The Possible Role of a-human Atrial Natriuretic
Polypeptide( a -hANP) in Escape from the Effects
of Mineralocorticoid
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Abbrevations: Aldo, plasma aldosterone; «-hANP, a-human atrial natriuretic poly-
peptide ; @-hANP-LI, a-human atrial natriretic polypeptide like immunoreactivity; aa,
amino acid; ADH, antidiuretic hormone ; BW, body weight; ANP, atrial natriuretic
polyteptide ; CNa, cumulative sodium volume ; DOCA, deoxycorticosterone ; dBP, diastolic
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Amersham International #, (Buckinghamshire

blood pressure ; GFR, glomerular filtration rate ; Het, hematocrit ; MC, mineralocorticoid ;
9a-F, 9a-fluorohydrocortisone ; Posm, plasma osmolarity ; PRA, plasma renin activity ;

sBP, systolic blood pressure ;

TFA, trifuruoroacetic acid; 24 hCcr, 24 hour creatinine

clearance ; UNaV, urinary sodium excretion volume; JR 7fE : BFEMET IV N AT 0 VfE
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England) @ tracer (( 3-['*1liodotyrosyl*®) «-hANP
(human)), FilMEE Lz (B-—#ifki3, rabbit anti-
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Z O rabbit anti-e-hANP MEOXXEMEE rat a-
hANP 2L T2 0% TH B85, 7 b VAT F > 1
NI L T3 &%0.002%, <0.1%, 0.31%TH -
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9 ~13 TIEEMRSMFT % 1T - 7. Fisher DEBHERGT
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1. #EBEOF M) TLFHOHBIZOVT

Sep-pak Cis colum

lythilize

sonicated 5min

radioimmunoassay

+ extracted sample

incubated for 24hr. at 4 C

incubated for 24hr. at 4°C

+ assay buffer 30041
(0.025M phosphate buffer pH 7.8)

2IZEWERHEORDF b U AP B O £ R
. 2y bhe—nHREORR MY Y LB 1 H
H 251+26, 2 HHE 213+33mEq/H TEIZ—EL T
7z, 9a-F & 5.515%, No2 ZERVLTE1IHH (No2
CBOLTLE2HE L) hoRbF b Y Y abktg
AL, BAADF Y T LADEEMNTRE SN,
—H LR b Y v AR E S — I Y
AH% escape MROKHFEHE T2 L, ZORKUEE
3~5HEK»ITHREAL, FHREMTRABOE
MEHE XN, IO, BHBEEMO escape HRFKRE
Aer—Hee THERR#EBMLELTHS L, R
F+ U LHEH B3 escape R AT H T 130+21
mEq/H 2 T4 L, ¥H257+19mEq/A L BEE
(p<0.05) #ML/. +HVY 7 LR 3 IR T &
312 9a-F IRFAGMEEA IR RTE 28N T 5 TNz
L, HELOERF b)Y LERE (F YL
BIErEDZDRME, cumulative sodium
volume, CNa) |3 escape HRFTHIZ 47872 mEq %
Tz, LaL, escape BEBITESNIZL>TH

-+ 5ml 100% ethanol washing
+ 5ml 0.1%TFA (trifuruoroacetic acid), twice washing

« plasma (EDTA-2Na, aprotinine containing) 2ml

+ 5ml 0.1%TFA, twice washing
+ 5ml] distilled water washing

+ acetonitrile: 0.1%TFA=4:1, 3ml elution

100 p 1

rabbit anti- @-hANP serum 100 p!

+(3—[*1] iodotyrosyl®) «-hANP 100 u1

+ donky anti-rabbit serum 500 p1

stand still for 10 min. at room temparature

centrifugated at 3000 rpm for 20min. at 4C

count

Fig.1. Flow sheet of extraction procedure and radioimmunoassay of a-human atrial

natriuretic polypeptide (a-hANP).
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Fig. 2. Changes of urinary sodium excretion (UNaV) before and after the initiation of

escape from mineralocorticoid excess.

9«-F ; 9«-Fluorohydrocortisone (0.6 mg/day).

381



382 it

U—-MEICHLEEDOEE (p<0.05)&xmLlz, /-
escape ¥ H 103+3.1ml/4, escape 2 H#% 140+
15ml/5}, escape 3 H#& 109+7.2ml/4} i3 escape
2HAOME80E6.4ml/FIz L THEDOEME (p<
0.05) #RL 7z, 2D &3 24 hCer i3 escape REF
MBHEL DV EINT2EAERLA (F4),
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ME > b o—{E 12546.3/62+3.9 mmHg
592-FHE T THAK EH L, escape 1 A& IZ
136+3.5/86+2.8 mmHg & {LRHAMEMEE O BN
(p<0.01) &RL7:, 20K IFEHMEICEEDRF
B e LENBEE N (p<0.05). \GEEHEIE L -
AT 5ERERLISBE TR » 27 (B4), @F
ERRFET MY AHEE ORI I EEQHEM (NgES
MFE; r=0.388, p<0.05, N=40, #IELHMTE ; r=
0.367, p<0.05, N=40) #5887 (11, 12), £7:
HRHAME S escape HERATB I HEOELLERL 2
25, FIRCHRBME L CNao iz b BEZOHEE
(r=0.364, p<0.05, N=35) 57 (K13). IRy
RHERBBEBUTEROELER DL, > 7,

3. PRA, Aldo

PRA i 9a-F AfREHE e il s ha >~ b o —

ABW

2 .
(ko) 'I| [L,IJ-’(II mean +SE

CNa

600 o
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400 o
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Fig.3. The changes of increment of body weight
(A BW), cumulative sodium volume (CNa) and
UNaV before and after the initiation of escape
from mineralocorticoid excess *; p<0.05 **;
p<0.01.

NAE1.4£0.3ng/ml/h & O escape 4 AAT0.5+0.1
ng/ml/h (p<0.05){2{EF L, escape BT > 1285
RBELT (0.1ng/ml/h LUTF) 124572, Aldo & 9g.
FAREBIZIZEAHICI > Po—L{E9.5+1.6 ng/dl
£ D escape 3 H#f4.5+0.7 ng/dl (p<0.05) &%
ZET LAMEMED MC Iz & - T % 5 17 72, escape
REBOPRABI U Aldolza> bu—nfELog
BEOME 2207 2 £ THINOELLEED P, renin-
angiotensin-aldosterone 1% MC Iz & 1 38 < M|
7z (E5).

4 . Hct « M#ZEE - M4 ADH

Hetid 2> b o— W {E43.840.5% & » 9a-F WIR
BIET L, escape 4 H#1Z2 40.6+0.9% (p<0.05) &
HEDOMS #2072, MEREE R 9o-F PIRRKICIE
a2 b O0—0{E 31623 mOsm/L X b #4432 [
ZRL,escape HH 293+ 4 mOsm/L & -7 0HE
EIES T, escape itk TOE(LIRBE S i ho
72 0% ADH & 9a-FHMREZICD > b u— L {H6.0+

%
24hCcr %k
150
(mifmin) F<L
100 -
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0 mean i SE
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(mmHg)
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Cont -4 -3 -2 -11 2 3 4 day
A
escape

Fig.4. The changes of 24 hour creatinine
clearance (24 hCcr), blood pressure (BP) and
UNaV before and after the initiation of escape
from mineralocorticoid excess *; p<0.05 **;
p<0.01.
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2. 3pg/ml 7 & EA T 5 A %R L, escape ¥ 4
3.6+0.8 pg/ml L7 57 EEEIF ST, escape
fiTOELEETORFMERE R TOATH
(K6). FHERNFEREOHE I Thamol08, I
NoDRERD S MC I & 5 S B O 8 o #EE
EVIRAR

. escape RRATHICHF 5 «-hANP-LI 0EH

iZo20wT

2-hANP-LIED 5 ZOFHE BTS2 3~ ho—
Ml (REA 2R 1395.3+27.0pg/ml TH -1,
9¢-F N R B 44 ¥ «-hANP-LI i3, escape 3 H Al
177.2+25.6 pg/ml, escape 2 H @fj 167.8+20.2 pg/
mEINSOBFETEIY bo— L fED 2 {EREC
L W EEOEEED -7z, a-hANP-LI
{E1 # O escape B 15 2 351.2+68.9pg/ml & 2 >~
Fo—fEICHL THEOEM (p<0.05) #mL7:.
a-hANP-LIf i3 # O % & escape ¥ H 349.8+49.6
pg/ml (p<0.05), escape 2 Hf% 370.4%72.8 pg/ml
(p<0.05), escape 3 [ #% 499.8+83.4 pg/ml (p<
0.01), escape 4 %% 518.6+96.0 pg/ml (p<(0.01)
rEEERRCEEIIL 72 (7).

482 CNa (R¥TxRT) & a-hANP-LI{H x D
OMEE T, a-hANP-LI{EA 2 > b o—A{Eizkl

PRA

2.0 o
(ng/ml/h)

1.09

T
%
*x

L]

meank SE

30% l_* f—‘:——]
UNaV
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(mEq[day)
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Fig.5. The changes of plasma renin activity
(PRA), plasma aldosterone (Aldo) and UNaV
before and after the initiation of escape from
mineralocorticoid excess *; p<0.05 **; p<0.01.

LTEEORINETE L o1z escape Al 4 ~2 HE
@ CNa & o-hANP-LI{EO B L 5 E o BB EF
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BETHYH, WEEER (Y=111X-352, Y=239
X-1111) OR &L TH 5 380mEq ##z 2EH
&0 @-hANP-LIH2 B3I T 5 2 e 8L
AR

% =

MCITIEEERNTH Y 7 Lk L, Y Y%
Pt AERMNH L. L L, MCER2HE T 28 %
BHlich o THEBL THOEY U 7 AMEQR BHE
T O— AQHMK « HIRA X OBKEREELN
BHDD, 7 MU T AOEAERIE—BEICBE T,
ISR OB IZRENH 5, EE, KHEc
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4004

{mosmiL)

2009
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Fig. 6. The changes of hematocrit (Hct), plasma
osmolarity (Posm), antidiuretic hormone (ADH)
and UNaV before and after the initiation of
escape from mineralocorticoid excess *; p <
0.05 **; p<0.01.
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MC 285 LEEF L EEHY 7 AIMEOH R, BWiT
FREES| SR LTHET 50, 5 oML es Y
DHBEIIBEE & 12, Daughaday 533 DOCA
BHRETTE» SO b ) 7 APk AIEII L 72855
KB THOFICHEt s N2+ b Y v 2 813IHE s h
g ETHDLILORbH Y 7 LTI /- %
FTHDE2WEHSMIZL, escape HEIZ MC iEHRE
ETFTCHETZ L Z2EFHLT.

Br2BAGZYa-FIdEEaLF a4 FIERIZZL
<, BOMCEREFHOERAT oA FRITHD, 0.6
mg/BD#ERIIE MZBLTIIAREREIZ ¥ MC
BREOREEBZTOK+DEETH S, B 9a-F
BeEICk D REREIN, E GFCiiEE) £&, R
FhU T LHEEET, PRA B8 & O Aldo @ I,
Hct #* ADH O {ET % £ MCBHEIC & 2 a5 %8
DO¥INERE T 2FHREMEL SR (H3~6).

Y- FARBOEHEED F + V) v L F#id
August 5%, Rovner 5'2, Durr ¥, Biollaz 5 ®

WE LRk MCIRFAIBA% 3 ~5 A B 2fl ¢k

o-hANP-LI *ok -
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]
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400 4
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Fig.7. The changes of a-human atial natriuretic
polypeptide like immunoreactivity (a-hANP-LI),
CNa and UNaV before and after the initiation of
escape from mineralocorticoid excess *; p<
0.05 **; p<0.01.

PETE 7> S HRiHZZE (L L (escape HISR) (® 2), 20
BEOERNWZEFE L b Y oo (BRF MY vy
)V 478 mEq Th -7 (3, 6). HiBD Durr
SOWMEITIIRE S ~ U 7 LAEHIFIZ345mEqp
BEETHrice 7 b ) 7 A SHEII S LT T, S
DEBORERIT ZAUTHEN TR A0%BEFEF LV v
EXEH LT, IOBCEEEEICL LD LE
b,

5 E DK T escape HRABAB TEEOE L%
DT A—=513 a-hANP-LI 8, 24 hCer 5 & ¢
FERMAME TH - 72, HHEISLHE B DI escape i
FEI->THE L, Z D 7 & renin-angiotensin %
ADH 2 BEH#ih oilfilahic & TH- 7.

¥ T escape HR & «-hANP OB %2453, £10
& 9 i @-hANP-LI {# i3 escape H# ¥ 1 H#T(Z 9a-F
REHD 2 bo— L {EOH 4 FI28ML 72, NEK
D a-hANP 3 12 B 8 12777 & 5 12 CNa »3 380
mEq #8232 B & D BB 7% 5%, escape H&HK
BBRCBRTIORTIIC—BEEMT 2 00,
escape #HE 3 ABICIZFHIEL Ttz Dikkb
CNa#HBL_NVEHBZ 2L a-hANPIZEX S o7
DO TE BT 25, FHizhF b Y v LFE R
S BT a-hANP § FHIZET 2 & 15 B
EENTELU T2 LBRL /-,

C D a-hANPHEIIOBFIZ DL TIRMCIz & 3
AKeF b UYL (RAEEEM L LEE
DERENL THUNTTESNEDEDEER S, o
hANP X BULRME™, BEMRMEY, HEEs
EOTT MUY LABBRIRIEEB I T I LI DR
ELTHEALAK F )Y LHRSBIBEEZ o0

a-hANP-LI
BOOW
Y=239X-11M
(pg/ml) r=0.577 p<0.01
N=20 °
400
Y=111X- 352
r=0.593 p<0.05
N=15
/1L
0 17 el w

380 5.00 10-00 ENa
(mEq)
Fig.8. Correlation between CNa and «-hANP-LL
The first fifteen points (data from 4 th, 3 rd and 2
nd day before the escape) were linearized and the
line of best fit was caluculated by least square
analysis. The same analysis was performed for
the second slope (data from lst day before the
escape and after the initiation of the escape).
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5. a-hANP EEKAO K- + + U~ 28502
5L TWw5 Z ki, Wilkins & OB BEICH T 58
g EIMMEOAEBEIZBT % Burnett S OGN
o bHSNTHE, £7: ZORREFIRETR L
TEO% L, EEHOE 5 Y ORAM2EEEDEL
HENE L CHLLEIRE A L WEMS O o-hANP 5
WAEET 5 I L % Ogihara o BEL T3, &
EOEEETIE MC 12 X 2 REEMINOBER, ELERE
DHEREENL T a-hANP O EES L, ZDH
L 7A@ hANP 3 escape FRRFRIIED K -
F+rY 7 LRBOEIz—EEE L0 EEL S,
HIZH 2 AR IZ AR «-hANP % £ 8E
LEREITO, SBNREKAHFFICIERTEED
Ao+ b YT LFROINMEE s N BEO Ml T o-
hANP-LI E£8RE L 7219, Z OO «-hANP-LI DI
iR IE 9012+2144 pg/ml TH D, SEDEEICE
I} 5% escape BHRFEH M - hANP-LIE (F1)DE
ZHINELOEETH -, TOERRLZLEER
LTl a-hANP assay BBOFREIEZ L EZ Sh
a8, DDA XZER a-hANP 2 EHEEE L /-
Yukimura & R T 5k O FIREIE O
R REENRE SN THED, a-hANP OERTOR
B B, ARMED «-hANP RS ER T Ik

TOEBERARET 2531 N 0EEEORE
HERa&NZ BERrLTmPEELEEE23) 57
BEME R, SSICQEEROMIZIIENOREEF Y Y
L8 (OGO TIMlaNEE) »HELDIKF U YA
REE DS HAEKNBES 2 EE > T34, FIR
FRITIEEDS a-hANPOLEELRL->T 03
AEEME R EZTB D, SEDOER & O TEM L &
ETERVWEEREDLNS,

i, 2> b a-- o-hANP-LI{EiZ Yamaji » D
EIHNRTEBTH > 70, ZHRBLRHEDE
WIZMATESEDERTII2 > bo—LHIEL D &
BRIMNEN TV I LICERTE D EEL 3,

Wiz escape R X 24 hCer I DWW TEET 3. BT
BROF bV ABRI R T EALIGERME Th
D, EEEAHIEICEEYT 5 Nat—K* ATPase #8
ZOFEEFIZ% S, MCOBTOF Y v AHRINAE
B8 2 (R RO AL BRI 1 1 e < AL RMEE
(DB LAHREERE) THREENTWLED,
Schwartz 533 MC OERI TR L - HEEAE L
RATOF Y 7 LERINEEE escape & b HIE & h
Binot: ZERHE L. ThbbAMFERE TS b
)7 LERIGMEAE U R, REEAEIIMCT
BARU - RNBEE S EE S 5 b Y 7 AEEs R L

Table 1. Blood pressure,body weight gain (BW gain), plasma osomolarity (Posm), plasma renin
activity (PRA), plasma antidiuretic hormone (ADH), urinary sodium excretion (UNaV), «
-human atrial natriuretic polypeptide like immunoreactivity (a -hANP-LI) and 24hour
creatinine clearance (24hCcr) during escape from mineralocorticoid excess. Day 1 indicate
the 1st day of escape.
control -3 -2 -1 1 2 3
sBP
(mmHg) 125+6.5 120£5.5 123£5.5 129+4.1  136+3.5 134+4.2 134+4.2
dBP . %
(mmHg) 62+3.9 69+8.4 69+8.1 T5+£4.5 86+2.8 79+5.7* 79+4.3*
oy gein 0.74£0.4 0.940.2 1.840.3 2.5+0.6  2.24£0.8  2.5£0.9
Posm
(mOsm/L) 31623 309£3.7  307+9.2 321=x18 293+3.8 297+3.9 295+4.2
PRA * *
(ng/mi/h) 1.4%0.3 0.7£0.3 0.2+£0.1 0.2£0.1* u. d. ** 0.1£0.1* u d *
égl/'gl) 6.0£2.3 5.5+1.7 3.2%1.3 2.6+0.5 3.6%0.8 3.5%0.8 2.9£1.2
UNaV + 4
(mEq/day) 25126 141+21* 114+27* 130421 257+19 280+14 205141
24 hCer -
(ml/min) 94+4.2 96+4.3 80%6.4 87+1.1 103+3.1 140£15 109+7.2
GOANPEL gsor 167+ 20 31k69%  350£50*  BT0£T3* 50083+t 51996

sBP, systolic blood pressure; dBP, diastolic blood pressureValues are mean = SE (n=75)
*, *%  Significantly different from the control values (p<<0.05, p<0.01)
+, ++ Significantly different from 1st and 2nd day prior to escape (p<<0.05, p<0.01)
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Fig.9. Correlation between UNaV and 24 hCer
after the initiation of the escape from mineral-
ocorticoid excess.
The line of best fit was caluculated by least
square analysis.
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The Possible Role of a-human Atrial Natriuretic Polypeptide («-hANP) in Escape
from the Effects of Mineralocorticoid Excess Masatoshi lkeda, Department of
Internal Medicine (II), School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med.
Soc., 96, 378—390 (1987)

Key words: escape phenomenon, mineralocorticoid, 9a-fruorchydrocortisone, a-human
atrial natriuretic polypeptide

Abstract

The role of alpha-human atrial natriuretic polypeptide (a-hANP) for escape phenomenon
from the sodium retaining effects of mineralocorticoid was studied in man. Escape was induced
by 9alpha-fluorohydrocortisone (9a-F, 0.6 mg/day t.i.d.) administration for 8 consecutive days in
five healthy male volunteers who were fed an isocaloric diet containing 200-250 mEq of sodium
and 60-80 mEq of potassium per day during the study period. Twenty-four hour urine was
collected daily for the determinations of sodium, potassium and creatinine. Blood was
withdrawn at 8-8 : 30 AM at supine, and plasma osmolarity (Posm), antidiuretic hormone (ADH),
renin activity (PRA), aldosterone (Aldo) and a#-hANP were measured. Escape from 94-F, as
indicated by an increase in urinary sodium excretion following transient sodium retention,
occurred within 3-5 days when 478472 mEq sodium had accumulated from the pretreatment
period. Posm and ADH tended to be lowered from baseline levels, and PRA and Aldo were
suppressed significantly, as compared with those prior to escape, suggesting the expansion of
plasma volume. The plasma a-hANP was 95.34+27 pg/ml on the control day and significantly
increased to 351469 pg/ml on the day prior to escape and remained elevated during escape.
Plasma «-hANP increased markedly when the cumulative sodium volume exceeded 380 mEq.
Twenty-four hour creatinine clearance changed in parallel to urinary sodium excretion. Diastolic
blood pressure also rose significantly after the initiation of escape. To summarize, these results
suggest that #-hANP may contribute to the initiation and duration of escape phenomenon in
addition to other known factors such as increased glomerular filtration and blood pressure.




