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The Effect of Dopaminergic Activity on Aldosterone Secretion
in Edematous State

Bong Heon Han, M.D. and Heung Kyu Ro, M.D.

Department of Internal Medicine, College of Medicine, Chungnam National

University, Taejon, Korea

To evaluate the effect of dopaminergic activity on aldosterone secretion, the plasma renin
activity, serum cortisol and aldosterone were measured by radioimmunoassay in 6 normal
controls and 12 patients who had hyponatremia and generalized edema or ascites with pos-
sible condition with secondary aldosteronism before and after(15,30, and 60 min) 15 mg of
metoclopramide by iv bolus injection and same method with 500 mg of L-dopa by per oral
in 6 normal controls and 12 patients with edema ascites.

The result were as follows;

1) The basal level of PRA was higher in patients rather than normal controls but PRA
was not influenced by MC or L-dopa administration on both normal controls and patients
group.

2) The serum cortisol level was significantly elevated at 30 min after MC injection com-
pared with basal level in normal controls but no significant change was noted in patients
group. After L-dopa administration the serum cortisol level was not changed in both normal
controls and patients group.

3) The serum aldosterone level was significantly elevated in 15,30 and 60 min after MC
injzction in normal controls, and there also sames tendency of aldosterone secretion was
noticed in patients group.

On the other hands, there was no changes in aldostcrone level in both normal controls
and patients group with L-dopa administration.

Above result means that MC stimulate aldosterone secretion by dopaminergic antagonist
and aldosterone secretion in normal subject is controlled by maximal tonic dopaminergic
inhibition.

In edematous patients, however, both of the dopaminergic inhibitory and stimulating
effect of PRA, ACTH etc on the aldosterone secretion seems to be variable.
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olell AAEL -5 AUJEF 522 ofn 1
aldosterone ¥ 3 & FUF 4 J: 47, 48R
% 4 A%FF FA0)A dopaminergic activity ¢
Wl @& ¥4 aldosterone v okarL My o)l
o] dopamine 23} a]4l metoclopramide(MC)¢} L-
dopa & AANZTS #ralie] A4 Fodstx AF
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1983 1084-¢) 1984 9¥7A Fdaida 93
I 249y st Yl AEE wokd BAF
AAA ¥-F 2 447 dowq AVEFLSE 5
Wk g2; 2279 (23 25 126), AFFT 69, 432
= 4d)2 o2 st RT3 YN aldoster-
one ol Y&FL T 4 e FEE FLA9AY &
H2el=A FE-g 44 A+ 4hd4 Ay
or o]xA (hydrochlorothiazide spironolactone,
furosemide )% A4 A 44dA A4gy
2427 e FUE A 4735 Adde

Agde FA gk, AANZTE AAT A4S
g 129¢ B4ae s s9e(Table 1),

F2E A2F Ad e 44 AYA 124 T F
FAUE fANE 2 ALA 6024 AAE 1A o
7R Aol A AL Agos ARAzE oA 7
A2 agstd ANAE AYserA JAAR 4%
th. MC & 4% ¥ AAAE Agd AF MC
15mg S AN FAg & 158, 308 9 603 ZF
Adstg orl L-dopa® S FAL AN AY
A 3030 772 L-dopa 500 mg & Festgon
22 HLF 154, 308 ¥ 60¢ AP #Ax
F% 24 A MC39) L-dopa 5 71X & Ho P =vl
MC 59 F 244 70| 758k § L-dopa & S get.
olu] AL FAII 9 AL AYA F 25 2~8°C
E fAsge AY F T ¥4 Y 93¢ Bty
g3l 25°C olstel 4 FF R gl

MCE oo FAUEFE 4904 gARAZR
o] vietyte} dHafolup Wubg AAlelglon 53}
A2 glel 300l BF £4AH .

d3 ZERY 2L dAnld 2A4S o] 45y
ol 9% renin ¥4 £ Dainabot A}¢] plasma re-
nin activity RIA kit & A}-ﬁ-%}‘;j:{. aldosterone s}
cortisol & #7 D.P.G 4+¢} aldosterone RIA kit s}
Combridge A}¢} cortisol RIA kit & A}-4-3t4vh.

M X

1, HAHEZE Y #xl2e| A Renin R4E

MC R el A &4 renin FHE 7 A F4
N 2F5 FAEAA 44 1.9130.56 ng/ml/hr(M+
SE), 5.48+%1.56 ng/ml/hr 24 B alFol A FAH &
g4¢ gt & AFE ng.LH (p>0.05), 60%-
e AAA2ZE 9 AT 2 1.9140.47 ng/
ml/hr, 6.011%1.69 ng/ml/hr 244 722 o] ¥lste] £
3 2ol 7 fAstsh(e>0.1).

L-dopa B Fel4 84 renin FHEY FAx]
AAd 2T FAFAA A7 1.7040, 29 ng/ml/hr,
7.344+2.13 ng/ml/hr 24 VAFAA B2 APL ¥
g2 (p>0.05), 602 Ae AARET g
ol A Z7 7| Az ¥ gt {3 Aol At glgich(p>
0.1) (Table 2,3, Fig. 1).

2. HAEE U ExpEel Cortisol X
MC 2o Fol A Q3 cortisol & 7 Azl 2



—Bong Heon Han, et al. : The Effect of Dopaminergic Activity on Aldosterone Secretion in
Edematous State—

Table 1. Distribution of Age and Sex of Normal Controls and Patients

Test Disease Age M F Total
Normal controls MC 24~30 5 1 6
LD 23~26 6 - 6
CHF 39~53 2 1 3
MC NS 20~50 3 — 3
LC 42~58 6 - 6
Patient group
CHF 48~54 2 — 2
LD NS 22~42 3 — 3
LC 42~73 7 -
Total 34 2 36
MC; Metoclopramie, LD; L-Dopa, CHF; Congestive heart failure, NS; Nephrotic syndrome,
LC; Liver cirrhosis
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& X e -t\. Fig. 2. Changes of serum cortisol level after
administration of metocolopramide or L-
Basal 60 min Basal 60 min dopa in normal controls and patients (Mt

Fig. 1. Changes of plasma renin activity after
administration of metocloplamide or L-

dopa in normal controls and patients (M-
SE).

TR A4 A 10.641.91 pg/dl, 16.4+3.55
pe/dl 24 AxFel A & AFL Rgoy FAA
A2 dde(0>0.1). AANEFTAAE 158, 30
2602 7t 27 14,942, 25 pg/d], 19.373.21 pg/
dl, 12.343.44 pg/dl 24 30327k 71 x]el] nd}e]
F9%oH (p<0.05), FATNAL 153, 302 2 60%
A7t A7 21, 344,77 pg/dl, 16.3+3,18 pg/dl, 19,7+
447 pg/dl 24 A AR o] Wl W3t g (o>
0.1).

L-dopa STl 4l ®a cortisol & 7|2t R4

SE, *p<0.05; Significance of increment as
compared to basal level).

dE2F % gATA A 1112119 pg/dl, 15.2F
3.17 pg/dl 24 AR F47 el YA (P>0.1).
15%, 308 9 60%3l% #74 AAAZTAA 10.3%+
1.96 pg/dl, 10+2.13 pg/dl, 12.373.44 pg/dl, 2=}
Foll A 14.8+2.83 pg/dl, 17.244.51 pg/dl, 14.5+
2.48 pg/dl 240 A A A ¥ sl FAAH Fe4e] o
et (p>0.1) (Table 2,3, Fig. 2).

3. MAMET Y sxizel @& Aldosterone x|

MC &2 Fdl 4 &3 aldosterone & 712} RAF
E2F 9 FaFe A 27 79.0+15.1 pg/ml, 153.7
+49.7pg/ml 24 FAA {48 g2 AT
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Table 2. Changes of Hormone Levels in Normal Ccntrols and Patients after Metoclopramide Admini-

stration. (M+SE)

Time(min) PRA(ng/ml/h) Aldosterone(pg/ml) Cortisol (zg/dl)

Normal B 1.9140.59 79.0+15.1 10.6+1.91
controls 15 123, 3+6.5* 14.9+2.25

30 177.2£32. 4% 19.343,21*

60 1.91+0.47 175.8-£37. 7% 12.3+3.44
Patient B 5.48+1.56 153.71+49.7 16.4+3.55
group 15 274.24105. 2 21.3+4.77

30 318.4%115.5 16.313.18

60 6.0111.69 198.8+50.5 19.74-4.49

*p<0.05; Significance of increments as compared to basal level
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Fig. 3. Cl;gnges of serum aldosterone level after
administration of metoclopramide or L-
dopa in normal controls.

ol A ¥ AL 29vH(p>>0.05). 153, 308 2 60
2 BANETAA 123.3+6.5pgg/ml, 177,24
3.4 pg/ml, 175.8437.7p/ml 24 7| A ] ¥ ste
Az foA Frhskg 2 (p<0.05), FAFAA=
274.24105.2 pg/ml, 318.4+115.5 pg/ml, 1988+
50.5pg/ml 24 AR ¥t FAH F949L ¢
g2 FAbske Age ng.

L-dopa %o Foll4] €34 aldosterone 8] Az
AAdz2E o FAFdA 24 63,244, 67 pg/ml,
168.3::60.7 pg/ml 24 Bx}FollA FAH FJ4&
ot & A%E B (>0.05). 158, 308 2
603 = AHAA=RFAA A2 66.274.31 pg/ml,
60.414.64 pg/ml, 643.58 pg/ml 24 AR o] ¥

PRA; Plasma renin activity
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Fig. 4, Changes of serum aldosterone level after
administration of metoclorpamide or L-
dopa in patients.

gt fo g Aeist ggos (p>0.1), JAFAAE
Z+7+ 172.3164.7 pg/ml, 208.3+84.5 pg/ml, 199.9+
84.3pg/ml 24 Azl ¥ldte ol glolvk(p>
0.1). ¥ 8275 &4 aldosterone ¢ 7] 23] 7} 480
pg/ml ol 4ol Rl 266l A& L-dopa %o ¥ 304 %
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Table 3. Changes of Hormone Levels in Normal Controls and patients after L-Dopa administration.

(M+SE)
Time(min) PRA(ng/ml/h) vAldosterone(pg/ml) Cortisol (pg/dl)
Normal B 1.7010. 29 63.214. 67 11.1%1.19
controls 15 66.2+4. 31 10.3+1.96
30 60.41-4. 64 10.0+2.13
60 1. 010.17 64.013.58 12.3+3.44
Patient group B 7.3432.13 168.31-60.7 15.243.17
15 172.3164.7 14.8+2.83
30 208.31-84.5 17.244.51
60 7.3142.03 199.9-+84.3 14.5+2.48
PRA; Plasma renin activity
o of
0 omm0 1 NC - om0 2 NC
~—s : Pt —s : Pt Aldosterone #4] = renin-angiotensin 4}, K1,
ACTHd g3l 2Addcte AL oln] & &yx 4
T i Bp 2 gkl serotonine] AR el A
% RA A2 A aldosterone Ev] & A dtth Aol B
S ol i 2593 Motsuka 50& A% FAAE APA A
5 o opioid peptide ¢] prohormone ¢l B-lipotropin o]
3 me | aldosterone 4] % < 3chx ahgiv).
3 200 . - Aldosterone %% circardian rhythm & 2]
FAAFTAA = Aol AAgle] ACTHS g3-& 4t
100 B o} circardian rhythm & o] £zjul XA A g4 = &
Ot — A A9 AEAS 2 A2 4 Y. 4
o] wlelA aldosterone Hul o 3-% wid 49
1 i 1 i 1 | | L

Basal 15 30 60 min Basal 15 30 60 min

Fig. 5. Changes of serum aldosterone level after
administration of metoclopramide or L-
dopa in normal controls and patients. (M4
SE, *p<0.05; Significance of increments
as compared to basal level)

602 ol A Ar<S Wy ch(Table 2,3, Fig. 3,4,5).

4. @3 Na*, K*X] Y =5 Na*xl

BxFo 4 ¥A Nat*zl& 134.140.9 mEq/L(M+
SE)24 RAdZTE 14240.5mEq/L B} $93}
Al ok ok (p<0.05) A KAl A2F ¢ F 4
FFo)| A Z74 4.2+0.1 mEq/L, 4.3+0.4 mEq/L =
A Zel 7k ggivh 2447 xF Na*zxle abFe]4
100499 mEq/24 hrs ¢ v},

94 4-E aldosterone $») 7} 3bAsk7) o) Fol gAH L
2 HAE & dele =) d89& asior A Aol
p‘,zl).

197511 Edward 5292 long acting dopaminergic
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Foo o3t dA aldosterone & 4%S qA}E A
¢ %35le] 2822 dopamine o] aldosterone -] E
ZAY Aow nmstgrh

2 ¥ 197744 Norbiato 522 dopamine 7 3}l
Q MC% A4qe] Sodstel W3, 94 renin g4
%, @ Cortisol &] wWi3zlgle] 34 aldosterone H-v]
E A5 %E AS E3ld dopamine o] aldosterone &
v Z2Ad e et et

Kebabian 527.& dopamine & 13 424 % ow]

g4 9 Asterd JFd ddte M2 LR
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ol = MC ¢} sulpiride 7} A¥ao 2 RA3agS ste
o] D-16] A Ao e Fgate FAlE oFd e
Aoz ¢AA Yot

Metoclopramide (N-[diethylaminoethyl]-2-me-
thoxy—4~amino—5-chlorobenzamide hydrochloride)
3344, 2, 492 2 HadA6dA Esiule
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224 9 FE, 459 F 4 454, A4F9Y
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B gl
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A
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A4 2w A MCY $3& 242 37
ACTH 7} H7ste A& 3AsYL “% ol ol aldo-
sterone B-u] = ACTH &) & 4 H-ul o gk¢ ubgt 3 aldo-
sterone ¢] dopamine 2] & 43L& ogz‘:ok% ukx] ¢kok
ki 3P}

2 AANA AAGET] MCEol g 43
cortisol 44} 5748 HAFHEA elRol ol 5V A
sheh B AL obvhE MCH $%¢ 15mgoz 3
AAZx, W HRARG 3 A5E 3 =3 MC
® Fo i A4z vﬂ—"r%‘-"l GAFAHzE 5
435 Aoz Bol MCe 2EH& wAzzte o
A

S o
rlo of¥

Bl 25 AR %vﬂ
o -‘:]c]-%“iﬂﬂ- AA" A= PRL v

We-L glom A 83 aldosterone o] Zr}dl= AL
35 MCe ¢34t aldosterone ¥t¢-¢& PRL 3} kA 71

Aete®, B el AE MCol 2§ PRL 3-g-& o
u] ¢]Z3tgler® PRL 0] Z7te MCE &4

& DI ER oy AHdAE: 44 ¢
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Dopamine ¢l £]38} aldosterome Zu} 7] A4-& o}
239, AAAYelA MC 3o F aldosterone
u] Z 74 28417 A 9) A4 LA ¢r.o)®, aldosterone
o Ay &A1Y idl @Al oz aldosterone
A A2 Z7tel| 7] 415h=4® angiotensin [ ¥ ACTH
e FYPALE o] RolAr4,

#-§ 3} angiotensin & aldosterone A§gAel 7]
(cholesterol to pregnenolone) ¥ 7] uhA (deoxy-
corticosterone to aldosterone) %o ke 5ted aldo-
ZR %20, a8y McKenna 592
&9 HAAE 484 dopamine o] aldosterone A}
g4 24 wAY 1% 2 angiotensin [o] &3
25 A gl 2o gAY A x4l Al gk v
A kot Wyl whAlY angiotensin o} &ste] &
7t aldosterone W& A8 k3] A gtz gl
Noth 5.2 MC 7} dopamine 5 A3 A2 2 2 aldo-
sterone F-ulo]. 28351+ MC ¢ endogenous dopa-
mine off 9§ oFeld =& BAj4 2] basal angio-
tensin [ ¥Eol] i AUEE SAAA HE Ao
g o] MC 54 Ao dopamine & =3 -¢w] MC

sterone Fu] &
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ME-S e dopamine 48|~} aldosterone ¥
o R 7Ag4del sletx e,
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7FeAel ivtx 3l
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ol ) o] A aldosterone X-n)do] gk A4 43k
%+ 37 sidt AR FEAe, :

U EE 344 & aldosterone E-9)of o & Fuf1h19
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ZAd 9 "As #B54 2 9&-F4 renin }o]
£ GEe FrbD, VEF Ak Aol o F4u
2.2 renin-angiotensin A7} s+ Fog v ERY
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A A8 W ¢ AR FEHT Yk, a2V
VEE A#He wHildl & angiotensin o] =%k
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& 2Ed® JEF AAT ALT ARAA HFT
#d % dopamine T =9 749l 4A% xF dopamine
AAS H S gy olAL
&gk ur2-9lofl dopamine 4 A7t gLt el
4 & Rolprsuin, 5 vz dopamined A7
8 ZFAY A} obiE ARl FAldl P 94l

renin-angiotensin #| o)

AL Azl 9T oLz ol Reld Al
Alexander 392 UEE 44 AdddA =3
dopamine o] 3}43liL norepinephrin 2 Zr}3l A &

RAsg e ol A% HEF W4 246 dopa-
mine 35} norepinephrine o] 3] & 714 o] et 3}
deh. B4 REFFEAALE ARAN A aldo-
sterone ] dopamine 4 A7} F4A=He] gl o™ bro-
mocriptine o] 2 aldosterone 9] 7184 uk-3o] A
A3} E ¢l 2 1P0] 2 el A = dopamine o] ¢j3F 18-
hydroxycorticosterone z} aldosterone £u] 49 #A
At g Aoz 2352 geho,

B o Fofl 4 @ aldesterone 2] = A Aqlo] A MC
Eol & glxs) Frbetglevl ol A2 dopamine & A
At Lol o ste] ol Folxl AL ¢ 4 glow AT
AAZ e AFe ngoud $44 9974 99
B AL o] ENY Axe}l Zor olul: aldosterone
727 9) mﬂw Thebgol HE AL
aldosterone &) 71z 7} 2 MCdl ¢3t H‘_%o] %] %]
1 14 = (Fig. 3) A F45 Fdd el s
Bl Fo Ago ARHAw RARA PRA 7} A A
7F 15 ng/ml/hr 2 Arslo] g3 244 7k 9] oFe] 40
mlgew %F VEFS 20mEq/24hr 24 renin-
angiotensin Alol] ¢ & aldosterone uk$-¢} F-7lell &
) VeldE Aoz FE5c. 35 L-dopa £ Zsjul
3} S ZA FF43 A A Bl F YJem2d T
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% o 229 dopamine g &3 aldosterone '+-3-
o] 919wl A2 A Aaio} Al aldosterone o] A ¢ 3} 2
dopamine 4 oAl sle] gdoke A& AFF 4 A9+t

H+5 Fidt 2735 A6l A PRA ¢} aldo-
sterone o] A5l glom o AL AN, YEF 44
o A% Telw ol kAol e A FEE B AL
2 3o} A9 o2 0|44 aldosteronism A Y A
o ups”, k7 EHFoll A aldosterone A 4te] F7tH ol
fre 48 ZEAR AR FEE FA 2 g5
329 dFadst dolvt renin Fu] & AFald 4
71245582 = renin v} Aot A BE e A o] RoyA E
2 7+9] ojA}o] Atel} 9]k renin ¥ aldosterone -3
71318 Aot Fo g A oich Al FAZN A
t AVEFRZY Yoz 34" no wdFy
At 2= da4% FE 53] angiotensin 3 vaso-
pressin ] #FA3l2 ZE & fFusta ARaA FE
o AFsF FAstd A4 5 dov BRatA X
renin-angiotensin Al 7} AU EFY S F 03 4
o] B Ao}, ARAZ Fxlo] bromocriptine -2
F-o§3ls % norepinephrine 8] 7+49} =33 9]
dopamine 443 (D-1)& ¥E#Hoz FYsisid o
28 34E FAsng D-1, D-2 &4 AFse o
=L AFAF Rl Efo] BA6| D, 4 FFF
A5 9 PRA 9} aldosterone o] Ab&-sichm ghr}se),
olZ gt AUEFHFE Fuksl: 2FgAL renin-
angiotensin A{ol] 2|3t aldosterone H-wj=}-= Mnl of
Uz} dopamine 4} JAIzt&9 247t g Aom 2
FH .,

we}4 L-dopa & Fol s} 745 6] 9+ dopamine
4 A-8ubF aldosterone ¥ul 7 GAld Aolefe 714
of 4% 28t E AFdAL AJUEFESS
F%a FE%0A 24 aldosterone o] 5o L-
dopa 7} 43 =l A= ZPck. 2 ol %k A=
4% dopamine 4 & 23 aldosterone 4= 3%
7 AelA debvdA gAY EHE SA4E A g
o] 4] aldosterone 7|2} 2] 7} A% & 4tyjst ohg)
A d gl A A2 Al A o] HFghxle]
A % aldosterone o] ©ig dopamine 4 A7} A2
o Aol S Ao w 2237}, s aldosterone
8 AHA 7 %W 24| A L-dopa B F EA
aldosterone A7 F7lstgd el 7274 A% AR Z
Foll eto 2 sy elql AR Hof oladt wE-L
o] Azt zhell 4 & aldosterone 8 oA} oo} halo]
AAY obd" k2 aqlel 9 AAAE & & Qg

or o2 A% 878 EAlET & 4
# =

Dopamine 8} & =7+ BF A o4 @A adoster-
one Z-uld] Bl 3= FY¥E B fskd 19831 109 %
Bl 19864 9974A Sl 49 digel st
S5 #a F AIEFL S AAY F 2L 4
7 A9E 3Rl 2249} AANERE 12405 Ao R
3le] Metoclopramide(MC) @ L-dopa & Bof 3l &
of A¥e #A renin 4 X, #A cortisol ¥ aldo-
sterone 3| & ZA3te] chgat 22 AsE gl

1) 23 renin FYXE AT A FA)2F ot
AAAL & A% nger MC 3 L-dopa £
AFd FAAAEE & FATAA A7 #4374 glgdch

2) ¥ cortisol | &= A2 T4 MC T F
30EA 7t A AR ¥l gke] Frbebgl ot FapF A E
MC %o F 2371 g9l L-dopa FoF EFA
= w37 g

3) ¥ aldosterone x}7} MC B« F AAd 2T
A4 F7ARAR A=ATAAE A F949L oo
v Srtske A% 29w L-dopa o] Folle BF
w3t gt

ol4e] Astz Wol MC X dopamine 4 &g 2|
3l aldosterone F-u] & Z3se A Aqledl4 aldo-
sterone Ful = A9 FHl 2 dopamine 4 AE W
v & 4 ok g F-FAeel A aldosterone
e ZAd| o3 dopamine 4 EAo] <ol Y&
7Fe4& 9o dopamined oAl =Fsk PRA,
ACTH %9) aldosterone 3-u]&2ztg 3¢ AlalziA
= Bgg A2 A4ER,

REFERENCES

1) Valenzuela, J.E.: Dopamine as a possible ne-
urotransmitier in gasirvic relaxation. Gastro-
enterology, 71:1019-1022, 1976.

Carey, R.M., Thorner, M.O. and Ortt, F.M.:

Effects of metoclopramide and bromocriptine

2

~

on the renin-angiotensin-aldosterone system in
man. dopaminergic control of aldosterone. J.
Clin. Invest., 63:727-735, 1979.

3) olAA, o|L3 : Metoclopramide 7+ renin N
aldosterone Fulol W% G, A Aasl
A, 27(12):1595-1603, 1984,



—&%3% ) 19 : Dopaminergic Activity 71 ¥FAlejo)A @A Aldosterone o] v 2] of gF—

4) Noth, R.H., McCallum, R.W., Contino, C. and

5

)

6)

()]

8

~

9)

10

11

12

)

~—

~

Havelick, J.: Tonic dopaminergic suppression
of plasma aldosterone. J. Clin. Endocrinol.
Metab., 51:64, 1980.

Wilson, T.A., Kaiser, D.L. and Carey, R.M.:
Dopaminergic inhibition of aldosterone secre-
tion in man is independent of autonomic ner-
vous system. J. Clin. Endocrinol. Metab., 57:
200, 1983,

Mc Kenna, T.]J., Island, D.P., Nicholson, W.E.
and Liddle, G.W.: Dopamine inhibits angio-
tensin-stimulated aldosterone biosynthesis in
bovine adrenal cells. J. Clin. Invest., 64:287~
291, 1979. ‘
Holland, O.B., Thomas, C., Schindewolf, D.,
Hilleir, Y. and Gomez-Sanchez, C.: Aldoster-
one suppression with dopamine infusion in low-
renin hypertension. J. Clin. Invest., 72:754-
766, 1983.

Brown, R.D., Billman, G.E., Kem, D.C., Stone,
H.L., Jlang, N.S., Kao, P. and Hegstad, R.L.:
The effect of metoclopramide and dopamine
on plasma aldosterone concentration in normal
man and rhesus monkeys (Macaca mulatta):
a new model to study dopamine control of
aldosterone secretion. J. Clin. End ocrinol.
Metab., 55:828, 1982.

Carey, R.M., Thorner, M.O. and Ortt, E.M.:
Dopaminergic inhibition of metoclopramide-
induced aldosterone secretion in man. dissoci-
ation of responses to dopamine and bromocri-
ptine. J. Clin. Invest., 66:10-18, 1980.
Sowers, J.R., Brickman, A.S., Sowers, D.K.
and Berg, G.: Dopaminergic modulation of
aldosterone secretion in man is unaffected by
glucocorticoids and angiotensin blockade. J.
Clin. Endocrinol. Metab., 52:1078, 1981.
Swartz, S.L., Williams, G.H., Hollenberg, N.
K., Dluhy, R.G. and Moore, T.].: Primacy of
the renin-angiotensin system in mediating the
aldosterone response to sodium restriction. J.
Clin. Endocrinol. Metab., 50:1071, 1980.
Carey, R.M., Van Loon, G.R., Baines, A.D.
and Ortt, EMM.: Decreased plasma and urinary

13)

14)

15)

16)

17)

18

~

19)

20)

dopamine during dietary sodium. depletion in
man. J. Clin. Endocrinol. Metab., 52:903,1981.
Romoff, M.S., Keusch, G., Campese, V.M.,
Wang, M.S., Friedler, R.M., Weidman, P. and
S.G.: Effect of sodium
plasma catecholamines in normal subjects. J.
Clin. Endocrinol. Metab., 48:26, 1978.

R.W., Gill, J.R., Yamabe, H.,
Lovenberg, W. and Keiser, H.R.: Effects of

dietary sodium and of acute saline infusion on

Massry, intake on

Alexander,

the interrelationship between dopamine excre-
tion and adrenergic activity in man. J. Clin.
Invest., 54:194-200, 1974. :
Sowers, J.R., Golub., M.S., Eggena, P.H. and
Catania, R.A.: Influence of sodium homeosta-
sis on dopaminergic modulation of aldosterone,
renin, and prolactin secretion in man. J. Clin.
Endocrinol. Metab., 54:121, 1982.

Grdoon, M.B., Moore, T.J., Dluhy, R.G. and
Williams, G.H.: Dopaminergic modulation of
aldosterone responsiveness to angiotensin II
with changes in sodium intake. J. Clin. End-
ocrinol. Metab., 56:340, 1983.

Sowers, J., Catania, R., Paris, ]. and Tuk,
M.: Effects of bromocriptine on renin, aldo-
sterone, and prolactin responses to posture and
metoclopramide in idiopathic edema: possible
therapeutic approach. J. Clin.
Metab., 54:510, 1982.

J.R., Beck, F.W.]. and Berg, G.:
Altered dopaminergic modulation of 18-hydro-

Endocrinol.

Sowers,

xycorticosterone secretion in idiopathic edema:
therapeutic effects of bromocriptine. J. Clin.
Enrdocrinol. Metab., 55:749, 1982.

Kem, D.C., Gomez-Sanchez, C., Kramer, N.J.,
Holland, O.B. and Higgins, J.R.: Plasma aldo-
sterone and renin activity response to ACTH
infusion in dexamethasone-suppressed normal
and sodium-depleted man. J. Clin. Endocrinol.
Metab., 40:116, 1975.

Hanin3, R., Tait, S.A.S. and Tait, J.F.: In
vitro effects of ACTH, angiotensins, serolonin
and potassium on steroid output and conversion

of corticosterone to aldosterone by isolated



21)

22)

23)

24)

25)

26

~—

20

28)

29)

30)

3D

—The Korean Journal of Nuclear Medicine : Vol. 19, No. 2, 1985—

adrenal cells. Endocrinology, 87:1147, 1970.
Mckenna, T.J., Island, D.P., Nicholson, W.E.
and Liddle, G.W.: The effects of potassium
on early and late steps in aldosterone biosyn-
thesz:s in cells of zona glomerulosa. Endocri-
nology, 103:1411, 1978.

Matsuoka, H., Mulrow, P.J. and Li, C.H.: 8-
lipotropin: a new aldosterone-stimulating fac-
tor. Science, 209:307, 1980,

Schambelan, M., Brust, N.L., Chang, C.F.,
Slater, K.L. and Biglieri, E.G.:
rhythm and effect of tosture on plasma aldo-

Circardian

sterone concentralion in primary aldosteronism.
J. Clin. Endocrinol. Metab., 483:115, 1976.
Hegstad, R., Brown, R.D., Jiang, N.S., Kao,
P., Weinshilboum, R.M., Strorg, C. and Wis-
gerhof, M.: Aging and aldosterone. Am. J.
Med., 74:442, 1983.

Edwards, C.R.W., Miall, P.A., Hanker, ].P.,
Thorner, M.O., Al-Dujaili, E.A.S. and Besser,
G.M.: Inhibition of the plasma-aldosterone re-
sponse to frusemide by bromocriptine. Lancet,
2:903, 1975,

Norbiato, G., Bevilaqua, M., Raggi, U., Mico-
ssi, P. and Moroni, C.: Metoclopramide incre-
ase plasma aldosterone concentration in man.
J. Clin. Endocrinol. Metab., 45:1313, 1977.

Kebabian, J.W. and Calne, D.B.: Mulitiple

receptors for dopamine. Nature, 277:93, 197 89.

Jenner, P., Elliot, P.N.C., Clow, A., Reavill,
C. and Marsden, C.D.: A comparison of in
vitro and in vivo dopamine receptor antago-
nism produced by substituted benzamide drugs.
J. Pharm. Pharmac., 30:46, 1978.

Day, M.D.: Cardiovascular dopamine receptor
stimulation antagonized by metoclopramide.
J. Pharm. Pharmac., 27:276, 1975.
Koch-Weser, J. and Schulze-Delrieu, K.: Drug
therapy. metoclopramide. N. Engl. J. Med.,
305(1):28, 1981.

Perkel, M.S., Moore, C., Hersh, T. and Davi-
dson, E.D.: Metoclopramide therapy in patients
with delayed gastric empiing time. rando-
mized, double blind study. Am. J. Dig. Dis.

32)

33

~

34

S~

35

~

36

~

37)

38

~~

39)

40)

Sci., 24:662, 1979.

Gralia, R.J., Itri, L.M., Pisko, S.E., Squill-
ante, A.E., Kelesen, D.P,, Broun, D.W., Bor-
din, L.A., Broun, T.]J. and Young, C.W.: Az-
tiemetic efficacy of high-dose metoclopramide:
randomized trials with placebo and prochlor-
perazine in patients with chemotherapy-induced
nausea and vomitting. N. Engl. J. Med. 305
(16):905, 1981.

Cohen, S., Morris, D.W., Schoen, H.J. and Di-
Marino, A.].: The effect of oral and intrave-
nous metoclopramide on human lower esopha-
gilal sphincter pressure. Gastroenterology, 70:
484-487, 1976.

Nishida, S., Matsuki, M., Nagase, Y., Horino,
M., Endoh, M., Kakita, K., Tenku, A. and
Oyama, H.: Stress-mediated effect of metoclo-
pramide on cortisol secretion in man. J. Clin.
Endocrinol. Metab., 56:839, 1983,

Corsini, G.U., Marrosu, F. and Gessa, G.L.:
Metoclopramide and dystonic reactions in sar-
dinians. Lancet, 1:1344, 1979.

Kataria, M.: Extrapyramidal side effects of
metoclopramide. Lancet, 2:1254, 1978.
Ano, T., Shioji, T., Kinugasa, T., Onishi, T.
and Kurachi, K.: Clinical and endocrinological
analysis of patients with galactorrhea and me-
nstrual disorders due to sulpiride or metoclo-
pramide. J. Clin. Endocrinol. Metab., 47:6735,
1978.

Whitfield, L. Sowers, J.R., Tuck, M.L. and
Solub, M.S.: Dopaminergic control of plasma
cateckolamine and aldosterone responses to acute
stimuli in normal man. J. Clin. Endocrinol.
Metab., 51:724, 1980.

Ganguly, A., Pratt, J.H., Weinberger, M.H.,
Grim, C.E. and Fineberg, N.S.: Differing
effect of metoclopramide and adrenocortico-
iropin on plasma aldosterone levels in gluco-
corticoid-suppressible hyperaldosteronism and
other forms of hyperaldosteronism. J. Clin.
Endocrinol. Metab., 57:388, 1983.

Edwards, C.R.W., Al-Dujaili, E.A.S., Boscaro,
M., Quyyumi, S., Miall, P.A. and Rees, L.H.:



41

~

42)

43)

44)

45)

46)

47)

48

o

—Bong Heon Han, et al. : The Effect of Dopaminergic Activity on Aldosterone Secretion in
Edematous State—

In vivo and in vitro studies on the effect of
metoclopramide on aldosterone secretion. Clin.
Endocrinology, 13:45-50, 1980.

Nishida, S., Matsuki, M., Nagase, Y., Horino,
M., Endoh, M., Kakita, K., Tenku, A. and
Oyama, H.: Adrenocorticotropin-mediated eff-

ect of metoclopramide on plasma aldosterone in

man. J. Clin. Endoclinol. Metab, 57:981, 1983.

McCallum, R.W., Sowers, J.R., Hershman, J.
M. and Sturdevant: Metoclopramide stimulales
prolactin secretion in man. J. Clin. Endocrinol.
Metab., 42:1148, 1976.

Brown, R.D., Wisgerhof, M., Jiang, N.S., Kao,
P. and Hegstad, R.: Effect of metoclopramide
on the secretion and metabolism of aldosterone
in man. J. Clin. Endocrinol. Metab., 52:1014,
1981,

Carey, RM.: Acule dopaminergic inhibition
of aldosterone secretion is independent of an-
giotensin II and adrenocorticotropin. J. Clin.
Endocrinol. Metab., 54:463, 1982.

Lauer, C.G., Braley, L.M., Menachery, A.L
and Williams, G.H.: Metoclopramide inhibits
aldosterone biosynthesis in vitro. Endocrino-
logy, 111:238, 1982.

Gniadek, T.C., Grekin, R.J., Gross, M.D. and
Villareal, J.Z.: Hyper-responsiveness of aldo-
sterone to meloclopramide in aldosteronism.
Clin. Endocrinology, 16:475-481, 1982.
Williams, G.H., Hollenberg, N.K., Brown, C.
and Mersey, J.H.: Adrenal responses to phar-
macological interruption of the renin-angio-
tensin system in sodium-restricted normal man.
J. Clin. Endocrinol. Metab., 47:725, 1978.
Oelkers, W., Schéneshsfer, M., Schultze, G.,
Wenzler, M., Bauer, B., Lage, M. and Fehm,
H.L.: Prolonged infusions of the Ile5-angio-
tensin-11 in sodium replete and deplete man:
effects on aldosterone, ACTH, cortisol, blood
pressure, and electrolyte balance. J. Clin. End-
ocrinol. Meiab., 46:402, 1978.

49) Hauger, R.L., Aguilera, G. and Catt, K.].:

50)

51)

52)

53)

54)

55)

56)

57)

58)

Angiotensin 1I regulates its receptor sites. in
the adrenal gromerulosa zone. Nature, 271:
176, 1978.

Rosoff, L., Zia P, Reynolds, T. and Horton,
R.: Studies of renin and aldosterone in cirr-
hotic patients with ascites. Gastroenterology,
69:698-705, 1975.

ol &, AAE : ALK WA renin T
Az B4atel AL AW AR FA, 22(1):
30-39, 1979.

Wilkinson, S.P., Bernardi, M., Smith, LK
Jowett, T.P., Slater, J.D.H. and Williams, R.:
Effect of adrenergic blocking drugs on the
renin-aldosterone system, sodium excretion, and
renal hemodynamics in cirrhosis with ascites.
Gastroenterology, 73:659-663, 1977.

44, 7AE A gAY Y
5% Na 38 KXWl %3} Soldactone®s Z s}
FFoluA 7} oldl w A= g A
A, 19(4):312-323, 1976.

Coppage, W.S., Island, D.P., Cooner, A.E. and
Liddle, G.W.: The metabolism of aldosterone
in normal subjects and in patients with hepatic
cirrhosis. J. Clin. Invest, 41:1672, 1962.
Heacox, R., Harvey, A.M. and Vander, A.].:
Hepatic inactivation of renin. Circulation re-
sarch, 21:149, 1667.

Paker, M., Medina, N. and Yushak, M.: Corre-
ction of dilutional hyponatremia in severe chro-
nic heart failure by converting-enzyme inhibit-
ion. Ann. Intern. Med., 100:782-789, 1984.
Francis, G.S., Goldsmith, S.R., Levine, T.B.,
Olivari, M.T. and Cohn, ].N.: The neurohu-
moral axis in congestive heart failure. Ann.
Intern. Med., 101:370-377, 1984.

Laragh, J.H.: Hormone and pathogenesis of
congestive heart failure: wvasopressin, aldo-
sterone and angiotensin, aldosterone and an-
giotensin I1. further evidence for renal-adrenal
interaction from studies in hypertension and
cirrhosis. Circulation, 25:1015-1023, 1962.



