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ABSTRACT The renal dopamine, kallikrein-kinin and prostaglandin systems are suppressed in
essential hypertensives (EHT). The purpose of this study was to further clarify the pathophysiological
role of the renal dopamine, kallikrein-kinin and prostaglandin systems in EHT. The effects of infused
dopamine on these systems and renal sodium handling were investigated in EHT and compared to those
in normotensives (NT).

Urinary excretion of kallikrein, kinin and prostaglandin E;, (PGE,) in EHT was significantly lower
than those in NT. Urinary kallikrein and kinin were more markedly suppressed in low renin patients
than in normal renin patients, while no significant difference was observed in PGE, between these
subgroups. Kallikrein quantity (uKAL-Q), its activity (uKAL-A) and PGE, were significantly in-
creased in EHT by dopamine infusion. Following dopamine infusion, the significant difference in
uKAL- Q and uKAL-A, which was cleary observed before the infusion, almost completely disappeared
between NT and EHT. These increases of kallikrein and kinin by infused dopamine were significantly
higher in the low renin group than in other groups, but that of PGE, was not. Urine volume auv),
urinary sodium excretion (UNaV) and fractional excretions of sodium (FENa) and inorganic phospho-
rus (FEP) were all increased in both NT and EHT after the doy imine infusion. The increase of these
was significantly greater in EHT than in NT, and greater in the low renin group than in the normal
renin group in all cases of NT and EHT, significantly positive correlations were found between AUV and
AuKAL-Q, and APGE, and AFENa or AFEP, and significantly negative correlations between changes
in mean arterial pressure (AMAP) and AuKAL-Q, AuKAL-A or APGE,.

From these studies, it was concluded that 1) a close relationship exists among these renal depressor
systems (dopamihe, kallikrein-kinin and prostaglandin systems), 2) the suppression of renal
dopaminergic activity may contribute to the suppression of the renal kallikrein-kinin and prostaglandin
systems, especially in low renin groups, and 3) the suppression of these renal depressor and natriuretic
systems may play an important role in the pathophysiology of EHT, especially in low renin EHT
mediated by volume and sodium retention.

(Received September 26, 1988 and accepted October 17, 1988)
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Fig. 1 Protocol of the dopamine infusion study.
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FR#K %2 0.14M NaCl, 0.01 M phosphate buffer
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Fig. 2 The comparison of basal levels of mean arterial
pressure (MAP), urine volume (UV), urinary
sodium excretion (UNaV), fractional excre-
tion of sodium (FENa) and that of inorganic
phosphorus (FEP) among normotensives
(NT), normal renin (NRH) and low renin
essential hypertensives (LRH).
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Fig. 3 The comparison of basal levels of urinary kalli-

krein quantity (wuKAL-Q), urinary kallikrein
activity (uKAL-A), urinary kallikrein specific
activity (uKAL-Sp), urinary kinin (uKIN)
and urinary prostaglandin E, (uPGE,) among
normotensives (NT), normal renin (NRH)
and low renin essential hypertensives (LRH).
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v = v 253222 uEq/min, v = v 8£232+34
¢Eq/min &, WFh b 3BEHMEEERE R h -1
FENa 133 BHE231.0940.10%, €r=v3i21.01+
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Fig. 4 The responses of mean arterial pressure
(AMAP), urine volume (AUV), urinary
sodium excretion (AUNaV), fractional excre-
tion of sodium (AFENa) and that of inorganic
phosphorus (AFEP) to infused dopamine (3
1g/kg/min for 60 mins) in normotensives
(NT), normal renin (NRH) and low renin
essential hypertensives (LRH).
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VLOE E m E R 0.90+£0.21%, E v = v #2.01+
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FENa DBEZED, HEBIZIEREELTT IRV
b7 /s -7z, FEP (3 dopamine # &1zl hEVv =V
B, Br=vBEOLTHEEREME Iy, HEHOMHE
EREECEL TEY = vE(D<0.00D), KV =vE



57 (6 1988

P<0.0D BB LEMEE It-72. £ L TAFEP 3IF
HIMER1.66+£0.51%, IEV = v #4.82+0.72%,
Kr=vE6.1120.91% T, WBBECELTEY=y
B (0<0.0D, Bv =8 (0<0.00D) &brHER
EEERR L. SHREY =vYEHIREry=v#ErkL
THMBENKRAEA %R L. ¥/, FENa &
Ef#, dopamine #5RIICHbIcIEV = VLKL =
VEOMOBBREN M SBRIHA T ATRSAED A
7o,

Dopamine #5801 © £ B2 317 % R kallikrein
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EEBEXRD DT, KV = v HERMBBELL
THENESBEOEM AR L. uKAL-AZ, IE, Ev
= VIR CTERIRER L, #5803 FRMIicx
bR HEEEZRMEAEL L. AuKAL-A BIERFE
5.0£6.9ng/min/min, iF v = v #17.2+5.5ng/
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Fig. 5 The responses of urinary kallikrein quantity
(AuKAL-Q), kallikrein activity (AuKAL-A),
kallikrein specific activity (AuKAL-Sp), kinin
(AuKIN) and prostaglandin E, (AuPGE,) to
infused dopamine (3 ug/kg/min for 60 mins)
in normotensives (NT), normal renin (NRH)
and low renin essential hypertensives (LRH).
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¥Rl (Fig. 7). 7 AUV & AUNaV+AFENa-
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& AuUKAL-Q T h b FERIEMELY R L. Ev
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r=0.690 r=0.408
N.S. N.S. N.S.
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Fig. The correlations among each A-value in all cases.
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r=-0.38
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Fig. 7 The correlations between AUV and AuKAL-Q, AMAP and AuKAL-Q, APGE; and AMAP, AFENa, AFEP

in all cases. Abbreviations: see in Fig.4 and Fig. 5.

AUNaV » AFENa - AFEP, AUNaV & AFENa -
AFEP, AFENa & AFEP I BEIEHBEAZD b
7o, & v = vEIZE W TIXAUKIN & AuKAL-A -

AuKAL-Q, AuKAL-Q & AuKAL-A, AFENa &
AFEP 2’FEICIEMEE L, AUV & AUNaV 2 20
ERE B SR oL, EFMmMERFCE, AUNaV &
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DR TH T, TOMOKE CREE LHBEERIT
Hd bR oo, ’

4 = =

7 BEME & [l FEHE VX renin subgroup & LTE v =V,
Ev=viE Kv=vi (BV=vAIERHFECRE
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IR BRE, I LWRIEY = vEIREL TV AR REME
BRL T, - C, IEV = Ve Skallikrein-
kinin 2 DIEHE T X, F < kallikrein B{& 0 B 41K
TreizbotELbNS. UL, Ev=vEcik
kallikrein EREHE DK T iz, kallikrein B3
ERERUCHESEDIFRCETL TR, ToFTH,
kallikrein DEAK TN %2 T, kallikrein BER &4
T B A SO ANET DL 0 LRI .
kallikrein HIEMETOMF L LT, 5 » » TRBI
kallikrein-inhibitor 23F#ET % & OREE?” 2ib D,
EPBWTLZORREEEZEEL, Bk y
T Th 5.

W R p PGE, B & 13, kallikrein-kinin 5 [/ #

AR R MTE B 5 BEREROFEEBEEHEE 619

REM S EE RS THIH ST 5 L0 52829 53
., SEIOR«OBETH, K+ PGE, Bt E It
vev, Br=volELSIEFRERY Y BRI
I e, Ev=vHFLEY = vERIZES
IER LI - 1.

—7, &3, dopamine AAMAEILEER 26 0N
Na FIRTEAEH T2 2 £33 2\REIRBAB Iz & h
At EMEEORKRR & DB NEBEENBE X5 1
o T&E. ZLTC, BHETH, Brv=vEDORP
dopamine SR ENEFEMER, [EV=vEOLThLL
DEBIE N DEWELMCLTER, 0L,
B E R T H % kallikrein-kinin 38, PGE,,
dopamine ¥, KREMESMERE, & 35KV =VARE
BECECTIHINTE D, FhaivEr = VKRB
EMEEEDHE, Na Ol ichbdBHET5Y
DEEZLND., ThHBEMEEEROMELEENE
DT, kinin 23 phospholipase A, #4 L T PGE,
DELICRENTE L Z L9 RM bR T 52,
dopamine & o> 2 3% & OBSEMEEE - S T LV
THE{BEV. FZTARRCTERIALHEROMELA
EHE A ST L, dopamine DE BT OLE Y
BE L7, Zo#R, EEMERF, Ev=vi Kuv
= VLT LT MAP of&F, UV, UNaV,
FENa, FEP o#inxit. #Ef&LEBT5 L,
EY = VBB THENoERNELL, ZMLESR
BMETHI LI ZOERZI Y —BELLRLO
tirote (Fig 4. 2% b, KEEMERERE, &
&V = VB RS AM dopamine i LB EI KIS % 7R
L, BizRF % HKREME dopamine FEHEAME T LTV 5
TEEEIWNRB IR CORBRIREEFORTF
dopamine SFEEAMEL = v KBS MFEBRE CHEE
WETL TS & DBED LA — 1T HLDTH 5.
Wiz, dopamine # 5% 0B kallikrein-kinin 5 D X
R DWTHRE Lick &5, #BERI(Fig. )L,
EFMER, Fur=vi Br=vEEDT Tk,
T, R kallikrein BREHE, RBEZRENE, RHEE
t, K kinin SRR M L. RSB OE
LB o5 (Fig.5) <13, 3% ¢ AuKAL-Q,
AUKAL-A WEBZERRED bk »ichs, Er=v
BrmbRKEsBERERLI. &5k, AuKAL-Sp i
Buv = BRIt CRECEETH - 2. 0
fe I 5% o uKAL-Q, uKAL-A, uKAL-Sp ¢
1, BEEIOIFECL O NIEEENED bR
Teote. Blbdb, SR dopamine #5500 kalli-
krein FEHIEMOERE & LTy, 3k 5 kalli-
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krein OEAMEIIL, Zoicd kallikrein BERTEMED
BATAZ LR s, —F, Ev=vEHTIR
dopamine #4512 & » T kallikrein 4 JTE I 2
T, WEHO LRERINS LK, BUERED L
b OBEFEN LR b T OBFIcBb s Z ERTRRE R
fo. RV = VERIZ I THIEMSE AEN L 2B 1IN B
ThH 5D, dopamine I X % kallikrein-inhibitor OHi
HLIHR IS, ZhE T, Ty MW TEE kalli-
krein-inhibitor DFEENHE SN T 52027, Lhl,
b TRERZOEENER I T iels, SEO/R
BBt e b icd B kallikrein-inhibitor 23MFZEL,
T inhibitor dEME s < & $—FF dopamine FEHE
CXoTHEIRTWSZ EE, ThHHF kallikrein
ERELRETAH L VB S LTFEL T\ %78
NEWLREB IR, BHTEREVRELEbhi.
Dopamine # & B © PGE, = Bl 3 % # 5 T 1%,
dopamine -5 X h EFEIMERCHEREY =V, &YV
= v OB CR$ PGE, Bt & o 8 infE m & 58D,
AuPGE, 3 M THERIEMETH - (Fig.5). o
FRBEL T, kinin 3N phospholipase A, %
NLCEBRLRBREXR-T® b0eELLNRS. L
LB EY =vE, By =vEkids R4 PGE, B
WEOTEEILL {, B kallikrein-kinin RO E
HELTLE—H L\ &b, dopamine D PGE,
ERCH T HEEN AIEASROFRELR S T E X
TEhrhiEiebisv. ZhE T, dopamine & PGE, ©
HEBEE IOV TOHEFIIE L v, Z OBER:
EOWTIRSHOBHBEREFEB . L EORE
b, BoORESREE 2 Hi5 dopamine, kallikrein-
kinin %, prostaglandin ¥ Fig. 8 iR+ &<, #
HeFEgEBReb 2 2B, 0T,
Bz dsi5 dopamine 1EHE DI kallikrein- kinin
%, prostaglandin ROEWE TEF[ERITHRER
D55bDEEZLR, BIZKY = vREERNER
E D S 5B dopamine FHHEIGEIZE, HREH
LHBDTRERBZNHH DD LBbR.

H# i, dopamine #r LR OREFE, FUR, NaFlK
%R & B kallikrein-kinin 7, PGE, & ®OBJ#E o\ ~T
EEL, SEOHE T dopamine 51X h, K
RUEMERE, &30y =Bk (EEE
E, PR, NaFflR»HDZ5h, FECEkallikrein-
kinin 5%, PGE, 0E#ETE LR D S h k. -7,
dopamine #51 X BREHE, FEK, NaFlRcixzhb
BEROESEBAVECEAG T2 DL B bns. £
LT, AMAP 1z AUV, AFEP, AUNaV & DA

FLIBRERRE

EhaniEEEfR% s L, dopamine iZ X 5BEE Ik
dopamine E# O MEIRRIF R iz, FIEK, NaF|
RIS B51 5 R pVREE S vz, kickallikrein-
kinin 5%, PGE, OZ/LE & SFHIMmE, K&, Na fU#H
Mo ci, EEIES & ABRESMESSE DM
BRUOASEHEESOERER KT, AuKAL-Q X T
AuKAL-A 78 AMAP RU'AUV & ThFhEERAR
CIEDO M %= L%k, —7F, AuPGE, ¥ AFENa,
AFEP L HEwIEMEEEL, AMAP &4 & 0EER %
Rl L EoR#EE, dopamine #5B OREE I
dopamine Bz X 5% Rz, B kallikrein-kinin
REVPGE, 0iE# EF &AL CHIR, NaFIRIEH
et bPBET AR A TRE T AR &V 2 5.
SEORE T, kallikrein (3R E ORI & A7 7B
%Ly, UNaV 5\t FENa, FEP &R,
PGE, & £, BEAHBEIRD b /-
T, Na gkt iz it kallikrein-kinin R X » xH L A
PGE, 7 X » BEREEZ R LTS FTREM A HER
2hb. Zok 5 dopamine ik AFIR, Na FIRFE
Aizt2 dopamine, kallikrein-kinin &, PGE, © &
BESRNCTHRIBEE LTS L DL Bbhid, W
THhoRA LD EEENCE I B 2D TS EIORR
KEEO RN LI RERB D LI TET, &
B X EMLER R R
ChECThYHEECTE, ABESMEE &9Yb0T
Ky = vAEBEORBAEE A Na v, BRERE
EINOBIFRICE B LT Epe1 SEOREDD
dopamine, kallikrein-kinin 5%, prostaglandin % &
V3 Na FIRIERE % b oA OB 2 0ORAE L K
< BHdo B ETREME AN  #HEBl & e (Fig. 8). AEIE
1} % dopamine, kallikrein-kinin 3%, prostaglandin
FROEET & h b0 EBEERE LT 31T,
RS HOHMIBHN 2 NE LT 52, ZOBHEK

— Dopamine

Kallikrein
Kallikrein production
Kallikrein-inhibitor _suppression

Kinin i

“*Prostaglandin  Ez —’IWater-Sodium Metabolism

(

3

Fig. 8 A hypothetical explanation for relationships
among renal depressor system composed of
dopamine, kallikrein-kinin and prostaglandin
systems.
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RBUEMEEOREBLY T % L TBDTRERE
FEhb O D EE LI,

5 #& &

AFEM: B I FEAE 1 3 1 5 B dopamine, kallikrein-
kinin 5%, prostaglandin ROFELEZHEELYHS
2T, EFMER 1361, AHHEDRWIEr=yv
AKIEBE2H6, KLY = v REAEZEL2F
dopamine 3 yg/kg/min % 60 - ERAE S L, B
LR EHBOFHME, RE, B Nafl#f, R+
kallikrein B ZE 0 &, [ B R G4 B LIE S,
kinin $KitE, PGE, Sk EZEIEL, UTOBELE
7z.

1. Dopamine # 5 & FENa, FEP (X1E% Ifi
ER, BV = vABERMESEH L CEY =
AIEBEBIEBCEMERR Ui, R kallikrein B
FREOE, FEEREN, FEEE, RS kinin SHtE
ELRIEERBHCLT, Ev=vEEs KL=
VEEBCEELEERZV LI EOER Y RLA. IE
Ve VvREEY = vEORE T, R kallikrein B
REAE, R+ PCGE, BB ICEEEZ IR bR -
7o By, IR kallikrein R G, ALEE B4
kinin SR EME v = VENEE oEE 2R L.

2. Dopamine # 58, 3B+ ~NTrBTRE,
UNaV, FENa, FEP o#gn&Z4i. iz <, EFEMm
EFCEL CamER, By = v BEHTLOME
H28E <, wERMEOTIE DB, Tv=rv#H
L THEEREER VL RFOER AT L.

3. Dopamine # 5 % © & kallikrein-kinin &,
prostaglandin R ¢, Ev =V, Er=vEik,
THEHER DTN TORFYM A R L, EFNRE
TR kallikrein BEEAE, R kinin it o5
MEmBRb B, #HETIEMCA LR T
kallikrein BERE A E, RIERGELE, BEELEEOEE
ERIRSBCIRD BN o . R PGE, Bt
BIRECLLCEY = v, Bv=vBTHEER
EEERL .

4. EFMEE, REESMERZECSMIZET,
AUV & AuKAL-Q, AuPGE, & AFENa, AFEP »%
A E /s IE#BS, AMAP & AuKAL-Q, AuKAL-A,
AUPGE, "EELAOHBER R L. T, AEMS
MEBHEFECIE, AUV & AuKAL-Q 2B B fcIEfEEE
AR LT,

PlEX b, ERMmMEERCLL CARBESNESE
B, By = vETAMEE O dopamine x5

AREMEB M 3 1) 5 BHERER ORBAEE LR E 621

& Na ft #f, % kallikrein-kinin %, & prostaglan-
din ROFH ERICTUENS SR, REM D dopamine
EEOET LR, BekdsBE#EROTE M
HRGEMAIIRE A, 2% D, B dopamine {E#EDE
T 238 kallikrein-kinin 5%, prostaglandin & @ #%]
olembeE L2 bR, O EPRERSNERE, %
iy = vARESMERE OREO—REHTHR
gD Na BRINITE, &M Na B8, HEEOH
iz ieh b REEPRLL V550 L Bbhk.

MER 23 ehich, HEE AKMEzEEELA
AREE HRE N BESCEE L, ek
FH B I TG BB RAICREE L E S
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