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Adrenocortical Functional Morphology and Pathology:

Why Human Adrenocortical Zona Glomerulosa is Poorly Dveloped?

Motohiko AIBA
Department of Surgical Pathology. Tokyo Women's Medical University Medical Center East

Adrenal zona glomerulosa (zG), fasciculata, and reticularis (zR) produces aldosterone, cortisol and dehy-
droepiandrosterone, respectively, and their hyperfunctions include primary aldosteronism, Cushing’s syndrome,
and adrenogenital syndrome. The author's study of human adrenal pathology began with the examination of a
zR-type adrenocortical adenoma lacking 3B-hydroxysteroid dehydrogenase (3BHSD) and further studies showed
that ACTH-dependent adrenocortical tumors as well as a normal contex were induced alkaline phosphatase by
ACTH, while autonomous tumors were not. Subsets of primary adrenocortical (ACTH-independent) hyperplasia
causing Cushing’s syndrome are now well-known entities which include PPNAD and AIMAH, of which the
author is one of the pioneer investigators. Primary aldosteronism, as a remediable hypertension, has raised con-
troversy in terms of its screening, and confirmatory and laterality tests, due to its frequency, which is higher
than previously estimated, and the harmful effects of aldosterone on the cardiovascular organs, etc. The author
previously proved that so-called hyperplastic zG of adrenals attached to APA did not exhibit 3BHSD. Spironolac-
tone bodies have been good markers of aldosterone production during the time when no other good markers ex-
isted. Now, immunohistochemistry of cytochrome P450.4, P450115, and 3BHSD has been an excellent method to
detect sites of aldosterone production. In addition, we immunohistochemically investigated a new adrenocortical
zone, the progenitor zone (zP) which predominates in late adulthood (40 years or older), while zG predominates in
the adrenals of neonates through to early adulthood, based on adrenocortical column structures. Furthermore,
we evaluated the derivation of a hybrid type APA in addition to DOComa from zP. The regression of human zG
in late adulthood has possibly been caused by excessive salt ingestion by human cooking habits, in contrest to
well-developed zG of any other mammals.

Key words: primary aldosteronism/Cushing’s syndrome/adrenogenital syndrome/ACTH-independent adreno-
cortica hyperplasia (PPNAD, AIMAH)/adrenocortical zonation according to immunohistochemistry
of cytochrome P450u4, P4501s, 3BHSD
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corticosterone cortisol
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aldosterone BRIK =

pregnenolone — 170H-pregnenolone ST dehydroepiandrosterone
BHS! R
progesterone 17OH-prc;gesterone
DOC 11deoxycortisol
=

E1 BIEEEO3IOORBEATUA FEGKDOER
BIREBATAFRATFO %, FIRBAaVF Y — Ve, #REFFLY FoE7 s Fox 7
U hBEETLEERLLBEI, FREFRAOBREVLELRBERYLT.

B BB R B O R REAS, negative feedback mecha-
nism EX7 94 FEEEO~ v 7 (K1) (Z£HH
FRIZHBITE B 2 L ICB S Z 2 72, RGBS
COEIRTERATOA FIEESTTbIRTE, il
EWMEOROEBRTH H o7z L LIRHEHEEIC
Ao 72 HEIZ RN O £+ ORIEBRIZEEK L FF o
THOIETHA. HERNUIIIDTREELZDSL,
2 £ H #* 5 14 microautoradiography #* 5 2 % — b,
ZFORABEFEL THh 51, BEMAMRLS - fEd
Bt ZLTCEOSTOREL L TEMEESE
#3E (M & % microfractionation % 2 BRI L 72,
¥ 7219804 X # ®, Gaschromatography-mass
spectrometry (GC-MS) #ISHAMDILWEBERE LT
WAL ZOHRERFRHEERERICHEXHB T2
FEHERRFHEAN AR L Tvo 2.
WMPOBIEREOHFE LT, HRAARIICEA
SN2 A D @ nude mouse @ BB B H & specific
pathogen-free THIH S N7z b DI, IEH & BEEMEME
LI E LS VT & %7k L 723, horseradish
peroxidase THIEL 72 rat DEIBRENORE S 1
7 v ERBEHEROREOHFVH LY. LT,
-y T AR X - ENLEY

7y b2y ZAORIBOREE - BEEMA LENEBIE
7o T&7:. F/rat THOREHRIFE ROER
T RALEMIC, ¢ MEIBREO—HEDOBIKRD B iE
Bl aREER L7

AETRITABSLEOREERELELTO
Cushing fEER, BIEMesEER, BEEE T VAT
O HEICDWT, RO TEIBRERBHEEIC DWW TR
N, K ORE [ bl BRI 1L 5E
BENO)] 2EZTS.

1. BIB R EMRIEIC & % Cushing FEfRE & BI B4
BEGH 704 FELEICH T2 EIBREREKR
JVEZ (ACTH) (kEMEBEEM—

BIEMESEGEHOEN & L ToRIB R EIRIEDE
BlA R L (X 2), 2O E LT cortisol #EANRIE
& aldosterone FEABRIE % & o CTEEF ML/
MMIEREMICRE L, AIEREEEOZ 70 K
AT 5 ACTH ARAEE/ B AP D v THLBREE
WHTR 21872 2 £, BB R R BN RIS R
BkZ o2 BHRE Lo Thbb, BIBEEE
BIXHEN BB A RS, A704 FEEIZEL
Tit, ACTHHAMART I ENHY, ZOHENE
BoOBEMR (vl active 2270 f NESKZ
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2 dehydroepiandrosterone (DHEA) A EI%¥ 5L B B AE
2 & 2RI

B a) glucose-6-posphate dehydrogenase (G6PD) & b)
3B-hydroxysteroid dehydrogenase (3BHSD), ¢) fi &8 &
BB @ 3BHSD. d) lE# > HE LR, e) lE# @ alkaline phos-
phatase, f) % &85 E ? alkaline phosphatase. FEHEITE]
ERESRBICEML TS, g) HEHEOEH alkaline phos-
phatase. MALEICHEEREGEE RO 5. HHE/NLED FE.O
MROET & RMBE/EEFAE Y ISETL TV EELES
ns.

4 Dr. Aidan ] Carney & Primary pigmented nodular ad-
renocortical disease (PPNAD)

a) PSRRI (4 =45) A9Dr. Carney (K% =
) AL TFEKICRE, BB T 75V ADHEDRSE
KNEHE (H45 /£ =%%). b) PPNADO~ 7 ufg HIF
EEELTERERL, Emm P4 X028 (HErRU
7ebDbH D) PMMEHVPESESH L TV5.

5 ACTHIHEKFHREH ALK (AIMAH) O< 7 o
EFRED I0REHENDERTH D,

6 BPKAM Cushing IEBEH OMBITERIEHRE O — Y]
Btk

PHRAGIC & e MR L FIZ b adenomatosis & H ) R &

WHEMEEOBFEEY RVZLE. AVE VEKEHO
fE8H D FK L LT estrogen IR DILIEAH 5 A%,
estrogen receptor DRENTE LW DO LEE, T v
I T estrogen (& AKX A% o 4 &k < ZL R IE 55 12 en-
dogenous peroxidase * 5B 3 5 & W\ ) HwENV D
DY, MDA TORBEZEBENHLDHN L)
BERAHE /2N E L) LRI, ThHnHEE e
MLTIDE) BRERWIE LA L ICTKERELE
7z % ACTH R BEILEMICHBE RS TREE 2
n, % I Preclinical Cushing f€ & # 12 3 W T,
ACTHHRAEMZRT &) MBIIEZ Y HZ L
MHE SN TWEY, BEFHICIIIFEE IR B R
BITEEMREGBRET S LY, WIET 5w
oo 72",

2. BIBEHM (ACTHIEHFM) ORIE K Hiafs

HAERBOBE S MR- T B BB/ REE
Tt Cushing FEEHIIK 3 O@EY TH 5. ACTH
FEFEOMAERFREEAERIIHLEL CHMbR
TWAY, EELIIBRCEHR»L IS OBBIZE
DHATELY. BUIEOEEOMRE WNTWIE
ZEROBBEICELD/POT, S TRBARTS.

1) Primary pigmented nodular adrenocortical
disease (PPNAD)

L& L a—na vk LT micronodular dyspla-
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FREELTVA.

B 7 McCune-Albright SEREORIT KR &

B8 sBEEOTNLNRTo v ELRE (APA)

a) cytochrome P450.40 D BB % R 325, b) P450us D H:
Iz Ly GEREE IR @R I . o HE®
d) 3B-hydroxysteroid dehydrogenase (3BHSD).

B9 £ % B B ¢, APA iXa) P450scc. b) P450u,,

¢) P450ag, d) 3BHSD 235 d BEHEOHEFE R hybrid type
Thb. INF )= IVEARIEIZ e) P450sce, ) P450u;.
g) 3BHSD (xBEtE724%, h) P450.4 tX M.

10 BHEERE - EWEICERKEE APA 246

a) HE f&. b) 3BHSD, c) P450ae. d) P450v. IFfE % &R &l &
HERERIIABETIE L CRIRBAFHEL TV A,

B 11 45 AFLIED a) P450as, & b) P4500s. BRI 0 R
WEETRY. 26 DBIF Tl ¢) P450a0 Btk O ZRIKIG 0 R o
) b s d, ERMC P4501s (d) b EMORIBRED
FBEIPHI - TVD, W0FEDREETIE, e) P450as BN ER
RBHIIIEBEICEEL CTHLOAT, KBTI FEY
T P450u (f) BHEORIBEE R EBL 5D T3,

12 1992 £ 5 B B AW WREFI £ & JEPS DR &R#
EMIEE

sia 7z &L LI T 72 DT, Harrison O W
THLZ OB EHLI TV 55, Carney complex
DIREE TH 5 Dr.Carney ([M4a) 25ana L 72
PPNAD HATIZE R LTV 4. WHEEIFEOMEX
2, B om BEORB/NEHISHET A (K 4).
5O I EMBILER /BRI ES 1 PPNAD
RERS A B A supercell & B E 9 X HFRA/
BENELLEELCVAI L ARLAE EH1CC
O RBOFFEH B EOFMAREICL ) —E
LT v, meta-analysis DFFEEHWT, UK
BIE EE AR E WS I IR ET SR B R AT
BAELBREIN TV AEIEZH LI LY. $H
LI ofER%E, OACTH YA DFIEE FIZ L 251
BERETAHIETHBPTEL L L BE
PRKAR1A @ germline mutation R Wt - 805 M
PPNAD iICHfRA K RWZERTWEDS, b9 —D
D allele R EL CIEFHFTCOMpMEEL R T &
A5, U YRERIZOWTY, B S VI BLRT A O DR
BETHESNTWALZ 05, @PRKARIA DE
R CZORLEHBTELMEELH L. Ly
L, BIERE IR EERERIZL S Cushing
ERENSZV LMo, ORMMESERREHD
R TV AR LEZONS. Thbb
cyclic AMP signaling pathway 2SHE S LT\ 5 H
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{2k 5 Cushing AEBEEE
Bruce A et al : Figure 15-36, In Molecular Biology of
the Cell 5th ed., Garland Science (2008) %5|H&ZE
OTEAFREFL-REAFRERETEENM LV E Y
(ACTH) EEEEIC L 5 &k Cushing EFEH
@ ACTH ZFHOMIEFRF I & 5 Cushing FEBEEF
BIFEAEHREL . PFRIBOBBEEREICBT
5 TSH BB ZROBEEG L ABHTH S,
OEFFMEZAMNRIICL S Cushing FEERE. AFK
£ (GIPRAE) 21 L2 ORI S A RREE
DI|EDVH 5.
@ McCune-Albright JFEEH TIE, BREDEETGs ¥
¥ 32 O a-subunit B FOEBRERD, EROK
WHIAL & @ mosaicism 2R L T 5.
5 PPNAD (primary pigmented nodular adrenocor-
tical disease) Tid, PRKARIA OAREHEEBERIZ L
", al-regulatory subunit 2 mRNA % » /37 L X
VTRBEAY, PRKA OMHIARES 570
® PDESB, PDEILLA (cyclic AMP ¥#5%% phosphodi-
esterase) NEILERIZI WV EHMATLETET .

T PRKARIABRITZ 7, FHHEIEBIT supercell A3
fAEL, FEREEIERICHRMA L RIEmA L) FHEH
LT (E3R6). biAlikn AIMAH Tid
A7o4 FELIZBMLTPHRIEZHRATWEDT,

fi 4 O legands TRIBEAEEZ1TH 2 & T, BRI

LbAGIEMEXABRRERERL LW TH S
75, PPNAD W P10 WBEML S &KL DT,
EMZAGERACERWICRLDEH L v,

2) AIMAH (ACTH JEARAA 4 ) &l B B & A ARS B
(ERERADD)

HATHBEKNEWIER @ Cushing JIEEHETH
50 HRLANNVTLIHREDATH o 7275, Fx
13 1991 4EC 4 & BE ARG L2/ BRE B IC
¥ ET L, distinctsubtype TH 5 Z & %R L, Al
MAH & 6% L7z (AIMAH-D'. PPNAD & xR/
2, HERORKEHVZRL, EFEEORELHE
ZAHREEIIRE (M5). ZOREILE, 2007
V—7hs, BEFERAEM - Gastric inhibitory polypep-
tide (GIP) @ Cushing FEMEEE# HE L, FAT
UEZHFRIT L ZEIERERERBER O LY DO
7200 F0kEED AIMAH &I NR 5 & 912
o7z (AIMAH-ID. AIMAH-I & [R-II xR —&E
&) MEBRAHFE- N B 78, L 2001 SERFE T
RN L, BB - B, FEeA L ) Eiks -
RREE, BT A XOEBM - AELLEV-T72Z
5, TE LB population 7 SFAET B REE &
2"

3) BEEKEY Cushing FEERF

BOMIZZNVa—228BNT L NG EHOK
[RaH & GIP AL 2 S 4L, BT KB 6 Mk
TRIB, A R) CORB W ELY, BERE
AR GIP ZAERE R L Cnb L, BED
CIRIERED? SO NVF VT — VAR SWHIES S
(B 3@)%, HEBREW LIZIEBRK TS L HE X
NTVWBDIIHL, BERTEESTHT, HFLD
FED CHEZHIRE L Y L 75 B HE— o F ) 1 R
BREREIW L HEFKEM Cushing FEBEFHETH
%(X6)P. iz, AIMAHI & 3R 7% A HEE R
L.adenomatosis £ b FIREFREEL T/, 2
RISERBECRBEIZA V2 LF L TOGIP 25+
SREL TV RWEDRERYH L, DL L
RS H A CHEFAKAF M O Cushing FEHEBEL L 2 W
BEREBEELTWAIEENH L. TbLEIER
BIZ GIP ZBFHUBAHICERL T, T7EITK
BAR TS 5 NEBRESE S TR WITREENSH 5.

4) McCune-Albright JEFE

B FEAE DB T, Goo &AL I— VT 58T
DERERERYRTHBIEEREZFOMZE D
mosaicism ¥ 235 (R3@)". & ORMEM LI
R, W7 AV, FLTHRALR EONTBEE
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1 FREHETNVIFATFOVEOSE

)
) BERMT IV EAFa L (THA)

) TIVEAT OV ELEITEEM (APCa)
)

)

)

REE AR EIFAEE (PAH)
KEET NV F 270 VE2R (FHID
(7) K7V FA5Foy# 3R (FHID)

T FATO Y EAREEEARE (APA)

BHaVFaA FRIEHET VA5 0 Vi (GRAREMT VAT VE LR (FHD)

(D (3) (5)(7) (3IDBRIZ & 1 GHE T B 70 18 ML SE.

(2) (@) (6) ZABIIEHRIZL B,

*ERAAFARROBR T, FARET RS Tvzn,

F2 EEZTOAM FIZIDERSNDRATEERE QEHMILE

EEATOL N P450a00 P45011p 3BHSD
KRG ThVEATFTOY 4+ - ++
iR DOC? - - ++
FIKE anFS—n - ++ ++
. Fbe Foxre7y > * _
AR FoAFoy - t+

M1DOAFOA FESERERIZHE 5 T P450u6, P450us, 3BHSD % 4eta 3 %
L O3 o0BPAERCRNENLIED, Q40 (FERE) H»HET
5. @*MRBIZ PO BRI ND, TEhDbRS. @I OVTIRE

B, @i, 1) FIRBEMKMIE—20 lineage ¥ LTV 5.

ii) WIRFE

TaNF )= LETCRBEN Lo P EYE ILVF V- ILITESR
L. %272 EHBHLLEZONS.

AL, FO—RELTEIBREREY KL
Cushing FEBEB# R T LA MIcH 2 (M7)?.
5 01t

cAMP A7 phosphodiesterase ZRIZ X 5/ #
@A AT 2008 SE IR S h: (K3D)™. #
DAL BB A GO T, KIZREERSZY - 5T 8
EERIR S T e WEIB R B R R M 08Ik
VHLEBTNOHETH .

6) FFMBILBICEM L 2R - R
o F BARFE RSB A R $ RIS RS

%% 5 3MRET, AIMAH % PPNAD % EDER
MBI R E A EU L 2 ARG - ARE - =
IR EET I REAOFELHMEL TA
72 F e ARRGUCEMYSERRR 2R
TREIH 2P SME SN TWBE®. $72 PDEIIA
R GSo DEE L CIRIE & F RS AR B0 R
EURESIRTW5,

3. ERMF7IKXFOVEE (primary aldostero-
nism: PA)
“HRUBIMERE - ERTEEZ BILEEOREKTH
5 PAE, BIMEEOE% (~10% LLL) 25D 5
HEOBWERBL L OAFEEESBRAR I,
F727 )00 AT 0 v HAEN, OIE RS BRI
BEFRITIESEREIN, PARKKOBRNS

MEREE OEREA—EL, L - HILE - BOSHHE
FHOBRPOLAZ ) —= v I TREELDOLZWT
EARDOLNE. RIDELHILEMEHY, Z09)
b, (1) BRIE (APA), (3) M, (5) FEEMBEE (—
R F 72 3ms) (7) REET )V FAT O VHES
RUIRIEPIRRMIC & ) SIMERE D BRI RETH 5.
(2 BEMETIVFAT O VIE, (4) Fvaapsad
FRIYETVFX 70 VIE O)KEMTVFAT O
VHE 2R BRI TS, A2 ) —= VT
R EIATbR Tz (&) v A (K) IffE % 1
IBMAEE] »5, HETE IMET7TNV FRAFa >y
BE (PAC)/MsEL = &M (PRA) & (PRR) &
fEivRHINS. HEZKHEZRDORESKHVEET,
BIEEIRY v 7)) Y I PROEHTH 5.
WEZINICBWT, YURIhZEAIFEEE O TV
FAFa vELEAREOEIZIL cytochrome
P450.0 D RIEMBRALFIC L D BB W TE,
P45015, 3BHSD & #MAGHLET, BIFKEDRBHEE
ERHE S GBI EDTERLT® APAICIE, @7
VERT O Y EEAL P40, B BEME2Z0%, a v F
V= VOREAIT , P40 BBEOERIKBRI DM E
ZERTLDLHLH (K8, QREHFIETIV A
FRYyHANF =D EAEL, Pd50. d P4501,
bR OHERER hybrid type TH 5 (X 9a-d). BIE
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£33 FHEBLERBEA (Z40%) IBILABRRBOZAITTLEE

EH Gl G2 G3 G4 G1G2 vs G3G4

Firp*

=40 y.0. 17 (94%) 1 0 0 18:0

=26 yo0. 0 0 1 2 (67%) 0:3
B R A+ *

=46 y.0. 22 (69%) 1 8 1 23:9

=< 37yo. 0 0 2 6 (75%) 0:8
F + H B+

= 40 yo. 39 (80%) 2 8 1 41:9

< 37yo. 0 3 8 (73%) 0:11

HEFIZEPARAL LIRIRB MRz, G162 BT LT G3G4 B &458 v (* p < 0001;

#6p <0025 *** p < 0.00001).

P450ade DR EMEAEH DO GL: 1/4 LT, G2: 1/4 %82 1/2LLF, G3:1/2 %8R 3/4 LL'F,

G4:3/4 %8R 5,

BREIGHBEHORECREREEEHOBHE NS
{, #N6E APA %I LD ETLT L FATFO Y
EAREL OERFEETH Y, F 72 Cushing FEMRK
L APAESHHAOZNEFNOBEREORKERHE (K
9e-h)®, ZKMUET7 NV FRAFU L EEEH L7 APA
(B10) % &, Ry mlEETdh - 7 ERR, Bo
T SN TEREEED TOIT N MBI HT
LTE BRVAFLAZETVRAT O VEDRD T
ERLHREZH O AT LATHL. PAOKER (K1)
ORI OV TIEBNCERITR L 72X,

4. E FEIBHREORERE
BEEHIVRBEHBICIA > ZEICHE S N2 Sym-
ington T D[k FRIBFOHKEREZE | OFEFIZDY,
BEHB I N [HREED - DOMBKE L™, b
FRIBEREOKRRBIZEEVEN LI TS,
RREBOMBEA»Z0F FHWET F CHEI TS
PRENTWS. F /N OMEEHES L T 53
BIHRRBHREEZZTWE, TbbIhbIdE
BENLHECESOTHRRE - RRBICHELT
Wi EBHEIL L - FALEFRLDELOBYORF
BE % RN/ BRRERBILENICEBEL, e b
BB ERRBOREOESAERL TE .
RIEREEORKE, RRE, #@RExtheh7
VAT Y, aVF/S—), Fe Fur¥y s F
DA7TU Y4 EATDIREEHKRL TP4I50u0
P450, - 3BHSD O HIEMEILF % 1TH &, K2 DR
NIZ7% 5. Bl 3BDIENIT, P45040 b P450,; b BE
HORBHAHBEL TS, ZORBIE, HKE & FHIKB
\Z3k3@ 72 3BHSD R, 3 k7 PASOsce (B ETH
B, BRIRG F 4SBT 5 P450.4 b, HIRE 2451
317 % P50, DEETH 5™, 2HPIOBEHL S,

CORBIEA ML AT TIEIREMAZI., ZKRET v
FA7 0 VETRERBHRRICEREEIETLT A2
EWRENT. ZNO 2 EEITIORE % HIEERE pro-
genitor zone EEA TV 5.

1) BIERB DKV E > EA

BIRE TR X S, KRB E R KRB AILEIC
FOURLFEREBIRFEL TR ETHIE, OB
{Z cholesterol S 11-FAFyarvsFaA5ua v
DOC)FTHATIAS FREELZFHOILIILD.
ZLTDOCHmisnsde, RAEOREMBIZX
D, 7TVIERTFarFlZavFy—LIicftE s h,
DOC D HEEKIZ 72 0.

2) HiERRE % REHER & A IEE

FEH MR TRAMBE SN/ DOC EAE
BEORBEAEY L7225 £ONUFIE, RRBRIOE
B C P40, DRIBERLZDDOEMRL 2%, H
DML HIL, FFBHEOBEE TDOC * BEA L
R EZAIENTEAL. T-RERBIIERKBIZY
RRBIZO LN BHUBERELTVE I ENDL, Hik
D APAIZBWT, BEILOBAETTVFATT Y
bANF V= NVIWME % EAT % hybrid type &
oTHBM L. Thbb, KGO APA &
AIEREMI E BMilR L $ 2B ChLLEZONE,
3) L MEIBREDERICL Z2BEENELLE
BEREA T A
EEOSORIBHEEREMBILE Y AT 412, BIY
RERBHEEOBEIIEBOTERLRINOTH LA, B
BICEIHHEEYR 2 LELTHI LT, EFOE
RICHMAE L. FERED»S 108K E TORWE
EE T, BRRMICASWEE DR FME - FR
PIOEIE R E 61 BICONEBNIA LV T, FWHE
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EYALEIR R G iglE & PPNAD % 1Bl &) %8
2L 72, P450.0 Mt O ERRE M 2B B BAFEA D
ZFD 25% LLTF, 50% LT, 75% VAT, 75% % #
ZAAEE FThZENGl G2, G3, G4 & grading
L (K1), FEEOBELRH/2. TOKEEER
3IWRT. FMBIOGEE DS, HIREIOSEDS, WE%
bbElgad, BEE FINERATRLT) Tild
20 G4 £7212 G3 Dzt L (X 11ad), HEARA
4Ol ) &, FHBITIELBIAGL 7213 G2
TH 5 (X 1le, f) (p<0001). HAEHITIE, ZkHET
W RRAT O VHEND BHE KBS AR L%
GO, MLV A L 2T OERNIE P450,, B0 FIK
BB T ORI % o, i@ Lo &
FIZ Gl - G223%H - 72 (p<0.02). FHipl & Hpl
2H e TORETIE, Z2OFEMRIT p<000001 T
H5H. THELEFERDS 30 K E TORBCIEE
WEBIER 72T B8, 20 R ~30 AL T
B & R O EME AR L, 40K LT
BRI LBAEE <, RER I RIBRBICE 2z 5h b,
() BIBREREHEE T 216
CETCEIBRELYRBEENORTELN, #E

E‘J GEIBF R E I, B o ERIRG ML - A 5K g
fa - WIREME - EREMR I 6250 T LD 3K
TR ER L ZEZ LI ENTEL. T72bb 30
B E TR EE KBRS D S 0 5 LN
BEEOKBD 2R L TWBDIZH L, 40 EALL
B, & EREARREMRS D50 7 ATERL.
RS ED SN T AR EALERE. ThE
72 mA 5t 3 5 &, [H X 89 12 renin-angiotensin

WCEEEDE WA T MIEEHE LV LETHIRA
’C%;@L’Cb\éﬁ‘. F O #HEA L, renin-angiotensin-
aldosterone &2 & IR T E-T EA-BIF RIZH K
B LTEFNTFNORIVE LV EATAMBIZELL
) BHERBORZE L2 H T LANKRETEHEDL LD
Wb, | EEHENTES.

5. E FEIBREEBRKBREERELBVDODL
AR T PEIBREIEHBRARICBVT,
BRIKE LB L. FENE WV Z & % HE morphology
Tid 7% < BEE R EHBILFHHFEICI DR
T OMHILEIC AT, ZEHRBOFEIE
DTHHIH. —DO0OELT, & bUSORILE
EAN - ARYE - HERII»2D ST [ KK
FU YA (Na) ] 2HRLTWS. {£oTNa®
ERETO Y 7T EEEIBOTCEETHE. —F
v MIME—HETIEWE L C [ Naf KK &] &
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BT AZEERo/ BRKBVTLEEDRDY
TEIE, HRLNVTHEBINLEZIATHD. [
RIZA b L RIIHT 558 2 OFi8 = RiBEB Ot
PHEFICHERNCBV7-TTEE S 5. £ 1 OFHE
EIRBMRO S 2 2 RRBTH S, oMo
WABEE OECEFHATLEEZ ONE. TldhE
FAER»OHEHRAE TCEBL2 B NaK K &I
bbb oTHRRBIREEL TV 200 ? [H# L]
DN LB EEZ 5N 5. “plasma volume expan-
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