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= Abstract =

Effects of Atrial Natriuretic Peptide on Renal and
Hormonal Balances in terms of Aging in Rabbits

Jong Duk Kim*, Suhn Hee Kim, Jung Soo Kim** and Kyung Woo Cho

Departments of Physiology and Pediatrics**, Jeonbug National University Medical School
*Department of Pediatrics, Wonkwang University Medical School

Mammalian cardiocytes secrete atrial natriuretic peptides (ANPs) into plasma, which cause marked
natriuresis, diuresis, vasorelaxation and inhibition of hormone secretions.

Aging influences the ability of the kidney both to conserve and to excrete sodium; i.e., in old animals,
the excretory capacity of sodium is reduced and the time required to excrete sodium load is prolonged.
Therefore, it is possible that animals differing in ages may respond differently to ANP. In the present
study, we determined whether the renal, hormonal and vascular effects of ANP may be influenced by
aging in conscious rabbits.

The plasma renin concentration decreased with aging but plasma ANP concentration was signifi-
cantly lower only in 24-month-old rabbits. Plasma aldosterone concentration and atrial ANP content
did not change by aging. In 1-month-old rabbits, ANP (atriopeptin III, 3 ug/kg) administered
intravenously caused hypotension and decreased in plasma renin and aldosterone concentrations, but
did not cause diuresis and natriuresis. In 2 to 5 month-old rabbits, ANP caused hypotension, decreases
in plasrha renin and aldosterone concentrations and marked renal effects. However, in 24-month-old
rabbits, all the above effects of ANP was blunted. With hydration of physiological saline at a rate of
15 ml/kg/h for 2hr, urine volume and glomerular filtration rate did not change but the electrolyte
excretion as well as fractional excretion of sodium significantly increased. The plasma concentrations
of active renin and aldosterone were decreased but plasma inactive renin and ANP concentrations were
increased. The changes in renal function and plasma level of hormone showed no differences in
different ages.

These results suggest that the peripheral vascular receptors to ANP may develop earlier than those
in the kidney, and the attenuated vascular and renal responses to ANP in the old age may be due to

age-related modifications in renal function and blood vessel.
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Alupe] gato] g ko] Fo1E dod|m AW &
A3tz A7 ALN ] 2ol HdFPe] BT
= e} (Henry et al, 1956), 195613 Kisch+ 4] #H2]
AbA Lol = A A 2o A &= B 4+ Qe 53
Hlo] EAE-E WAAsIgon], Jamiesons} Palade
(1964) = Al A Lol EAJ3HE o8 S48 I
o] olg] FHo ZREFE d] 23 YL
oista, A ELE 45715 S /AL e #
gk o el Al Z el A] ofw g B S FA st vt
2 T Qe 545 M Aolztx 5313
o}, 1979 De Boldt 4% =+ AdAL 170
ofsted WA} Aukd L] FHPo] FrHEHE A3}
2, AT B4 AL 48 o AfAdzd
= A= g Aozt syl

19813 De Bold%5-2 Wi Ald}l ZZ ol (atrial
natriuretic factor, atrial natriuretic peptide, ANP)&
ut A Ao Fojsle] A4eta A 27
$£% Nawjdge] F718 23tz o] &3+ 4
T-Al o 25 o] Wspgle] vebdE ARG e, 4
AZZAe 359 AAE JebllA] GgteS 2n
et ol g AlFE el 2 sF B 8F
Nawjd F7}E7s AGAIZW S48 A3l 9
3] vpebdo] Garciag (1982) 9] B mol of3}ed ¥}
HFch, ANPS AA7| 5ol Qe v|A & 24 7
Aol W3l A2 Aol gt Bt glo] AlSEd =
+ ¥4 ANP Fojol] 93l el 2% % Na
WAZEE AP 227 289 shfod, o
o WA, N, AEAAE sl Bol BAe] AT
Ao g e BAA Zrhdchn 5ot (Maack
et al, 1985; Palluk et al, 1985; Baines et al, 1983;
Burnett et al, 1984; Maack et al, 1984) o]oj Hl3}
of Seymour (1985)2 ok Aol ANP] 2
AlsH Fo2 98 o NawidF7tasdes 44
4 e AFAAFEe S £ 4 dokn 8
25z, dRgedH] Haglels ojxast
Aol 4 A5 A48, Lee B Cho(1986) =
$uba slEold 23] ANPE AANZ A 5
oAod ATHAARET ARFD) 5718 Ao

% ot 4 A e Fbeh Aoz e
renin ¥-6]2] JAE Fo 7§ ¥ wdte] ANPY A]
AU 28 71 A o] 74ekdlA| e dAIE A

¥4 ANP5EE S48 44 % AdAdzdl 9
3] ¥z} )3l (Pettersson et al, 1986; Sarazar
et al, 1986), A% G4t Aol AL A3
Ao n o 75 ¢ 3 (Januszewicz et al, 1986),
283 EEAAE-A S (Burnet et al, 1986), Hl=Y
(Schiffrin et al, 1985), =tAJAlH-AH 5 (Hasegawa et
al, 1986) = 1% 9}3k=} (Sugawara et al, 1985) o] 4
= 843 Frtdvn Lusgch, ANPE Add
AAE wAsgen, 4F 2~429 Aok (Weil
et al, 1986) 2} .82} (Ohashi et al, 1987) o 4] ¥
Ul ANP7} Eobe B % glov volo & d3
ANP 5.2} 3ol 7} AolAl 8] ANP 3] £ 3
Hemel sl 71T A, BE ALY 4=
of sHolo] 9% AcAE obd 2ud o} o,
Uelo] el €3 ANPEES Aeldel 99l4
ANPo}| t) &} Al#37]%5, renin 3 aldosteroned] Hl-$-
ALz 4 ex= deA vl gl

Lufts- (1980) & Apgtel| 4 o7} &Kol wre} ARt
#H) o] 7§ o] 7143} renin-angiotensin systemo] 2F
5l5]o] Nag] gatAdo] 7|22 o2 w37} 5 o] 7}
FAT A4 3 Foll Navliof o]e] A A4
off o jF ol AFoll s madgte] HAT 4+
+ 754l § =2t ¥ 3 (Somlyo & Somlyo,
1970) 3} ek, =&t o] 7} Foll whet el 724
W37} e Alslo] ekgoll digk WAl o] HepAlvta
ol#) % o} (Emmick & Cohen, 1986), u}aja] AlA =)
Yol 283l ANP 5771 qi3jol we} Aolg
Aoz 7|d= olof #et Rart wA] et

AL AF 1,2, 3,5 24045 9t 71Eo]
A AA ¥ gl Alvhge] ANP¥=, ¥ aldos-
terone % renin ¥ 5 5 &4 3} ANP F-ofof ¢
gt A& 7|5, ¥ A renin 3 aldosterone %% o] ¥ 3}
% vlm wash
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A% Agagion, 494 AFUL B3 AR
£ 233 Fof AdAF Aol A AL s,

2. L}ojo]| & Y E renin M T, atrial
natriuretic peptide 9! aldosterone ST 2|

Hatoll et AH

WAAEE 22 $olA RIS 2 14
Eoll 2AAFA Yol A7 F 24 G Neoflon
needle tubingS FAl o] FHell AMJSIE A
o}, ANP &4 3 P2 ¥ 1 mlg aprotinin
900 KIU/ml, EDTA 1mg/ml, PMSF 100 ug/ml7}
E9930E A7}¢ polyethylene AP 3ol P} o
], &7} renin YA = U aldosterone2] Z3-2 93}
A Qe EDTA 1 mg/mlr} Sojgli #7he A|ddz
ol 3}, AL 4, 3,000rpme B 15871 Y
ARe sl —20°Col| ®Bslgen, 2E hormone
o 252 29 ool Fach AYF Aol
ANP 55 2437 A9, HEe] $¥F Zehel
of BPAAF F4E 4o IS5 AE L3
74 Al H A 4o dof Fh& AAZ, 01
N acetic acid 4 ml7} o]+ Aol e}, <
Z Alute] wet weightE 24313 100Co A 587}
7} < 5} o proteolytic enzyme -3 A A 3L 4 2 =,
Polytron homogenizer& AR-&-3}ed 4°Coll /H ulay 5}
e}, 10,000xg2 YA 2] 5te] AZ A F23le
2 o] ol ANP 55 ZA 3150t

3. ANP7} 41E7| 50l olRE
s AY

Hulz st el #Mxdlr] s Foley catheter (F

228 =]

#5)% el AHstn 2Bl Yol AF2E ¢
5 2o sginh AR 2 Y AHE DA

7] 93, SAlo)5™ Z9)& lidocaines 8 4w}
E KAl ?’— heparino] 5] gl 24 G polyethylene
(PE) 3% Ay stalon, oE 75 A8 1ml/hr
o 452 Aed Ad4E o AL B FUsH
et 147 $ok AR F 308 A0 2 34
3 Axste] dZHE AL on, atriopeptin
III (rat-ANP 5-28, AP III) Sug/kg FoJ sl A%
st 5~63] A xw sl gl Atriopeptin HII(Nova
Biochem)& 1 ug/ml=]A] 0.1% bovine serum albu-
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min(BSA) o] Soiglt Aed Ad+z 343k
Eoslgct, Ago] ¥y furosemide 1 mg/kgS-
Soish] ANPS| A% 8¢ delagich,

Ybe] 3¢ FAol 5ol A PEYo] 47
9 ¢HAB71E Skl physiographol 7| a3l
o}, ¥% renin AR HES 27 A% AYL
A37)8) F7el YRRV S5 Aolol
9] %] 3} threeway stopcockE %3l heparinized capil-
lary tubeel] ¢F 70ul¥ %}gl2w, ¥Z aldosterone
o) W 2R AYE FE 3084
ofEFo] 304, zElm 1204 Fol 150ul 313
o}, N33t YL capillary centrifuge® 4°CollA] 5
Bl YA A 7] & hematocritE £} 25ule] ¥
Ae ARAAEANA QL renin 7| Aol s}3)
Suskstel A7 ool AT

4. Hydration0j] 2|%} #Z} ANP, aldosterone
9! renin M T o] Halo] EEt MH

Zold w7l E o] F235}7] 9§ Foley catheter
o AYsr) A PERE Slsh 5UD PHez 4
Qstgich, 30%ol4 PAAZ F AAW ANP,
renin % aldosterone &% 3} Al&3 weog
Ao 2087 25 A3l HEAE AL
ssich, Aeld Ad4E 15ml/kg/hre] S22 ol
A E3lo] hydrationi]| o, 208 Aoz
Ax3tedc}, Hydration]7l 227} Zof #3317
T3 uog AP, AL 3,000rpme
2 4C3)A 1587 40405 A48 Belsted —
20Col 2@ sho] 29 o] thel 33 a3,

5. Atrial natriuretic hormone 5T M2
2|$t Radioimmunoassay

ﬂ?‘hﬂ.‘ﬂ ANP¥ Sep-Pak C,, cartridge®- o]-&3}
of 2astgen, $E9 24 APATOl T3
4o} (Cho et al, 1988 a; Cho et al, 1988 b; Cho et al,
1989; Kim et al, 1988),

ANP rx o ulxlod&ZA4y.e (.29, neomycin,
10 mM EDTA, 50 BAEE/ml soybean trypsin in-
hibitor (SBTI), 4 ug/ml phenylmethylsulfonyl fluo-
ride (PMSF), 0.029, sodium azide % 19, BSAS ¥
318l 0.1 M Tris-acetate buffer (pH 7.40)5 A}-&3}
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of gatgict, Aluhel ANP 5= 549 RIA Y
ol ol ont, FAHe] ANPFE & disequili-
brated assay B} © 2 3§]9]4= u}, ojuj& 100 ule]
antiserum3} A] & 100 ulZ- 4°Col| 4] 244]7} incuba-
tiong ¥ 5o 1-125 ANPE 58 715l 4]
244]7} incubationd} i, charcoal suspensiong- o] 8-
%} bound form3} free formS- H-2]3}3c}, Char-
coal suspension-& renin assay ¥l ol] F3lo A=

ek,
6. Renin $4E SHS 8t WAlHS 2T Y

Renin QA 24L& AddTFol Fohsieh
(Cho & Kim, 1982; Cho et al, 1987),

& = inactive renin &4 £ 9] & 2 Barrett5
(1981)e] #4¢ #22 945 cHCho et al
1989; Hwang et al, 1984), =, &3} 50 ulof] 20 mg/
ml®] trypsin 5ulE 7}sle] & E3sla 4°Coll 6%
7t} 2247 &, 40mg/mle] SBTI 5uls 7}3}91
t}, Maleate buffer (1.5 M, pH 5.88)2} angioten-
sinase inhibitor mixture 50 ul (EDTA, 5 mM; PMSF,
3.75 mM; 8-hydroxyquinoline, 3.4 mM; neomycin 0.
49)2 o] 37°C shaking water batho] 602 7}
incubation3}e} total renin®] TA T & A5,
¥ Z active renin 4 £ = oA odF3 trypsin 5
ul &} SBTI 5ult} Al o] Tris-acetate buffer (0.1 M,
pH 7.4, 0.5% BSA) 10ulS 7}sle] Ealgh whiio
2. incubationd}e] #2]§ ¥ active renin®] FA T
2 ZA3)lgch Inactive renin® A X £ total
rening] A T of|A] active rening] A EE 73

oz AEagch

J

ol

7. 8%t aldosterone =T 2] X2 28t
Al ST Y
% £ aldosterone ‘¥ = + Diagnostic Products
Corporation (DPC)A}#] solid-phase RIA kitE A&
sl 24930k,

8. staty 24

AN A3 2 9 #al <] creatinine- Phillips (1944)
9] w0 g WAl A}A spectrophotometryel 2]5F%
a1, Na$} Ko} =42 flame photometryol 2|3}4

t}. Chloridel: digital chloridometer& A-8-3}9 e
v osmolality}= freezing point depression #-g ©]
43} osmometer& A3} o,

9. ALE%=E

A-E-7) ok trypsiﬁ, soybean trypsin inhibitor,
I-ethyl-3~(3-dimethylaminopropyl) carbodiimide
hydrochloride, rabbit ¢ bovine serum albumin,
phenylmethylsulfonylfluoride, neomycin, Trizma,
phenylmercuric acetate, maleic acid, creatinine,
para-aminohippuric acid, charcoal & Sigma A &,
atriopeptin III:= Pharmacia®] % Nova Biochem#)
%, glucose:= Fluka#] &, Na I-125+= Amershamx]|

£ AHgsigish,
10. S 2|

APAne] EAA e & analysis of variance
(ANOVA)®} modified Student’s t-testol] 2] 3} 9 <.
o, pvaluerh 24 0.05 ol 3tel A% 9% ol
A Z Abgkeh, A3 Ao $8-& mean+SER 319
o},

4873w

1. Aol 2 71E2| #ZE renin, aldoster-
one 3! ANP 52| HF

%4 1,2 3,5 24093 7tES] AFL 072+
0.06, 1.25+0.11, 1.96+0.04, 2.77+0.21 z&8]lx 3.
15+£0.17 kg o 2 F7}31w, o] wlat A renin
A5 E 54.00+10.40, 39.95+10.66, 25.02-0_-2.34,
24.94+6.03 22} 10.72+3.36 ngAl/ml/hr2. 7}
43t g ) (Fig. 1), @A aldosterone 5% & 0.26+
0.03, 0.29+0.05, 0.39+0.07, 0.22+0.06 8] 0.
2740.06 ng/ml2. Aol RAgle] A3,
& & ANPX % = 8045+9.26, 71.28+7.19, 72.
40+11.01, 77.40+16.70 =12] 3 47.104-6.77 pg/ml
2 244N 7tEAA A ANP 552+ 1704, 5
NLH 7HEol wls] dA3] FHastdch AW
ANP &2 2, 349 H 7tECA 5 Aol &
Adbel wla) wtgtent 1,5, 241945 7FE A

FA e Aol WAL + Gk BY

fe e
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Fig. 1. Plasma renin, aldosterone concentrations, atrial and plasma atrial natriuretic peptide concentrations in different
ages of conscious rabbits. BW, Body weight; PRC, plasma renin concentration; PALDD, plasma aldosterone
concentration; PANP, atrial ANP, atrial natriuretic peptide, in plasma and atrium, respectively; 1 to 24, 1-24
month old rabbits; L, R, left and right atria, respectively. *, Significantly different from other group, p <0.05.

ool webd 23 A ANP ek e
Ae ngon} F¢ WEE volx wgieh
AES] W5 7 renin FATE uABAL
B o}, ¥ aldosterone, @A =) Auld] ANP
Feke) Wk olsh FG 4ABAE nol
okt (Fig. 2), =& vpolol] uE ANP F=2| ¥
L ¥4} renin 84 5 3 aldosteroned] ¥-F 3=
fol% AUBAE wolx dstesd, 33 A%
o] ANP §&a= o8 A3aAE vt iy=
0.65x+35.6, P<0.01) (Fig. 3).

2. Atrial natriuretic peptideof| 2|3t AlZ}t7|
S Y% renin Y aldosterone K 2|
HE

AF 1AYY sl AHHE ANP, 3 ug/kg
Folol o AL 7171230 A} 67.3+1.8
mmHg2 {2]&A Z4slgen], €3 renin 3
A5 4] 27.945.70] 4 23.6+4.18 ngAl/ml/hr 2.
7445 t}, @A aldosterone 5 A A] 0.47+0.

116 4] 0.334+0.07 ng/ml2. 7} 4 31 o o} (Fig. 2).
221} ANPol| 93t g8, ARFAlod g 3 A3
AujAd e {23 H3E ¥olx elgtol(Fig. 5,
6).

A% 27045 7hE oA ANPoj 93ho] &3
73.2+2.70] 4 68.84+2.5mmHgs $o|stA W3t
g em, A renin FAE = 21.55+5.740] A
18.92+5.30 ngAl/ml/hr2 7}A35tE AL 2y
t}, Aldosterone 5% += 0.4840.12 ng/mloj]| A 0.
34+40.10 ng/ml2 2] §}A] 7+4 319 o} (Fig. 4),
ANP Eojo] o) S8-e 69.0+19.00)4 96.0+
16.0 ul/min/kgo. 2 Zs}ete AL ngon,
AT-A o] 38 33440160 4] 4.5740.16 ml/
min/kge 2 Z7}stg]c}(Fig. 4, 5), &5 Na, Cl
3 Kz dA43 Fristd e, Navjd®
3 4] 0.59+0.199%0] 4 0.99+0.319%,2 Z7}35}
ot (Fig. 4, 5). S8&RAFEE 0.026+0.015
o] 4] 0.048+0.015 ml/min/kgZ ¥ =} 3] Z7}3}%
ct (Fig. 4, 5),
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Fig. 2. Relationships between hormone concentrations and body weight in conscious rabbits. Other legends are the

same as in Figure 1.

A% 349D 7ol ANPo| o5 dte]
7}3} aldosterone®] 74 E I AsEd o (Fig. 4),
ANPo)| 9]3)] ¢ 22 48.0+16.00] 4] 87.0+19.0 ul/
min/kgo 2, AFA o F-§ 3.3710.190 4 4.75+
0.40 ml/min/kg ¢ 2 & % 3] F7}3 ), 8% Na,
Cl 9 KuAdak 32 2.86+0.170)4 6.14+0.95
uEq/min/kg © 2, 6.18+0.19 o] A 11.40+1.46
uEq/min/kgo 2, 28] 3 4.204+0.610]4 5.67+0.
67 uEq/min/kge. 2. Z7}8t 9o} (Fig. 4, 5), &
FEAEFE FOI2 W oA Yskeh,

4% 5499 2ol 3ug/kgs] ANP Sofof
oa) Wt o) WA renin PATE PAsE A
u}-S ¥ 9 o1} aldosterone® # = 3d ZF4LsIYdT}
(Fig. 4). ANPol| o]3] 22-& 350450004 61.
0-+14.0 ul/min/kg® 2 A}-F-#] o B§-& 2.95+0.27

ol A 3.32+0.30 ml/min/kgo 2, Nawjidisle
1.09+0.250] 4 1.90+2.06% 0 2 77} Z7ls1d.e
o, frEl42A F 4+ 0.085+0.01160 4 0.086+0.
010 ml/min/kgo.2 F9% WA3HE olx| Gk}
(Fig. 5, 6).

A% 449D SHEolA ANP Sofo] o} ¥
ol @A renin A % Y aldosterone-> 2] 3 7+
£% wolx wobeh(Fig. 4), 2% B ATA o3
& 77+ 16.0+1.000] 4] 22.0+5.0 ul/min/kg, 1
90+0.110] 4] 2.89+0.88 ml/min/kgo 2 =7}5}s
7A3E B Qo) FoskA = ¥t} Na 2l Clsj
Aek 34 2021 1.04004 4.26+2.47, 2.751+0.97
o A 4.75+2.29 uEq/min/kg e 2 Z7}5}= 7 gkul
B Rt (Fig. 5, 6).

Figure 70j 4] M. = ule} Zro] ANPo| 9|3} &gt
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Fig. 3. Relationships between plasma renin, aldosterone and atrial natriuretic peptide concentrations. Other legends

are the same as in Figure 1.

ol

17+ & 7, A renin 4% 7 aldosterone %
te g obe A whel olAw AgE B
v ANPol| 93} o] &7+ A& 1445 7HEo)
A B4 gsled, 4448 e E 2,3,5
N H 7LE ] w3l of 5 o} glol o} (Fig. 8), A}
TAA g o AN Frlave 94
AZ 195 stE A B 4 glglern] Nagf o
AR F7bs & 4 3ot (Fig 8),

o

3. Hydrationo|| 2{3t A1%7|52 Y3 renin,
aldosterone 9! ANP & o| i

A% 1,3, 2ejx 24704 Fop3 s E e A
o 15ml/kg/hre] Sx2 A2 Ad+E FUT
W 8% 2 ATl e o3 HIE 2ol
Sttt (Fig. 9). A% 1Y H 7[Eof 4 Na wjAdzk
£ hydration® 2] 4.05+1.6501| 4] hydration 7| A&
20~40 F-Zof 9.49+3.51 uEg/min/kgo. 2 & 1%

of Do, 2% Cl Y K wlAE Nag| wjdss)
FAHE A %o.2 2745i90eh (Fig. 9, 10),

AF 345 kR4 Na wjdefe 1.8510.
47 uEq/min/kgol| 4] hydration 7| A]3 20~80%-3%
ol & 13.94+43.66 uEg/min/kgo B A3 Z7}54
t}(Fig. 9), 8% Na, Cl % K w4 £33 Na w4
o] wistel Ak Aoz wslgdeon, i
FEAFHE olsh §A PP S
(Fig. 9, 10).

A5 247195 7} Rl A hydratione] 2] Al37
So M3ke A% SAYY SEelAt S
& 2% (Fig. 9, 10), & 23 o Alpalo]alg
ol gt HEE Holx] fgtown, Na wiAdze
27+0.120]| 4] hydration 7§A] % 20~405 %o
64+ 1.58 uEq/min/kge. 2 Z7}3led 21 2o
et Na 323 Clulda 94 fabe 34
o2 W33lg

ox.
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Fig. 4. Effects of atrial natriuretic peptide, 3 ug/kg, on the blood pressure, plasma renin and aldosterone concentra-
tions in rabbits. 1-7, urine collection periods as 30 min interval; BP, blood pressure; PRC, plasma renin
concentration; PALDO, plasma aldosterone concentration; 1-24 m, 1 to 24 month-old rabbits. Arrows indicate
the injection time. Numbers in parenthesis are the number of experimental animals. *, Significantly different
from control values, * p<0.05, **p<0.01, *** p<0.001.
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Fig. 5. Effect of atrial natriuretic peptide, 3 ug/kg, on urinary flow (UV), glomerular filtration rate (GFR) and the
excreted amount of sodium (UNaV) in rabbits. Other legend are the same as in Figure 4.
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Fig. 6. Effects of atrial natriuretic peptide, 3 ug/kg, on the excreted amount of chloride (UCIV), potassium (UKV),
fractional excretion of sodium (FENa), and free water reabsorption (TCH20) in rabbits. Other legends are the

same as in Figure 4.
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Fig. 7. Changes in blood pressure (BP), plasma renin
(PRC) and aldosterone concentration (PALDO)
by intravenous injection of atrial natriuretic
peptide in rabbits. Values are calculated by
substracting the third period from the second
period in Figure 4. Other legends are the same as
in Figure 4.

AE 1493 7tENA 15ml/kg/hr £ 52 24
7} hydrationof] £J3] & active renin 4 . = 10.
35+1.94 o] A 6.46+1.48 ngAl/ml/hr 2, inactive
renin B4 £+ 0.57+0.380] 4] 2.4140.93 ngAl/
ml/hr2 f-2]3}7A HElslgion], P4 ANP T2t
46.64+7.160)| 4} 77.84+11.49 pg/mlz & =3 =7}
&tgith, 281 aldosterone ¥ %+ 0.40+40.0801 A
0.20+0.05 ng/ml 2 &= 3] 7+ 3} 9 o} (Table 2,
Fig. 11), A% 2470945 7}Eo4] ¥ active
inactive renin ¥4 5= A% 1, 35]Y 5 7Rl A 9}
2ol $AHE Aoz WeHgo EAGoRE
%918 AL ehiglond, hydrationo] o8] B4
HA ANP % 9] Z7}9} aldosterone £-u]¢] 7}4
£ BAsAcHFig 11),

Hydration 37| 2] &=} active renin AT x=
inactive renin -4 = ¢} du|d] FAS Hgowl 2
A7} hydration ol = o u]&| #A & g o} F9
& A4BAAL ohigich(Fig. 12), Hydration A5

s
9 €7 ANP =%+ aldosteroneo|i} active renin



—d &g &3

AUY
(ul/kg/min) soOl
T T
25
T T
25} ‘IJ
~50L
AGFR 2 T
(mi/kg/min) 1t _I__(—‘H
oL —I
AlUy,v SO - I
{uEq/kg/min) 22 —I—]
or hI_
-25L
T
AUgy SO
(uEq/kg/min) 25[ —I—J
n oL T
A FEN, 1or T
(%) osf ,_1__1—7—— x
or | S—
1M 2M 3 5M 24M

Fig. 8.Changes in urinary flow (UV), glomerular fil-
tration rate (GFR), excreted amounts of sodium
(UNaV), chloride (UCIV) and fractional excre-
tion of sodium (FENa) by intravenous injection
of atrial natriuretic peptide. Values are calcu-
lated by substracting the third period from the
second period in Figure 5 and 6. Other legends
are the same as in Figure 4.
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Fig. 9. Changes in renal functions by hydration of physiological saline at a rate of 15 ml/kg/h in rabbits. 0-120, time
after start of hydration. Other legends are the same as in Figure 5.
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Fig. 10. Changes in renal functions by hydration of physiological saline at a rate of 15 ml/kg/h in rabbits. Other
legends are the same as in Figure 6.
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Fi 1g 11. Changes in plasma active (AR) and inactive renin (IR} activity, aldosterone (PALDD) and atrial natriuretic

peptide (PANP) concentration before and after hydration in rabbits of different ages. Open bars indicate the
values before hydration and hatched bars indicate the values after hydration. Other legends are the same as

in Figure 4.
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