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A Study on Renin-Angiotensin System and Total Exchangeable

Sodium in Hypertension

Kang Won Choe, M.D., Jung Sik Park, M.D., Jung Sang Lee, M.D.
and Chang-Soon Koh, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

The etiologic role of renin-angiotensin system and sodium-volume status in the
pathophysiology of various forms of hypertension was investigated. Plasma renin activity
(PRA) was measured by radioimmunoassay, whilé sodium-volume status was evaluated by the
determination of total exchangeable sodium(NaE) using isotope dilution method.

The subjects consisted of 25 controls, 24 patients with essential hypertension, 22 patients
with chronic renal failure (13 with hypertension, 9 without hypertension) and 14 patients
with malignant hypertension.

The results were as follows:

1. An inverse correlation between NaE and PRA was noted in control subjects (r=-=0.
598, p<(0.001) and normal renin essential hypertension(r=—0. 551, p<0.05) and the chronic
renal failure with hypertension. (r=-0.790, p<0.001)

2. NaE increased markedly the in chronic renal failure with hypertension (66.9248, 69mEq/
kg of LBM, p<0.001) and the chronic renal failure without hypertension (54.94:9. 28 mEq/kg of
LBM, p<0.05), while mild increase was noted in malignant hypertension (51.7-=6.24mEq/kg
of LBM, 0.05<p<0.1). NaE did not show any consistent deviation from control group in
essential hypertension as a whole (50.14:7. 24mEq) as well as in its renin subgroups.(p>0. 1D

3. Absolute value of PRA was not deviated significantly from control group (2.53+1.416
ng/ml/hr) except in malignant hypertension (6.094-2. 042, p<{0.001). But PRA was inappropria-
tely high in relation to prevailing NaE in the chronic renal failure with hypertension (eleven of
thirteen patients) and malignant hypertension (ten of fourteen patients), while PRA
variatiation was within physiologic range in the chronic renal failure without hypertension.

4, The NaE-PRA product was markedly increased in the chronic renal failure with
hypertension (514, 442, 10, p<{0.001) and in malignant h&pertension (442, 7%55.03, p<0.001),
while moderately increased NaE-PRA product was noted in the chronic renal failure without
hypertension (402.6+59. 67, p<{0.001).

No significant difference in NaE-PRA product was noted in essential hypertension (354. 4+
62.38, p>0.D.

It is suggested that renin-angiotensin system plays a predominant role in the pathogenesis of
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malignant hypertension and in hypertension of chronic renal failure, though sodium retention

is also contributing factor.

PRA variation in essential hypertension does not appear to be associated with any consistent

change in Na-volume status, suggesting the existence of another mechanism in the genesis of

hypertension and PRA variation.
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Table 1. Some Clinical and Laboratory Data in Normotensive and Hypertensive Groups

Blood Pressure(mmHg)

No. of Sex
", Age(Yrs) BUN
Patients Male Female  Systolic Diastolic Mean  (mg/dl)
Control 25 36.421~66)*% 16 9 122.0%% 78,4 92.4 .
+7.64 8,00 £7.35 —
Essential Hypertension 24 . 47.4(18~75) 15 9 169. 8 113.3  132.1 15.3
+16.58 +11.00 £11.18 +4.46
Chronic Renal Failure 13 35. 4(26~63) 10 3 181.5 120.8 141.0 121.6
with Hypertension +14.63 +11.87 +£10.61 +61.32
without Hypertension 9 37.2(15~62) 6 3 135.6 84.4 101.5 72.8
+11.30 +£11.30 *13.25 +43.23
Malignant Hypertension 14 40. 8(16~67) 13 1 209. 3 146.1 166.9 58.1
+32.45 24,51 +26.383 +19.65
* Mean(range) *% Mean=+S.D.

Bl Bpel 9 BE 742 TEld L5 2548 o
Ao g sgel. EFMmES ERE 140/90mmHg®
Fgrh. A2 £ #5902 mEEL Table 1s} 7},

2) FElEEmmE

A7 ohE el BRIl A AW Wt mEEd SE
27t KL ME 160 mmHg, .2 HEEHMmMEE 95mm
Hgol4tdl A 24, BKE % BERKE “AHE
MRS HRE 5+ 3k 4E #Hpoew 40
(Table 1).

—BtpAStel miF Na, K W 2447 Refp®] Nadk
&S WESL2, renogram, rapid sequence pyelo-
graphy & HEf7atg om, MES 79 2400 Repol
vanilmandelic acid (VMA), 17-hydroxycorticoste-
roid (17-HS), 17-ketosteroid (17-KS)35-& #iwEst
et 0%, BrE: 9 B EhEt BESYE
(Keith-Wagener Grade T 5L E)7F 9l BES &R
FIRBN BREEAIS AT A4S Botsksdet.

3 BiEETE:

D B 563 BHSFR%E : Creatinine clear-
ance (Cer)7} 30 ml/minute ¢) 3ko] 3, MmBRe] UkfEii
160 mmHg, #EH] 95 mmHg o] el BHB R HEE
138 & #5082 s el (Table 1.

WE, BRVA ¥ ARFACE 9% FRERS
Bk skaiaE s 7o, BERFS  BHEEimmelstiel-
Wilson %) 13, JREFKEE 5¢ o] g, BHEMERIEE X
o9k BRARY B laldl A BEER] &bisld
g+t FURMIS BEME BT RERE-E HS o4
At A A9 sk,

- @ ERmMERES 84 B2 BHEE L] de
v EmEEe] BIRE A e BE 9¢ s TEH gl
‘Table 1. KB, BK 2 BESHRoE A=kt KA

ERL BUAREEL
FEE 361019 e}

L BESHE

IREEFT R B mEEH#BEgEY] Keith-Wagener Grade
IViolm, EMmE 130 mmHgo]Ateld BHaEd
ET7 e 13618 Huo= stQck(Table 1), 2
= FimhsEiEdl RS, 9l Cer el
30 ml/min ¢} 8+ 2 I BARZY HHel Ve, 4
=) 4fe] A BEAEL HERY MRS gle(Cer
30ml/min ©] ) EHEmERS #iFe] THatgrt

146 8fle) A i BmEY] &6 £RAE
o FlRE U BEXS @mogted A mEe] 7
gi= R 2o REgA HEIA.

B. MEHE

1) uzs#} 2§ (total exchangeable sodium; NaE)
2o He ET BESS masidd.
3Na (Radiochemical Center Ltd, Amersham) 5 uc

2 0.5% REXZ 345te 5ml 2 fEe] BHET F
2482}?%%—;: zgret.

#Na ¢ B ¥ RIkEe o oA 8l A O A+
olel] A ztaly o, 24 % BBl A WM 8
ml & Rimste 0.04M EDTA-Naol & REBEA 2
I, ¥ ice boxe] Yo -$ukgk H, miEe St

2 1mlE FHAIELE A

B A @R %2Na ¥ 1,000 ml o] 345 £
sy o = drgen, BEEW S5mlel R 5mlE JIlI
% 1mist @4 well type scintillator & 1052k &
FErA et miEe] #Na-& flame photometer & 3}
o 293¢ m, NaE¥ obd8 Kol =}k FHEIH.

ol =.2e] 4iH® NaE & Nicholson 3 Zilval®,

401, BRERFL 26, ER

-2 Cooper!®
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Figure 1. Total Exchangeable Sodium(NaE) in Con-
trol Subjects and in Patients with Essen-
tial Hypertension, Chronic Renal Failure
and Malignant Hypertension.

CRF+H: Chronic Renal Failure with Hypertension

CRF—H: Chronic Renal Failure without Hyperte-

nsion

Weidman!™$] Jgko] =12} lean body mass (LBM)

— “Naft i $ & (c/m)—"NaRR s (c/m)
NaE(mEq) mlgg,agzzvic/m) X 1000/L
1 4FA*BNa(mEq/L)

kg %9 NaE #(mEq/kg LBM) o 2 #alglvh.
H3/W(leaness index; H& B£E meter, W&
pad kilogram)z} IEE AN A FAEL 0.10] &
wmES LBM os HEES 9},
2) M renin {E#k(plasma renin activity; PRAJ
= Haber'®%¢] 52 FIFE Renin RIA Kit(Radi-
oimmunoassay Kit for Angiotensin I, Dainabot)3-

fEstd MEetdel. By Hkew oo miFS
PRA B Be7b7] —20°Cel] FE¥egct. 1mly 1

184 37°C, pH 5. 7414 20§ FoF BEAA K=
= angiotensin 9] -2 MMBEREE Kk
EekaL, M 1mlol A HREE 455 & angiotensin
19 E(ng/ml/hr)< mi€ renin FEHE(P.RA)E FR
gh4lv}. Angiotensin 18] BHBRENTES FELSol
ST vhok ATHY, KMRMEEMEES] 4 & renin JRAE
9| Fiel EH Fo| HEHMT ulek o] 2485R R Na
PettRel =€ PRA ¢ nomogram-& Fifstgl.ox
furosemide 40 mg & FHE % 164 PRA 7} 1.
0ng/ml/hr LIF4 3% 9k

Table 2. Total Exchangeable Sodium (NaE), Plas;na Renin Activity (PRA) and Sodium-PRA Product

in Normotensive and Hypertensive Groups

No of NaE PRA Na-PRA**
Patients (mEq/kg LBM) (ng/ml/hr) Product
Control Group 25 47. 46. 89* 2.534-1. 416 359. 5:144. 40
Essential Hypertension 24 50. 14+7.24 1.8641.539 354. 44-62. 38
Chronic Renal Failure 13 66. 98, 69 3.21::1.878 514, 42-42. 10
without Hypertension 9 54.9-+9. 28 1.80% .765 . 402. 659, 67
Malignant Hypertension 14 51.746.24 6. 0942. 042 442.7-4-55. 03

* Mean3-S.D.
* NaE(mEq/kg LBM)XIn PRA (ng/1/hr)

Table 3. Basal and Stimulated Renin in 5 Patients with Low Renin Essential Hypertension

Case Name NaE(mEq/kg) 24hr-urine Na(mEq) Basla)lRA(ng/ mé{ i}lr;?xlate T
1 C.T.Y. 53.8 163 .3 .5
2 C.H.D. 55.3 35 .8 .9
3 L.C.K. 35.5 68 .4 .7
4 K.C.S. 48.2 139 .1 2
5 K.N.R. 58.7 220 .1 1

* PRA stimulated: PRA 1 hour after intravenous injection of furosemide (40mg).
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Figure 2. Plasma Renin Activity (PRA) in Contro}
Subjects and in Patients with Essential
Hypertension, Chronic Renal Failure
and Malignant Hypertension.

CRF-+H: Chronic Renal Failure with Hypertension

CRF —H: Chronic Renal Failure without Hypert-

ension

2lo] 4 Renin-Angiotensin® % #50# V2R BAT HE — 5

A 97, BB A 2827 g (<. D.

AREMEEINE-S Z8nyo 2l PRAG Aot U4
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Fso] ggeh(A (p<0.025, ¥ p<<0.00D.
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ER feuch PRA 7 Fohet HET Aele 94l
(0. 05<p<C0. 1D.

AHEMSIME BN 24-BEHERY Na PeibEe)
i3k PRA 9} 70| uh-E renin TR HEEE BE 5ol
S EHY T3 nomogram & FAS+E A, {& renin T
A A9 furosemide o] {k¥ HIE4E PRA fix Table 3
o) FRE whet zbeh. BN AMBEEMEERE 24dF 5
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D BER D BHBAS) NaE-PRA S MBI

PRA(ng/mi/hr)
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Figure 3. Relationship between Total Exchangeable
Sodium (NaE) and Plasma Renin Activity
in Control Subjects.(r=—.598, p<.001)
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Figure 4. Relationship Between Total Exchangeable
Sodium(NaE) and Plasma Renin Activity
(PRA) in Patients with Essential Hypert-
ension. Data from control subjects are also
presented for comparison. (r=—, 288, p>
. 05: for essential hypertension as a whole;
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Figure 5. Relationship between Total Exchangeable
Sodium (NaE) and Plasma Renin Activity
(PRA) in Patients with Chronic Renal
Failure. Data from control subjects are
also shown for comparison. (r=—.852, p
<, 001 for chronic renal failure with
hypertension. Otherwise no correlation).

AChronic Renal Failure with Hypertension

/A Chronic Renal Failure without Hypertension

0 Control Subjects

4= EHY LR Badch BRETaBEdAE
mmEAPe] v 4% 2601% Bitelie F¥ UL
2.2 Frhsle] glglovt, mmEEel g ASd 2FE
dAl 2 AR Y Bl o (Figure 3, 4,5, 6).

4) NaE-PRA product

NaE ¢} PRA 7} A2 #HEMEERE me]lds #EH
§0.2 NaE ¢} PRA & ¥3 2+ wzdlgch. PRA
7} NaEo] =& Al & log-linear 3 #EH-L Qo=
NaE(mEp/kg) XIn PRA(ng/L/hr) 2 A} As}o v},

Table 2% Figure 7o]4 2 ulo} 72o] BEHTE
BEAA EnEEHe] oA (p<0.00D, §& 7S
(p<0. 001> =5 HEA F7tEo] gl o, mmeEs

L BRel gl Bl A gegur A4 E9heh(p<0.00DD.

EMEmES] 7 $-ol & NaE-PRA product &= 2]

W 2ohslel 50 (p<0.000), A HmE A

= NaE-PRA product 7} #fBE] HslA 28} ¢
>0, 1.
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Figure 6. Relationship between Total Exchangeable
Sodium (NaE) and Plasma Renin Activity
(PRA) in Patients with Malignant Hyper-
ension. Data from the control subjects are
also shown for comparison(r==.085. p>>.1).
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Figure 8. Relationship between Total Exchangeable
Sodium (NaE) and Mean BloodPressure
in Patients with Chronic Renal Failure.
{r=.634, p<.001 for chronic renal failure
as a whole. Otherwise no correlation.
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5> NaE & FigmEzte] H5BRE

NaE 9} ¥ mBECIERImEE 4 1/3REED ol = 184
BraEE 2BAAE EHEENGT Resded(
=0.634, p<0.001), HMWEHFol} = 8ho] BMEFA
= HET ARAGRT 99 5(EF p>0. D(Figure 8).

6) PRA & Fiqmmnte] {appnE

PRA ¢ FHMEERS & HIER 2 BEBA 25
HIBBRERSL vhehdA 9 SIeH( RS p>0. 1.,

7) NaE-PRA product 2} Fi4mBEnte| 188RMRFE

NaE-PRA product = ElE-S @A#T BEEFRR
{(r=0.584, p<0.05) ¥ BHFFRE2HB(r=0.834, p
<20.001Da1 A ¥ MmEEsLY] Abolo]l IEHIBRBGRF o
deovt, HEN 9 KRG BERIAE FET HERE
&7 9 A (ET p>0.05)(Figure 10).

8) BUN f&+ NaE, PRA =2 FHmEEd HEHE
7 (9 (EF p>0. 1.

V. & &

£l A MBS BRI wiel 2ol oJelsld #Hae
fyol L AN mERGREY (FAA ks B
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SRR KT BHRES NaFBgikitfe] &4
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ol el gk #ET EHEERA] &3 A renin-angiotensin &
= BmeEY RE 2 REBEEY WEAA 8 - &l
TEY BEE AA L got. el A MR 8 Na

ol Mg KERPE dolA -2 LS FA
2 AL AR B Kepner?, o] BMEEHFEA
QdojA EHAY BEHRE vusly = SEHAH
& el A SnEHAES Bndcle B
Bl IAP A} RBREBHNA ARBEMA #I
IR o] Beldoza FmEEAA Nasd FERAY
B drx F= A=, = AEHARHA Q5]
+ B 3¢, MRARE 2 mEE gl i
He Wil = LEHES Enrt dfel waE g
a8y o8 AEAHI AAY RmES B s
AL ohid, LEHES] Sk MlsrES] B
I v —i@ o 2 VEhda, #Eiidl s o8 Y sk
WESS 7ol HzsIgl.

AEFER BnBEEE Aol olH7 i it
BEE JdolA pwE 2 mEkRe BEiEad EA
A gk

5 BRI A 25 NaE ol A FBikE
Bkl HEE Alold] £RE BRI XS 18
HEBEARZ A= mniEEe FE A 5 A
% NaE 37171 lgich. #3) BmEe] &bt BHEF
T2 A= EFMES BEFTREMNAA 2 NaE
o] @k A AEEEnES 2% XES
9 oE WEEESE fAEEcl Y NaEdAY &
Aok e BRSO Zagdch®. 22 de Graeff*®=
inulin Z2R-& Rgkol o}, wEMmBERE A& 23818 NaE
7+ ETFTHE #i%sigdn, NaE 5718 44T 25
e, 2oy AREmEd el MfstEE 2
NaE 7} [EFE#ERE Belvizis e SqurelEik
<+ e 4+ 93, AAER mifEe EAE BED
WEE AX gov mifRel B Fyl & WY F
Tt &8 RET BEE 9o, '

1BIL.RIHSA & Fif3 albumin ¢ EMMES BT
Fize] @msEE Ao nol miFES BPE o=
3 B EBRIE Aen 44F + gk

A pabE s g A 9] o) 2l §F mif &S Aol
o] BESTRES EMMmES FFAE SMEE ohvizl
BIEEDY B TE oluwl FMRAEHEN HkK
o) Bl Q& E BEcin®, -

49 “AEEtEmmETlegtE Al ow HEMAL H
—ggo] ohH, #Aet4 FBEBEHeeE SHHT
REHES AEstn gledsts WS —Re=
#w= 3 giv). Brunner 5-& PRA 9 fiiEd 4 &f&
 BKE & EE, & renind HElo®R Jrm
B, BRd WY RERHE Y ORERY A
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i BES BEE dodAE BEMS R J&d
FiReFP oD, o] Ehell BAAT B KRl g
AE oI,

WRAERAA 4 4714 MEss AL R
{€ renin #fo] JEREM: aldosteronism ¢l /ﬁ .‘Z}- Zto]
mineralocorticoid BV HtER 2 Mg KE
7% mEREMG N2 K3 renin-angiotensin &¢I
Al BRI e s Bheloh AREHAHMEY # 1/4%
2}A =512 (& renin #-& spironolactone ¢] Y hyd-
rochlorthiazide 5-9] FIRHEl] %3+ BREEKMES ek
renin F¥oll e wr}l & x1e=], 453] spironolactone
o &3 mEEEsr -Ysicts B350 steroid
HE#E-S M5 aminoglutethimide & # A #2314

MiEEe] AEIA = B2 52 & renin oA st

59 ®inE BEavelrlel et QA2 Woods
3, Jose®™® F-& NaE o #lA%ES] ®Eins #Es)
don, EEAMHE A Reh Nabbsl Esiues) K
H7} & renin ol A wrl A, FHKFY KK
BBl A = & renin Ffoll BBal ofidl] 4 BEREI
IEH rein §o] Hal NaEo) ol¥sl 2EE BRY 4
fgich. ¢] A& Schalekamp' §-¢ #isle SFE
£ BRIV AIBO VU5 HelA ofd ##mE W
dlE obd kmathL A,

LR v} FURH 4535) spironolactone ¥3F # A7
BRI E M, steroid =7 HIBIA] ol BREERE
T4 HEN B E {€ renin B 4 ¢ mineraloc-
orticoid B %ol I v} EEM BHE RFT #
&= 9o}, Bl Sambhi® 32 18-OH-11-deoxycor-
ticosterone | AR INE &g 2, Bihler® S&
17 aldosterone fi7} PRA o] H3le] ¥ 2+
REEme e & BRadr #=tq ofd we

MK #E71 3 = Rigsha, & L ke
mineralocorticoid 8] Rl U MBEAKES Bt
BEe Wik s £2s BHRY S goh ohalk g
fnoll w8 PRA & 4:Rayel B (& renin 9 #H
K7t el 243 @inslv A oE RoPRIP g}
E¢& 2o BbIE RIERIEHES €T 53 2o
lﬁol o) . AB_E xgyl_r,]r,]_

F4£5Y ERBHAA T & renin F o] 9 9] Al
BB E A = NaE & BREL FRIR] ggted,
renin-angiotensin Rejl 44 = PRA & REK T 54} &
#iEm 1f50ake] gy, MmBEs} NaE 9 PRA, 3¢
NaE-PRA product 7kl T2 3 HBEERGRE veb A
skgbel. oA & — R ARG A A AHEY A%

($]e] SEF £ renin FH-S FIRE dvistE) NaE v
renin-angiotensin &7} AEWO.E A geve
HES wFiE AXMY neivh. 28 & renin Foll
Ax gk IEE renin Bo A £ propranolol -2 g-ik
gyl s ) A MEEFEG] & S =D angiotensin
19 A=Al Saralasin & A4 BREHE/T Jebte
A0 2 Rl renin-angiotensin fr} vt EFRE
Sz whe & F g8 A ek = mEgRERST
HHEyo 2= feed-back mechanism o] #£3}l¢] renin-
angiotensin 2% Mty el of 249 £ IE
# PRA & MmEs}+e] AaddA & &= 23e MAHY
o2& & PRAE B%YE = g7 AEeld”.
e EHEmEES] A9 renin-angiotensin-aldoster-
one %o FEHEME LHEH dudA g o
- renin-angiotensin-aldosterone 7} Na Byriol &
I mMFRHEERS FAEd Az s FES A4
2% o RBEEENe R W Fulgde FRelh
EH£Z 9] Ko #h3slw PRA £ =& o1& HmEH
2} gx438 ERH glgl.en, NaE = =+ R
+ 240l B mEEd A PRA #7F £EHHL A&
b, KiEf4re 7+ PRA @ hnrt BgE== HERVAL
M Goldblatt B-& wl=+ A% HT renin 5719}
hyperaldosteronism o] 431 renin 3} aldosterone
£ ARl B EMSmEEAA 2 mEFRE]
it Ao R
R Fredmay fEe 80T Y5k d 84
o B oW FEE ket FEs BmEED
& renin-angiotensin-aldosterone %% &#:{b3lH,
19 okl &k EF mEkiEs
aldosterone Z7lol] EHEI BREEIT AR B4
o w4 EEM aldosteronism | A E E F+ gt H
3 mEFRES HnEe EERE FRLC Renin-
angiotensin-aldosterone %% JKHEH #rglal A B2
o} BN BRc BAERE % mnEe REH
tbE  BEs}#30  propranololsl  Saralasin'®el)] #igt
RRRRIEC] #rRaHAl Jebhve, o] H BRERE-L
PRA {#is} 734l #Mbgel= Bholol. Eim mEd
A HE mE ﬂf(mﬁ_ﬂ]‘ BE—}E g Bt 5o BK
HEinte obE "M aldosteronism o A 8} o] & =5}
A gow? FETY H Jebd vkl o] NaE
o el sl el PRA ST MEE ERd] glel A xmc}
FHEY RES s oE AR
B EE ApEtkE el BHSmEEd A ele 2el
BEE L A NaE, PRA 9 iEEsld] Hthe 2

.

Ao 2 3o} renin-angiotensin-aldosterone

angiotensin
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o #Hem BHEE dx gk ®E) RdAE
BRETEHA = HEMN s NaEsl @x¢ 5
7AEe] Qlwm, a2 el AE BmEAH] dE B E
HhEHRE of-% ¢ NaE 3718 Jepiglel.
v PRA BHRES HBHO b Rl =7 28
7t ddeh. E BEER2AA &R F%mnRE
2] PRA & H#sl 2= §igal4d 423 2o #
BTy AEK¥EA = FsEstglel. ol A4 & NaE 9
FimBERd BEY EARRGRT dve g4 3
7 BEEAREN A mEo] == NaEoluk BghEsw
renin-angiotensin kv ¥} 2 HE L 32 1w gE
AL BRI AMY ¥, 442 de Planqued?,
g Vertes 5§ JA et ge dFRAE0] BHBR
24 FiMEEel NaE, B4#FE ¥ mykse Bmet B
B AL Bgsidor, LS Bl EimEe
EEY FEYS F440. = RERBESZNA
FEY] RS FAMEEKS Bkl 4 xS Bk
dlA mEe] FAfidcle FE 5-¢ NaEst HmeER
& ARMGRE BE} FEHEEH® de Planque
WL BEEREN A NaE o} mBE7e] FEAEMBK
£ @EsdeH, = ERNOEZE BB IRR 2o
Bzt R EEBY 8LE ¥o): one-kidney model
dAE BHE Bt PRA Z717F gol 239
WEi=Elol gla, NaE 9 miFEs mEEAfele] FMH
B BRSR/T vebe A o2 nol NaE 9 &mBEE 4ol
gl A8 FRE #EE oS BET X 2quss®,
a2y BTl K3 BRkRET 2 BimEETe)
od AW TRERE AL R, ofwl A= B M
fast kel et esie mEEe] MHEWoE LHel
=, o] ©] FAFYKRE Bk FEde BHE=Edan
#3080, & GIERT HHERS renin Sfc] WA 8
m=ol go] BRGNS,

ol2i ¥t FER2YE Vertes®™ = PRA {7} FHoli
FEHTO] KT BBEREE MEHEG] WHET EBaER
29] EMBE-S “salt-water dependent”®, = PRA{#
7t FhEel dor MuwbkED e R mEEFEN qks
2, BAFRE B HMmEES “renin depenent” &
2 2 474 asd et Gavras®® 5L #idl renin &
# A ¢l two kidney model o 4 ﬁﬁ;@c'ﬂ w2 Na ft
e B “}-ﬂ Na &#FH o 29| BT & A2sgn.
Kim®*3-& $HgR2 OHHEERNE k= &0
s o) 2 FE RFEUEMY RBES A+, BmEF
B BEe <A REBENY BhAEd 29 g
#Hstdel. Kim 5 =%t By Fanist

s EE 73 RAE EFmMES s
2 %-" o] B FE) B FEERY FEs
rgeekgeh, e KREBEECIV AR A8 BE
Bl A veldzl Xy PRA 9 @8~ K¥5 EF
3} B35 EHS A %), o] A & renin-angiotension
F HEE/T Na 5= finsta e kg =lel ##(bs}
7 o] & PRA 9| @%Hfinke £+ renin-angiotensin
FiEKS EWT AT B A Eel=h

NaE ¢} PRA ztoll & Figure 3, 4, 54 41} 22
BB .o, o2 BAMRE IEH Al IEH renin
B ARHEINE ¥ BEEFZBEANAL #HEo
g+ Aoz Azsict, welA renin-angiotension f
EEY RERGE 230 4B #SHEEGA e
Yk RE 28 gobw shich o]A-L #Ed
@ o]9 NaE k3] 4 PRA 7} EFFE Belex B
%7t Aol b & 4 9dv). ol BBl 2
F Rt BB 4 reninffe] 1} & renin ol Bole
5@inke] PRA 9] REES Rolts K3 mmES &
fF BHETR2 Y B mEd A= A9 ZHd4
NaE°ﬂ s PRA {7 By ®EAL Loz A

E Hela g-go] /s Al oo} K¥E=Z HmW

°l e BEFARZ2CGA4E NaE 377t Jdemqn
PRA & A9 AY £WOHBEACA BB 9l
& < gk debA BEETRES S-S NaE 9 i
e okvizl, NaEd] #3t PRA S HEE Eind =
Z FRe] d&¢ ¢ 4 Uk clAL Davies®®,
Weidmann!'® 58] &3 E —se RAo2H 3
WES MBGEN Y RAERE & rs.ﬂm@"] B <1
=¥ 7%, ol21g NaE 9} PRA 4}o]9] Rire] 84
e @R KEE mgel FEHLSA v 7
ol olE 3t Rl anl 2 Hgsgich _

BHEETES] @ilid4 NaE W= @iy
BB mEEZS] ABABH RS PRA ffo} mBSRIS] B
Bfhe A2 IRz d2e A2 FHEIE HEE
2z ko), olA & NaE-fiyits} renin-angiotensin
F Aeldl FiEshe HEMS] #Hk RES A 2
ok Bl WEE Na Buctish (EERTS) EAIMIBIESS,
E H#E= PRAS mBEste]ld EMMERGRS #igsq
3. PRA 9 NaE 7} 25 fuBEell EHERGS 7|
AR LSS PR AYE gdeonn,
PRA o} mEE7te] osl= HAARMGRE WeEssdo.

PRA 8} NaE 7} A2 WHERMGR) gomA = &
£ 2 pieRA = mEES ERAZY] @l NakE
PRA & fif2 5@sted Bt R 2el: NaEXPRA

o
& N

Leenen®® %2
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9 product 7} MEEsLS] BEERA] B = wcl FE
BEVEE 4 91l-& Ao}, NaE-PRA product 5 7}=)
= #fskwl Figure 29} Figure 7oA 3B.5-o] {E4:5
&l HER Adold oS B4 :f"-?‘°] il
EEsle] fHRBRGE Al BEEle AL ¢ 4 g

22 ol o} el sle] 453 R ]t R-& NaZFfg
o wE BERTHEY ¥REoltl Deheneffe?® %0
%7 (anephric) REEAN A 279 Na o] gleI A9
angiotensin I FXo =3 FHmEs #Le BEx
ahglel. Bl Na FofRfBe] 4 &= NafSiRabe] Hoal 4
2 k%8| angioteasin T ol olslA] 3HA mEEo] =
2=, £ Na-BE KBl 2ol £ angiotensin I
o} FMEE Abeld] EMBBAGRT 958 sy,

BEFT2 BHAMEAA BUD RS 23
A+t

Na JRZ/REEAN A 8] angiotensin o oigt FEERGS &
o ETF Na 7RI A S B2 ERL Ames'®
S o8 Agd e gl 2 FTE kit
aldosteronism o] ) ¢} 7+o] AEHPE: O 2 renin-angeten-
sin-aldosterone 9] #Fike] MBinm 7ol Nafsm
N E Tt angiotensin o] W F RE KL o3
2 3] EFEAD, olo] Kl angiotensin 19 Ik
frol #3t BRh ¥ RERZHS BHESHE S
A BJAT EiE 2go?. Sl Bk mEEd g
1A= PRA 9 18 Bmst B# NaZgge] =2
angiotensin REKXM NHE SRBHEMHY =)=
Halo) BEESE 9% Fe PRA J|A E renin-
angiotensin 4| Hiko) HmBETEEd EAY HHS
5 A Aol

E35}} renin-angiotensin ol Na-8475 5 SREEE 5
IEES] AERRdEEel BENtele] HMSL:H BER Al
HEMERS] BReIch. SRHEHRC] renin 4%
R glel A BED A oo Fsgan, o
RS MM A RIS RIE Y b erte

oL W A9 HERGRS 28 5% A
188] Na i 1= LRiES norepinephrin =} o]
AL, WG (SEs, fEHE 9
norepinephrine & FBHE/} BOHE Aoz no}f
), NaZF#5-& [Ef¢ F& renin-angiotensin 2% i
Skl A o2 HEIE, 5 R FEikd)

wEL Foh

Fo2 Na-fust Raget o) 2o) ke mhigeami:
WTe EHEMRE ool MBS BEA7 4+ o &
el sl A A7s 2wl BBK Na o ks M

festwed 2 AHOEES #Eint FIEY filling
pressure 37F, LEHES Zolz B 489 3w
43t ol2 BT HEREY FF mEIE 9 o
w5 CREIESY] |k & AL 2 B
BEe]l ERA A%dlv E—IEEHRTES 43 #
BRBRE BEH o4 = X?ﬁ!ﬁ:}fi 9 mEES IE
FoeR HRAa® webA o3 B NatgEe
JEEE BEe] g B BiEL 4 2 4 go
o R¥E 28 Bmkds o2t AEisEe Rl
Y] FE2P,

AAZ BB ¢ BKS SnEdA NaZFigs m
ALl ol FEfEShE BEEL R Bl o, od
& REFIAAE KBEsme mEERS RE=
A|Auk A 23 Na Ffge] #HF 2 4 ot HmE
o] fEkesl= BB KBmEe EHEAE ol
ot HEWE 2 B—IEF HHITE BES) BREd
AN B2 4 9dov, Tobian*® %ol REEE ¢
Evl BHIREESY] “Water- 1Ogging”=5 B F
Wals Efvl 9 ¢ Il ST A=

ol e’ B A Robd ArgtemmE-S (ob Bl
Bayjo 2= HET & dob) B od ke

KEE 32T 7let 98 FERe &4 fud B
Friy Na3 el o] 4h4 #E5keta o[ Aol HRBEIR
ol & EWEHSY BWE /b9 Sl s
T olelgt mmEE Al =S Nago] §x5
=, renin-angiotensin Re} HEMEHRY AT IR
B3l Aol E3tE A E BEc sivatd & B
4 o3 WREEY BRAAE XRBEESnEA gle
Al Na-BE R BT REe] FPsx 2id
3, BB MR JeEhde KBEHY #iAAE
renin-angiotensin b HEHERY EESLEIAE
WRARA RET 4+ g7 dFoin

olol] Kall BMEE TR0V EHGEMEY AL
Nafipifio} BERZES #in ¥ HH9 PRA &%
S7F B glol EEERES BEHE A
LR YA 4 g Ao

V. #& @

HoS HEE 250 U ABERMERE 2460, &
MBS &0 BEBETRZEE 136, ERmE 84
BIRERE o8, ENEOBEX 1460 & 856l o
St fEzs#n)E 2] 2(total exchangeable sodium:
NaBE)s+ (%% renin il (plasma renin activity:
PRAYE fisEshx, o2 mEEshe] Bifhell A Washe
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hest 2L RS A9

1D HWiE) el NaE L 47.446.89 mEq/kg
LBM ¢j¢l . PRA &= 2.53+1.428 ng/ml/hr 05
% Ao)dl e BRI HBHEMWET A cHr=—0.508,
p<<0.001). z&l} NaE, PRA ¥ NaE-PRA prouduct
o iy mEEZ = BHET ARG dalck

2) BB A2 = NaE 7t SES bk 9= 2%
ol A1} (66.94:8.69 mEq/kg LBM), IE#mEER]A
(54.949.28 mEq/kg LBM) =5 #mEe] gglovt
(77 p<0.001, p<0.05), RiEE #H¥nel NaE 3
77 o "Astgoh

PRA{E9S 29 WEA HEMNLY 4old H
B 2R BREA Ladokp>0.05). 1Y &
MmESH] gt BEBTEHAA T 2018 Bmastn
t A9 25 NaEd| =13 PRA fH7} BB
A BEEsS ddln, Kfid ERmE &gEr
Z ¥4 A NaEdl dl3t PRA = EFEEEN Bsld
v}, NaE 8} PRA il & FED ARG dsle
= (r=—0.790, p<0.001), NaE-PRA product = =
2379 359.5444.404] s A 514.44:42.10 @ 402.6
+59.6724 MR EZF WAL BmME 2900 p<
0.001), RMEFANA = EFmERE2) 9438 57}
% NaE-PRA produet & Vel gl

ZFEiEmE-2 NaE @ NaE-PRA producto] =3 &
EY EMMMNEE 23ov(r=0.834, p<0.00D)
PRA = MM} HBIBMAGR 9lglt.

w2td BEERZAA Y HnEe NaE9 @ 2
NaE o] #3F PRA &) 888y 8- Fsgal fERe
24 s, o7l NaE 5714 o} renin-angio-
tensin Rell Al RERSH] LAMNSE RSt
BAAG 4 s

3) KpEHEmEEA 4 NaE-x 50.1%7.24 mEq/kg
24 HBRA Kt Aol siew, & renin B
5B A E  50.319.17 mEq/kg 24 IE% renin B
o W3 Feolsk ggivk. PRALE Zmyo st 1,86k
1.539 ng/ml/hr 244 BB e 2Aol7t oot
NaEd) fhal BREETE »a fi7l 46 RESMBL A
o] 161 29ich

NaE-PRA product & FEHEE J9di, FE
renin ol 4 & NaE ¢ PRA Alo|d] #HBIRGRT 9
e} (y=—0.551, p<0.05).

NaE, PRA 4 NaE-PRA product o} FHmE 4}
ool & MBS dolvh weld AmiEEna A
+ NeE 9 #8552 glo=, PRASY EFETY ER
X NaE} g &dl @ii=l-l 2ole 238 reninf

WHEREARY Rid BRExE AoE gs,

4) EHHME A NaEsl 51.7146.24 mEq/kg
LBM e 24 F7ts+ A3l ¢l0130.05<p<0. 1),
NaEe] =} PRA 9] H3 £%%87l g+ Aoz 1
of BMmEEA £FIKN-L angiotensin 9 M IKiEME
Ad B A2 Rolul, NaE-PRAS &z
Agel A= #io2 Mol NaE, PRA ¥ W% #HE
fERo]l =5 BB 98 Aoz 44490
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