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HEGERL pEHRAES BN TED, &
¥ liquorice candy OHBFIE LT ERA &
Tw3, HE oMWY ©d % glyeyrrhizinic acid
(GR) # & U glycyrrhetinic acid (Fig. 1) IZERRETIC
WIFER, 7 V¥ -REB X OHE{LEEBO BRI
EREhCTWw3"™ £ GROBEYKTH
carbenoxolone (Fig. 1) & Hil{bpEEH & L T#
HahTwa®, 1046 iz Revers® W HEXR%E H (b
HEBOBRECHEAL 20 s0BRFICEENREEL L

COOH
o COOH
o ” o
ERRC H
oMy o CooH oK~

{b) Glyeyrrhetinic acid
{a) Glycyrrhizinic acid
MO CHOH
o ¢t o

Q
C-ON. !

N.O-¢

(3] (¢} Carbenoxolone (d) Aldosterone

Fig. 1. Chemical structures of (a) glycyrrhizinic
acid, (b) glycyrrhetinic acid, and (c) carbenoxolone
compared with that of (d) aldosterone.

Z LA L 7oA, Molhuysen 5 HE O KLY
(15%0 GR 2&1:) 2H{LEERBOBE RS L,
F YT ABIUOKOEE, EY ) v AMESITS

Vv sofkEn, BOESESFERLEL, b

DIEMEDS GR @ deoxycorticosterone (DOC) # £
itk az &ERLE. DIk, liquorice candy, GR, &
2\ (d carbenoxolone @ KEEBIIC LY, SKE 2V
Fa4 rBEREEZELEENOHRENEEKS S
77 Conn 52MFLv=v - 7 FZF o RO
BED SN B & LD, liquorice — induced
pseudoaldosteronism EFEA TV 3,

EFRHE 7V FRF o VE®R, 1Te — hydroxylase
& 5\t 118 — hydroxylase KIBE*E 0 L HE 7 v
Foa4 FRERETEMENRERT S LELHML
hTsy, Erv=ryRkEdEENTECS VT HE
anF a4 FBREERREEZL ZHRE S H 250
SEEo v F 3 A FRBOBRMBAECERLS MY Y
LOBEEIHEBIN AN L TR EFENICIFZEEE ST
EREVBMEARRSELLEASNTLEY, £
BISIE 2 L F 34 FBREEMEDORETH 5 DOC
ENESHYTCORRTIIAEMEROBENSER SN
TWBRAE 5 1r S oL F 04 FRESNEOR
Rz g L HBAS A TR,

The Role of Renal Mineralocorticoid Receptor Mechanisms in the Pathogenesis of
Mineralocorticoid Excess Hypertension in the Rat: The characteristics of renal mine-
ralocorticoid receptors in glycyrrhizinic acid or deoxycorticosterone induced hyperten-
sive rats. Takio Hayashi, The Department of Internal Medicine (II), (Director: Prof
R. Takeda), School of Medicine, Kanazawa University.
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FVEVEHOE | B IMRENO S LE Y EAE
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xvYry— RNAZEBR U CHENEBEAREYT 2 &
EZZONTWVWE g LF a4 FOMERIZLE
ROV Y —HBENEEL, ENRETCOMIEER
Ve —DEFEEBLUHEILF AN - LeT S
-HEEOHANBITHIER & hTw 5%, Ulmann
PEGREBLUVUZOT S VarTdh B glycyr-
rhetinic acid 235 v b EHEE O Ea Vv F a4 F
VET S AT I EERELTVAD, ok
SHGBEILF A FL 7y~ zoEMER
BB & OBFREIEE L RE 3L,

i, Takeda 53 GRick a7V F 2 5 o
vHED GR G RIE% DR &b 1y Blicbhi-»
THRULIEFAERE L TVWE. EFuLRo LS5
GROZOREPRIEHGEE LT a4 FiBERES
Rt 2R MIcBERHL, 59 bcBVT GRS H
LHEOMECES & F#hicfE>SBHEavF a1 FL
7y —BEOE(ERET A itk GRHEE
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1. RIS LUERHE

1. EE5y bEHBEVFZRTF oYL 2T S
— Rk oRE .

FE 200 fIBOY «+ 2y —FREtES v + LS

FY=27—) ZROVCERBETE >/, AAEEEX
T4 FOREER LOHAIBIEHHE, t V)= v

FAHBES o MEEERAR S L O 1 BREKEREE
KHERESE, TREIHMTOCE  BMIaE 7 v K 2
FTaYLeTy —OMIRERSL /2.

2. glycyrrhizinic acid (GR) & #A185 5 o » B
FE7LVFRFovLe7 s —ikE L CME
DHRET.

HE200g @O Y + 2 9 —RMEMS » ki GR
(500 mg / ket ) F FE-z 5/ -0 (1: 1)
HRE LT (100 mg / ml) S8R FIcidis 3 B S
Lt.&%%?%.%lﬂ,%2ﬁ£;6%4ﬁam
MEZREL, MERLLEBICEATAORE b

BIEARL LEMRE T LN 2 Fo v v+ 7 — ik
LB L, BTAM- x5/ - LVBAHOL %
EEREE L, F4HBDS » M2 FRO L 5 ICLE
LHBELTRHOVE., ThSTNTDS v i 480
1 %EBIEKEREICER S €4,

3. glycyrrhizinic acid (GR) G#if5 5 » + B4
RE7VFRF oy e27 8~ DRRABITOR
.

2. LEBRICAE LS5y 2BV, GREEEH%RE D
BHICEEREZTTE - 7o, GRBSIcHUEIREL £
T8 - e BB L GR #£5% | BE MBS HH+
T BEERL, ENFhOBTETER -2 &
/= WBERROHBERE L5y FEWNBELE. &
RHNEEEE R oA FAROEEBAHET I HN
T, GREEETR LT CHENBIEHEHETE - 1 B
BLUBBED S EITI - 1 BEEERL, % 1 BB«
UFTO L BABITOERET L -2, Thidd~
TOZv &b 2BE | BAEKEEBICERS &
7.

4. glycyrrhizinic acid (GR) BEfi#BE5.5 » b o B
75 GRESHIEHOEMME TV F R 50 v
L7y —#HIRB L OMEDOKST: deoxycor-
ticosterone (DOC) #5535 » b & @ ik,

HE50g HiROMEY + 29 ~FfEHES » b D 1
ROELLUBIBEHHL, GRG0 ng / ke E ) &
723 DOC (1.25mg / keKE ) % 2. LEBCEBE T
i 1B EE 12 B b i - THRE L2 oo mE
BLUBBEOERE, HTHEM-29/ —VBAKED
BEBREBLUAHES v PEEHBICBELE. BE5KT
R EHOo—MEWEBR L T+ b v abl o
AVYLEREL, &SRS tigomEoE s
BRTHELL. GREEB TR RS LEE, 588
BLU 3B, DOC#EEB L UMBRTEES
FLERCE-TV3 IRAIOREL/HEL, THKRKC
BHBEETVERTF oy L7 -0k % Bt
Lic, 3 RTD35 » McRilh | YABKEEEICE
BREHi.

I. 59 BHBREAESLUESEOCRR

Ry PN ES = (600 ng / kel&E) BB T 2B
BEL, Ki§ L iER#EE (133mM NaCl, 0.5mM MgCl,,
ImM CaCl,, 6mM KH,PO, 5mM glucose, 5mM
tris-Hel & #oH 7.4) 50 ml 2B W CHEHIMASIIR L 0
BN & 1715 VMRS 2+ AR E L. RICHg L
B 3EROBEEK A (0.25M sucrose, 10mM
tris-HCl S &oH 7.4) 2R, F7uovheTsq
Y- THEYF A X LK, 47, 700 X g,10 5375
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HELL, E@EEaSwcdT, 20,000 g bBVid
105,000 X g,60 Srfl#EO L EEAMIEE B & L
(4ngEA /nl). FrE2x— D 700 X g ELT
BAEFERA LTI ESERE, EFHKB (1.8M
sucrose, 3mM MgCl;, 10mM tris-HC! #& #7 i pH
TA4)EBL,4°C. 20,000 X g, 60 R LL 1
Ly M EEERACTIERSL BEEA TR
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BET o4 & UTEBEK A ZBV R 500!
2T, 2nM® (°H) - aldosterone (50Ci/mM, New
England Nuclear) & $1FaE 3@ (9 | ngBH) L %8
A DOWE OIS aldosterone & & bic 4T, 8 K5
A Y FarR=vVaVEFTE-f. AVFa—Yav
%, BT A WAL 72 100p] OFEMA LT v — 2
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& (°H) -aldosterone 2F&F &/, 4°C, 1,500 x
g 049MBLCLALLEE 200ty Yy FL—-9 -
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671) i THSHERAME L 7. 2uM @ JEHEE aldo-
sterone & & bicA vFa~x—+ LTEONIBHETE
HAEEERNESE LTERNEEI V2 LI ERFR
MESSE2BEHLE. Cho0RABAEAVT(*H)
- aldosterone M JEFE aldosterone i< & 5 A7 B e
BAER L & & bic, Scatchard plot*® T4\, B
BE7LRRFovLe7 ¥ — & aldosterone & @
EAOMREER Kd) BL 0L e7 s —HoiEEL i
LEAEEARE (Bmax) ZRIEL K.

KEBRF o4 Kb b aldosterone (Sigma)
DOC, DOC acetate, cortisol,
progesterone, tetrahydrocortisol, dehydroepi-
androsterone, dexamethasone ( L Lt Steraloids),
glycyrrhetinic acid (Nakarai), ¥ & U ba—dihydro-
cortisol (Dr. Kornel X viEfftan3) oB&N
OREIIZ, LD & 5 icIEER aldosterone B & U
K27 o4 Nick3 (°H) — aldosterone o f##ih
BAEFM S5 7 LiciiE, (*H) — aldosterone @
BRUEESE 50 %iilElT 2 ZENEADORF o 4 F
DWE % RS L D Bl L, aldosterone AT
% 100 % & L T#A& % (aldosterone i & % 50 %M
WE /KD BRFoA Fizk B 50 %BIHEIBEx 100)
EN—gv b TEDLE.
methasone (46Ci/mM, New England Nuclear) %

corticosterone,

% ERE I (CH) — dexa-

B

HOWTHROERATROVEMBEE s vaavsay
FLre7 s —omiRERETL ..
N. Sy rBF7IERFOV-LETY-EEK
DR ITOREER

.03, O ELMBE LT v F L DBEBIL 40k
EHE 1ol (H4ngER) 2RE 2007 v 21 Ric
BT, 5mM @ (°H) -aldosterone & 4 C, § B4
VidaR—p LEMILLAZF + — 3 — v 20007 (400
mg /200u) 20 A TIEKES (PH) -aldosterone %[k
L, 7VEZFOV-LETy —EEEEERL:L.—
i FLEOLSIEEY Y FL—Ya VATV I —L
THEHEE A RE L, (°H) -aldosterone & BHilaE
FUFRFoyLe7ld—LOEARELET v BT
HELE., S5k IndT7AVRFRFO Y- LET Y —
Boke 1 nlOBAEF 2~y Vs vELT, 305E
A vEkax—vavik, 4°C, 700 x g,10 53fE#&
LDUEAEZS L. BEHEACTIERESL, |
no0.AMKCl T2 a<=F v E % L CHBR
5000 OREER % RO L S CRIE L. HaES
B LU 0 F v GEANOEEE b, buM OFHF
# aldosterone & & bicA Y+ ax—va ¥y LTE
SN REEM IR RNES S L TEBEER LY
£ xBROESEENL.:. MIaE L €7y -

(®H) -aldosterone D#E& 13 dpm/ ng#lfaHEERL T,
suvFvTIETI—~OFE A dpm/0.25 ng 7
neF yEATEDLLE.

Pl EDEER 3T~ T duplicate TITE » 7.

V. Zoft

55 POMER, 5y bZ 40T, I5XEREL L
%, FA00 7K D BEIMES (USM 105, HEHE
BPERR) AR VCIEEHMEEZRIEL 7.

ElpBuEy vE7 VT vE&E#EL L T Lawry
SOFEC LT,

HETRITES T IEERES 5 VI L FRET
Fb L, #EoEHEOZEOREICIKRELAL,
D < 0.05 2#F&E L. HBEGERUER/NERE LAY
F-ENRERIC L AT X DR 7.

151 b
1. EBSy FERRE7ZVERFavLETS
— iR . '
(*H) -aldosterone DRIFFES T, 4°C, 4T
PHcEL, REME TEELLEANBONL
(Fig. 2). EHIcELBRTA Y FaX—-va /0D
EEE B CRIRSEE L, THOBHRIESE
Kbt (Fig. 3). TOLHLUBOERIZ4THLL
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50 h

Bound [*H) Aldosterone ( °/cof plateau )

0 1N I} A A A
0 4 8 12 i6 20

Incubation time (hour )

Fig. 2. Time course of specific binding of [*H]-
aldosterone to rat kidney cytosol. [*H]-aldo-
sterone (2 nM) with and without unlabeled aldo-
sterone (2 uM) were incubated with rat kidney
cytosol (1 mg protein) in 500 m! assay mixture at
4°C for varying period. After the incubation,
unbound aldosterone was adsorbed by charcoal,
and then the specific binding was calculated as
described in method. Specific binding of [*H]-
aldosterone at 8 hours incubation is taken as
100%. Each point represents the mean value of
duplicate experiments.

WKIETTITR Y, §EMOA v+ a~x~va VR
ZH W/, Rousseau S DHHEPick » TEMIL L 1
Fo—a—VBEBRET S & 50 ~ 300 mg /tube @[
TRENEGE—ELBY (Fig. 4), ELZoR V-
100 mg /tube D F + — 3 — LBIF+43EE S (PH) -
aldosterone ZRXF LTV B EEZ Shiz. %1 (*H)
-aldosterone O RIES IHAESE O EH D E
DEHBE B L7 (Fig. 5). Fig. 6 i Scatchard
plot itk BT OREFETRT. Ric T Lk i
aldosterone F 2 oD v E—F v b KT B &
EAonaHWRET UL, BIMIE RAKODE
WIS D AREEER (KA) 13 1.6 = 0.50M (n = 5) T&
D, BARHESEE (Bmax) 3 3.1 £ 0.2 X 107"*mol/ ng
58 (n=5) THUBOHE L —K L. U
Scatchard plot i OB EH S 2B
f.
COBMET AV FRT oYL e 7y — T 2K
Bx5 o4 Fo#a1E, aldosterone 100%ic 3 L
T, DOC 91 %, corticosterone 849, DOC acetate

0°C control

D

(x103dpm/ tube )

LN

o—.u [o} @]
25°C with excess cold Aldo,

Bound [SH] Aldosterone

0 30 60 90 120.
Incubation time (min.)

Fig. 3. Dissociation of [®H]-aldosterone bound to
rat kidney cytosol by increased temperature.
[*H]-aldosterone (2 nM) in the presence (—o-) or
absence (—e— —=—) of unlabeled aldosterone was
incubated with rat kidney cytosol at 4°C for 8
hours. After incubation, the temperature of assay
mixtures (—e— —e—) was increased to 25°C for
varying time period. The temperature of assay
mixture of control (—e—) experiments was main-
tained at 0°C.

67 % , dexamethasone 32 % , cortisol 20 % ,
progesterone 17 % , ba-dihydrocortisol 15 %% &
U glycyrrhetnic acid 9 % T - #z %, tetrahydro-
cortisol ¥ & T dehydroepiandrosterone (2854 L 15
-7 (Table 1).

(°*H) -dexamethasone # WV CITH > kE O E
ERTid, dexamethasone 3 BB NI | > 0 &
BRI OHERL, HETER (Kd) 11oM, Aikd
RE (Bmax) 9.9 X 10""mol/ meE R\ (Fig. 1) TH 1,
o & kX 94 % aldosterone B & U
corticosterone DA TR ENEN 20 % & 40 % T
H-it.

2. glycyrrhizinic acid (GR) @355 v Fic B

DA3BHMBE7IVEZFOULETY ~HEkE
S UME.

GR #5801 105 + 3ng Hg Tk - /< IMF 13 5 8
BLU, GR#%5%, $ 18, %248, £4808
nEN120£5,139+8, 140+ 7, 126 £ 3m Hg T
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pernatant

( x10%dpm/tube )
P L T T Cr

----0--- with excess cold Aldo.

)

B e et T ©

[3H Aldosterone in su

0 100 200 3013 (ma/tube)
Charcoal concentration

Fig. 4. Effect of the amount of charcoal on the
measurement of [*H]-aldosterone binding to rat
kidney cytosol, - [3H]-aldosterone (2 nM) and rat
kidney cytosol (1 mg protein/500 ul) were incubat-
ed with (—o—) or without (—e—) unlabeled aldo-
sterone at 4°C for 8 houss. After the incubation,
the 100 ul charcoal suspensions containing in-
creasing amounts of activated charcoal were added
to assay mixture, and radioactivity not adsorbed
by charcoal was determined as descrived in meth-
od. Specific binding corresponds to the difference
between the upper (e—e) and lower (o----0) curves
in the figure.

# -1 (Fig. 8). WBBIcH L GR#5H LT ~TH
HicMMENSES, £-GR#&5%, F1BBLUEL
BHOBTRE ABABORE vERCIIEREEETR
Li-hs, B 1ABLUE BED S » FHIcERZED
Shish-tz, ThEDT v PEEL VTR L MABRE
AEEBVT, TVFRFavL €7 ¥ —0R%E
Scatchard plot ic C#kd 5 & (Fig. 9). f@REER
(KQ) 3T RTOBTH 20M & 1ZIZREETS » 7278,
BREEAEE (Bmax) (2R EE 32.0 X 10™*mol/ ng#&
BicHA~RT, GR#51%, #iclkk~T, GR#&5&, 8

*

Bound PH) Aldosterone ( dpm/tube)

g

@

=3

=3
v

. "
0.5 1.0
Cytosol Protein Concentration (mg/ tube)

15

Fig. 5. Effect of protein concentrations of rat
kidney cytosol on specific [>H]-aldosterone
binding. [°H]-aldosterone (2 nM) and increasing
concentrations od cytosol were incubated at 4°C
for 8 hours with and without unlabeled aldo-
sterone (2 puM). Unbound aldosterone was ad-
sorbed by charcoal and specific binding was
calculated as described in method. Protein con-
centrations were analyzed after charcoal adsorp-
tion in the tubes incubated without aldosterone.

18.%2:8,%4:B0#TtezhTh,9.0,4.4,11.0
X 10 "mol/ meBETH » /2. T4 5O Bmax O,

THHLEEBMIEERNO TV FRAFay Le Ty -0
L, e F M OERILE-ORM I 3ER( < 0.05)
OB OHEMMEY (Fig. 10). MEQFHV DR ET
VEZRFuvLeT Y- WEENED O
1.

3. glycyrrhizinic acid (GR) 88155 v FCE
FE2EMBEETIIERFOY - LETI—EE
EOBEABIT.

1. D3. OTELUBLES v bOBHBELSE
&, (°*H)-aldosterone & OB RIFES L, Fig. 11 &
St ki, GRESHICHMBIBHHEETE->TH
(Fig. 11 @ Experiment 1) 3 %\ ik GR 5%
TR BB EfT - Td (Fig. 11 © Experiment
), GR ##%5 L n LWiBE itk L THRICHERNE
OB, TVRRFovLeT —HOBDHR
Wahi. £-CREEXTRbUM 127 v FTHl
BEIERE AT - B LD A LTS » B LD
W#rciz (Fig. 11 © Experiment 1I), Mig0 &%
FEOAERMR 7 o4 FHEET 2RETREME
SEi~® (H) -aldosterone D4 RIHEAHS, HHE
BRI AT OWAERER 7 94 FHEE LB OIRER
hxTHEERDREP o1, $HHEGREEI v T
X GREFEOERICEY, RRER 7 o4 FOFRL
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Table 1. Competition of various steroids with aldosterone binding to rat kidney
cytosol receptors. [°H]-aldosterone (2 nM) and increasing concentrations of
unlabeled steroids were incubated with rat kidney cytosol at 4°C for 8 hours.
Unbound steroids were adsorbed by charcoal. Concentration of steroids shown in
this table is that required for 50% displacement of [*H]-aldosterone (2 nM).

aldosterone concentration

Percentages in parentheses was (

Aldosterone
Deoxycorticosterone
Corticosterone
Dexamethasone
Cortisol
Progesterone
Sa-dihydrocortisol
Glycyrrhetinic acid
Tetrahydrocortisol

Dehydroepiandrosterone

1 [

@ T Kd :10nm

*

=

$

2

o

£

o

Q
Qe
oo Kd :18nM
% Bmax : 1.0x10"Ymg prot.
3
g
T 5
3
Q
0

L] 0\.
0
25 5.0

moles,/m roteinx102
B/F (2 v )

Fig. 6. Scatchard analysis of aldosterone binding to
rat kidney cytosol prepared from normal rat.
[*H]-aldosterone (2 nM) and increasing concen-
trations of unlabeled aldosterone (0-2 uM) were
incubated with rat kidney cytosol (1 mg protein)
in 500 ul assay mixture at 4°C for 8 hours. Un-
bound aldosterone was adsorbed by charcoal.

steroid concentration
trations required for 50 % displacement of [*H] -aldosterone (2 nM).

X 100) at the concen-

6.1£1.6 nM (100%)
6.7%£2.0 (91 )
7.2%£2.2 ( 84 )
19 (32 )
31 (20 )
36 (17 )
41 (15 )
67 «C 9
Infinite
Infinite
oo
@ g e Kd :11nm
E |
% ,g \ Bmax:9.9x10'13%-t
£ & D
% &
£ &gl
[ 2]
X 2
2 B
D [~%
T o e
5 N
&
o
00 5 10
B/F /p moles/mg.proteinx102

l nM

Fig. 7. Scatchard analysis of dexamethasone bind-
ing to kidney cytosol prepapred from normal
rat. [*H]-dexamethasone (2 nM) and increasing
concentrations of unlabeled dexamethasone were
incubated with kidney cytosol (1 mg protein) in
500 ul assay mixture at 4°C for 8 hours. Un-
bound dexamethasone was adsorbed by charcoal.
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BHECEHBRET VR T oy Le 7y —HOFEDH
Booht.

WILCHASDTURAFOY -Le7y—HEEE
BOTEED & ENBITOEREITE - 2. Fig.
12 ic7Rd & 5ic Experiment [ (Fig. I1DicBVWT
i3, BB AT -7 » F OBMINESE & 0 #
BMLAETVERFO Y- LeT §—HEKE, CIKR
TEIEMHEZTRLE VI » FOFED b, DITRYT
BIEMUAETE >R BRBIC B BIT L. 18
BEHAETRbEVT v FOBHMEESE L D FHRL
LTWEFRFav .- LeT s —HEEIZ, AICRTE]
ERHETEbRVS v FOKEID S, BRARTEIH
PWHETE > K DS BITT 3ERERL .
Experiment [ (Fig. 11) icB8WV T b Fig. 13 &R
TEHBEFARTEREE LY, GRESE GR B
EHAEER 7 o4 FEEBEODREEEME T VI
ZFOV-LeT s -HEXKOKABTIEL THE>

Blood Pressure . AT

mmHg — - o

150

e

100}

50F

befare  contrl

*e p<0.01
* P<005

Fig. 8. Systolic blood pressures (mean t SD) in rats
before treatment (before, n=24), in control rats 4
weeks after vehicle injection (control, n=6), in rats
1 (IW, n=6), 2 (2W, n=6), and 4 (4W, n=6) weeks
after injection of glycyrrhizinic acid (500 mg/Kg
body weight/day for 3 days). Rats in control, 1W,

2W, and 4W were maintained in 1% NaCl for 4

weeks. n: number of rats in each group.

23
S
rcasc

- Control
o Group | (1W)
—e&—~ Group |} (sz)
Group NI (4 W)

( p moles/mg proteink10?

Bound Aldosterone

10.0
moles/mg |:m::tein)u102
nM

i
B/F \p

Fig. 9. Scatchard analysis of aldosterone binding to
kindney cytosol prepared from control (—v—) rats,
rats 1 (—o-), 2 (=), and 4 (—e—) weeks after
injection of glycyrrhizinic acid.

30}
Y =105
-0712X
-
S % r=0.05689
-~
§.§ p<0.05
@ 5 20
X o
Q
2f
24
33
8 E
s& .
<
5 10} o
x
[}
£
o
0 4 . .
0 100 150

mmHg
Blood Pressure
Fig. 10. Correlation between systolic blood pres-

sure shown in Fig. 7. and Bmax of aldosterone
receptor shown in Fig. 8.
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T EMTRENS .

4. glycyrrhizinic acid (GR) R 55 v F 1L H
7% GR #E5HEBROBEHMRE7 I FXFOY
LT —RKkES & UM E :deoxycortico-
sterone (DOC) 55 w + & D&,

GRBIUDOCHE I DIMTFERBICHLEE

e LB L hi(Fig. 14, b)), kEQ NI ZHMTE
His - fo(Fig. 14, T).Table 2 ic;r4 & 512,GR,
DOC 5 ThRICHIE L cMmiEH U v & i3 B
HLERCEEERL .. 12 BB G2 L
LICBIEBEETE 25y FEROWT, #B50EE,
|HEEOBMEET VFRFoyLery— 0K E
B L7 Fig. 15 R T &1 DOCHRET v DY
MEAE7VERTF oy be 7y — 3B E EIERBED
HIRTH-7ch, GRIEE S » +r O BHEE S E I
(sH) -aldosterone i3#& €9, GR ORI IEEEL
TWwi.
GR&8LUDOCH# & th k% oM E o %1k % Fig.
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Experiment T iy o

*% P<0.01
*P<0.05
Fig. 11. Experiment (I): Specific binding of [*H]-
aldosterone to kidney cytosol prepared from
rats with adrenalectomy (Adrex+) or sham oper-
ation (Adrex—) 1 week before the study. The
rats in both groups were injected with vehicle.

Experiment (I): The binding of [*H]-aldoster-
one to kidney cytosol receptors prepared from rats
injected by glycyrrhizin, 500 mg/Kg BW/day for 3
days (GR+) or mats injected by vehicle 2 weeks
before the experiment. Rats in either group were
adrenalectomized just before the injection of
glycyrrhizin or vehicle.

Experiment (I): The experimental design was
the same as in experiment (II), except that the rats
were adrenalectomized 1 week after injection of
glycyrrhizin or vehicle.

16 1t/RL7z. DOCHREHTRIOE TV £ £ ##%
N7hs, GRESHTRW - D EEFETHBEL
fz. GR#E5db#%, 55L&V I3 EHIKE>TV 35
Bl , 6 BBL0 UBEOBHIMET VR 5
ovLte7y—OWKERFTEL, 6 BRIV T
&, (*H)-aldosterone D&M 10 %ic LAEIEL
TWiEh -t (Fig. 17, £), 4BBICR5ERIE
HL TV (Fig. 17, T). $5bb i ho0ERicH
WTl, MECEEEBEMIEETVFRAFo Yy LES
$—HROEIEIZ, GREE 5 » FRT, BIFHITLT
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Binding of laH]-AIdosterone-Receptor Complex to Nuclear Chromatin

A : Adrex(~)Receptor; Adrex(-)Nucleus
B: -) ; )
C: +) ; -)
D: (+) i )

Fig. 12. Specific binding of [*H]-aldosterone
receptor complex to nuclear chromatin (Mean
SD). [°H]-aldosterone-teceptor complex and nu-
clear suspension were prepared from the rat
shown in Fig. 11 (I). A: binding of aldosterone-
receptor complex of Adrex (-) rat to nucleus of
Adrex (-) rat. B: binding of the complex of
Adrex (-) rat to nucleus of Adrex (+) rat. C:
binding of the complex cytosol of Adrex (+) rat to
nucleus of Adrex (~) rat. D: binding of the com-
plex of Adrex (+) rat to nucleus of Adrex (+) rat.
Four rats in each group were used. Adrex(-):
not adrenalectomized, Adrex(+): adrenalectomiz-
ed,
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Fig. 13. Specific binding of [?*H]-aldosterone-
receptor complex to nuclear chromatin (mean:
SD). [3H]-aldosterone-receptor complex were pre-
pared from the rat of Fig. 11 (). A: [*H]-aldo-
sterone-receptor complex of GR (+) rat to nucleus
of GR (+) rat. B: the complex of GR (¥) rat to
nucleus of GR (—) rat. C: the complex of GR (-)
1at to nucleus of GR (+) rat. D: the complex of
GR (=) rat to nucleus of GR () rat. Fourratsin
each group were used. GR(—): not treated by
glycyrrhizinic acid, GR(+): treated by glycyr-
thizinic acid.
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Rousseau 5235 o r BMEAE T A FXFo v L
Ty —N2OOBRERS S HT L&KL aldo-
sterone BN OSEE oV F a4 FL 27 4 —

(94 71) LV naanFrersy— (4471)
AL, 1471 L7 % — i aldosterone 5t L

200 ISE
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1504

Systolic Blood Pressure

=0~ Control Group
=~ GR Group
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Fig. 14. Changes in systolic blood pressure (mean +
SE) and body weight (mean) by treatments of
glycyrrhizinic acid (—¢-), DOC (—e—) or vehicle
(—o-). Rats were adreno-nephrectomized uni-
laterally and then glycyrrhizinic acid (500 mg/Kg
body weight) or DOC (1.25 mg/Kg body weight)
were injected once a week. All rats were main-
tained on 1% NaCl

Table 2. Blood pressures and plasma electrolytes in control rats, rats treated by glycyrrhizinic

acid or DOC for 12 weeks.

Control Glycyrrhizinic acid DOC

BLOOD PRESSURE (mmHg) 1382 182 % 5% 205 * 5%
PLASMA Na (mEq/1) 1421 141 %2 142+ 1
K (mEq/l) 3.9%0.1 2.9+ 0.2% 2.8 +0.2%

* p<0.01 v.s. control
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Fig. 15. Dissociation of [*H]-aldosterone (2 nM)
from rat kidney cytosol receptors by increasing
concentrations of unlabeled (cold) aldosterone 1
week after discontonuation of glycyrrhizinic acid,
DOC, or vehicle injection. Unilaterally adreno-
nephrectomized 1ats were injected glycyrrhizinic
acid (500 mg/Kg body weight/W), DOC (1.25
mg/Kg body weight/W) or vehicle (control) for 12
weeks and then residual adrenal glands were
removed. One week afrer these treatments, this
dissociation studies were performed using kidney
cytosol prepared from glycyrrhizinic acid treated
rats (GR 1at, —s—), DOC treated rats (DOC rat,
-o-) and control rats (control rat, —e—).

H/_}/{h\l\{
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Weeks after cessation of giycyrrhizin

Fig. 16. Changes of systolic blood pressure (mean
+SE) of rats following the cessation of glycyr-
thizinic acid (=) and DOC (~e—) treatment
and in control (—o-) rats. Unilaterally adreno-
nephrectomized rats were injected by glycyr-
thizinic acid (500 mg/Kg body weight/W), DOC
(1.25 mg/Kg body weight/W) or vehicle (control)
once a week for 12 weeks and then these treat-
ments were discontinued. All rats were main-
tained on 1% NaCl.

FATN v ey~ k0 SN, BBEETH2EL
TVaE, FHORLAZERS » +icB ) 3 aldoste-
rone & BHIAE 58 & o # & ® Scatchard plot
2ODOHRERE b5 Rousseau 5 O & —F L
1.
BHEIVFaL KL o7 s —@rraaLFad
L7 9 =t UBMc REETH 3 T & 55 Rafestin-
Oblin 5™ k> TRENTHY, BELHMRLEY
TR RBEREEL (Fig. 3). 201-»B02 5 4
&MV T (°H) -aldosterone &4 v % 2 R—3 5 o
Licigickiia BB % AT 2 FErs< & ohTk
TLBE, ChEDX 54 2EFMVIERTH, 37
CHdaVWERBCILBVTYIAL 7] LE7 Yy — &
aldosterone O fREEES (Kd) 1 0.5 - 0.9nM T4
555, BHINAHE S £ JH8 L 72#% 12 aldosterone & 4
YELN—va v L THETR® M Tk 3.
Grekin 5" BEDHEICHBNTA vk a N — o 5
YNy 7y =R 0.IMOEY) TFVEES LY aE D
ABTEiRLD, MREEES (Kd) 453nM 25 (.50M

6weeks after GR discontinuation

-

¢ L. moles/mgpretein)

20

Tdweeks atter GR discontinuation

BOUND PH. ALDOSTERONE

0 Ly,
0

025 1 10 100

Relative ¢ of Cdd Ald

Fig. 17. Dissociation of [*H]-aldosterone (2 nM)
from kidney cytosol receptor(s) by increasing
concentreations of unlaveled (cold) aldosterone,
prepared from glycyrrhizinic acid treated rats 6
weeks (upper) and 14 weeks (lower) after the
discontinuation of the treatment. Five and 13
weeks after the discontinuation of glycyrrhizinic
acid treatment (500 mg/Kg body weight/W for 12
weeks) in unilaterally adreno-nephrectomized rats,
residual adrenal glands were removed and 7 days
after the adrenalectomy, this dissociation study
were performed using kidney cytosol gathered
from 3 rats in each study.
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LD, HEABHMHEH UL EBELTHAL, BE
REFE AW T WY, Scholer &30 B & A
REEAVAERTHEER (KD 0.6nM T&H -
frELTW3, EEHERIERERENT S0, 0TC,. 8
B vF aN—va YEETT, BHRESELE
aldosterone B/ v+ 2 N~va ¥+ B HER
THRBEES (Kd) 1.6nM 218745, CoER EOH
EnLHTOIEEINF L FLETI—(§471)
& aldosterone O¥EABFMEL LTHABVWETH
3LEEZ LN,

BERAFoA FOBBEaLF a4 FLery—&0D
¥&ico\WT aldosterone L DOFAER THE T 5 &
(Table 1), &£&F I THE 2V F 2 4 FIEHDHEWY)
BRESARNEVMERAED sk,

Chan 6¥@ 2504 FRLVEYLET Y — D&M
LT, 1) mEmnE, 2) ﬁﬂﬂwﬁﬁéﬁﬁ, 3) RAE
VIERME, 4) BERREBIUL) EYRIE L OBE
HEHTFTVE. SEOEBERZL) ~4) OFH
EHBELTVWAEELONAMN,5)BHEBEavF aq
FLrery—gB0WTwE HIKERsh TV,

EEIAPREICB VT, glycyrrhetinic acid 48 in
vitro 12T aldosterone £ 5 v FEMAKMEIE o v
Faq4 FLe7s—LokasEETLLERLE
(Table 1). 9% 0HEERIT, RRZEOEVITLD
tz % Ulmann 50 E I ORTHEWVWETH 3
7, glycyrrhetnic acid i cortisol o 7 a a2 b
Fad4 FiREBELTS, SEHEaVFafFLe7 sy~
L THREVEIME L EEaVF a4 N L
TR LT > TVWHWVWI EERLTHWE, IO
T &id, glyeyrrhizinic acid (GR) ElilE i3 GR 2K
BicBE LT hIERE LS WERNEELHEAT 3
bDLEZ NI

S5 IFEE, invivo IKBWTDH GR AHNEM
Fo4 FOBEEXRL OB L ABIBKEREDEL
b THBICIZZ Y aldosterone DE M ESLHE =
VFIALFLET I —~DFEREETSEETLER
L#: (Fig. 9,11, 15). cdZ & GR MEMIRE =
VFALFLET I — T TIESLEEILF A
KR ® 309 5 L EHIC aldosterone O & & % Ml
HLTWAWRENEL SNz, HABTORRICE
WCHBMBEETVERAFoY - LTy —HERK
id, GREBES v P LDBEBL A IoTF VYT 7 &
7y~ ~OEEBRL L THY (Fig. 13), GR¥K7
27— G ML TV BAHERSTREB S h .
Marver %% (*H) -spirolactone »s#iQE$LE = v
Fa4 KL &7 % —icaldosterone L HEA L THES

4 23, spirolactone- L €7 ¥ —HEKIEA~B
FLIEW S & %KL, TOT & spirolactone @i
FLFERFo ERAOKETHLLBELTVE, &
NN A S FIRERER L D GR OBABITE
@, GR ® aldostelone agonist & L TOER% v
b7y —HBBOEL VERETELEEAGNL, X
GR#IBERICBIBHEE 2T » L EABITORRTY
ElE DR 4B GR BEICSEE IV F 24 Pk
nveEVELTOERBS L EEL NI,

&5 GRS 5 v b I B % aldosterone
CEMEESEE oV F A F LTI~ BLUK o
2 F VT o ET I - LOEEOMEILEL 2 EEED
EEE L E LTV, S o —RRICBEER, M
Y Y AEEEERTORRL, GRES S v Ol
|y v LAEMBICHLERICEEERLL. &1
i3 GRS S v r OB REBMB N CBE L«
A, HESHREBEELRD LT, - 1.

GR B U7 0FEYETH 5 glycyrrhetinic acid,
carbenoxolone D$EEINF a4 FERO AR IR
WTORMBE—FELTVEL, FHERITLBEGHGEE
aVFa4L FELTERAT R L0 RERERL M,
IHhETOMELBATIEUTO 4 oOBICHEAT
x5 1) ra7o4 FREEMHETE LK
oS EoLF oL FORFEWRES £ 5.2) &l
BEEIC ACTHRER L LTHEKEI VT 34 F
EA4 LREE5.3) BRMEICHT 5 aldosterone
OfEAEEEs 2. 4) BREECHT 2877
a4 F&LTERT S, 1) cET 2METIH, BE
M in vitro i B\ T glycyrrhetinic acid 23F D 2
Fo4 FREBETH B 56 — reductase OEHZMH
%= | aldosterone ORELEMAE LI LHEL TV
% . Epstein & IE#H Az 100 ~ 2008 DHERER
5 LRhOIEARARE cortisol Ol 2 &2 B
MLz &E#BELTWAS. 2) &L T, Mattingly
5593+ T RE B B carbenoxolone £ &5 L
Mm@ 11-hydroxycorticoid £ #ET—# L THl
€ |, carbenoxolone 7% 11-hydroxycorticoid % £
Ras#2C&, %7 dexamethasone 5 ik H K
#ACTH A#fI L nBE LBV TO LRIEAS S S
T&, SOREEREOBETRIOLERGHED
phiswc sk, Fickd s 27 o4 FARELDH
HEEMTH B & LT, carbenoxolone A5 ACTH #
MEE LTEEEECERT 5RREEERL TV 2.
% 7oiRH 55045, McGROT vE=y LEERS
LEIBERc a v F a4 L ERE T LEFIORS
ok D ERIRB S b RBEBOBANS SN ELT
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Wwa. LhLLEE2#E b HERBIc L 35E LT
a4 FBEHREET IO aldosterone IBE 5 £ U R
w aldosterone BE AL LTV 2 E £ + 5 i 8F
52L& TELV., &/ Baron 5% 4 carbenox-
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EERELTWS. CushingEREICA LR B LD
B, SAaansdad FBEEMEE S L= vifHo
REHRIE>TWE, J) OAMREM & L THERS2 1L IR
fth 5 v bz aldosterone 25 LRbpH ) v 4 /
FrUT AR GREBEICLY SS ML - &%
LT3, FRANL¥EH  VEBOEKERE R
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GREZXKEHRE L TOEMESRE L Eh > sd 3
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Havsa4 FLe7 s -08aHENETH 2
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fe(Fig. 10 8. & 2 MEDEEIC Lich-TL &7
Y- EET 2R %2 B2 (Fig. 16, 17).
Estrogen ® L €7 & — H#lR - FEREIER © B3
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NTVWaH, ZEEOHBPEVHEEILF A Fio s
BBTDLSSRBENERL BERTV, Ok
Ri3Chan ™D &HF7,5)DRFo (4 FELEY L
Y —DRMGTH B IR EBEASEE LT o4 K
KBOWTIERT 2 L THRBFEVEEZ Shi.
AHEICHB VT GR OB o v F o 4 FFERD GR
BEHIER bR b 72 - TS L /- Bl 2OR
Thd. EEIGRZETER- 25/ —LicliE L
THBE T B5 T 2 HkE% & 708, 0k GR

SRR BL BN Shiztd s bR w,
L7 L Takeda 50 #4&EH T, GR RBRAKRS
ENTHY, %7 GR O MrbEiRl i 5esapiA & &
AHNTVWE., ZokHEHIG GR »EELRMEH
R E S h OB TR EEE3 0L T8HEa VT 2
1 FERAAERB L2350, br0REEI VT2
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WoTHIERADERT 2 & WS TR EE L.
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LTHERT CREMRE L 75 -3 EE i cH
BLTW3s (Fig. 15). L LIMEZBESHRLESE
VEFICHIEEND (Fig 16). #ERET L F 2
FoYED 3~ A4 BTV RT o v EEEERE
BOBIMESRET 2 ERNS S 2 2 &%, LhLHEHE
AL BABETLF2F 0 VEERRAROREIC LD
BEPNBPHLNEPINERNEE CEET 3 C &
3, KFAREREBELT, BT a4 FEES
IMEDREICER S B4 D & 5 THEMEE R LT W
5. Tarazi SR FEREETVFRAFo VKRB VLT
3, IREL% L 2RMAEERAEVEZc L L2
HTLEMELTVA, EHER ORMNEIEO
85, DOCKES v b 0T, MFEE LR L2 T
iLEEESEBRALEL, GR, aldosterone, DOC
Kk BEMERBMSER LI+ 250 & ME
9 2{EAIC T T Table 3O TECIRBL T & 12,
COREMISHOMARBFE LI LT L o0
A

# B

SE o vF o4 FBRERECE T 2 ENFE0RES
SHaAFaL FL ey —HEB XD BRETZEY
T, glycyrrhizinic acid (GR) #5kc k2458 =
NVFAL FBEEME S » F2ERL, E¥ B LU
deoxycorticosterone(DOC) #5.5 » + L LT,
BUHIVFaAF L 279 —OlK L0020 &
BemEt L.

Table 3. The role of mineralocorticoids in the pathogenesis of development and

maintenance of their hypertension.

Renal Na transport

Vascular resistance

Glycyrrhizinic acid
Aldosterone

Deoxycorticosterone

- %

+

+




294

ZORBRELUTOI L ThH 1.

1. %35y b+ aldosterone & ML L E =
VFIAf FLe7 9 —LOBAORBER N
1.6nM Th - 7. COEEICH L TEERF o4 F i
HKITBY BEE LS o4 FERRIGUTHEAL,
Z D#E&% (3 aldosterone 100 %icxt L, DOC 97 %,
glycyrrhetinic acid 9% T&é - 7:.

2. GRES L oxBickk LTMED LFE B ED
HhLERC, BHaEKE v a3 FLe7y
—HERS L, HEOMCEECAOEMMNED SN
1.

3. GREG kb BElREHE o VvF a4 FL &
7§ ~BWEROBNFITHRED L, CoEEARE
ZFoq4 FEEHOGRBHICL ZERIERTHBC
EMRBS T,

4. GRBXUDOCH#SE 5 v MTED VY v AlfFES
L UBRIMEDFRKIEIRD St

5. GR#%54x2dtLTds v P BHBELE 2 v
FasL Fre7 s —HEHcbRIBLLTEY,
ZOEERMEOERE(LEFTLTV . DOCKRE S
v PICBOVTHVES BRI BIcEIE L 28,
DOCHEdibic k- THMEREVE MRS h.

PlEo#ER & v glycyrrhizinic acid 3B HEHE 7 v
Fa4 Fre7 s -BEEENLT, BLELRE
WS s ENRBSh. £/, DOCEMEL D
ZREDPE I LF a4 FBESIEOKEICEHNI
ERUEDOETET A TREEAE R Sh.

FRER3 s, fifel, ARMEBOLO £ L BETH
SHEHBICERETAHEER LT, o, RIGEEREY,
MPEEREE LhHREDTF, BB hsBEELr
HAEEWE®R, BLRCNHBZBFCERH LTS,
HTEMBNEE I N L - L MHEF INEEBLUES
MREOHETAECE BB LT ET.

ARXOBEO—-HIZ, H51E (1978, ®F), £ 52 H

(1979, 7&R), 58 53 [B] ( 1980, HiE), B ANTINFE LS E,
% | BRASMEFELES (1978, #ik), The third inter-
national symposium on spontaneously hypertensive
rat and relative study (1978, Kyoto) 8 & ¢¥ The sixth
international congress of endocrinology (1980,
Melbourne) ic THE L 12,

X ik
1. lhkthk : HFEBCBIZRERBOR#HEZ
D% . Miro. Med. Rev., 20, 145 — 154 (1975).
2. BAE - XKHEE - EHRB - ERH - FiliF
B.HKER -BEFBB: BHhI /77— v Coig
HIFR g 2BESHRIC>VWT: ZEEREC LS
Wit EFEoHws, 102, 562 — 578 (1977).

3. (uFeth— - BRI - OB K - WKEKE - By
i - S - BEMSK - TEEEE - FHFESE.
HAIER - BRAM - ZHFUE - FEE - B\ - £
BB - FKEER: BB 4 3 Carbenoxolone
sodium OIENFFAM: 2 ek —EERIEO BB LI 5
RERMG, 4, 247—269 (1976).

4. WEH— - fAHH - LEIERER o ERB - BEL
Z o WEARTR - &RIETE - MBKEX - BERERE -
WREH - BHE - KARMEHE: Carbenoxolone o F
BB T BB . IR, 89, 167 — 172 (1977),
5. Revers, F. E. : Heeft Succus Liquiritae een
gegenzede werking op de Maagweer? Nedel. T.
Geneesk., 90, 135—137 (1946).

6. Molhuysen, J. A.,, Gerbbandy, J., de Vries, L.
A., de Jong, J. C., Lenstra, J. B.,, Turner, K. P. &
Brost, J. G. G. : A liquorice extract with
deoxycortone-like action. Lancet, 2, 381 - 386
(1950).

7. Strong, J. A. : Serum potassium deficiency

during treatment with sodium P. A. S. and

liquorice extract. Br. Med. J., 2, 998 — 1002
(1951).

8. Roussak, N. J. : Fetal hypokalemic alkalosis
with tetany during liquorice and P. A. S
therapy. Br. Med. J., 1, 360—-361 (1952).

9. Cayley, F. E. de W. : Potassium deficiency in
P-amino salycylate therapy Cardiac and
paralytic effect. Lancet, 1, 447 — 448 (1950).

10. Heard, K. H., Campbell, A. H. & Hurley, J. I
: Hypokalemia complicating sodium para-amino
salycylate therapy for pulmonary tuberculosis.
Med. J. Aust., 2, 606-612 (1950).

11. Mollaret, P., Goulon, J. & Tournilhac, M. :
Quadriplégu avec hypokaliemie et alcalose
metabolique secondaire a l'ingestion massive et
prolongee d'extrait de réglisse chez un
psychopothe ethylique et potomane. Bull. Soc.
Med. Hop. Pairs, 76, 491 —512 (1960).

12. Jenny, P. M., Muller, A. F., Fabre, J. & Mach,
R. S.: Hypokaliémie et alkalose par ingestion
abusive dextrait de reglisse (liquorice) et d'ear
bicarbonatié. Schweiz. Med. Wochenschr.,, 91,
869—-875 (1961).

13. Mimvielle, J., Cristol, P. & Badach, L. :
Labus de regaliz (glycyrrhizin). Expretion

clinica : paralisis con hipokaliemia (2 obser-




FIME L BHEEILF 34 FLre7y — g 295

arterial (25
observaciones).  Discussion tisiopatologia.
Presse Med., 71, 2020~ 2024 (1963).

14. Drosdowski, M., Robel, P. & Sebaoum, J.
Syndrome de déplétion potassique aimultantune
maladie de Conn, Provoqué par la glycyr-
rhizine. Presse Med., 39, 294 -295 (1961).

15. Chodkiewicz, S. P., Clay, S. & Hecain, H. :
Deux nouvelles observations de paralysis avec

vaciones). Hipertension

hypokaliemie secondaire & Pingestion excessive
dxextrait de reglisse chez des ethyliques
chroniques. Rev. Neurol., 108, 324 - 326 (1963).
16. Salassa, R. M., Mattox, V. R. & Rosevear, J.
W. : Inhibition of the *“Mineralocorticoid”
activity of licorice by spironolactone. J. Clin.
Endocrinol. Metab., 22, 1156—1159 (1962).

17. Turpie, A. G. G. & Thomson, T. J.
Carbenoxdone sodium in the treatment of
gastric ulcer with special reference of side-ef-
fects. Gut, 6, 591 — 594 (1965).

18. Gross, E. D., Dexter, J. D. & Roth, R. G. :

Hypokalemic myopathy with myoglobinuria,

associated with liquorice ingestion. N. Engl. J.
Med., 274, 602-606 (1966).

19. Lefebvre, R. E. & Marc-Aurele, J. : Licorice
and hypertention. Can. Med. Assoc. J., 99, 230 -
231 (1968).

20. Davies, G. J., Rhodes, J. & Calcraft, B. :
Complications of carbenoxolone therapy. Br.
Med. J., 8, 400 (1969).

21. Chamberlain, T. J. Licorice poisoning,
pseudoaldosteronism and heart failure. JAMA,
2138, 1343 (1970).

22. RHR -KBR - -FRER - UESH - KEE
F-BENHE- TBEBH X HEIC L 3
pseudoaldosteronism @ 1 fE@I. HKN £, 63,
1312 — 1317 (1974).

23. TEIEHMER - MEESLT « BHHAR -hERE - &
FIEE - REZW: S AFL)F v ABREC XA
TVEZF o JE2WT. HABER, 34, 390 -
394 (1975).

24. Epstein, M. T., Espiner, E. A., Donald, R. A. &
Hoghes, H. : Liquorice toxicity and the renin-
angiotensin aldosterone axis in man. Br. Med. J.,
1,209~-210(1977).

25. Comming, A. M. M. : Metabolic effect of

liquorice. Br. Med. J,, 1, 906 (1977).

26. Bannister, B., Ginsburg, R. & Shneerson, J. :
Cardiac arrest due to liquorice-induced
hypokalemia. Br. Med. J., 2, 738~ 739 (1977).
27. Conn, J. W, Rovner, D. R. & Cohen, E. L. :
Licorice-induced pseudoaldosteronism.
Hypertension, hypokalemia, aldosteronopenia,
and suppressed plasma renin activity. JAMA,
205, 492 - 496 (1968).

28. Kaplan, N. M. & Lieberman, E. : Primary
aldosteronism, p261-304. In N. M. Kaplan &
E. Lieberman (ed), Clinical hypertension, 2nd ed.
Williams & Wilkins Co., Baltimore, 1978.

29. Biglieri, E. G. : Adrenal enzymatic defects
resulting in hypertension, p789 — 794. In J.
Genet, E. Koiw & O. Kuchel (ed.), Hypertension,
McGraw-Hill, New York, 1978.

30. Biihler, F. R, Laragh, J. H., Sealey, J. E. &
Brunner, H. R. : Plasma aldosterone-renin inter-
relationships in various forms of essential
hypertension. Am. J. Cardiol., 32, 554 — 561
(1973).

31. Brown, R. D.
clearance is normal in low-renin essential
hypertention. J. Clin. Endocrinol. Metab., 42,
661—666 (1976).

32. Onoyama, K., Bravo, E. L. & Tarazi, R. C. :
Sodium, extracellular fluid volume, and cardiac

Aldosterone metabolic

output changes in the genesis of mineralo-
corticoid hypertension in -the intact dog.
Hypertension, 1, 331-336 (1979).

33. Katholi, R. E,, Naftilan, A.J. & Oparil, S. :
Importance of renal sympathetic tone in the
develop ment of DOCA-salt hypertension in the
rat. Hypertension, 2, 266 — 273 (1980).

34. Baxter, J. D. & Funder, J. W. : Hormone
receptors. N. Engl. J. Med., 301, 1149 — 1161
(1979).

36. Chan, L. & O’Malley, B. W. Steroid
hormone action Recent advance. Ann. Int.
Med., 89 (Part1), 694~ 701 (1978).

36. Feldman, D., Funder, J. W. & Edelman, L. S. :
Subcellular mechanisms in the action of adrenal
steroids. Am. J. Med., 58, 545560 (1972).

37. Marver, D., Goodman, D. & Edelman, L. S. :
Relationships between renal cytoplasmic and



296

nuclear aldosterone-receptors. Kidney Int., 1,
210223 (1972).

88. Ulmann, A., Menard, J. & Corvol, P.
Binding of glycyrrhetinic acid to kidney
mineralocorticoid and glucocorticoid receptors.
Endocrinology, 97, 46 —51 (1975).

39. Takeda, R., Morimoto, S., Uchida, K., Nakai,
T., Miyamoto, M., Hashiba, T., Yoshimitus, K,
Kim, K. S. & Miwa, U. : Prolonged pseudoaldo-
steronism induced by glycyrrhizin. Endocrinol.
Jpn., 26, 541547 (1979).

40, Scatchard, G.: The attraction of proteins
for small molecules and ions. Ann. NY Acad.
Sci; 51, 660—672 (1949).

41. Lowry, O. H,, Rosbrough, N. J,, Farr, A. L. &
Randall, R. J. : Protein measurement with the
Folin phenol reagent. J. Biol. Chem., 193, 265 —
275 (1951).

42. Rousseau, G. G., Baxter, J. D., Higgins, S. J.
& Tomkins, G. M. : Steroid-induced nuclear
binding of glucocorticoid receptors in intact
hepatoma cells. J. Mol. Biol.,, 79, 539 — 554
(1973).

43. Rousseau, G. G., Baxter, J. D., Funder, J. W,
Edelman, I. S. & Tomnins, G. M. : Glucocorticoid

and mineralocorticoid receptors for
aldosterone. J. Steroid Biochem., 3, 219-—227
(1972).

44. Rafestin-Oblin, M. E., Michaud, A., Claire, M.
& Carvol, P. :
mineralo — and gluco-corticoid receptors of
rat kindney. J. Steroid Biochem., 8, 19 — 23
(1977).

45. Funder, J. W., Feldman, D. & Edelman, 1. S. :
The roles of plasma binding and receptor

Dramatic protective effect of

specificity in mineralocorticoid action of
aldosterone. Endocrinology, 92, 994 — 1004
(1973).

46. Feldman, D. & Funder, J. W. : The binding
of 18-hydroxydeoxycorticosterone and 18-
hydroxycorticosterone to mineralocorticoid
and glucocorticoid receptors in the rat kidney.
Endocrinology, 92, 1389—1396 (1973).

47. Funder, J. W., Feldman, D. & Edelman, L. S. :
Glucocorticoid' receptors in rat kidney : The
binding of tritiated-dexamethasone. Endocrino-

logy, 92, 1005—-1013 (1973).

48. Funder, J. W., Feldman, D., Highland, E. &
Edelman, L. S. : Molecular modification of anti-
aldosterone compounds : Effects on affinity of
spirolactone for renal aldosterone receptors.
Biochem. Pharmacol., 23, 1493 - 1501 (1974).
49. Fuller, P. J. & Funder, J. W. : Mineralocorti-
coid and glucocorticoid receptors in human
kidney. Kidney Int., 10, 154—157 (1976).

50. Matulich, D. T., Spindler, B. J., Shambellan,
M. & Baxter, J. D. : Mineoarocorticoid receptors
in human kidney. J. Clin. Endrcrinol. Metab., 43,
1170-1174 (1976).

51. Feldman, D. : Mineralocorticoid receptors
and 18-hydroxydeoxycorticosterone binding in
the kidney of spontaneously hypertensive rat.
Endocrinology, 94, 1185-1188 (1974).

52. Baxter, J. D., Shambellan, J., Matulich, D. T.,
Spindler, B. J,, Taylor, A. A. & Bartter, F. C. :

“Aldosterone receptors and the evaluation of

plasma mineralocorticoid activity in normal
and hypertensive state. J. Clin. Invest., 58, 579
—589 (1976).

53. Higgins, J. R, Wambach, G., Kem, D. C,
Gomez-Sanchez, C., Holland, O. B. & Kaplan, N.
M. : Interaction of 168-hydroxydehydroepi-
androsterone with renal mineralocorticoid
receptors. J. Lab. Clin. Med., 2, 250256 (1977).
54. Grekin, R. J. & Sider, R. S. : Aldosterone
receptor assay in rat kidney cytosol. J. Steroid
Biochem., 13, 835—837 (1980).

55. Scholer, D. W., Mishina, T. & Edelman, L S. :
Distribution of aldosterone receptors in rat
kidney cortical tubules enriched in proximal
and distal segments. Am. J. Physiol.,, 237, F360
~F366 (1979).

56. Marver, D., Stewart, J., Funder, J. W,
Feldman, D. & Edelman, I. S. : Renal aldosterone
studies with (*H)-aldosterone and
the anti-mineralocorticoid (3H)-spirolactone Meta-
bolic (SC — 26304). Proc. Natl. Acad. Sci. USA,
71, 1431—-1435 (1974).

57. BEEAE: FYVF L) FrOEREFOBF.

Mino. Med. Rev., 23, 181 — 189 (1978).

58. Epstein, M. T., Espiner, E. A., Donald, R. A,
Hughes, H., Comles, R. J. & Lun, S. : Licorice

receptors :




BIME & BHEINF 34 F v ey — il 297

raises urinary cortisol in man. J. Clin.
Endocrinol. Metab., 47, 397 —400 (1978).

59, Mattingly, D., Tyler, C. & Bilton, E. : Plasma
11-hydroxycorticoid levels after carbenoxolone
sodium. Br. Med. J., 3, 498 -500 (1970).

60. REAWEX - /MBRKR— FOHEKX - KA
glycyrrhizin @ corticoid R#tic B L iIF ¢ B L¥
WIFFe. BETES, 49, 465 — 481 (1962).

61. Baron, J. H., Nabarro, J. D. N., Slater, J. D.
H. & Tuffley, R. : Metabolic studies, aldoste-
rone secretion rate, and plasma renin after
carbenoxolone sodium. Br. Med. J., 2, 793 - 795
(1969).

62. HEWER: vV ooLEE, R#, 10,632 —
645 (1973).

63. BIIZH - XHF— 7/ VFLYVFYDTILER
Fovicka bz VEBF M) U ABEEIRREEYR

DIGHEIER . BEFEDHW5, 105, 613 - 615 (1979).
64. Girerd, R. J., Rassaert, C. L., DiPasquale, G.
& Kroc, R. L. : Endocrine involvement in
licorice hypertension. Am. J. Physiol., 198, 718
— 720 (1960).

65. Strong, J. A. & Wilson, J. M. G. : Failure of
glycyrrhetinic  acid to  control
insufficiency. Lancet, 2, 150~ 151 (1955).
66. Hunt, T. K., Shambellan, M. & Biglieri, E. G.
: Selection of patients and operative approach
in primary aldosteronism. Ann. Surg., 182, 353
—361 (1975).

67. Tarazi, R. C,, Ibraham, M. M., Bravo, E. L. &
Dustan, H. P. : Hemodynamic characteristics of
primary aldosteronism. N. Engl. J. Med., 289,
1330—-1335 (1973).

adrenal



298 G2

The Role of Renal Mineralocorticoid Receptor Mechanisms in the Pathogenesis of Mineralo-
corticoid Excess Hypertension in the Rat: The Characteristics of Renal Mineralocorticoid
Receptors in Glycyrrhizinic Acid or Deoxycorticosterone-induced Hypertensive Rats  Takio
Hayashi, Department of Internal Medicine (I) (Director: Prof. R. Takeda), School of Medicine,
Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 90, 282—299 (1981)
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Abstract

Liquorice or glycyrrhizinic acid (GR), aétive component of liquorice, causes hypertension,
hypokalemia and suppression of the renin-aldosterone axis in man. The syndrome has a tenden-
cy to be sustained after the discontinuation of these reagents. The pathogenesis of mineralo-
corticoid-excess hypertension is not well understood. In order to elucidate the role of renal
mineralocorticoid receptor mechanisms in the pathogenesis of mineralocorticoid-excess hyper-
te;nsion, the relationship between blood pressure and characteristics of renal mineralocorticoid
receptors was studied in glycyrrhizinic acid induced hypertensive rats and was compared with
that in deoxycorticosterone (DOC) induced hypertensive rats. Kidney cytosol prepared from
rats bilaterally adrenalectomized 7 days prior to experiments were incubated with [®H] -aldoste-
rone (2nM) in the presence or absence of increasing concentrations of unlabeled various steroids
at 4°C for 8 hours. The apparent maximum binding (Bmax) of aldosterone to renal mineralo-
corticoid receptors was (3.1%0.2)X 10"¥ mol/mg cytosol protein and dissociation constant (Kd)
was 1.6+0.5 nM. The relative binding activities of various steroids were 100% for aldosterone,
91% for DOC, 84% for corticosterone, 20% for cortisol, 15% for Sa-dihydrocortisol, and 9% for
glycyrrhetinic acid. However, dehydroepiandrosterone and tetrahydrocortisol did not compete
for this binding. The following two experiments were performed.
a) GR (500 mg/Kg) emulsified with peanut oil was injected subcutaneously for consecutive 3
days. One, 2 and 4 weeks after the first injection, renal cytosol receptor characteristics were
studied. Bmax were 9.0, 4.4, 11.0 and 32.0X10™ mol/mg protein in the rats 1, 2 and 4 weeks
after the injection and in the control rats, respectively. There were no differences among Kd
(2nM) of four groups. Significantly negative correlation (r=-0.96, P<0.05) was observed be-
tween blood pressure and Bmax. Nuclear translocation of aldosterone-receptor complexes
was studied in the rats 2 weeks after GR injection. Aldosterone-receptor complexes bound
much less to nuclear chromatin acceptor (0.4 M KCl extract) of GR treated rats than to that of
the control rats. These effects of GR treatment on nuclear translocation were also observed in
‘the rats bilaterally adrenalectomized before GR injection. These results indicated that GR
which occupied the renal mineralocorticoid receptor and acceptor might exhibit their action.
b) GR (500 mg/Kg) or DOC (1.25 mg/Kg) was injected subcutaneously once a week for 12
weeks., Either GR or DOC treatment caused hypertension and hypokalemia. [3H]-aldosterone
did not bind to renal mineralocorticoid receptors one week after the discontinuation of GR
treatment. However, this binding was already recovered in the DOC treated rats at that time.
Six weeks after GR discontinuation, this binding was recovered to 10% of maximum binding
with concomitant decrease of blood pressure. Fourteen weeks after cessation of GR, Bmax and
Kd were comparable to those of the control rats. On the contrary, blood pressure did not
decrease in the DOC treated rats after discontinuation of DOC. These findings suggest that
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persistence of hypertension after GR discontinuation might be caused by long-standing effect of
GR on renal mineralocorticoid receptor mechanisms. This phenomenon was in contrast with
DOC induced hypertension. In DOC induced hypertension, extra-renal mechanisms might play a
much more important role in the persistence of hypertension aftre DOC discontinuation than

renal mechanisms,



