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ABSTRACT 

Behaviors of sympathetic and renin-angiotensin-aldosterone systems to an acute 
sublingual administration of nifedipine (10 mg) were studied in essential hypertensive 
(EHT) and normotensive (NT) groups. Basal values of plasma norepinephrine (NE) and 
plasma renin activity (PRA) were not consistent with mean blood pressure (BP), indicating 
no important role of NE and PRA values for determining BP level. 

Nifedipine reduced BP, and increased NE and PRA in both groups. Simultaneously, 
nifedipine produced a significant decrease of plasma aldosterone concentration (PAC) 
and plasma cortisol. High-renin EHT subgroup showed greater responses of BP, NE 
and PRA than normal- or low-renin subgroup but not in NT group. In high-, normal
and low-renin subgroups of both groups, the correlations between mean BP and 6mean 
BP (r= -0. 85, p<O. 001; r= -0. 89, p<O. 001 and r= -0. 77, p<O. 001, respectively), 
6mean BP and 6NE (r = -0. 76, p<O. 01; r = -0. 71, p<O. 05 and r = -0. 57, NS, 
respectively) and 6mean BP and 6PRA (r= -0. 87, p<O. 001; r=O. 59, NS and r= 
-0. 05, NS, respectively) were observed. A significant relationship between basal PRA 
and 6PRA was demonstrated in EHT group (r=O. 77, p<O. 001) but not in NT group 
(r=O. 37, NS). 

These data indicate the presence of high vascular tone irr high-renin EHT subgroup 
which is vrobably produced by an increased vascular responsiveness to sympathetic and/ 
or to angiotensin II or by some other factors. It is suspected that juxtaglomerular cell 
response to vasodilator may be altered in patients with low-renin essential hypertension. 
The present study also suggests that nifedipine blocked aldosterone and cortisol secretion 
through Ca++ influx inhibition into the adrenal cortex. 
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INTRODUCTION 

Calcium-entry blocker nifedipine, one of the 
potent depressor substances due to the vasodila
tation, is clinically interesting in the treatment 
of hypertension and ischemic heart disease23>. 
It has been reported that nifedipine caused 

greater depressor response in essential hyper
tensive patients15>, than in normotensive sub
jects, because of a functional abnormality in 
essential hypertension with increased dependen
cy of arteriolar tone on calcium influx8>. Ar
teriolar vasodilatation is generally known as the 
cause of sympathetic drive2> and further, in 
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part, stimulates for renin secretion 10• 26>. How
ever, the relationships between the grade of 
vascular relax~tion by nifedipine ai:d the plasma 
renin activity and sympatpetic activity have not 
been clarified fully. . 

Calcium plays an jmportant role as a mediator 
in stimulus-secr~tion coupling in a variety. of 
neural and glandular cells16>, tho'!J,gh available. 
information about the effect of nifedipine on 
hormone release is scanty. 

The purpose of the present study is to inves
tigate the responses of sympathetic nerve ~nd 
renin-angiotensin-aldosterone systems according 
to the renin · subgroup to nifedipine in essential. 
hypertensive patients and normotensive sub
jects. 

were measured electrochemically by using a 
high power liquid chromatography. 
; Correl&tions were calculated· by linear and 
multiple. regression. analyses. Student's t test 
was used for statistical evaluation of paired 

.. data. Statistical differences in the mean (±SD) 
of values between groups and arriong different 
subgroups : were .. determined by the Mann
Whitney U test and the Kruskal-Wallis test, 
respectively. The level of significance was set 
at p<O. 05. 

RESULTS 

Under the basal condition, BP, HR and hor
monal .characteristics in NT and EHT patients 

.are presented in Table 1. Systolic and diatolic 
BP in EHT group was significantly higher than 

SUBJECTS AND METHODS in NT group (p<O~ 001), but HR showed an 
The single-blind protocol of the investigation equal level in both groups. NE was significant-

procedure was .designed in hypertensive. out- . ly higher in EHT than in NT group (p<O. 05) 
and in-:patients' and normal volunteers, with ' an_d there was a weak 'but statisticaliy signifi
free diet. Those patients . were selected yvho , ca~t . correfo.tion betwee.n basal mean BP. and 
had blood pressure (BP) equal to or .higher .·NE in both groups {r =0. 43, p<O. 05)·.' No 
than 160 /95 mmHg, and they were classified as sigp.ificant differen:ce in PRA between groups 
WHO stage I'C"II,. Thirty patients (21 males nor· significant correlati.on between mean BP 
and 9 females), aged 25-66 (46. 6±12. 3 years), . ~nd PRA in both groups were. observed (r = 
were diagnosed as having .essential hypertension 0. 12, NS). Moreover, both group did not show 
(EHT) after exclusion of secondary hyperten- any correlation between basal NE and PRA. (r = 
sion. Twenty eight normal subjects (NT) (21 0. 18, NS). · Since there was a significant differ-
males and 7 females), aged 24-53 (33. 7 ±9. 6 ence in the mean age between EHT and NT 
years), were included in this study. All an-. groups, NE, PRA and PAC of each group were 
tihypertensive. drugs or other medications were compared among three age subgroups (Table 
withdrawn at least one week prior to the study. 2). Basal mean BP was not correlated with 

After 30 min in the supine position comfor- age in both groups (r =0. 40, NS). In the sub-
tably, BP was measured three times with a gr.oup above 51 years, NE showed a tendency 
standard cuff sphigmomanometer. Mean BP of an increase, but PRA and PAC marked 
was defined as diastolic BP+l/3 pulse pressure. decrease (p<O. 05 and NS, .respectively) in both 
Heart rate (HR) was obtained from electrocar- groups. NE was higher in EHT than in NT 
diagram. The examination was carried out in group in every subgroup, but a significar~t dif-
the morning period, 9 : 00-ll : 00 a .. m. All ference was recognized only in younger sub-
subjects crunched a capsule containing 10 mg group (p<O. 05). 

of nifedipine and kept the content in the mouth The BP, HR and hormonal responses to 
for one to two min before swallowing. T?e nifedipine in NT and EHT groups are sum-
BP and HR were recorded before, 30 and 60 marized in Table 3. Mean BP significantly 
min after nifedipine administration. The ve- decreased until 60 min after nifedipine in NT 
nous blood specimens were taken before, 30 and and EHT groups(p<O. 01 and p<O. 001, respec-
60 min after nifedipine administration. Plasma tively). HR significantly increased in EHT 
renin activity (PRA), plasma aldosterone con- gro~p at 30 and 60 niin after nifedipine (p<: 
centration. (PAC) and plasma cortisol (Cortisol) 0. 01 and p<O. 05, respectively), whereas in NT 
were analysed by radioimmunoassay kit (CIS) g~oup HR showed a minor but significant in-
based on antibody-co~ted tul;>es methods., Plas- crea,se ·_at 30 min after (p<O. 05) and retu.rned 
ma n9repinephrine (NE) and epinephrine (E) ,_'to. the basal value at 60 min after. nifedipin~ 



Table 1. Bbod r;rcss~r~, heart raL, plasma nore:pinephrine, plas:im epin::phrine, plasma renin activity, plasma aldostervrre 
conc:::ntrc,fr:m and phs:na cortisd under basd condition in norm:.tensin -s.ibject:> and essential hypertensive patients .. 

Subject 
Age Blood pressure (mmHg) Heart rate NE E PRA PAC CORTISOL 

(ye<:r) systolic diastolic '.bpm) (ng/ml) (ng/ml) (ngAI/ml/h) (pg/ml) (ng/ml) 

116.0±11.5 74.0±7.8 64 . .L±7.3 0.130±D.057 0.021±0.016 2.04±2.03 58.67±24.34 67.29±28.73 
NT 33.7± 9.6 

( n =28) ( n =28) ( n =28) ( n =17) ( n =16) ( n =28) ( n =28) ( n =25) 

166.0±17.7 102.6±12.1 66.9±8.0 0.188±0.083 0.015±0.011 2.25±2.18 65.12±23.53 78. 79±44.51 
EHT 46.6±12.3 

( n =30) ( n =30) ( n =30) ( n =18) ( n =16) ( n =30) ( n =30) ( n =27) 

p <0.05 <0.001 <0.001 NS <0.05 NS NS NS NS 

Values are means±SD. NT=nor;notensive subject; EHT=ess:::ntial hypertensive patient; NE=rlasma nor-.:pinephrine; E=plasma epinephrine; PRA=plasma. 
renin c.ctivity; PAC=plasma aldost::;rone concentration; NS=n0t signi.ficant. 

Table 2. Distribution of norepinephrine, plasma renin activity and plasma aldosterone concentration in normotensive subjects 
and essential hypertwsive patients by age subgroup. 

Age mean .BP (mmHg) NE (ng/ml) PRA fogAI/ml/h) PAC (pg/ml) 

(years) NT EHT NT .EHT NT 

87.23± 8.30 128.40±11.10** 0.107±0.047 0.176±0.067* 2.59±2.03 
-30 

( 11 =13) ( 11 = 5) ( 11 = 9) ( n = 5) ( n =13) 

87 .21± 6.74 122. 25 ± 7. 59:;:;: 0.133±0.022 0.193±0.084 . 1.34±1.06 
31~50 

( n =11) ( n =12) (ri=5) ( n = 4) ( n =11) 

91.60±10.61 123. 60± 8. 54** 0.139±0.041 0.190±0.071 b~ 73±0.4lt 
51- --··-

(n="!) ( n = 13) ( n = 3) ( n = 9) ( n = 4) 

Values are means±SD. BP= blood pressure; ether abbriviations are f1e same as in Table 1 
* p<O. 05 compared to NT gr0up in the same age subgroup 

** P<0.001 compar...:d to NT group in the same age subgroup 
t p<O. 05 compared to the first or second age subgroup in the same group 

EHT NT EHT 

2.45±1.56 74.48±48.01 74.09±42.60 

( n = 5) ( n =13) ( n = 5) 

2.94±2.06 82.44±28.85 84. 90±21. 78 

( n =12) (n =11) ( n =12) 

1.21±1.0lt 54.48±12.21 53.36±28.84 
. -----·-··. - ---

( n =13) ( n = 4) ( n =13) 
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administration. PRA rose significantly at 30 
and 60 min after administration of nif edipine in 
EHT group (both p<O. 001) and in NT group 
(both p<O. 01). However, PAC decreased sig
nificantly at 30 and 60 min after nifedipine 
administration both in EHT group (p<O. 01 
and p<O. 001, respectively) and in NT group 
(p<O. 05 and p<O. 01, respectively). Simulta
neously, cortisol concentration decreased signifi
cantly at 60 min after nifedipine administration 
in both groups (both p<O. 01). In EHT group, 
NE increased significantly at 30 and 60 min 
after nifedipine (both p<O. 001), while in NT 
group NE showed a minor increase at the same 
period (p<O. 05 and p<O. 01, respectively). The 
mean value of E also rose significantly at 30 
and 60 min after nifedipine in EHT group (both 
p<O. 01), but it did not show any marked 
change in NT group. 

The distribution of NE, changes in NE (,6. 
NE) and mean BP (,6.mean BP) at 60 min after 
nifedipine administration in both groups could 
be clasified in terms of the individual level of 
PRA: the level of basal PRA less than 1 ng 
Angiotensin I (AI)/ml/h was regarded as low
renin, between I to 3 ng AI/ml/h as normal
renin, and above 3 ng Al/ml/h as high-renin 
subject (Table 4). In every renin subgroup, 
basal NE showed a tendency higher in EHT 
than in NT group, but a significant difference 
in NE was observed only n high-renin sub
group (p<O. 05). The ,6.NE was greater in 
EHT than in NT group in low-, normal- and 
high-renin subgroups (NS, p<O. 05 and P< 
0. 01, respectively). Both groups showed that 
,6.NE was greater by increasing basal PRA 
value. In EHT group, ,6.NE was significantly 
higher in high-renin than in low-renin subgroup 
(p<O. 05). However, no significant difference 
in ,6.NE with respect to the renin level was 
recognized in NT group. The ,6.PRA was 
found to be higher in high-renin EHT than in 
high-renin NT subgroup (p<O. 001), but not in 
normal- or low-renin subgroup. High-renin 
EHT subgroup proved significantly higher in 
PRA response than in normal- or low-renin sub
group (p<O. 01). The ,6.mean BP was higher 
in EHT than in NT group in every subgroup 
(all p<O. 001). Intersubgroup differences in ,6. 
mean BP were observed in EHT group (p< 
0. 01) but not in NT group. 

In both groups, significant correlations were 
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Fig. 1. Relationship between basal mean BP and change in mean BP (,C:,mean BP) after 
nifedipine 10 mg in normotensive subjects (NT) and essential hypertensive patients (EHT) 
(regression line Y1=high-renin subgroup; Y2 =normal-renin subgroup; Y3 =low-renin subgroup). 

observed between the basal mean BP and D 
mean BP at 60 min after nifedipine in high-, 
normal- and low-.-enin subgroups (r = -0. 85, 

Y1 =-0.006X1 -0.007 
r=-0.76 
P<0.01 
n=13 

.... 
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Fig. 2. Relationship between changes in mean 
BP (L".",mean BP) and plasma nc.repinephrine 
(,6,NE) after nif..;dipine 10 mg in normotensive 
subjects an<l essential hypertensive patients. 
Symbols and abbreviations are the same as in 
Fig. 1. 

p<O. 001; r = -0. 89, p<O. 001 and r = -0. 77, 
p<O. 001, respectively) (Fig. 1). In this rela
tionship, analysis of variance showed a highly 
significant difference among renin-subgroups. 
In EHT group, depressor response to nifedipine 
became greater as renin level became higher; 
in NT group, it did not show any difference 
between three renin subgroups. Fig. 2 shows 
significant correlations between Dmean BP and 
.6NE at 60 min after nifedipine in high- and 
normal-renin subgroups of both groups (r = 
0. 76, p<O. 01 and r = -0. 71, p<O. 05, respes
tively), but not in low-:enin subgroup (r = 
-0. 57, NS). In the range of .6mean BP ob
served in NT group, .6NE was similar in EHT 
and NT groups. 

As demonstrated in Fig. 3, both groups show
ed a good correlation between .6mean BP and 
change in PRA (.6PRA) in high-renin sub
group (r= -0. 87, p<O. 001), but this correla
tion was not found in normal-renin (r= -0. 59, 
NS) nor in low-renin subgroup (r = -0. 05, NS). 

A significant relationship was observed be
tween .6NE and .6PRA at 60 min after 
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Fig. 3. Relationship betwern changes in mean 
BP (L'.:,mean BP) and plasma renin activity 
(L:,PRA) after nifedipine 10 mg in normotensive 
subjects and essentia! hypertensive patients. 
Symbols anrl abbreviations are the same as in 
Fig. 1. 
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Fig. 4. Relationship betwern changes in plasma 
norepinepl:rine (~NE) and plasmc;_ renin activity 
(L:,PRA) after nifedipine 10 mg in normotensive 
subjects and essential hypertensiv~ patients. 
Symbols and abbreviations are the same as in 
Fig. 1. 

nefidipine in high-renin subgroup of ·both 
groups (r=O. 82, p<O. 01) but not in normal
and low-renin subgroups (r=O. 55, NS; r= 
0. 04, NS,. resp0ctively) (Fig. 4) .. In EHT group; 

a positive correlation was observed between D 
NE and DPRA only in high-renin subgroup 
(r=O. 60, p<O. 05), whereas in NT group this 
correlation was not found in each renin sub
group. 

The basal PRA was significantly correlated 
with DPRA in EHT group (r=O. 77, p<O. 001), 
but not in NT group (r = 0. 37, NS) (Fig. 5). 
Relationships between the basal value of PRA 
and PAC in EHT group (r = 0. 75, p<O. 001) 
and in NT group (r =0. 76, p<O. 001) were not 
different in renin-subgroup distributions (NS) 
(Fig. 6). Linear correlations were observed be
tween DPRA and changes in PAC (DPAC) at 
60 min after nifedipine administration in EHT 
group (r=O. 65, p<O. 01) and in NT group (r= 
0. 60, p<O. 05) (Fig. 7). In both groups, when 
a subject showed a greater rise in PRA, a 
smaller fall in PAC was observe::! after nifedi
pine administration. 

DISCUSSION 

The fact that nifedi pine decreases the tone 
of resistance vessels, leading to lower arterial 
blood pressure, has been widely known 14'. In 
this study, nifedipine induced a greater reduc
tion of m~:m BP jn EHT patients than ia NT 
subjects. The responses of sympathetic activity 
and PRA were also greater in EHT group. 
These responses m1y reasom.bly be attributed 
to the difference of depressor responses between 
EHT and NT subjects. However, they can not 
explain the reasons why EHT patients revealed 
greater depressor response to nifedipine than NT 
subjects. 

Since the bas::d PRA was not correlated with 
mean BP nor with NE and ody a weak corre
lation between mean BP and NE was observed 
in this study, these findings can not explain the 
role of the higher activity of sympathetic nerve 
and renin-angiotensia-al::losterone system for 
maintaining higher blood pressure and vascular 
tone. 

The important role of the sympathetic nerv
ous system to control BP is well documented1• 6>, 
but the evidences that the circulating level of 
NE increased in EHT patients still remain 
cont;_·oversial. Some investigators reported a 
high level. of plasma catecholamines ill EHT 
patients as compared. with NT subjects6>, but 
other did not find any· significant difference be
tween those groups9>. In this study, the mean 
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NE level was significantly higher in EHT than 
in NT group (Table 1). Plasma NE level in 
normal subjects9> and in patients with essential 
hypertension 13> was reported to become higher 
by aging; this phenomenon was explained on a 
hypothesis that the NE plasma clearance become 
lower in older subjects7>. 

The comparison of plasma of NE level of the 
same age subgroup in both groups indicated 
that plasma NE value was higher in EHT than 
in NT group in every age subgroup (Table 2). 
As relationship between basal mean BP and 
depressor respons to nifedipine was significantly 
different among three renin subgroups (Fig. 1), 
plasma NE tended to be higher in increasing 
PRA value, especially in EHT group which 
provided a larger NE level in each renin sub
group (Table 4). These data reveal that EHT 
group have a higher value of NE as compared 
with NT group. It should be carefully con
sidered that some abnormalities in automatic 
nervous system might be present in EHT pa
tients: first, EHT patients might have a reduc
tion in the number of prejunctional a 2-receptors 
that causes a lack of inhibition m NE relase 
upon nerve stimulation1>, second, the decrease 
of parasympathetic inhibition of NE release5>, 
and third, the enhanced vascular activity to 
adrenergic stimuli might be caused by an m
crease in the number of a 1-postjunctional re
ceptors0. 

It had been well reported that catecholamines 
concentration increased after arterial vasodi
lator1>. As nifedipine acts predominatly on 
arteriolar system23>, this study confirmed that 
the accelerated sympathetic response after nife
dipine-induced arteriolar dilatation was reflected 
on a compensatory raise in plasma NE and E 
as well as an elevated HR in both study groups 
(Table 3). In this regard our results are in 
agreement with a previous study by Tarazi et 
al. who reported that vasodiators which lower 
blood pressure by a relating effect on the resist
ance vessels increase HR, but those that 
cause a vascular dilatation of the capacitance 
vessels do not raise HR19>. 

As noted in Table 3, NT group showed a 
slight increase in HR because of the minor 
decrease in BP. However, i~1 EHT patients, a 
significant rapid elevation in HR was observed, 
but it tended to diminish 60 min after nifedipine 
administration even catecholamines were still 
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markedly higher than its basal state and de
pressor effect has been remained. This may 
be explained as due to a property known as 
"tachyphylaxis phenomenon". 

In view of the changes in the sympathetic 
activity toward the arterial vasodilation, it may 
be suggested that the sympathetic response in 
EHT and NT group were similar for a given 
magnitude of BP reduction (Fig. 2). Although 
high renin-subgroup showed a greater response 
in NE as compared with normal- and/or low
renin subgroups, it does not mean that high
renin subjects enhanced a sympathetic drive 
after vasodilator. These results may be regard
ed as the evidence of a large reduction in mean 
BP in high-renin EHT patients (Fig. 1) that 

can lead to augment sympathetic activity. It 
may also be suggested that low-renin EHT 
patients, who were regarded as possessing a low 
vascular tone, have a low response to arterial 
vasodilator, including nifedipine, reflecting a low 
sympathetic drive. In NT subjects, however, 
renin level failed to differentiate the grade of 
depressor response, though the PRA level was 
similar between to groups. This means that 
the grade of vacular tone depend not only on 
PRA level but also, probably, on the grade of 
vascular responsiveness to angiotensin II. 

Since high-renin subgroup in EHT patients 
produced a greater vascular relaxation after 
nifedipine, it suggests that the basal PRA level 
may be useful as a valuable indicator of the 
effectiveness of nifedipine in the treatment of 
patients with essential hypertension. 

The present study showed a lower PRA level 
in the elderly subjects in both groups, indicating 
that aging may cause a decrease in circulating 
renin24>. Several factors could theoretically 
lower renin release in the elderly subjects. 
Nephrosclerosis or morphological and functional 
alternations normally occurring in the aging 
kidney, which may disturb the function of the 
juxtaglomerular (JG) apparatus, lead to a reduc
tion in renin release18>. Other explanations 
were proposed by Crane et al.3>, who postulated 
that the differences in p-adrenergic activity, 
pituitary-adrenal function and physical activity 
between the various age subgroups were pos
sible ca uses. 

The tendency of increased PRA following the 
administration of nifedipine (Table 3) is con
sistent with previous observations2' 14>. Davis 

and Freeman4> have classified the control of 
renin release into a) two intrarenal receptors, 
the renal vascular receptors in the afferent 
arteriole and the macula densa ; b) a group of 
humoral agent (including vasopressin, angio
tensin II, and prostaglandins). 

The rise in PRA is associated with baroreflex
stimulate sympathetic nervous system26> as noted 
in this study (Fig. 3 and Fig. 4). Sympathetic 
innervation of the JG cells can exert a direct 
stimulation on renin release10> ; and more re
cently, Ueda et al.20> have suggested that the 
catecholamine-induced renin secretion may be 
mediated either via p-adrenergic receptors or 
indirect action through some other unknown 
mechanism. 

The role of calcium in the control of renin 
secretion has recently been reported. Van 
Dongen et al. 22> have suggested that an inhibi
tion of renin secretion was related with smooth 
muscle activity by the involvement of calcium
dependent process similar to that involved in 
contration, and activation of renin release would 
be expected by blocking calcium inward current. 
This hypothesis is further supported by the 
findings of Park and Malvin12> that the control 
of renin secretion is mediated, in part, by 
changes in the intracellular concentration of 
Ca++, most Hkely in the JG cells. Probably, 
this hypothesis is useful for explaining the 
renin reactivity in EHT patients (*) shown in 
Figs. 3, 4 and 5, who had low depressor and 
sympathetic responses after nifedipine adminis
tration and revealed higher increase in PRA. 
These findings indicate that renin release was 
modulated by nifedipine at the JG cells level 
through Ca++ influx inhibition, in addition to 
being stimulated by the decrement of renal 
perfusion pressure and/or by sympathetic acti
vity41 26>. However, it is interesting to note that 
other calcium-entry blocker like verapamil does 
not stimulate renin release10, 26>, though it re
duced arterial blood pressure markedly. This 
observation may reveal the presence of different 
mechanism for activation of renin secretion and 
the presence of different groups of calcium 
channels activated by different stimuli, as doc
umented by van Breeman et al.21 >. 

A good correlation between the basal PRA 
and DPRA after nifedipine in EHT group 
(Fig. 5) is in agreement with the observations 
by Pedersen et aI.W. In this study, however, 
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Fig. 5. Correlation between basal plasma renin 
activity (PRA) and its change (L-,PRA) after 
nifedipine 10 mg in normotensive subjects and 
essential hypertensive patients (regression line 
YN=normotensive subjects; YH=essential hyper
tensive patients). Symbols are the same as in 
Fig. 1. 

this correlation was not observed in NT group. 
The difference in renin response between groups 
was found only in high-renin subgroup; this 
may be explained by the lower depressor re
sponse, observed in NT group, the lower res
ponses of sympathetic nerve and renin secre
tion (Fig. 1 and Table 4). Interestingly, in low
renin subgroup, the renin response appeared to 
be similar between groups. Since depressor and 
sympathetic nerve responses were markedly 
higher in low-renin EHT than in low-renin NT 
subgroup, the unelevation in renin response is 
probably due to the presence of functional 
disturbances of JG cell in patients with low
renin essential hypertension. 

It is well known that renin-angiotensin sys
tem, potasium, and adrenocortocotropic hor
mone (ACTH)17, 25 > as well as catecholamines4l 

regulate aldosterone secretion in man. By 
plotting an individual level of basal PRA and 
PAC (Fig. 6), a general view has been confirmed 
that aldosterone release is well controlled by 
the renin-angiotensin system25 >. After nifedi
pine administration, in this study, the elevated 
plasma catecholamines coupled with the raised 
PRA was assumed to contribute to activate 
aldosterone secretion. Since nifedipine aug-
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Fig. 6. Correlation between basal plasma renin 
activity (PRA) and plasma aldosterone con
centrr.tion (PAC) in normotensive subjects and 
essential hypertensive patients. Symbols and 
abbreviations are the same as in Fig. 1 and Fig. 
5, respectively. 

mented hepatic blood flow11' 14l, the decreased 
PAC in both groups (Table 3) might be caused 
mainly by enhanced metabolic rate of aldo
sterone in the liver, where a majority of cir
culating aldosterone . was metabolized, coupled 
with the raised aldosterone P-xcretion through 
the kidney25>. 

According to the current concept of stimulus-
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Fig. 7. Correlation between changes in plasma 
renin activity (L-,PRA) and plasma aldosterone 
concentration (L-,PAC) after nifedipine 10 mg in 
normotensive subjects and essential hypertensive 
patients. Symbols and abbreviations are the 
same as in Fig. 1 and Fig. 5, respectively. 
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secretion coupling in a variety of neural and 
glandular cells, Ca++ plays a role of the mediator 
of agents that stimulate aldosterone biosythesis 
by adrenal glomerulosa cells16>. It has been 
suggested that calcium-entry blocker such as 
verapamil and lanthanum, mersalyl acid and 
tetracaine may block the effect of aldosterone 
secretagogues17>. Judging from the correlation 
between LPRA and LP AC after nifedipine 
(Fig. 7), it appears that nifedipine may prodom
inantly suppress aldosterone secretion in sub
jects with small PRA response. 

Our findings confirm that nifedipine admin
istration significantly lowers the circulating level 
of cortisol both in normotensive and hyperten
sive patients (Table 3). Since calcium is essen

tial for the potentiation of cortisol secretion 27>, 
there may be some direct effect of nifedipine to 
prevent cortisol secretion though the inhibition 
of Ca++ influx into the zona fasciculate cells. 
However, very little information is available 
about direct effects of calcium-entry blocker on 
cortisol release. 

Since the value of NE and/or PRA was not 
consistent with the basal mean BP in EHT and 
NT groups, these results indicate that NE and 
PRA do not play an important role for deter
mining the level of BP. The evidence of greater 
depressor response to vasodilitor nifedipine, 
which was closely related with an augmented 
sympathetic activity and excessive renin release 
and was observed in patients with high-renin 
essential hypertension, indicates the presence of 
high vascular tone in high-renin EHT subgroup. 
In fact, however, this phenomenon was not 
observed in NT group. The difference in de
pressor response between high-renin in EHT 
and in NT group may indicate that a high 
vascular tone in patients with essential hy
pertension is produced either by a possible 
presence of an increased vascular responsiveness 
to sympathetic activity and/or to angiotensin 
II or by some other factors. In low-renin EHT 
subgroup, the greater depressor and sympathetic 
responses to vasodilator nifedipine were assumed 
to contribute to heighten renin response as 
compared to that in low-renin NT subgroup 
(Table 4). This indicates that there may be 
disturbances of JG response in patients with 
low-renin essential hypertension. 

The present study also suggests that nifedipine 
may act directly 011 JG apparatus to increase 

renin release. Since calcium is required to 
secrete adrenal hormone, the decreased aldoster
one and cortisol secretion observed in this study 
are caused, in part, by a direct effect of nifedi
pine-inhibited Ca++ inward current into the 
adrenal cortex. 
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