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ABSTRACT The present study was undertaken to clarify the role of renal dopaminergic activity

in the pathophysiology and pathogenesis of essential hypertension. Urinary excretion of free
dopamine (uDA), plasma l-dopa concentration (p-dopa), endogenous creatinine clearance (CCr) and
renal plasma flow (RPF) were measured in 13 normotensive subjects (NT) and 21 patients with
mild-to-moderate essential hypertension (EHT). The EHT were divided into two groups, 15 with
normal renin EHT (NRH) and 6 with low renin EHT (LRH). Taking the family history of essen-
tial hypertension into consideration, an additional 20 young normotensive male subjects, ranging 20-
34 years of age, were evaluated for their natriuretic response to intravenous infused DA (3 pug/kg/
min, 60 minutes). All subjects were hospitalized and given a regular diet containing 120 mEq/day of
sodium and 75 mEq/day of potassium without any drug for 2 weeks prior to the examination. The
examinations were performed in the early morning after an overnight fast.
" While there was no difference between NT and EHT in the amounts of the products of p-dopa X
CCr and p-dopa X RPF, which might reflect 1-dopa delivery to the proximal tubules and to the kidney,
uDA was significantly lowered in EHT, particularly in LRH, (NRH: 147+9 ng/min, LRH : 109+6
ng/min) as compared with that in NT (225+28 ng/min). A significant positive correlation between
uDA and the product of p-dopa X CCr was observed in each NT (p<0.002) or EHT (p<0.05), and the
regression line was shifted toward a lower uDA level in EHT, as compared with that in NT. The
ratio of uDA/(p-dopa X CCr), which might indicate the rate of conversion from l-dopa to DA in the
proximal tubules, was significantly lower in EHT, particularly in LRH (p<0.01), than that in NT.
Thus, it appeared that DA synthesis in the kidney was attenuated in patients with essential hyperten-
sion, particularly in low renin patients.

Ten young normotensive male subjects with a significant family history of essential hypertension
[FH(+)] and 10 age-matched normotensive male subjects without a family history [FH(—)] were
employed in the next study. A significant reduction in uDA was observed in FH(+) (235118 ng/
min) as compared to FH(—) (288+16 ng/min). On the other hand, in a DA infusion test, remark-
ably augmented natriuretic responses, urinary excretion of sodium (UNaV) and fractional excretion
of sodium (FENa), were demonstrated in FH(+) compared to FH(—). No significant difference
was observed between FH(—) and FH(+-) in both p-dopa level or l-dopa delivery to the tubular
level ; however, uDA and DA conversion from I-dopa in the kidney were significantly suppressed in

, FH(+). These findings suggest that attenuated renal dopaminergic activity results from suppression
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of dopamine synthesis in the kidney which is observed not only under the condition of hypertension,

but also in the prehypertensive stage of essential hypertensives.

This activity might contribute to

pathogenetic mechanisms in essential hypertension. (Received April 11, 1994 and accepted June 6, 1994)
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Table 1. Clinical, features in normotensive subjects
(NT), patients with normal vemin (NRH)
and those with low rvenin essential hyperten-

sion (LRH).
NT NRH LRH

n 13 15 6
age (yrs.) 38+4 49+3 5444
BMI (kg/m?) 23.241.0 23.6x1.0 23.1%0.7
MAP (mmHg) 824 100%5* 1136
HR (bpm) 57+3 602 604
UNaV (¢Eq/min)  138+19 121417 119%13
CCr (ml/min), 9344 9446 82+6
RPF (m//min) 474%33 401+33 433452
uDA (ng/min) 225+28 147+9* 109+6*
p-dopa (ng/mi)  1.2840.07 1.48+0.10 1.4840.25
pNA (pg/mD 94 +9 12616 94+14
uNA (ng/min) 36-+9 33+6 42413

PRA (ng/mi/hr)  0.98+0.25 0.9420.19 0.0920.04%

Values are represented as means = SEM.

*p<0.05 vs NT. $p<0.05vs NRH.

BMI: body mass index, MAP: mean arterial pres-
sure, HR : heart rate, UNaV : urinary sodium
excretion, CCr: endogenous creatinine clearance,
RPF: renal plasma flow, uDA : urinary excretion of
free dopamine, p-dopa : plasma l-dopa concentra-
tion, pNA: plasma noradrenaline concentration,
uNA : urinary excretion of noradrenaline, PRA:
plasma renin activity.
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Fig. 1 Comparisons of plasma l-dopa concentration (p-dopa), the products of p-dopaXrenal plasma flow (p-
dopa X RPF), and p-dopa X endogenous creatinine clearance (p-dopaXCCr) among normotensive subjects
(NT), normal renin essential hypertensives. (NRH) and low renin essential hypertensives (LRH).



63 (2) 1994 AFEME M ESE & B dopamine &R 79

L, OFEER) i FH(H) THOLIEM%ER Liz(Table
3). oo Na MFRIEOREY FH(—), FH(+)
HRcHET 5 L, Fig.5 D2 kL, ACCr TiIHFeRE
TEX LI, AUNaV & X 0 AFENa ituv-hd
FH(—) izt L FH(+) THEE (p<0.05) B L T

) BETEERERZABD o .

3-2-1 DA #5850 Na FIRKIG

FH(—), FH(+H) BT 54 E% DA 58O
NaFIRKIG &, B 5 1-dopa #»H DA ~DOFH#
BEORE LR, DA % 60 pHEFREETS L, FH
(=), FH(+)om#E &+ 4 MAP, CCr witBAbn7eH

By#Lc\ 2%, UNaV, FENa iduv$hbaEcHm uDA/(p-dopa x CCr)
ubDA p<0.01
ng/min <0.01
5004 J|O NT NT
° n=33
© NRH r=0.354 2.0 1 |
r p<0.05
400 ® LRH o]
300 -
NT ]
1.0 - =13
200 4 \
I - G EHT NRH
n=21 n=15
100 4 e POy =0.473
p<0.05
0 T Y 1 Mean = 193 1.08 101+
0 500 1000 1500 SEM 0.17 0.09 0.16
p-dopa x RPF ng/min  Fig. 4 Comparison of ratio of urinary free dopamine
. . _ (uDA) to the product of p-dopa X endogenous
Fig. 2 Correlatlonf })etweerfll th? Agmduitsprgf p d creatinine clearance [uDA/(p-dopaxXCCr)]
dopa X rena pgsma .OW( I]))Agp? ?n among normotensives (NT), normal renin
gf\;rela;ibjfaii: (I\?%a)nzgg g:latient;nwrilt%rrr:s)szg- essential hypertensives (NRH) and low renin
L - ial .
tial hypertension (EHT). essential hypertensives (LRH).
Table 2 Clinical characteristics in young normotensive
subjects without family Jhistory [FH (=)]
uDA = and those with family history of essential
ng/min n=33 hypertension [FH (+)].
500 r=0.537
b .002 —
o N ° 5321.01X+98.9 FH(= FH(H
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BMI: body mass index, MAP: mean arterial pres-

Fig. 3 Correlations between the products of p- sure, HR - heart rate, UNaV : urinary sodium

dopa Xendogenous creatinine clearance (p-

dopaxXCCr) and urinary free dopamine
(uDA) in normotensive subjects (NT) and
patients with essential hypertension (EHT).

excretion, FENa: fractional excretion of sodium,
CCr: endogenous creatinine clearance, RPF : renal
plasma flow.
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Table 3 Effects of intravenous infused dopamine on hemodynawmics, renal sodium handling and
renal function in young normolensive subjects without family history [FH(=)] and
with family history of essential hypertension [FH (+)].

MAP(mmHg) HR(bpm) UNaV(¢Eq/min) FENa(%) CCr(m!/min)
n
basal . dopamine  basal dopamine  basal dopamine basal dopamine basal  dopamine
FH(-) 10 83+3 82+3 5814 57+3 82+12  131%£19* 0.5%0.1 0.7X£0.1* 1037 109+6
FH(+) 10 7+4 7543 5743 63+4* 7613 177+19* 0.4+0.1 0.9%£0.1* 1075 114£3

Values are represented as means £ SEM.
* p<0.05 vs corresponding baseline values.

MAP : mean arterial pressure, HR : heart rate, UNaV : urinary sodium excretion, FENa: fractional excretion

of sodium, CCr: endogenous creatinine clearance.
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HEQ/min % mVmin
150 0.8 15
p<0.05 p<0.05
0.6
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50 1 5 FH
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+SEM +10.1 217.3 +0.05 +0.10 +4.0

Fig. 5 Comparison of natriuretic response to intravenously infused dopamine
between young normotensive subjects without family history [FH(—)]
and those with family history of essential hypertension [FH(+)].
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Fig. 6 Comparison of urinary excretion of free
dopamine (uUDA) between young normoten-
sive subjects without family history [FH(—)]
and those with family history of essential
hypertension [FH(+)].
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Fig. 7 Correlation between basal value of urinary excretion of free dopamine (uDA) and natriuretic response :
changes in urinary excretion of sodium (AUNaV) and in fractional excretion of sodium (AFENa), to
intravenously infused dopamine in young normotensive subjects without family history [FH(—)] and
those with family history of essential hypertension [FH(+)].

ng/m p-dopa ng/min p-dopa x RPF ng/min p-dopax CCr
2; 1000 - 200}
e [ I
1 FH() FH(-) 100 FH(-)
n=10 n=10 n=10
0 0
Mean 1.57 1.63 805.3 779.5 163.7
+SEM 20.10 +0.08 £92.6 *47.2 %16.1 %6.6

Fig. 8 Comparisons of p-dopa, the products of p-dopaXrenal plasma flow (p-dopaXRPF) and p-dopaXen-
dogenous creatinine clearance (p-dopaXCCr) between young normotensive subjects without family his-
tory [FH(—)] and those with family history of essential hypertension [FH(+)].

FH(=) i L FH(+) 38 & (p<0.05) REHE%2 R
LTz (Fig. 9.

4 % £

AREE B EAE O RRIEEREDS e BH LTI
B, REORRLHBHR DAL & d—Hirr, B Na
PHEREDK TANEFEL, “hiTA4KE, 4A Na
BOMA,NEET DRI HII ST B19-D), —
¥, BRI oK -Na SeEjEc Bl 58 DA Ro%
g3t B X, HEEER DA 4 Na FIR OREIER 275
FTEELZBR TN B2 UL, KRR E M EE
DRAESRBIERIE, B DA RSBl bBREY R
LTV OFMTRIEEH LM E T oL,

chicortenEEs ENTRF5% DA
FROBRICOWTRD L 3 RBERD B, Tabb,
EHT o R+ DA St E (WDA) BEFMER
(ND) ot YL REMERT®., 21T, i

uDA/(p-dopa x CCr)
p<0.05
2- |
= |
11 FH(-)
n=10
0
Mean+tSEM  1.730.12 1.3720.07

Fig. 9 Comparison of ratio of urinary free dopamine
(uDA) to the product of p-dopa X endogenous
creatinine clearance [uDA/(p-dopaXCCr)]
between young normotensive subjects without
family history [FH(—)] and those with fam-

i(Iy)]history of essential hypertension [FH
+)]. ’
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HREREIRAES LY, BREE-RF Na BEREX
€5 &, uDA BB 35 2 ERELARI AT
B, $E-C, O LRH ok} % uDA EEER
Bk Na BINOER Tk, HLAZOHRER
FLELTWBZ EDEIREEINS. L LTI DR
%, SR DA BEBER O Na FIRKIGD: b hic#
FEERORFE D P, BOHCEELZAMLLED
uDA OB, REAMCI Y MENERL S (&
EREZEOBEVOLRH 55 LT\~ 5 &35 Shikuma
et al. DREFR®® & bBx—i T 5.

—7%, uDA CGEEEED ofRICIETOORKNE 4
L Twb, F0 128 wsgHid % dopaminergic
neuron 2 G ENBEDTHS., o 12k
KD 1-dopa ZE AL RME R PE D AL, ZhiiEE
E U CHEMBENIZBEFET 5 l-aromatic  amino
acid decarboxylase (AADC) X h BRCEEEX
W5 DTHHWIT0, BThER S i DA IAER
SR T 5 DA SAKRERE LT, brush-
border membrane ® Na*/H* antiport & basolater-
al membrane ® Na*, K*-ATPase D0 % %
b L, FAEco Na BRIRIGIERLRETSLE L
B B0, RepicBElE 2 b DA RSB SR 2
5~10%RBE & HEH D 7c <, BATI-dopa HHES
HMEND DA DHERENZELD, TEXBBED
EEMAMERINBLD, Jofd, WO LERITATE B
EPEOBNE, TEAMRREEREERLE, BecnERK
I &EMRL D B3, Lo, RFEDAR
dopaminergic neuron H3¥A, AR M ik & Bk

FLIRESEE

BN U EEMT S L ER ERETIB DL, i
WL ERORBERETH &, ABE—EEEBRTO
R DA SR B o A# 5L, ERIRME ¢ 1-dopa A
BAERINICEEZ TRERBEI W ELEbh 3.

Wiz, EHT 0% DA RxB~D l-dopa 5 & <,
-t 1-dopa 255 DA ~DEH A FREDOH 2 HRE
L7cBE i IS Ly, Lo CARE T, DA%
DYERE % AL IR S MM~ D 1-dopa G B OE B
L, HHE 2 nic l-dopa ORI CO DA ~DE A
SHECHE» bRE RN L. £, B0 l-dopa
OESEEOIEE L L C 14 I-dopa B (p-dopa) & &F
MR E O (p-dopa X RPF #) &\, SRS
IR~ B DI & Uil p-dopa & AERGIEEE
DO (p-dopa XCCr ) AW . LT, ALLIKAM
BTo 1-dopa 225 DA ~OBHWEDIEE L LT uDA
& 1-dopa Bk & & ok, uDA/(p-dopaXCCr) Eha#k
Nl F0#E, Bk ONEAREE~D l-dopa £t
B &FI>7 p-dopa X RPF ¥ X U p-dopa X CCr &
it d NT, NRH, LRH o 3 #E Tl b7
ERE LD o7, 2% b EHT, i LRH @k
% uDA {EfE D1 1-dopa #tig B OZER LB 5F]
MRS EE 2 b, Lvd, 1-dopa BEEED
2 f8E L uDA : oy, NT, EHT omfEov-Th
EEWTHEOWIEDHEBEBER I i XL, p-
dopaXCCr & & uDA DEREHRIE NT ik L EHT
PREEC uDABMBEACRALL T, ZToER, I-
dopa 75 DA ~DEHAERRT EE 2 bhb uDA/ (p-
dopaXCCr) iz, NT izlbL EHT TERIMEL, Z
DET 2 LRH THEETH - .

UEoRExBe&T5&, EHT, 2 LRH TI&
DA EMAFE LT3 2 &, B DA Elitl-dopa
25 DA ~NOFHEENKE {&F 5L, EHT, %k LRH
D'E DA EM ORI, & OISRAE DI 23
ELTVDAEEENEGZ &, MEARE R R
42 BOERKE4ETHEEEEOEENE DA

FEME

7 BB M D FESE O R AE I B EFRE SR VTR I
o TWBZ EFEAETHS. Lirl, BLECEE
HZERAE DA EEOHR S0 bHE Ll . )
AT, ENT CHREIhE DA ROREL R
EOFERICHE L, REREFM» HEEL 5 2050
YR Ui, Thbb, HFEEFBMEEOF LRI
OREBEXEBECET L FH(+) B L, 2 FREY
Bl FH(-) B L, mEEOR DA ER%
st U, 9, uDA ¥EEE a5, FH
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(+) WFH(—) chhLEERBEEXRLE. £LT,
S EM DA B S ER O Na fI R Z GO BB T,
DA iz X % Na FIRFGMN FH(=) L FH(+) T

BUAkThote. ZhBLOREE BFDARICIZ
down regulation A EFEL, #HEM DA 58D Na
FRRIGE uDA Bliciy, BERAOHE ZFDHbhD
LT HEEROBES O I FETH. 0Fh, &
MERFETTERFE & & 2 Sh A BEELEE MERE FH(+)
BB\ T, BRICE DAGEHROETARET 5 Lh
i< RE S e

X iz, FH(+) ik 58 DA {EHEGFOKT %
Ao |-dopa #t#5E & 1-dopa 7B DA ~DOEHEED
BEENSER L. F0#ERE, p-dopaXRPFIE, p-
dopa X CCr BEIc /X EER] CHY & 2y I 22 B % Z R\ 25,
uDA/ (p-dopa X CCr) i FH(—) it L FH(+) 2}
ERSEEYRL T

L EoRE» B 13, AREBMERE CILEMEL
BEET B LRI, BIeRIT 5 1-dopa 725 DA ~0DZE
BRSO NEE L T LRI NS, 2L
TEOBOERCLY, ILKEDABROBLM:
&, & NaBtaeoss, $KE - S Na B0H
Kereh, BEMERECKECEELTDbDE
Ehhi.

—7, ARzt s FH(H) TR DA BiEok
THNETET 51 d b S mEfE FENa 22 FH(—)
LR ERE LT, FH(HERBTLEDAR
PEEF ORREE MR PIEBMC, & prostaglandin RO
B A® N h e B REL Wb DEE L
b,

LAiEX b, FBEEMESS TIEE DA ROFEEN
ETFLTRD, ZoOBEFIBresds -dopa % DA
~DOEREEDOHWHR IR S, LrdE DAROERY
EARERFEURI GBI EBEL T 5 2 LR R
I

5 # B3

AREBMES M FESE ORI « AR B 5 B DA &
DEZELBOMICTL, KEAEEHT) % IE renin
2 (NRH), {Erenin# (LRH) o2 FwsHir, R
FEEER dopamine BEfEE (uDA), l-dopa O MEERE
(p-dopa), PIEM: creatinine clearance (CCr), &I
s e (RPF), B~ 1-dopa #t#5& (p-dopaX RPF
), BAMEHE~D l-dopa #t#sE (p-dopaXCCr
), EIACco 1-dopa 2»6 DA ~DZ#AE[UDA/ (p
-dopa X CCr) (] #IEHE MR (NT) £t %

ABEME B AESE & & dopamine EAE R 83

7o, EHT 0% DA ROEEIRILECEFRHIRE LB
B, BMERFEN»SHEET IIEIE, HEER
MFEECAEDOFRENBEx FH(+) Lt FERED s
WFH(—) o2 B TRIEL, LToREEE .

(1) uDA X NT #dE<, NRH, LRH OIR(E
B&isp, NT & NRH IO LRH HlcEEEZLZRD
fe.

(2) p-dopa, p-dopaxRPF #, p-dopaxCCri&
\wFhy NT, NRH, LRH 0 3 BEITHEEE® %
Ty To.

(3) Bk 1-dopa 7 DA ~OFH - EREED
1#8EcH % uDA/ (p-dopa X CCr) ki, NT kL
EHT, % LRH THEEEERRL .

(4) uDA I8 (p-dopaXRPF &) ¥ X ONIAZIR M
D 1-dopa #t#s B (p-dopa X CCr ) & NT, EHT
DHEZBTENFNERCEHRAL, BEOERERIL
NT it L EHT AR uDA EEMIRE LT e

(5) FH(—)# & FH(H)FH oW kLTI RPF, CCr,
p-dopa ¥ X U% p-dopa X CCr BIC IR CERE Y X
ot FH(—) Bk L, FH(+H) o uDA BHE
W&, DA 3 ug/kg/min Hfti TR0 Na FIRRG
BHEBIZKTH 7. Ei, uDA/(p-dopaxCCr)
1L FH(—) w1 FH(+) THEREELRLL.

ThHDOEEND, ABESNESRE, BRE renin
BETIIE DAGEESKE L TR, ZOBFE
FRB& 135 1-dopa 535 DA ~OEHREEDE TR
B o T BT &, ki, BDAROEREIRESR
FELIRTICR B L TR Y, SnECRENTER &
BLCWAIRESEDOH L Z L, D ENRIREING.

6 E

Moz biedhicb, BB HEE, #HEHY
Wit & E Lol mEScEE L ET. AR
c, AWECHERD, BRI BNIERRE
1 SRS HE R, BXOHEHBI R R
FEEEMREH L ET.
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