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In order to investigate the significance of the pressor response to infused noradrenaline
(NA-R) in the pathogenesis and pathophysiology of essential hypertension, mean arterial pressure
(MAP), NA-R (increments in MAP induced by 0.3 ug/kg/min of NA infusion), plasma NA concen-
tration (pNA), plasma volume (PV), extracellular fluid volume (ECFV) and exchangeable sodium
(Nae) were measured in 62 normotensive subjects (NT), 14 patients with borderline hypertension
(BHT) and 137 patients with mild or moderate essential hypertension (EHT), who received a
regular diet containing 200 mEq of sodium. The measurements were performed during the first and
last four days of two weeks rest after admission.

Immediately after admission, NA-R positively correlated with the age in EHT, but not in NT.
However, in NT, the mean value of NA-R was greater in the elderly (above 60 years) group than
that in young (below 40 years) or middle-aged (40-59 years) groups. MAP before NA infusion was
not significantly correlated with NA-R in both NT and EHT. The mean value of NA-R in young
or middle-aged EHT was significantly greater than that in age-matched NT, while no significant
difference was observed between NT and EHT in the elderly group. NA-R was highest in EHT
with WHO stage I (WHO II), second highest in EHT with WHO stage I (WHO D), third in BHT,
and lowest in NT. NA-R in low renin EHT (LRH) was markedly higher than that in normal renin
EHT (NRH), of which both were higher in NT.

NA-R was correlated inversely with pNA both in NT and EHT, and the regression line
shifted upwards in EHT, particularly in WHO II or LRH as compared with that in NT." In addition,
following a two-hour ambulation, no change in MAP was observed, while significant increase in pNA
and an attenuation in NA-R were found in EHT. A significant hyperbolic correlation between
NA-R and pNA was observed in EHT before and after ambulation. On the other hand, significantly
inverse correlations were demonstrated between PRA before NA infusion and NA-R both in NT and
EHT. The regression lines in the two groups were nearly similar. In EHT, significantly positive
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correlations were observed between NA-R and PV, ECFV or Nae.

Furthermore, following two weeks rest after admission, MAP and pNA were decreased, and
NA-R was augmented. MAP and NA-R were decreased, and pNA increased significantly in EHT
after salt restriction.

From these findings, NA-R was significantly augmented in BHT and EHT compared to that in
age-matched or pNA-matched NT. NA-R was particularly augmented in the moderate or low renin
EHT as well as the aged patients. Thus, the possibility was suggested that the augmentation of
NA-R was significant and specific in EHT, and may play an important role in the pathophysiology

of essential hypertension.
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Fig. 1 Correlation between age and pressor response to infused noradrenaline (NA-R) in normotensives (NT)
and essential hypertensives (EHT).

Table 1 Comparison of pressor response to infused wnoradrenaline (NA-R) among young,
middle-aged or old mnormotensives (NT) and essential hypertensives (EHT).

N T E H T
n Age(yrs) NA-R(mmHg) n Age(yrs) NA-R(mmHg)
Young 33 26+1 352 53 30£1 4242%

: [ns p<0.025]
Middle-aged 17 - 49+1 31i3]p<0 005 p<0.01 63 49+1 4742 p<0.025
Old 12 70+2 46+3 ' 21 651 50+3
Total 62 41+2 362 137 44+1 45+ 1**

vs NT; * p<0.05, ** p<0.001
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Fig. 2 Correlation between mean arterial pressure (MAP) and pressor response to infused noradrenaline
(NA-R) in normotensives (NT) and essential hypertensives (EHT).
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Table 2 Comparison of pressor response to infused noradrenaline (NA-R) a) among normo-
tensives (NT), borderline hypertensives (BHT) and essential hypertensives (EHT)
with WHO stage I (WHO I) or WHO stage II (WHO II), and b) among NT,
normal vemin EHT (NRH) or low venin EHT (LRH).
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Fig. 3 Correlation between pressor response to infused
noradrenaline (NA-R) and plasma renin
activity (PRA) in normotensives (NT) and
essential hypertensives (EHT).
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Table 3 Correlation coefficients between pressor response to infused wnoradrvenaline (NA-R) and
plasma rvenin activity (PRA) in normotensives (NT) and essential hypertensives

(EHT). WHO I; WHO stage I, WHO II ;- WHO stage II, NRH ; normal renin
EHT and LRH ; low venin EHT.
N T E H T
Age Age WHO Stage Renin Status
Young n=10 Young n=43 WHO 1 n=37 NRH n=71
r=—0.401 r=—0.492 r=—0.479 r=-—0.304
ns p<0.001 p<0.005 p<<0.01
Middle-aged n=5 Middle-aged n=46 WHO 11 n=48 LRH n=24
r=—0.389 - r=-—0.115 r=-—0.170 r=0.16%
ns ns ns ns
O1d n=9 Old n=14
r=-—0.3389 r=-—0.010
ns ns
Total n=26 Total n=103
r=—0.462 r=—0.427
p<0.025 p<<0.001
NA-R NA-R NA-R Nae
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80} 80 80
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60} 60} :
a0} a0}
'Y
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= [ ] n=42 20 | © n= . 20 =
°
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° P<0.001 ° P<0.001 ° P<0.001
0t Y T T 0 &y v 0% ! ! !
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Fig. 4 Correlation between pressor response to infused noradrenaline (NA-R) and plasma volume (PV),
extracellular fluid volume (ECFV) or exchangeable sodium (Nae) in essential hypertensives.
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NA-R AGE NA-R WHO STAGE NA-R RENIN GROUPS
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oo oo\ Middle
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n=10

Fig. 6 Comparison of relationships between pressor response to infused noradrenaline (NA-R) and plasma
noradrenaline concentration- (pNA) among subgroups of .essential hypertension divided by age, WHO
stage or plasma renin activity, Young; below 40 yrs, Middle; 40-59 yrs, Old; above 60 yrs, NRH ;
noral renin EHT and LRH ; low renin EHT.
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Fig. 7 Effects of two-hour ambulation on mean arterial pressure (MAP), plasma
noradrenaline concentration (pNA) and pressor response to infused noradren-

aline (NA-R) in essential hypertensives.
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Fig. 8

Correlation between pressor response to infused noradrenaline (NA-R) and

plasma noradrenaline concentration (pNA) before and after two-hour ambula-

tion in essential hypertensives.
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Fig. 9 Effects of two-weeks rest after hospital admission on mean arterial pressure
(MAP), plasma noradrenaline concentration (pNA) and pressor response to
infused noradrenaline (NA-R) in essential hypertensives.
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TR L, pNA (3139420 7 & 166+28 (p<
0.1, 229+33pg/ml(p<0.025) ~& ER L7z oF
n, NaZEREXHIRL CTHREEXRD €L L, Th
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NA-R (35T 5% L& 2 bh i
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Fig. 10 Effects of low sodium diet on mean arterial
pressure (MAP), plasma noradrenaline
concentration (pNA) and pressor response to
infused noradrenaline (NA-R) in essential
hypertensives.
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DEENTDONTIIE S OBIFE, MESEIh TE M.
FULTC, ARG M ORI DNA Ao B 05
RO LITHEFE, BELRV LI PRA EH ~&E
o EHT i1y < » 5+ Lo NT ok LE#i s &
ONZfiz, tilt 7080 X B3R R BRE o pNA 25 B
T L5 RENHE—RRE & 7m0 oo p BTN,

fii7, NA-R i3 NT izt U EHT Tl LT 5 &
THHENL O 2L, EHT ki35 NA-R T
EPFRRCTHLBERTHEL, T DX b il
DD BEEGITRD b, Wit BIFRE L L h B
BT 5 2370 &, FORRMCEBFICOVTERL
FRE IR E AE L LN, NA BZRBRERIE R 55
K&k, MEFELG S OENEEERL, 99
TEOEBIERYRETS. Licht- TNA omEEE
T AER, % i EREE > BERIGHESY
BETAHZ L, BOEDKRE, RELENTS LT
TR RIEMBEEE 2 OIS, F2C, AFETIIZO
REBREIC T, KEEED NA-R #Efr~ v &
L=-NT oxh ExttbL, %7, ElEDRKE, Fk
L OBER, TRMREIEMEE) & OB s SR 7ok
EIR- Relel ot v
4-1 NA RERIM (NA-R) r &8 - ILE

F¥, NA-R CEHOMBILY 2 512, NA-R 115E#
CEHT thHEREMBIL, NT ¢iiHE% bk -
7= (Fig.1). L» L, NT %%, /b, EE0 3y
Bttt s &, NA-R @, PERMHUEERT

BT ERS 2 bk (Table 1), Lihi-T, NA-
Rz NT, EHT ok T h E@E clEm LT
WhEE 2 SDONEYT, FOBER LU TiEngi ek
5 RAS M BE D BFBERYE AL 2 —3BI5 L T\ % AT AEME
PREINA. FLTC, ZoEE T, NT, EHT i<
NA-R &b+ 51013 ERE < » 55 2 LANAT
BB EEERLES.

iz, NA-R & NA-R #AIEO MAP -0 ES
Z % &, NT, EHT owFhic s BER e
OB D b e s fo (Fig. 2). % b, NA-R
RITER O MEE B A RE T, Bk o
5 NA-RITHEE, D7 MR R e X 51
EERicd &5l 3E LT
4.2 FEHSNTEEE(EHT) 0%, wEe NAR

ERI4 (NA-R)

¥4, NT, EHT 5o NA-R #5425 &, NT 4
& EOT 4 ofciigEz o NA-R VBB G-
fo. LT, FE@plowmatciy, EHT oFEk I U
FHONA-RENT 0 hFhiclh LEFCE L, &

FLBRIEEE

EHONT, EHT it B &2 le v Rl o 1o
(Table ). DA LoffRiY, REZEBERICEKTS
NA-R OHSRET &35 L v, NT ¢ EBFERET
ENA-R 3a7c 0 oL, EHT ZEFHE 1220
BB LDEE LT

Wiz, AIEBEZED NA-R TEOCEFLHEIER O
BEE A AREHT3<, FAI2E~< » F LI NT, BHR
WEmMESAZ (BHT), WHO Ik X IIEHAER
TR L. F oS, NA-R 1z NT, BHT, WHO
I #HiolE#E®mL, WHO IHEEL S LW, L
%, BHT 13 NT L b 7ekBEIEMR L C BT R0
Bdhnt (Table2-a). % b, SHIMEEE D NA-R
R OMER & &L ITTET S RIS 50y, EHT
OFEIGR X 3E 2 5n % BHT kv U3 cit NA-R
OREITHLNDHZ L, NT o @mFERKEYET
BBz, LB 54lickkl, NA-R 28 L Tuw-%
L o# = 2 Doyle and Fraser® o2 Si-8% 2
% &, EHT o NA-RJT#E2ME LR O KIER &
THHER® 1124 % 2 Fou

fli g, AZRE{REEIE MY renin—angiotensin (R-A) %
DOFENEREICBE TS Z L3 X Aba Ty 52022
L2, NA-R & R-A RoOMBE LK LI-RE Lz &
AT AKBgEc, NA-R L EEEIED PRA oBE
PRE LB RIIUTOZ LS Thate. Thbb,
NT, EHT ov-Fhicks\~Th, NA-R|ZPRA 5
EEHEE L, 2oRIRES IS M T2y 23 Fig.
3), HEE*I3T <y F LA NT, NRH, LRH ot#E©
12 DJE NA-R 2388583 57 RasiEn bz (Table
2-b). 2% v, NT, EHT o\ -Fhics\ T4 NA-R
1t PRA »&1cMBIL, NA-R & R-A ZoBEIRE
Shizpy, ZoofE, EHT ©& i RAjCHE® X
TS LD RITED bhich- T

wiw, NA-R & h§E » Na P oBIE L #at U icks
&, NA-R pRKFflEomiEE (PV), N EE
(ECFV), #7ac#att Na & (Nae) LA B ICIEMEET 5
BENEES b (Fig. 4. EOT ¢ i3k¥ » Na B3
i, WEAERE, PRA ISl ff-> THATA L o#=E
B ol r GhbeB 25 L, REEEZOME, &
B R, PRA itk 5 NA-R T Fo— i
i3, A%+ Na B0 S»EEmIhs. 127210, &
¥% « Na EEEFNC 8135 NA-R FLIE D 1170 3588
BosCitie <, I EE Na 8o, mEo wall/
lumen Lt o4, Na U3 & B3 % M &L/ HA
Ca & EHM™ 7ok, iEEREE FORERT LS
LTEriiLs b,
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Eoz &<, NA-R iz PRA B 5 i2ffi «Na
B ofBENED LR, RIERTE, PRA 2],
B -Na B2 k3 2 EHT® © NA-R 20735 &
Ezbnb.

4-3 NA BERIHE(NA-R) L Mm% NA RE (pNA)
DB

—7, NA-R & pNA oBEF#Ex X DEEMICHRE Lchs
B L ToREy 2. 7, NT, EHT ov3hic
BT h, EEEEo NA-R 3REBHED DNA EBE
ik L, FoRREHRENT L EHT 28
7w NA-R EfE@wzsf Lz (Fig.5). 2% », NT,
EHT o3 hicksCh, NA-R (1 pNA 2:LHERIS
AT RIS B & AEBI L, pNA 2iF— L~
L, EHT o NA-R 3 NT oz X v nh
RSB LCW B B, Bk, NAERSG s
% downward regulation DFFEERFIR &L Th, 7ok
2> EHT o NA-R iz NT o I hIJTHELTW5 T
L% LT\ 5. Philipp et al® 3, ZEE LERRS
=335 NA-R & pNA, ¥ J U angiotensin IIHE
Ktk & PRA, FhFhnoBfka#stl, NT, EHT
DOV FRIC IR\ T B B AR BAR (R &R sy, EHT
ENT i L, pNA @4 % NA-R O A28 s
WAL T b, FELOMES Ch iBle—
wL?. —J, EHT ikir5 NA-R & pNA oiffEEd
BRIy, 4, F4E, WHO I, IHEEE R IO
NRH ©E L <, EEEEL LRH CaBLTiav.
Lk, FA—Lr-~ulopNA T, EFEREVEERCE
L, WHO II#BE I iEE LY, Wwhi NA-R
AEEofEf AR L, LRH Tii% ok 2/3 ©ANRH o
ERERO s m LT (Fig. 6).

wiz, AEEBED NA-R &, pNA BLHERIZNSEE
R RN B R OAERE AR X b BREI RS, 2 BRI
HTR & %C, NA-R & pNA oBJEwHRE L. D
BRI STHROTECIEE LR, pNA Ik
L, NA-R gl 25, pNA OZB i > 2 e
NA-R oL U, Lxrd, Bi - BExEbesd L,
NA-R » pNARIcBEE 2 WiEER 2 A D b
(Fig. 8). +7cbb, NA-R 13N RN REREE i 0L
Bhic s LA B b U, SRR IS BT
2 BE e B O E ORIFHE A REE T

i, AEBE CABLE 2 BENHO NA-R &
pNA %§2+ % b, RHEERCTFHNE, pNA 1
ETL, NA-R iz b L« (Fig. 9. Z OBE b id
L7- NA g BE 1% % downward regulation ofF
Er—BEETL D E VLS.
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L E2EaE L CEETS L, KECKTSNA-RTT
BoXEI, BeEnmREEEROBRIC L 2 MmE
BEOBRBWME LD ET5 X0, NT @k pNA,
2% ) TARETEMERIEEBEGC L AR LR T
Db, RBEOTEMREIEEICK LTI viE - NA-R
BERLCB EEZBRD. OB, NEE
BWENHOBRE LI BIST LA DHER SN D5,
I 0 BT 1S B oEN I HR L Ao,

4.4 EHT \=5) 5 &iEHERO NA FER S
(NA-R)

B, AFEBED NA-RCE554%K « Na ¥#o
BEAVBRE TN, AEHRMONARDEEH
pNA r DBAE T WEE L. ToERE NaBEREY
200mEq/ 3 # % 120mEq/HA, 5w 35mEq/B~E
R L, K NaBAES SEB L, MERET
pNA 17 FH 1, NA-R i shte (Fig. 10). 0%
h, B X A4 -Na 2ol &, baroreceptor %
ot 5 B ERF O RIS o EF b NA-R 13
Bn EE LR

Ll EaSEds b, NA-R (PR RS
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T4, EHT & NA-R i NT b LB ST L
w5, EHT ivx3% NA-R otz Lo, &
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AEEE O RS TR E {BS LTV AR
PEREE < TR It

5 % B

AEumEmmEE oXE, REFR S % norad-
renaline B EFIGHENA-R) OFZE X Hoe T,
FEEEERDL7 fl, ERBEMELRELF, EF
mEE (NT) 62 Bz 5% & L, ¥4 (Na 200 mEq,
K75 mEQ) #5 T AlRBEEO4 BLA L 2 B% D 4
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L (Na 35mEQE 5 £ £ ©7~14 H HIZ,
NA-R, Ifi 4 noradrenaline 5 (pNA), I renin
& (PRA), m#gE (PV), kst E (ECFV), &
Zefik Na 8 (Nae) R @REIE L, LT OB a &,

1) NA-R *4# 13 EHT THEIEMHEBT %25,
NT i3, NA-R s mmE My, NT,
EHT o\ hicks\ T h B b o TeiBBl & & feds - 7.

2> EHT o NA-R iz NT o xhictb L, 7 - 74F



260 PRI, « Fih AR
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PRA BEBIE PRA BER Y 0150 - 1.
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4 NA-R 3FIEAIZE O pNA B EE L,
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iZ, pNA i ER, NA-RIMETL, $Hi#Y &8
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