients with chronic kidney disease: the
Kyoto Cilnidipine Study. J. Int. Med. Res. 40, 1417–1428
CrossRef PubMed

37 Fukumoto, S., Ishimura, E., Motoyama, K., Morioka, T., Kimoto, E.,
Wakikawa, K., Shoji, S., Koyama, H., Shoji, T., Emoto, M. et al.
(2012) Antialbuminuric advantage of cilnidipine compared with
L-type calcium channel blockers in type 2 diabetic patients with
normoalbuminuria and microalbuminuria. Diabetes Res. Clin.
Pract. 97, 91–98 CrossRef PubMed

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

http://dx.doi.org/10.1097/HJH.0b013e32833d01dd
http://www.ncbi.nlm.nih.gov/pubmed/20625317
http://dx.doi.org/10.1007/s00380-011-0191-8
http://www.ncbi.nlm.nih.gov/pubmed/21989861
http://dx.doi.org/10.1371/journal.pone.0137469
http://www.ncbi.nlm.nih.gov/pubmed/26366736
http://dx.doi.org/10.1097/MD.0000000000000354
http://www.ncbi.nlm.nih.gov/pubmed/25546694
http://dx.doi.org/10.1042/bj3160107
http://www.ncbi.nlm.nih.gov/pubmed/8645191
http://dx.doi.org/10.1097/00004872-200302000-00024
http://www.ncbi.nlm.nih.gov/pubmed/12569263
http://dx.doi.org/10.1146/annurev.cellbio.16.1.521
http://www.ncbi.nlm.nih.gov/pubmed/11031246
http://dx.doi.org/10.1016/S0896-6273(00)81057-0
http://www.ncbi.nlm.nih.gov/pubmed/10774722
http://dx.doi.org/10.1126/science.2447647
http://www.ncbi.nlm.nih.gov/pubmed/2447647
http://dx.doi.org/10.1038/sj.bjp.0701342
http://www.ncbi.nlm.nih.gov/pubmed/9298526
http://dx.doi.org/10.1254/jjp.75.27
http://www.ncbi.nlm.nih.gov/pubmed/9334883
http://dx.doi.org/10.1159/000085713
http://dx.doi.org/10.1159/000210396
http://www.ncbi.nlm.nih.gov/pubmed/19325231
http://dx.doi.org/10.1093/eurheartj/ehq019
http://www.ncbi.nlm.nih.gov/pubmed/20200015
http://dx.doi.org/10.1007/s00592-014-0561-7
http://www.ncbi.nlm.nih.gov/pubmed/24549414
http://dx.doi.org/10.1007/s00380-012-0274-1
http://www.ncbi.nlm.nih.gov/pubmed/22914905
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://dx.doi.org/10.1161/01.CIR.0000095676.90936.80
http://www.ncbi.nlm.nih.gov/pubmed/14581387
http://dx.doi.org/10.1046/j.1523-1755.2003.00033.x
http://www.ncbi.nlm.nih.gov/pubmed/12753315
http://dx.doi.org/10.1161/01.CIR.0000139860.33974.28
http://www.ncbi.nlm.nih.gov/pubmed/15302780
http://dx.doi.org/10.1097/HJH.0b013e3282c2fa62
http://www.ncbi.nlm.nih.gov/pubmed/17885563
http://dx.doi.org/10.1016/j.ijcard.2011.10.133
http://www.ncbi.nlm.nih.gov/pubmed/22112682
http://dx.doi.org/10.1038/sj.ki.5000349
http://www.ncbi.nlm.nih.gov/pubmed/16710356
http://dx.doi.org/10.1016/j.jdiacomp.2006.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17616356
http://dx.doi.org/10.1038/sj.ki.5002623
http://www.ncbi.nlm.nih.gov/pubmed/17943080
http://dx.doi.org/10.3109/10641961003667914
http://www.ncbi.nlm.nih.gov/pubmed/20828221
http://dx.doi.org/10.1177/147323001204000420
http://www.ncbi.nlm.nih.gov/pubmed/22971493
http://dx.doi.org/10.1016/j.diabres.2012.01.024
http://www.ncbi.nlm.nih.gov/pubmed/22336632
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


N/L type CCB on ARB and aldosterone

38 Abe, M., Okada, K., Maruyama, N., Matsumoto, S., Maruyama, T.,
Fujita, T., Matsumoto, K. and Soma, M. (2010) Comparison
between the antiproteinuric effects of the calcium channel
blockers benidipine and cilnidipine in combination with angiotensin
receptor blockers in hypertensive patients with chronic kidney
disease. Exp. Opin. Investig. Drugs 19, 1027–1037
CrossRef

39 Ando, K., Ueshima, K., Tanaka, S., Kosugi, S., Sato, T., Matsuoka,
H., Nakao, K. and Fujita, T. (2013) Comparison of the
antialbuminuric effects of L-/N-type and L-type calcium channel
blockers in hypertensive patients with diabetes and
microalbuminuria: the study of assessment for kidney function by
urinary microalbumin in randomized (SAKURA) trial. Int. J. Med.
Sci. 10, 1209–1216 CrossRef PubMed

Received 21 April 2016/22 July 2016; accepted 11 August 2016

Accepted Manuscript online 11 August 2016, doi 10.1042/BSR20160129

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c© 2016 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

7

http://dx.doi.org/10.1517/13543784.2010.505918
http://dx.doi.org/10.7150/ijms.5508
http://www.ncbi.nlm.nih.gov/pubmed/23935398
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

