A E g F A A4 A2
The Seoul Journal of Medicine
Vol. 14, No, 2, June, 1973

AA 18 kAd ¢e]4 Renin-Angiotensin-
Aldosterone#] &) #%d] 23 A& A o T

An Experimental study on the Changes in Renin-Angiotensin
Aldosterone System in Renal Hypertensive Dogs
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£ antirenin A Fel 8 Yelsla s 2 stz renin-
angiotensin Foj2 T ¥GE HFUUGEE, EA=
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A NaA &4 R KolES 71822 59 NadAg
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AAA 2URE U 4 9 Ao et FF
Fodt R BAR v o] Bol BMBHE xSt
o &7 W BT o€ o)A renin-angioten—
sin-aldosterone |7} 714 £ 83 4L & JAR
gl Wek ¥ AU REAFEARE 44
BEd2dgolAl R-A-AAY W8 e AFAdez A7s
27 A =3 Aol
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¢) Renin activity =3 : Haber 5'* 9 radioim-
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of gate] A-IZ He A& J4F A sty A-18
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s]t}. olul] converting enzyme ¢ ¥ 57 2% EDTA,

BAL 3} 8-Hydoxyquinoline 5 319 44540 & A&
st et

Qul AY=xsL 24 standard curve B 7] $) 51
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A ¥ #9](Angiotensin | Standard Solution)& 4
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7tate] Aol hgoky fel g Ea g AA gt
TAE 2AR * ALY 59 FA9 A 947t
3l A%} charcoal residue-3 ¥ F 7ol
radio-Activity 5 243} standard curve T <9l
7 A E2A 9 ¥ (samplev] o] &7 2A 3+
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ublal 2 FpAY Felrh. wairtA Wy ez sample
9] &4 (Angiotensin 1)9 ¥=F FAs57] 413}
dA ke ¥4 @ A% 24 P& A 44
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2 g —3A APAs +AEAE g F FH
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A Akt o
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Renin Activity= 3 X100=pg% /hr

Renin activity & IA2kel §9 100mlel4 415 &
angitensin [ o] okeo 2 FAFg )

d) @ Steroid 9 Aldosterone ZFH :
3 & steroid R aldosterone -& Kliman ¥ Peterson'”
%o] 413 double isotope derivative assay o} Wi
oz g3 el FA3 -

steroid £ € 87 3cc & &5t 15cc o dichlorme-
thane & A 7}sle] PR steroid & 548 5% 4%
ol 2 AR F acetylation tubes] &4 A=A F
anhydrous pyridine 0.025ml, *T-acetic anhydride
0.03ml1 2} 34 37°CollA 442k W] ok3lo]
diacetate-*T Z acetylation -3 Az}, wjek¥ cortisol
diacetate-3T Rl ol &£A 3L 517 95y
diacetate-"C 9] WFAL% 1, 000cpm & R &3] Arbsle
Whatman No 1. oA o] chromatography 2 104 7k
AN A1A cortisol dicetate & F&2] et o)d] chroma-
benzene, methnol =

cortisol

cortisol

tography €9 & cyclohexane,
water(A:3:3:1) &4 -& A &35l cortisol diacetate &
spot £ uv-lamp 2 FPuhAld HH=2 APPTF. o
2 E A Fsted ethanol & elution A]#A o] & lequid
scintillation counter & o]£%}le] screen method &

ST gl MC o] Al S8 &35 323 2Zeo] steroid ok
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£ A5 e
ng: Steroid/100cc of Blood

_ (m—cpc/c mol wt 100
=787 X71.000 X3

m: cpm mixture *H+"C minus backgr“o”und cpm
at higher voltae(l.400 volt)

c: cpm'c minus background at lower voltage(800
volt)

cpm"C higher voltage
cpm!C lower vottage

C: Cpm"C tracer added(1.000 cpm)

s: Specific activity of steroid acetate
D4 F <k Steroid £ & Hok T oz
chromatography 2 AMAA &3 }.)

Aldosterode £ & AV|WHoz F£E3  cortisol
elution §}od ¢]o] Atandrostene 3,11,
17, -trione{adrenosterone)-2 reference standardZ 4]
oF 30mg Ar}slz 14 chromatography & %3l
steroid diacetate o) 4] aldosterone-diacetate & ¥& 3}
sae] 27
chromatograhynﬂ ] 7}3} refernce standard 9] adre-
S A A5t +£43% aldosterone-§ & A)H
liguid scintillation counter  screen method A] &4 ol
ofsf MC o T wbabyg &3, A7 FAN sk
¥ % alldosterone A& AL&319 v}

diacetate &

i o] oh4 23 chromatograpy &

nosterone =

V. ® & K &

A5 FEAAF g9 FndshHE ALE A48
o] G&al Wzd o] 136-+22 mmgHg oldl v 5k
393 210+4mmHg 2 < 47% S5 A=l
3FAA = A& Frlsledd. 3FFol+ 2641412 mmHyg
27 #ste] ofF 20l 7R Frtalgletsl AA A Shahe
s 2+

5% Foil 189421 mmHg 2 223 dgHAEE 29
o ol =® gz W o 40%7F TR AE #A
stz gk & 8qte] o] AH oA
2 at]d A41ddEE e AT 4+ AR
ol A} o] Y FuFHA A Hehdl T o
2t A= 83yl 4% Na 2 K, renin activity @
% steroid 3 aldosteone 3t HE & 53 At

AA, AFo AFL el dzgel 11.0%1.4kg
aldl wlsled 1F£dAX = E W] et 1574 F
FE £ g3hF7el vlalsie 3575 #BF 12.910.8ke
2 Hngs vel A& Asldle] A4 FEAAZE R

Table 1. Blood pressure variation after constric-
tion of artery (Data in this table were
represented as systolic pressure in
mmHg)

week|

(control) 2/1| 1 2 3 4 5
Dog No.

130| 220| 230, 250, 280 220, 210
160] 210) 210, 240, 260; 210 190
1500 200] 220 260] 275 230| 210
160( 210/ 210 240{ 250 200) 190
120 190, 230/ 250; 2600 210, 180
150 200 220 240, 260, 230| 180
130 220/ 230, 250) 280 220( 200
90| 230 220 240, 250 200| 150

00 =1 o 1 e W N =

25 A A%

mean 136) 210| 221| 246 264 215 189
+S.D 429 +4) +8 7| X12 F11 *21

Table 2. Body weight after contriction of
renal artery(in kg)

Week
Dog No. (control)} 2/11 1 | 2 | 3| 41} 5
1 10 |10 |10.5/11 |12 |13 |12.5
2 12.5/ 11 | 12,513 |13 | 2.5 12.5
3 12.5/ 13 | 13.5/13 | 13.5 12.5 12.0
4 10.0] 10.5 1 12 113 }12.5 11
5 11.0) 12. 5| 13.0 12.0/ 12.5,13.0 12.0
6 12.5 13. 0‘ 13.5 13.0 13. 0| 12.0 12.5
7 11.0 10.0. 12.5 13.0| 14.5 13.5 12.0
8 8.5 1100 11.0 12.05 11.0 10.0
| BRIRInIa

o2 g5olet AE ngch AsTEY e HE
11.8+0.8kg 2 o} % =z 2o F719 e x3
o (A28 9 A1=)
L AR ndgel B2t ¥F (edema)d] A=
£ Az dsz AR Hrtsled dAsgeh
5, 84 Na 9 Ko gpi%ed wae g 2
A3 Y AdFel FHG ute} o) &R HEFe
Na % K gto] 2tz 14142 9 4.530.9mEq/L gl # ¥
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150+0.5mBq/L & wgiet. AF Nat %7l ZHa4dtn

2
L]
| %g wg2 1 K& 713l Askd g e 55%64 % Na £ 1452
; SEE T 78z Egad B4® 4dE $4850.
| gég(}.l- __65.;
w - -
1 N ? Table 4. Plasma Na after constriction of
';?‘Egm- renal artery in mEq/L
| £z b (control) 2/1 | 1 2 3 4 5
| éS oo Dog No. | .
| 3=
| ,E' 5ol - 5 1 142 143 144| 148 150 145 147
| 2 g 2 139 141 143 147 152 148 146
i 140l
| 2 .1 3 141 143 134 150 148 145 143
£ 4 138 142 146/ 150 151 143 144
¢5 12
| %g ] 5 145 145 148 151 150 147] 146
| @ e 6 1400 144 147| 148 149 142/ 143
’ 3 7 1410 1420 145 149 151 145 144
| ¢ g 8 143 144 147 148 151 148 147
5 E 100
= S S AP PR PR S mean 1411 144 146] 149 150 145 145
0 ! 2 3 4 2 +8.D +z +1 2| 11 +1] +2 +2
Week
‘ Fig. 1. Interrelation between blood pressure,
| body weight Na, K, renin activity, Table 5. Plasma renin activities after constriction
) aldosterone and total plasma steroid of renal artery (data represented as pg
after constriction of renal artery of angiotensin- [ produced per 100ml of
plasma per hour)
Table 8. Plasma Kafter constriction of renal Week | ST T
artery in mEg/L {control} 2/1 | 1 2 ‘ 34|65
- Dog No. |
Week T R
(control) 2/11 1 2 3 } 4 . 5 1 20/ 83 100; 177] 187 170, 103
Dog No
2 80 87| 117 185 183 136 73
1 4
o33z 34 3 1400 240 230 313 405 3100 200
2
5 ¢ 3 2 3 4 3 4 117 163 190 230: 227] 203 153
3 _
3 3 3 2 8 3 5 220 257 290, 347 323 267 213
4 —
5 4 4 3 2 3 6 160 200, 262 375 386 290 263
5 S Eaa B BN S 7 150; 180/ 272 363 402 312 311
6 5 4| — 2 2 —_
3 8 170, 260| 335 392 420, 315 280
7 4 3 2 2 3 3 |
mean 132 184| 224 290, 317, 248 211
8 6] 4] 3 2] 3] 4 +5.D +57| +67) +74 +02| 95 67 +86
meen 45 3.8 3.2 2.9 2.3 31 34
£S.D £0.9£0. 510. 4 £0. 53:0. 4£0.6£0.5 AlA, renin activity = d4& 4°Ce 37°Cof

incubation @ =] A-] 9 A48 immun“o”assay ¥ &
slel Na gr¢ Wstel vlelsld 4402 Kake wolel = 3994 43 49950l F2& WHE ASK
o gasigder vl Nag 3F R FJag F3stdr. 48 HEFL 1324574g/100ml/hr o] 3.
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Table 6. Aldosterone level after constriction of renal altery in pg%

Week
(control) 2/1 1 2 3 4 5
Dog No.

1 0. 050 0. 067 0.080 0.125 0.132 0.090 0.070

2 0.048 0.087 0. 090 0.150 0.230 0.112 0.078

3 0.030 0.078 0.123 0.19 0.212 0.178 0.125

4 0. 060 0. 098 0.102 0.153 0.176 0.102 0.113

5 0.011 0. 056 0.078 0.091 ¢.125 — —

6 0. 067 0. 090 0.123 0.178 0. 167 — -

7 0.028 0. 050 0.132 0.165 — — —

8 0.031 0.078 0.117 — —1231 0.132 0, 089

mean+S. D 0. 041£0. 018/0. 07510. 015:0. 106+0. 020:0. 15140. 027(0. 182-+0. 038/0. 123-0. 0300. 089--0. 023
Table 7. Total plasma steroid level after coestriction of renel artery in g%
Week I T - =
(control) 2/1 1 2 3 4 5
Dog No.

1 3.24 3.67 4.50 3.28 4,32 3.82 2.38

2 7.90 8.7 6.50 5.76 8.17 9.31 7.43

3 4.26 5.31 3.23 6.78 5.51 4.32 5.56

4 8.16 6.76 9.76 10.53 8.7 7.32 7.50

5 5.67 4.34 6.13 7.1 5.53 — -—

6 9076 10.60 8.57 11.50 13.23 — -

7 3.93 4.67 3.78 3.12 — — —

8 7.14 8.67 7.53 — 6.79 5.16 6.43

mean+S.D 6.251:2.43 | 6.59+2.31 | 6.2512.19 | 6.86+3.01 | 7.47+2.80 I 5.981+2.00 | 5.57-+1.85

T3 T A7) AAse AFde] 22,4474, 2
FF6 290192, 3FFe 317H95. 4F Foll 248497,
5F &0 211+86pg/100ml/hr  renin activity = |}
o wlzdle F&dln deld Az Y¢4& wole 3F
Fo renin activity = #H3gh2 ¥gx xy ¢
2.50 747 Ertsisiek. A% Aol wek 4R A
stelsl ot} 5FFo s a4 & 1.6W 71 Sold
& 7 sk =k

JHAl, AFY L2433 Y5 aldosterone ¥ steroid
€ double radioisotope derivertive method 2 =
At Az v 2gte A6 R ATEA Tkt
241 aldosterone 3Tt 8ula]e]l W Foi=3E 00.41
40.0184g %0 W5k +¢A% FA FoskA] A%
sle] 357" A& AshE7lel wiel Agsin ke
0.18210.035.8% 2 W =3k 4o o4 Zrlalglch
A% A7 A ARE uged 5739 ye
0.0891+0.023pg %2 oz gtel 20 o4& A% A

el oel¥ W& renin activity & ul#] &}g o}
renin 2t} o] §AE F14¢ gl

e W3 steroid 9 FEt A7INH BE vps} Fo)
WER WE 62532431 4EF 1FY Fd
6.25+2.19, 2FF7} 6.8643.01, 3FF% ko] 7.47
+2.80. 45 % ghol 5.98+2.00, 553 gkol] 5.574+1.85
HEBHE ARAIZF 2 HFe] UL W WEte] &
BAAE & 5 gy

ol A¥AAdez wet AFY Y2z §uF A
ALUE 134 fgle] A¥FF P22 Agdely
renin £¥] F7LE 2H R ol T A—A—1 & o
Az sle] FAel] 245l A=A o 2 aldosterone F-u)
% FANL o AMuiel Agstel Na AFs R
Ko ¥ld¢ &£x%o= Na retentiono] 235802
FEE 2439 AFE B AASE AB 24
9] 2] renin-angiotensin-aldostrone A1 %] A8l o] W3
E Agq 7+ Uk
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V. % 3

A4 2@ 9HE renin-angiotensin & Z-&o &5 |
e FA 30479 8 AzEA 9% 2FIAW
2 94T o 85 = AR A PHE o
223 A vk gley 2l o4 AA HEE
A Zstel. & renin angiotensin o] L@gH& FL¥E
AR 492535 T F2AAAE ATskd 44
Bg agedsl YAE AdAez AFHA A4
aldosterone 28] & Zx 5l Na-retension & %] 54
2UGE FLAD SV APRYO 0L 23 Y
Aok Ed|Borst™ F& Agnggtel T84 ddo
aldosterone ¥-4] 7} 2 ¢l Na-retention o] A 29
d& F7A0A4 ANHgE F7AA REAY Hso=
QA 2xa Autask Folel JQdctn #3 s
A3 Floyer® @ Ledingham?® %= A FHAZLF 27|
gkt A 2o A 9 AutEge] FAAYE w2
Conn?® 5% 2A5a 4%F4L 7}x primary aldostero-
nism g =hell 4] o] F¥o] LGS FubEl s Aoz do}
Borst &9 FA4-& svla skgivh

L AGAAANAE AgY P22 ouleA & A
2213 EAle| & Ealdosteone o] dqrAlel )
ste] F7I=|a Naghe] &7 9 K 39 A5 &24%
£ aldosterone Z+g-0.2 Q13 E3}E 43 vEhA
2314 o2 Na retention &2 l¢ FFdA4= F+%
A F2 F7}7} aldosterone Hule] wlE st F7HEtE
Adz 9T 4 AT 53 A5AHaz A% =
#elr EEL E4bsle  aldosteronism £ renin g
angiotensin ] &g Wk u} A E" ¥-2ARDZ 9|
AgEY At 4 g dZzE £94594d e
stretch receptor == maculademsa ¢} chemoreceptor
£ A3l LG celldl4] renin 3u] S Fdsia of
L g Fo 4] 7Lge 4] ABALs]E renin substrate gl ¥
Aehio] Agsld A—1& ¥4, A—1+ a4
42 5] = converting enzyme o & Qlate] A—[7} ¥
AR A—17F 2 R4 A aldosterone Fw| & AT
gt AN 2AAF2AY dade] d4a VA
AEA =g vie}l ok F 1960 Genest®® 0 ,©
W Laragh*® %] Al A—1 7 aldosterone | ¥4l &
#o39v}E 1S @ old] F% renine] UE FFJ 4
&g adstd 494 Ao Y g A
112 uh9]§le] renin angiotensin 2 aldosterone o] 4]
2z ase] A4 AR qAE A 2 2
= 3 ek ) g9hE =A%+ renin-angiotensin-

aldosterone A7} A A 3 52+
2 AgHA4A AFH FEAF]

renin-angic-

‘ tensin-aldosterone Ale} v| A= G2 Aled =AF

upe} o] AA FR AAAF 3dute AT FUME
357 ugx A% AR Fiie AFE 2god A
& A4 d¢idE & FE FANET o] " Fe
u]al] ke ¥ E renin activity, aldosterone 3l Na 9]
o] Frbsla Ke vl Aslga 546 ¥5& &
sl A4de Conn? 5] FA3  secondary
aldosteronism 2| A FAql E4F Al ¥ 4 4
. FA ¥F steroid L AFYAR=z E W52
giglert aldosteronemle] £% Frlgvs Hoz
Genest @ Laragh o] A—Jeo] HAlo Addoz
aldosterone ¥¥]9t-& AFPTE A4 L AP # &
A4rh E A FFT 98 47 AFY {2
2 e Axe 3 ASE L e BT 4
B HEAA 3FFe A Aoz HEC sEHE
BEge AdFF FaR ¥ A—19
aldosterone #u], aldosterone o] Al xmils] §lolA] 4]
Fol & mFAL o2 JF A dLelem B & AA
2t} renin activity o ¥zl dle] FE gejel=rt A
ol Metsle Aen dol 184 Yol AYHsF 7
ke AT ddte 3FF e =B E £330
Ee] renin 29]7} oA E JA R Kk

& reninel] 482 WA 94w % primary alds-
terone 3} BA ¢l o] F7]4 0.8 aldsterone ¥ A} £
# ¢} = idopathic edema®” =4+ Bartter’'s Syndrome?®®?

renin £8)

3} 7ka] AAH Ao 2 juxaglomerular apparatus 2] o] 4
wlg = 84 ¥ reningh§ FAFEAE Lyt
Y- FulA] ok 795 A7} renin angiotensin-
aldosterone Al 8] F4Aql AN, cREAF & ¢
ZH AL o] 8-S A7IE 4 o)t B AHA A
4] B ulsl el A B RyAAET R A
g glell A 1x}4 ] AldFeF A7) renin-angiotensin-
aldosterone Ao AEA ¢l A4 EE Mg Ho
2 3o} Aox APl Al geidE AdMA
gz o] A%l b T2 HEE: T& AY
3 4 ek
V. #8 #

8rjzl 8] FAAAE o] -iled A FYY Y EARER 4]
A ehs kA f o AlFvie Wkt AT &
2 EAol Adeld Wbyl Foll w2y g Na g

K, renin activity, ¥ % steroidteroid % aldosterone
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TEE 672 H4eA g 2L A4S A9

1 A% 2833 F 39 e 4441 H=%
136+22mmHg o} vw]sle] 3gdutel]l FAF F71E vgdx
377 A% Fvteld Jn Y FF 264-H12mmHg & 2
et AFE AR A A%E Lo} 5FFd=
B3 189+21mmHg 2 &4 da2gad 453 &

< #AsE el

2. 874 renin-activity = +&x wix 3 Fzke]
132£57mg%/hr oo w]ale] $eF F43 Aden
W@ ol Wleelel 354 A% FA9 35F AL
o] 317+95mg%/hr 2 el 27 < 2.59 7tk F5h
FH . 5FFdE 211286mg% /hr & H=Fuche §
A =3k

3. "% steroid §2 dhxgke]l AT 6.2512 43ug%
olu] de} Aol wiel ot FoAE AL g2
ZHFE U 5FFd = =e8lo gk AetE A
47 aldosterone g2 A wlEgke]l HHE 0.041
H0.018zg%¢°l g ott =% ¥t 9 renin-activity off
vl ale] F7lsta 3FF G- 0.18240. 038ug % 2
o) 2zt e] 4] o)Al Frlelgltr. F  angiosensin & A
A EE Aol F335A) 5] aldosterone v & A H
Aoz AITE ¥ 4 gz

4. aldosteron &} 9 gk& W= Na Wl K¥55E:
aldosterone ¥ %] Na & wls]slz K& v shd
Asee v ¥ 4+ gl

5. AlEY ARE AT e sEA A a2
o] 11.0F1. 4kg gl o} aldosterone § 33} vlal) 519
3FAA e A% Foketn A IR 12.9310.8kg =
7ML A AR Al ShE]e] 556 11.840.8kg =
HA o m ¥ Eol o+ AL F¢ . = aldosterone
o] vl st} #Fo] F7} H & Na retention 0.2 Q13
FEolehy Aadn 559 Y=g AT Fohz F
EEESEPETEN

o) 45 AYAALE A FEAAE $obd A4
3 92 renin-amgiotensin-aldosterone A« A g
W F -8 235l secondary aldosteronism o] =13 2 q]

dG g Agel 2 4 g3

ABSTRACT

An Experimental Study on the Changes
in Renin~-Angiotensin Aldosterone System
in Renal Hypertensive Dogs

Ki Rin Lee, M, D,

Department of Qrthopedic Surgery, College
of Medicine, Seoul National University

(Directed by Prof. Moon $ik Han, M.D.)

In 8 Mongral dogs renal hypertension was produced
by partial constriction of their renal artery. After
the constriction of renal artery, the changes in
blood prnssure and body weight were measured every
week during the course of experiment for 5 weeks
and also simultaneous blood samples were drawn for
the analysis of the activities of plasma renin,
steroid, aldosterone, and sodium and potassium
concentrations.

The results obtained were as follow;

1. The control mean systolic pressure before
operation was 136+22mmHg. After the constriction
of renal artery, it was greatly increased within 3
days and rised up to 3weeks continuously, when
maximal value of 264+12mmHg. was measured.

Thereafter, the pressure was decreased gradually

but it remained in highter value than that of control
till 5 weeks after operation.

2. control plasma renin activities were averaged
132+57ug % /hr, After operation, the plasma renin
activities rised up proportionately with the rise of
blood pressure up to 3 weeks The maximal value at
3 weeks after operation was mean of 317+95ug/hr,
which was 2.5 times of the control value. Thereaf~
ter, reain activities were decreased gradually as ‘the
blood pressure.

3. The control plasma total steroid was means of
6.25+2.4312% and there were a little variations in
that value after the constriction of the renal artery.
However, the plasma aldosteron level showed probor»
tional increase. These facts seemed to show that
angiotensin stimulates only to secrete aldosterone in
adrenal gland.

4. Na levels in plasma after the constriction of
the renal artery were proportionately incresed with
aldosterone level, while K level vice versa.
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5. The changs in body weight after renal hyper

tension were from 11.8+0.8kg in control to 12.9
0. 8kg 3 weeks after operation and thereafter it

was decreased gradually.

The increase in body

weight is supposed to mean the degree of edema

due to Na retension by aldosterone.

From the above data, it can be reconfirmed that

remarkable disordered function in renin-angiotensin-

aldosterone system in the renal hypertesion,

and

that these changes are same with those in the typical
secondary aldosteronism.
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