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Renin-Angiotensin-Aldosterone System in Nephrotic Edema

Kumiko NUMATA

Department of Medicine IV (Director: Prof. Nobuhiro SUGINO), Kidney Center,
Tokyo Women'’s Medical College

Pathogenesis of edema formation in nephrotic syndrome is still controversial. Our present study
was conducted in order to elucidate how predominantly humoral factors, such as renin-angiotensin-
aldosterone (RAA), antidiuretic hormone (ADH) and atrial natriuretic peptide (ANP) may contribute to
the nephrotic edema. We measured plasma renin activity (PRA) and plasma aldosterone concentration
(PAC) in twenty-six patients with nephrotic syndrome, and plasma volume was also simultaneously
measured in twenty of these patients.

The patients were divided into two groups according to the grade of edema and these humoral
factors were compared between marked and mild edematous groups. Furthermore, whether the
difference of renal histopathology might influence the humoral factors or not was discussed. Our
findings revealed the inverse correlation between the serum albumin concentration and the grade of
edema, but no significant differences were found between the humoral factors and the grade of edema.

In addition, no close relationship was seen between changes in RAA system and either plasma
volume or renal histopathology. Fourteen patients had low PAC levels. Four of them underwent AIl
and ACTH loading test, resulting in poor response of aldosterone secretion. The low response might be
related to low of serum potassium, sodium overload, hypoalbuminemia and hyperlipidemia in
nephrotic edema.
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Ichikawa 2125 » P H WA AFENS =54
DOERIZL Y, FETOBHNETF L B5EMERA
BTO NaBRROTTELIRIE L7, %7 Peder-
son LI KAMRBOKERLH NSDAVP O
BEEERKZ V75 v ARREETO Na BR
BB BRI - L AL B, #
D il atrial natriuretic peptide (ANP) gL T
NS THEMEZRT &\ 5 Pederson H9%
Garin YO, NSO 717 3 vESERKOFIR
12 ANP 23B5 LT\~ %5 & @ Tulassay HOD#H
&3 H %, T2 Herman H1003 NS ¢k H A E)
RO ZREAED BENTTHEL T B 2 ERFTD
NalfpEo—RThHb &+ L, ILEEMDLEDOE
WHETAE'D & OBIR S R I T 5,
AHEI NS BEEZBCET A ERLOEER L O
RAA R Lo £ AR ERAGRTFHAIEL, NS
CRIHFEORNCES T2 ZhboBExrF
DB L, Bz, AMEOXKL Lk vTE
THAURAT v v ERRDI D, TOBEYHS
NET BB TEEMR L URAT e FBREED
FEFERCEIB RE ORI\ T OB %M
z 7z, .
 ARBLUHE

NBRERLTTEKRE 4 AR AR OREL f#
5 —&k#E NS B& (NS B 2661T, H1841, %«
M 8 B, SEHERS6.1+14.85%(18~718%) (K1)
THY, ‘B‘%T%“E‘Z/\Miﬂ, FECGLES Fhiou
BRI OB RIREB L 3 H O EFT T Kt
FBEE L L7, NS E266F24B11E 2 7 » 1 FHIZE
BEFTH B, 241 (No. 10, 18) XA F r A
NI X BRI L 0BERAIcH S, MER
EFlEBTEFERCHY, F-HmEBBIERILD
FIRF O#ExFIEL, 1 H5g @ NaCl4IRE &
LTHE 2T - .

23PN B A N LT & b, e RS,
WAL EE, BETEMECT 2BEEOKE,
HBF 2N LB MO 1661, BEdBHE
(MN) 76t -7,

NS HOFE S X OFFFELY & wBFF R
<, ME7 A7 3 v (Alb), K, 2480 Cer, Rep
A BEiRE, EBMEE (PV), mffr =v

EH (PRA), I#EL = v R (PRC), M#E7 A
F 27w vEEPAC, FFIR AL E v (ADH),
DEHEF FY Y AxTF FANP), 7v ot 5 v
»VIIAIDRAIE Lz, &5, PRA, PRC, PAC,
ADH, ANP, AIl X radioimmunoassay = £ b {fl
ELT,

¥ o8« DFERIIC I 1T B KE (BW) Bz % 1%
fEx (UBW) &L<T
DR L HRD, PV 8L U PRA, PAC e Ko
AT & OB FRABE Lz,

PV Z3U-HSA ¥ (**'I-human serum albumin)
(9f) E/ESCr-RBCE (126D X v#lIEL
7z, U-HSA #E1310.Ci 0¥ 1-HSA % 8 RHA &
51, 05#%cEmL2Tv, FREL D PV &
Bl F5Cr-RBCIEAEZ O £IMH20ml i
Na,%CrO; 1004Ci Z#:in L T FRmBRER®%, 1%
7Aa e VvEBRERKR.5ml &z T5Cr % 6 i
235 3HARIG L7, ek S - RIER & Y 4%,
BUOBIRNEES LT, 154, 305 HBICERIL AT
BRCHEREY AT PV #5E LI,

NS #2661 9 BT AT m A4 FIEEEOIER
B b LA, A vERE, PV AIEY

ABW=

ﬁoﬁ:,
—7F, TAYRTevoRREERR s LT AI
AffRBREYT, BIBHEBEOKIGEZHE L,

AIl B 77EBRE, NS BEOREMI1041, JE2ER 6
Bl & xR EE 7 B, ¥ic ACTH AFTaBRix NS
B THCRIT U,

All AT RBR B 1 RS 0 REAZEE R I
5%7 Vo ERICEMEL i All 2, 1ng/min/kg
I v REEEEMNR 4155 /3 28ng/min/kg ¥
THESBRARELT -7, 2508 CIEXAE
L, FHMED ERAE (UMBP) &3k 5aTs

- FRES PRA, All, PAC%HIFE L,

ACTH &R BRI 22 ERF1C0.25mg © 7
b7 Y2 S FERBIRNES L, BSETEOE
5304, 6047, 9047, 12077k L cortisol,
PAC %l L7z, '

AL 1213 non-paired t BE % FTe,
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Rl R7e-YERBEEOBRKBREME
Pt Age| Sex Pathology| S-Alb | U-prot. V| Uyl V 4BW PV Group of | Stage of PRA PAC
No @ g/dl g/day | mEq/day % ml/kg @ | edema edema @ | ng/ml/hr ng/dl
118 | M MC 1.5 12.1 14.0 40.3 *37.2 A a 3.2 16.5
2122 | M MC 1.4 40.0 19.9 27.0 *39.0 A nd 2.0 2.0
3/31 | M MC 1.3 21.4 46.4 21.8 — A nd 2.8 2.0
4129 | M MC 1.5 8.5 1.9 19.6 *41.4 A a 3.2 3.6
5132 | M MC 1.8 3.7 1.0 16.0 *36.6 A a 3.8 15.6
6| 35 | M MC 1.4 5.7 43.0 4.1 *41.1 A b 0.9 2.0
713 | M MC 1.9 13.6 40.1 12.2 *38.1 A nd 2.9 2.0}
8124 | M MC 1.6 11.7 73.0 12.0 — A nd 4.2 2.0
9(24 | M MC 1.9 13.1 58.4 10.2 — A nd 1.6 2.0
10| 26 | M MC 1.4 12.0 40.0 23.2 33.8 A c 3.9 3.5
1113 | F MC 2.0 5.0 3.1 10.6 40.3 A a 1.4 2.8
121 29 | F MC 1.5 10.0 48.0 23.0 33.0 A a 18.8 28.4
13124 | F MC 1.5 4.6 53.0 12.8 37.9 A a 31.0 125.0
14| 47 | M MN 1.8 18.0 — 13.8 37.9 A c 0.5 2.0
15|71 | M — 1.4 7.9 26.0 21.2 43.4 ‘A b 3.1 2.01
16| 56 | M — 1.5 4.3 44.2 16.0 52.0 A b 0.5 2.0
1720 F MC 1.3 1.2 51.0 5.2 45.2 B b 4.3 5.7
18|21 | M MC 1.9 8.0 59.0 8.1 43.6 B b 5.2 2.01
19| 21| F MC 1.6 6.0 95.5 8.2 39.9 B c 5.9 8.2
20169 | F MN 2.0 5.9 52.5 6.7 *41.7 B b 0.6 2.0
211 27 | M MN 2.0 5.1 117.0 5.4 *34.9 B C 1.7 2.00
22136 | M MN 2.4 4.5 73.0 3.7 =41.4 B nd 2.4 18.4
23| 46 | F MN 2.6 7.2 135.0 3.4 — B c 3.0 2.04
24| 44 | F MN 2.2 14.8 123.0 3.2 — B c 4.4" 10.9
25| 40 | M MN 2.8 5.3 95.0 5.4 34.8 B b 0.6 2.01
26| 65 | M — 1.6 7.0 82.0 5.3 35.0 B c 3.5 5.2
Mean+SD 1.7:£0.4| 10.07.9 [56.5+38.2(12.8+9.2| , 30-7£2-3 3.5+3.5 [10.6+24.3
(D Pathology : MC ; minimal change, MN ; membranous nephropathy, @ Estimation of PV : £&E] ; :Cr-RBC #, *.I.HSA

#, @ Group of edema: A; 10%=<4BW, B; 10%>4BW, @ Stage of edema: a ; BEHMEM, b, BEFEY, o FIRH,

nd ; 7B,

"o R

26610 NSEORBELZR L IRl BE#Y
B2 W Tk MC 231661, MN X 7 8ICH » Fy
Cer 1378.7%28.0ml/min, I & Alb 131.7+0.4
g/dl LEMEZR L, 24RRRF 7 A BRltE R
10.0+7.9g/day T H -7z, ABW 1 F #512.8+
9.2%THbh, aBW>10%D%F (LT group A)
111661, ABW<10% 0% (LI group B) X104
THot., EFBEDOEEIRAE% retrospective
TR (BUF stage a), #HkEHA (LI T stage
b), FURER (LT stageo) WL, TR
i% group A T stage a(Aa & FE)DH 6 I, b(Ab)
23 34, c(AC) D 2 4, ST 5 BT B b, group
BCita (Ba) 0%, b (Bb) 234, ¢ (Bo)

A5, FHALBITH -7,

PV o #HIZ X I-HSA I % 70133 Cr-RBCiE T
21N 1T U7, B 9 oo FE¥91339.0+2.4ml/
kg, #E1261DFH51339.7+5.3ml/kg THEHI®
FEEEOCHMIR LIV HEMICELED
ot

ABW L MFAb ORIz &0 HEXEF D
(Y=—0.079X+3.09, r=--0.77), i1} Alb
1.5g/dI AT CRBELSERAN S -T2, %
7o stage a @ 6 FIL T Alb{EME (2.0g/dl BL
), 4BW BB (0% thoc (K1), L
L ABW E-HSA &, *'Cr-RBC g:flig 1= X
5PV ORI —EOHE e (r=—
0.25) (M2), BEORER L CHEBZE I
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LHEBRIFR2EIVICAELNS X 51T, group
A TRU4FF13F MC, 15155 MN ©H HFEH
ABW 18518 0% L SEOEFEYEL, MF
Alb, Cer 31 {EfET Na lFSEBERMAFETH -
7z, ¥ilostage TEHR Mz BH L Aad 6 FlE54%
%, Bb, Bc2b60% 3 2% hdiz, Lol PRA,
PAC, ADH, ANP, PV ix\u»v¥hid groupA &
group B OB & X 0" MC & MN #FHolv®
ishoic,

ABW iz#t3 %5 PRA, PAC (M 3) & &b
FRELTWR 24 (No. 12, 13) k%, PRA X
EEEECcREEERL, —77 PACX2.0ng/
dl IR o FiA2661F 144, EERETHTHD,
ABW & ORI ABBI R b s o e,

stage TR 5 L HFMTBHHA & B Z, stagea
1% PRA BB/ 1261 5 4, PAC B4 4 i 4
FICHFEOHELY FHEIE, —~H, bDIFIF6
B, c® 9FIF 3Fx PAC 2.0ng/dl LLTFTH -
7=,

PV izx4% PRA, PAC OB (K4) 13,
ABW kT, EE#c PV iE & oicHE
AR Lhed -7, L LIEFEHcoBlET
2 PV fE & PAC i3##HE8 (r=—0.81, p<0.05)
Lz,

BE s X OCEFEEHO PRA, PAC DRI
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& DB
A CBLHSA B, O 5Cr-RBCH, M FEHME
H, D FRREIRER I, A stage EEAEREE, X %R
B, AHET  RRAEEIEER,
(42.7+£7.2ml/kg)

M5eRbhsZ <, FEHO PRA ZREELS
#1(50%), EHEIBHIIFGO%)THH, PACIENS
Fr2661 1441 (54%) 1k T2.0ng/dl LLF 1
fE%, 26 (No. 12, 13) TEEEE, 3 FITE
EEE 7HREFRSCH -7,

JEZER I PRA, PAC & b IEEEROHIL 7§
h6HFITH -

XH 10D NS FreowvC, EEHO PAC
iz X »2.0ng/dl LI'F, 2.1~15.0ng/d], 15.1ng/
ALl ko 3B 5 E UIRER (stagea, b, o &
FFEH R LIER YR 4R L, PAC
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Group A Group B P
ABW>10% (n) | 4BW<10% (n) { value
Age (ys) 32.5+13.0014) 38.9+17.7(10) ns
Cer (ml/min) 70.5+24.1(13) 85.5+17.0C10) ns
S-Alb (g/dD 1.6+0.2 (14) 2.0+0.4 (A0 p<0.05
Uprot. V (g/day) 12.5%£9.1 (4 6.4+3.5 (100 | p<0.05
4ABW (%> 18.5+£8.0 (14D 5.0£2.2 (10) | p<0.05
PRA (ng/ml/h) 3.7+4.5 (13) 3.2+1.8 (1D ns
PAC (ng/dD 14.1+£31.7Q04) 5.8+5.1 (1) ns
Una V (mEq/day) 34.1421.8(15) 88.5+27.2(10) ns
ADH (pg/mD 2.0£0.3 & 1.7£0.4 @ ns
ANP (pg/ml) 57.7:£45.2(10) | 39.3+28.0 (6 ns
PV ¥1.HSA (ml/kg) 38.9+1.8 (6) 39.3+3.1 @ ns
51Cr-RBC 39.7+6.0 (D 39.7+4.3 (5)
Pathology MC/MN 13/1 3/6
Stage of edema  a/b/c 6/3/2 0/4/5
ns BEERL
®3 HEBZWHITOBRK, sevREE
Minimal change Membranous P
() nephropathy (n) | value
Age D) 26.9+6.3 (16) | 44.1+13.0 (D | p<0.05
Cer (ml/min) 73.8+22.8(16) 95.6+28.1 (1) ns
S-Alb (g/dD 1.6+0.2 (16) 2.2+0.5 (D p<0.05
Uprot. V (g/day) 11.0+9.1 (16) 8.7x5.4 (D ns
4BW (%) 16.5+7.0 (16) 5.9+3.7 (D p<0.05
PRA (ng/ml/h) 5.9+7.8 (16) 1.8+x1.5 (D ns
PAC (ng/dD 13.9+30.5(6) 5.6+£6.5 (D ns
Uya V (mEq/day) 40.5+26.7(16) 99.3+31.8 (P p<0.05
ADH (pg/mbD 2.0£0.3 (& 1.7+0.4 (3 ns
ANP (pg/ml) 40.3+22.0012) | 55.5+27.3 (O ns
PV (ml/kg) 39.0+3.5 (12 37.3+3.2 (3 ns
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2.0ng/A LATFoBZ4HTH Y, wThi PRA
RIEFEEERL, stageb 254 9 3 fl% i,
E—EM ORI R L ic PAC Tk 4 #i
2 B IEF BRI S - Tz,

DLEDiERENBE S, RER (stageb, ¢
BRI AEPACHEORRAZHLMCTZ DI
Al AR RB K L OACTH AR ER L,
R B 3 % IR BE O OG22 BE U ic s R
BR6, 7 THBH, NS HFL06H 6 FcirIEEEN
RS Al oIS EH Lz, R6Licihbh
5 X 5w EER i PAC 232.0ng/dl BLF 0 EE i
BHoto 441 (Ab, Ac) T3, All x4+ s MmER

ns HEERL

o R EH I EELER (AMBP) 1322.7+5.4
mmHg &, PAC#2.0ng/dlLL LT H 5 #FHD
10.1+1.8mmHg » % \~ i3 % BB B ©15.5+7.3
mmHg NSRS - Fo, T RIEREMT
AR L DB L OBCEREE I o, —
HT7 ¥ AT e v(aldo) o KIS T mTRER T
» APAC N 6 5D & & { PAC 2.0ng/dl LI F
DEETO.5+0.9ng/dl & (BT HA~TH & AIIE
RIS Td e, Ui LIFIEIERICO RIS B
AW E LR, K72 ACTH &M x5
% PAC, cortisol O RUGHE % BEREIBRF L 7255
Behsb, PAC2.0ng/dl LI To#E (stageb) T
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3 MmEEL = viEH (PRA) B3I OMLE7 4 F A5
r viEE (PAC) LEER (4body weight) & OB
%

@ FEEE, @ FEEEYE O IR ®:

stage FEAI7REE, A JEVREEN, SHRE  EEE
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o ®
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4 im#fr = viEH (PRA) X OMmE7 L FRT
v vEE (PAC) LBEROMLE (PV) LoBf
A FEH I.HSA#¥n=8 @ ZEHH 5Cr
RBC ¥En=11, O : JEEEH Cr-RBC ¥ n=7,
FHRES © IEFIR,

20,

PAC (ng/dt)

O 0 50 &0 50 50
PRA (ng/at/h)

5 ImigEv = viEl (PRA) L7 A FARTF ey
BE (PAC LB
@ ZEH n=24, O FEEEH n=7, RHEWE
IEFE.

AT D cortisol OIS FE I T UL Tehs,
aldo D RIGHEC D\WCTIXER L7 36 & b s
RIETH -7z,
z =

NS OERERBBEFEICOWTIE, FERIE Alb I
fEw X 5 PV oA 5> RAA RITER ERY
B3 & 4% underfilled A ERTH - 72, L
LB E g BT BT L RS
THEDO O WBER Pk, EBE, NS A
ZOPVIREERWLEMEYRT & D Geers
LIDRERRL, 12EFID NS #XRfH & LKA
WHEWTPRA & PV IIEERZ RI N E L
Brown Y08 ERFEERE I, —77, NSEET
OFIME AR L TEOB B L #F L 7 Hol-
lander 5B Alb % R FHEH L FOEKEE
BB L7 Levin b2 RBRIERND, KETOD
BERECST 5 EMNERBETER LRIEZ
RT3, EHImBRLOHNEODBEREEY
BIZE L 7= Fadnes 90353 NS EEOH# %
MAHETHERENDIOTHA,

AR TCIFEELHEI NSEORAKKEDNH
BLLTHREOELE (UBW) AL, 4BW
LIE Alb fE & B ED I, i, K1

bbb L 5 ABW 10%LL o B cixlepi4

~TAUATE Alb 2.0g/dI AT TH -7, Lol
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PRA PAC PV S-Alb S-K S-Na ABW | Stage of
PAC pt ng/ml/h ng/dl ml/kg g/dl mEq// mEq/! % edema
ng/dl No
E |[nonE| E [nonE| E |nonE{ E {nonE| E |nonE| E [nonE E E
14 0.5| 2.6/2.00| 4.8|137.9|40.6| 1.3 | 2.8 | 3.6 | 4.7 | 141 | 141 13.8 c
Low PACgroup | 15 | 3.1| — |20} — |43.4| — |14 | — 5.6 — | 140 | — | 212 b
<2-1i% 16 | 05) — [2.00] — {520 — |15] — [3.6| — [138| — | 16.0 b
18 5.2 3.1|2.0}| 5.4}43.6]40.6} 1.9 | 3.5 | 3.5 | 3.4 | 144 | 144 16.0 b
10 3.9 1.8) 3.5 4.7(33.8140.6| 1.4 | 3.5 | 4.6 | 3.7 | 140 | 141 23.2 c
Normal PAC group| 17 | .4.3| 1.6 5.7 | 3.5|45.2(44.0( 1.3 | 3.4 | 4.6 | — | 137 | — 5.2 b
2.2~15 19 | 5.9) 1.7 8.2 4.9/39.9(49.2| 1.6 | 3.9 | 3.8 | 3.5 | 143 | 142 8.2 c
26 | 3.5 5.7| 52| 9.0{35.0(38.1| 1.6 | 2.8 | 4.1 | 3.9 | 138 | 140 5.3 c
High PAC group | 12 |18.8]10.7| 28.4{14.2{33.0(36.1| 1.5 | 3.7 | 3.7 | 3.0 | 136 | 140 | 23.0
(15.1l% 13 | 31.2| 1.81125.0(15.0|37.9(34.9| 1.5 | 3.3 | 4.0 | 3.9 | 135 | 140 12.8 a
E : edematous state, nonE : nonedematous state
NS NS 80r,crm
Control [ fomathy | Edemar) Control I demate | Edemary ol ! 307 acmm
sof ' sof — t
L 60
—* =
e 3 50 s 20}
20F [ —¥— ) )
m*0 £ sk 3
Q 3
10F - o 30f b
g 8 10}
a 20}
4
Z 10
g <20 2.0< <20 2.0< [
PAC group group PAC group
n 7 4 6| 2 4 n[ 7 |4 6 =g 30 60 90 120 0030 %0 90 120
* P<0.05 Time {minutes) Time (minutes)
Be 7vodyvervIIAMRRE L2 LEFE K7 ACTH &REBLBSIIMMT7T L F AT 0 v

(AMBP) L fu#7 A F A5 o vEEOELE
(4PAC)
O XBH n=7,
:PAC>2.0ng/dl B¢  FEH
FEFEH
1 PAC=2.0ng/dl B ZEW
FEVEESY
MBP : mean blood pressure, ns | HEZEx
BEEDD, p<0.05,

Il

6
4
4
2

5 8 BB
I

L, *:

IE Alb 2.0g/dl AT T % 6 Bl 4ABW 2310%
HTThh, mE ADb 2B TbbBERERE
AMETLTHLTLIFELEZTRVEED
Bote, EHIEEE PV & ORICS BB
Bt o (R2), PVRAIEOFERELT
13, MEBBECEELY > 37 V'Cr-RBCE

EE (PAC) & 2+ v —n (cortisol) DEFEIHZE
14

0—0 : PAC>2.0ng/dl %%, e—e : PAC=2.0
ng/dl B,

EIBLHSA ¥ B U THI20 % EME 2 7R3 & W
5 Gur 519, Olmer 57O ELRD S, LHLLAE
PR TR E—EFNC R 1T 5 IE T W A RlE
ETOPHECHL M E X o7, PRA,
PACHZE LW ERAZR UL 2 0IREE, 2400C12
PV fEic# &3 PRA R IEFE 2 LR EE,
PAC REELRVWLEETH » .

BFECEEIC X »Tgroup A & group B 24
BLCHERE GB2) T, PAC 2.0ng/dl LT
ABW  10%LA F o group A #E-Cl6F 9 4,
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group B BEC106h 5 41 & #50% A L &R LCH

D, BEOCEE & PAC ORI AEREM 7 #D2 »
7o, Lo LEBEOREBIC L » THHEH L7 stage a
T, ABW &f#, PRA, PAC SEDHIN %D -
7z,

F 7, PVOED VA H BT PACIZ2.0
ng/dl LATF O Fl232664 1461 & @5 T H - ie,
Lo L4 DRESIT PV BRLEMEMECD D,
PRA & PAC R &b icEED 2 FEFI(No. 12, 13)
TRELHE (1~28) CEECREL XL,
KAl stage a DI T bOFIL PV OETIC
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