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Studies on Hypotensive Mechanism of Slow-released Nifedipine
in Patients with Essential Hypertension

Akihiko NozawA and Kenjiro KIKUCHI
Department of Internal Medicine (Section 2), Sapporo Medical College
(Chief : Prof. O. Iimura)

ABSTRACT In order to clarify the hypotensive mechanism of Ca?* antagonist, the effects of
slow- released nifedipine (Nif) on water-sodium balance, the renin-angiotensin-aldosterone (RAA)
system, sympathetic nerve activity, plasma ionized calcium (pCa?'), and pressor response to infused
noradrenaline (NA-R) and angiotensin II (ATII-R) were investigated following single dose (20mg)
and 4 week administration of Nif (60mg/day) in 12 in-patients with essential hypertension (EHT).

After the single dose administration of Nif, mean arterial pressure (MAP) decreased
significantly. Heart rate (HR), urine volume (UV), urinary excretion of sodium (Uy,V), fractional
excretion of sodium (FEy,), and inorganic phosphorus (FEp), plasma renin activity (PRA) and
plasma noradrenaline concentration (pNA) were increased, while creatinine clearance (Cer) and
plasma aldosterone concentration (PAC) did not change. The percentage of change in MAP cor-
related negatively with basal MAP and positively with pretreatment logarithm PRA (logPRA). The
percentage of reduction of MAP was significantly greater in low renin EHT (LRH) than in normal
renin EHT(NRH). On the other hand, change in Uy,V correlated positively with the change in
FE\.(AFEy.) and in FE, (AFE;), but not with that in Cer. AFEy, correlated positively with AFE;
and negatively with pretreatment logPRA.

Following 4 weeks of the therapy, in spite of progressive and significant reduction in MAP, HR
returned to the pretreatment level. UV, U,,V, FE,,, FE, and pNA were increased or tended to
increase one week after the beginning of therapy. However, these values returned to pretreatment
levels during the 4 weeks of treatment. Similar changes were observed in 24 hour urine volume and
urinary excretion of sodium. Sustained reductions in plasma volume, body weight, NA-R and ATII-
R were demonstrated. While a sustained increase in PRA was found, PAC slightly decreased during
the 4 weeks of the treatment. PCa®" and Ccr did not change significantly throughout the treatment
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period. The change in NA-R(ANA-R) correlated positively with pretreatment levels of pNA and
pCa?*, and negatively with pretreatment NA-R. The regression line between NA-R and pNA shift-
ed to a lower NA-R level after the Nif therapy. The percentage of change in MAP(%AMAP) after
4 weeks showed a significant positive correlation with pretreatment pCaz*, logPRA and pNA levels.
A reduction of MAP(%AMAP) in the chronic phase of the treatment was significantly greater in
LRH with lower values of pCa?* than in NRH.

These findings led us to suppose that in addition to its direct vasodilative effect, suppression of
sympathetic nerve activity, aldosterone secretion and pressor responses to NA and ATII, reduction in
body fluid volume and sodium due to diuresis and natriuresis may contribute to the hypotensive mech-
anism of long-term treatment by Nif. It was also suggested that the abnormal calcium metabolism
relating to RAA system, sympathetic nerve activity, NA-R and to volume status may play an impor-
tant role m the hypertensive mechanism in EHT, particularly in LRH.

(Received June 14, 1989 and accepted June 28, 1989)
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iz, Nif REESGICE, Nif #5 1 Bihbis
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Table 1 Acute effects of nifedipine (single oral administration ; 20mg) on wmean arterial

pressure (MAP), heart

rate (HR), urine volume (UV), urinary

excretion of

sodium (Una V), fractional excretion of sodium (FEy) and of inorganic phospho-
rus (EF,), endogenous creatinine clearance (Cer), plasma renin activity (PRA),
plasma aldostevone concentration (PAC) and plasma novadrenaline concentration

(pNA) in essential hypertensives.

n before after
MAP (mmHg) 12 112+ 5 99+ 4***
HR (beats/min) 12 62+ 2 71+ 3**
uv (m!/min) 12 4.1+ 0.4 5.9+ 0.5*
UnaV (¢Eq/min) 12 118+11 307 =42***
FEna (%> 12 0.9+ 0.1 2.3+ 0.3***
FE» (%) 12 15.3% 1.9 17.8+ 1.7**
Cer (m!/min) 12 84.6t 3.4 90.3% 6.6
PRA (ng/m!/hr) 12 0.51+ 0.21 0.89+ 0.21**
PAC (pg/mD 9 109.7+ 9.5 100.3+ 8.3
pNA (pg/mi) 12 121.3+14.6 195.5+37.1*
* 1 p<0.05, **:p<0.01, ***:p<0.001
3 B & NRH, LRH o renin BE#H € Nif 1 Bl 5K o i

3.1 Nifedipine DREHR

Nif 1 Al R0 SRy, L« MTHE Fo
7+ Na 483, RAA R& L OTMEREOLEIOE
HEBETS E Tablel DT L < b, Tizbhb, Nif
BEE LFRbEEBR, MAP B THR(ME<0.00DL,
HR 88 (p<0.01) L. —75, BiEEP, Cer ik
—FEPEE A oA, UV (p<0.05), UV (p<
0.001), FEy, (p<0.001), FEp (p<0.01) XL
7o, % b, Nif 1 B 5B bl d b
HOF, EMERELEFEMED Na BRIRIIEIASET,
Koo NaBIRORET D EABELDE T2

b7, RAA B & TREREEZhThoiERE s Sh
5 PRA, PAC & pNA D ZE B % &5 &, PRA (p<
0.0, pNA (p<0.05)ixEZEic LR L, PACK
VEEE B e AL B D Tahs o T,

wiz, Nif 0AKETRR L HEOMBAHRE L
F% Table 2 & Fig.1, Fig.2 ¥, Nif 1 BE5
X 5 MAP o Z{LE (AMAP) % X UZEE (%
AMAP) 3% 53 MAP & & (r=—0.616, p<0.05,
r=—0.519, p<0.1), ¥ 5 B PRA © ¥ # {8 (log-
PRA) &1F (r=0.515 p<0.1;r=0.584, p<0.05)
OB LI EER AR L (Fig 1,2). £2T,

T (EE) LT 5 &, Fig3 ol &, BEXR
12 NRH 2t L LRH ©EE (p<0.05) KK TH»Te.
¥4, Nif 1 BRSO Na FIJR % & o BEMCRE5
%&, AUV & ACcr, APAC Bliziz—EDOHE %4
3, AUn.V & AFEy, (r=0.839, p<0.001),
AFE; (r=0.883, p<0.001) &, % %, AFEuw!%
AFE: (r=0.626, p<0.05) &\ h $IEMHEBEL,
AFE,. & # 5% logPRA + i & 0 HEBE =
(r=—0.567, p<0.1) 2@ D mnt (Fig .
3.2 Nifedipine RIS NOHRE

wiz, EHT 9 #iic Nif 60 mg/ H % 4 BREEES Lk
Dy MATEIRE, X« BB, RAAR, RMHRE
%, NA-R, ATII-R 0ZEEZ DT~ 5.

3:2-1 [~ MITENREDZEE)

IELmE (SBP), #hEfAmAE (DBP), MAP i
Nif # 5 87 (SBP; 1726 mmHg, DBP ; 96+2
mmHg) =k L, 1:8% (SBP; 1436 mmHg,
DBP ; 85+3mmHg, \TFhd p<0.00D) kL T4:8
#%(SBP ; 133+5 mmHg, DBP; 782 mmHg, 7
nd p<0.00D) KEBKTEL, »o, TOBREER
1L 4:8% <X bk (SBP ;. p<0.001, DBP ;
p<0.001, MAP ; p<0.001)TH -7z (Table3). i
#21, HR I Nif #5 1 83 L 0 4GEBOGFhcEsy
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Table 2 Relationship between a)change in blood bressure and. basal blood pressure or loga-
vithm  plasma  renin  activity C(log PRA), and b natriuretic response to single
administration of nifedipine and basal log PRA or changes in renal parameters z'nv
essential hypertensives.
n r p
a) AMAP vs Basal MAP 12 —0.616 <0.05
vs log PRA 12 0.515 <0.1
b) AUV vs AFE,, 12 0.839 <0.001
vs AFE; 12 0.883 <0.001
vs ACcer 12 —0.317 ns
vs APAC 9 —0.180 ns
AFEy, vs AFE; 12 0.626 <0.05
vs log PRA 12 —0.567 <0.1
MAP ; mean arterial pressure,
uv ;  urine volume
UneV ; urinary excretion of sodium,
Cer ; creatinine clearance,
FEy. ; fractional excretion of sodium,
FE; ; fractional excretion of inorganic phosphorus
PAC ; plasma aldosterone concentration
Basal MAP Basal MAP log PRA log PRA
L 80 100 120 140 80 100 120 140 2.0 2.5 3.0 . 2.0 2.5 3.0 3.5
- 0 Y 4 N L 0 Y L L mmng 0 e L - L& 0 iy n 1L® L
—-10 . * .. 10 . * . o i . .
-0 T -y R -2 *
~30 * —30 * n=12 —30 n=12
. r=0.515 r=0.584
— % mmHg p<0: 1 % 0<0.05
AMAP %4AMAP 4MAP %4MAP

Fig. 1 Correlation between basal mean arterial pres-
sure (MAP) and change in MAP (AMAP)
or percent change in MAP (%AMAP) follow-
ing single administration of nifedipine in
essential hypertensives.

TABEREE LT X2 » 7 (Table 3).

3:2:2 K- BEBERSBOZETE

B2 V75 ARBRMEFTRO Uy, V, FEyott Nif £
FlBRCLSERL, CBECHECES 2 Ef
Bote. UV, Cer, FEsicbREDMHEE BERDTAL s
T HERREECIIE G 70 72(Table 3). —%,
AWK E, URBEE P Natk 8 PV, o5
(BW)DZEENI Fig.5 DT LT, 24 BHIFE, 24 ¥
fIJR A Na PRt E 3 Nif #5850 (S50 3 B
FHENCHL, #5 1-3 AEO EERIIICEE (-
T p<0.0D ML, 18% (BE18E ons
3 HEDOY#HME), 258t (%5 2@EOHE 3 HRIo
FIHE), 4B BE5 4BEOER S5 BEOFHE)

Fig. 2 Correlation between logarithm of basal
plasma renin activity (logPRA) and change
in MAP (AMAP) or percent change in MAP
(% AMAP) following single admisistration of
nifedipine in essential hypertensives.

LWBL, MBECET3EMYRLL. BW, PV i3,

Nif 2.5 1 BH%IcEE (FhFh p<0.01, p<0.05)

CETL, 488 CoE TS

723, pCa’* i Nif H# SR 238 U T oL 8%
IRE 7o = (Table 3).

3:2:3 XREMIER, renin-angiotensin-aldoster-

one (RAA) ROEH,

Nif 4 BRE AR OLZREMER, RAA ROFEM DL
% pNA, PRA, PAC DB, bBE Ui, ok
R, BGHHMEILL, DNA, PRA 385 1385
nHEE (p<0.05) kR, 4BHIZI1ZPRA 21X
HIZERF (p<0.00) +5DIz% L, pNA i FREL T
BERIO V< iz@E L (Table 3). —7, PAC &



250 FEHE - R LIRSS
MeantSE —7.6%+2.2 —18.2+2.9 a) 4 UnaY 4 Una¥ 4 UnaV
nEq/min 2Ea/min #Eq/min
n=8 n=4 . . .
Jan wod | "7 400
. NRH LRH . e
. .
o Jmo 20 200 o
! . #<0,001
o o :
— 0 .
0 0 2 40 mi/min T 3% T8 1%
4Cer AFENa AFEP
| b) 4 FEna 4 FENa
o —10+ % % .
< 3 .
= 3
q L]
X " * 2 .
.
1 ! *
.
L] L]
o o * L]
—20- L8 12 % 2 3 4
AFEP log PRA
I Fig. 4 Correlation between a)change in urinary
% p<0.05 excretion of sodium (AUy,V) and change in

Fig. 3 Comparison of percent change in mean arte-
rial pressure (%AMAP) following single
administration of nifedipine in normal renin
(NRH) and low renin essential hypertensives
(LRH.

creatinine clearance (ACcr), fractional excre-
tion of sodium (AFEy,) or inorganic phospho-
rus (AFE,) following single administration of
nifedipine, and b)AFEy, and AFE, or loga-
rithm plasma renin activity (logPRA) before
the treatment in essential hypertensives.

Table 3 Chronic effects of wnifedipine (60mg, 1, i, d) on mean avterial pressure (MAP),
heart rate (HR), wrine volwme (UV), urinary excretion of sodium (U V), frac-
tional excretion of sodium (FEy) and of inorganic phosphorus (FEp), en-
dogenous creatinine clearance (Cer), plasma volume, body weight, plasma ionized
calcium (pCa?*), plasma noradrenaline concentration (PNA), plasma renin activity
(PRA), plasma aldosterone concentration (PAC), and pressor response to infused
novadrenaline (NA-R) or angiotensin I (ATII-R) in essential hypertensives.

n before 1wk 4wks
MAP  (mmHg) 9 121+ 3 1054 4%** 97 3**+
HR (beats/min) 9 63+ 2 664 2 64+ 2
uv (m!/min) 9 3.9% 0.5 4.1+ 0.3 3.8+ 0.4
UV (#Eq/min) 9 114+14 158226+ 133432
FEw. (%) 9 1.024 0.18 1.35+ 0.28 1.30+ 0.32
FE,» (%) 9 15.24 2.3 15.8% 2.0 14.2x 1.8
Cer (m!/min) 9 77.3% 5.3 86.2:= 8.6 80.2% 6.7
plasma volume ap | 9 | 9.5+ 79 91.3% 7.0° 92.2 8.7
body weight (kg) 9 63.9+ 3.1 63.3% 3.1** 62.5+ 2.8%
pCa?  (mmol/D) 9 1.22+ 0.01 1.20%+ 0.01 1.23% 0.02
pNA  (pg/mD 9 161.0413.8 215.0+26.9* 161.2+24.1
PRA  (ng/mi/hr) 9 0.61+ 0.17 1.16% 0.36* 1.20% 0.24%*
PAC  (pg/mD 8 120.1430.8 110.0+36.2 108.0435.4
NA-R (mmHg) 5 33.8% 6.6 12.8+ 2.4* 17.0+ 3.0*
ATII-R (mmHg) 5 32.4% 4.0 19.2+ 2.4* 22.1+ 2.3*

+ :p<0.1, *:p<0.05 **:

p<0.01, *** > p<0.001 vs before value
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mt/day

2000 4

uv

l 1000

0

n=9 MeantSEM days

uv 14171101 1704+64

(ml/day) 2203+ 164 15374125
UnaV 87.3%2.5 120.66.1
(mEa/day) 139.748.1 102.0+5.9
BW (Kg) 63.943.1 63.3%3. 1%«
PV 99.5%7.9 91.3+7.0%

(ml/cm-9%normal)

Before 1day 1-3 1wk

AREM: &M EBE 1T 5 nifedipine 82 DR 1= B3 5 #aat 251

*p<0.05 vs before value

#% p<0.01 vs before value mEq/day

- 200
UnaV
- 100 7
7
0
2wks 4wks
145098 1430+98
92,9+4.3 89.8+5.0
62.5+2.8*
92.2+8.7

Fig. 5 Changes in 24 hour urine volume (UV), 24 hour urinary excretion of sodium (U,
V), body weight (BW) and plasma volume (PV) following nifedipine administra-

tion in essential hypertensives.

PRA off LR & v b3, #537120.1+30.8
pg/ml » 518 #%110.0:36.2 pg/m/, 48k
108.0%35.4pg/mi ~ &, HEFFACHEE LTV \H
W, B LUAKTOERm AR LA (Table 3).

3:2+4 Noradrenaline (NA-R) HXLU'angioten-

sin I FERISE (ATII-R) OEE)

FHEOHETHE~I T L, Nif #5850, EERER
BEFOMEMENE <, NA-R, ATII-R 0% HifF
Lzl o IERIN A BB b, Nif #5710 NA-R,
AT II-R O3 2% b O 5 oA TR L% 2 7
oo, Tal, MENATELR L 4BEOWFERG
P9 BIERI et LS. bk 5 glokstt, NA-
R, ATII-R 1z, Nif #58icktl, wIhiHEE1
BRICEEGE p<0.05)IET L, 4:8%4EEEL
12 p<0.05) K F2FEHEL 7 (Table3). iz, Nif
HBEFICRITS NA-R & pNA, pCa?t OB, LNz
WEH 1AL 4 BRI d 0O TREEDHE
BE LA Bl &<, AMECR NI &S50
NA-R BATHINE SN icfed, BEFTCE D AERD
REEWHO 17 LITEIEHT 12 flaffe TRE L
fo. Zo#EE (Fig.6), Nif #5310 NA-R i pNA
(r=-—0.695, p<0.005) ¥ X O*pCa? (r=—0.656,
p<0.005) LHBEEWHEMHEEAL 2. 5, Nif 5% 0
NA-R 4 MR O pNA 2 B E (r=—0.586, p<
0.025) i HHBA L 7o 4%, % D ERE R Nif 581
L, R 0<0.05) W FAH~NBA L. %7, Nif

‘ERCE, Nif #581ciBd bt NA-R & pCa?t
DFBIEHR LA, 2 Flakk< 10 4128 Nif #5870
EREBO T HCo MLz, bk, Nif #5 18Kk
O 48D NA-R oF/bE (ANA-R) #H5RIONA-
R, pNA, pCa? &xflb43&, #RiXFig. 702k
5. Tizbb, ANA-RIZNIf#S5HNAR &
(r=—0.930, p<0.01), pNA (r=0.759, p<0.025)
X0 pCa? (r=0.941, p<0.001) & FEOMBEALTL
7.

3+2+5 Nifedipine MEEELIR & SEE T ND4EES

wiz, Nif ##5 4 BEOKER (% AMAP) L #5
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NA-R vs pNA NA-R vs pCa2+t
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Correlation between pressor response to in-
fused noradrenaline (NA-R) and plasma nor-
adrenaline (pNA) or plasma ionized calcium
(pCa**) before and after nifedipine adminis-
tration in essential hypertensives.
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arterial pressure (3%AMAP) 4 weeks after
nifedipine administration and basal logarithm
plasma renin activity (logPRA), plasma nora-
drenaline concentration (pNA) or plasma
ionized calcium (pCa?*) in essential hyperten-
sives.
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pressure (%AMAP) induced by
nifedipine administration between normal
renin (NRH) and low renin essential hyper-
tensives (LRH).
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9, AERLROMTER L TRERROEE I
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