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= Abstract =

Atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) are hormones se-
creted from the heart, and their plasma levels have been shown to be increased in
patients with congestive heart failure (CHF). However, the precise mechanism for se-
cretion of ANP and BNP are not known in CHF.

This study was designed to determine the mechanisms regulating the increased levels of
ANP and BNP gene expression in response to cardiac hypertrophy induced by isoproterenol
(5 mg/kg, ip, for 5 days) in rats. The increased levels of ANP and BNP were
investigated by RT-PCR method in the right atria and the left ventricles of hyper-
trophic hearts of rats. The extent of elevated expressions of ANP and BNP mRNA
were more prominent in the left ventricles than those of the right atria. The increased
expressions of ANP and BNP mRNA in the right atria were not inhibited by propranolol
and clonidine, but those of ANP and BNP mRNA in the left ventricles were inhibited
markedly by propranolol, clonidine, and metoprolol. Regarding the renin angiotensin sys-
tem (RAS) on the ANP and BNP gene expressions, saralasin inhibited the increased
levels of ANP and BNP mRNA in both the right atria and the left ventricles of the hy-
pertrophic hearts, but captopril did not attenuate the elevated levels of the ANP and
BNP gene expression,

These findings suggest that the patterns of ANP and BNP gene expression provide
better evidences for a pathologic condition of left ventricle than that of right atrium,
The underlying mechanisms of the observed ANP and BNP gene expression might be
controlled by sympathetic system and RAS, mediated by angiotensin II from cardiac and
extracardiac origin,
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Natriuretic peptideql atrial natriuretic
peptide (ANP)$} B-type %% brain natri-
uretic peptide (BNP)& F2 Al#ol4 2
vslo] olxzg, GEFMA F/EE 9 ¥
gtel7 28-& el AR 329 (De
Bold, 1986; Needleman et o, 1989. Bren-
ner et al, 1990), C-type natriuretic peptide
(CNP)¥ 2 ¥ WA ZolA Huls]+
RegAd o Fwl dxe] UAA4E =AU}
(Suga et al, 1992).

ANP9] #¥lx F-2 Al 7A€ Y
of ol =As|w (Mintymaa et o, 1993),
€84 A3AF AT A2Fel dve AF
o] ANPS ¥dAA7t oi$ Fridhe ez
B asle] gleh (Tikkanen et al, 1985: Rai-
ne et al, 1986; Burnett et al, 1986). °] =
ANP2] #71& coronary sinus® %3tAV
Algtdlzz BE Fulslo] Frisw] Ho]d)
A AAolA 2 Bul7 FrhElct (Saito et
al, 1989; Takemura et al, 1991). AlAlo]A]
2] ANP2| Ry g7l e & 4 A
gk A4 Ao AAddAE F3) v
gch (Bloch et al, 1986; Kikuchi et al,
1987). 22t o8 7kA| o] Alge] v el
off 4] Aalel AlAdzy-el ANP Hulz} F7}
gl (Saito et al, 1989; Takemura et al,
1991).

BNP¥ porcine brainell4 A& 2|5
e A Alut (Sudoh et al, 1988), = ¥ A4
A F2 FA= FEsEe AF 2o
2 oA EFEAM 29 opnx4l Wld Y
o] z8&-2 ANPS} wl$ fAlstcl, A Al
A& BNP #Ax7F ANP ¥} of9 dizjql
YA AEAo} A4 5ol A o]
A ZE 7FolE ANPS 34 vl F715
nzd Ad 7159 ol4el & veldo]

(Mukoyama et al, 1991) ANP¢} BNP %7}
9 Axst Ay Axielv} olF HAAo =
¢ F7IE Foh AR #Hd A4
ANPs} BNP& 2% F7}8x)at BNP &7}
9] u]go] ANP ZF7t vl&-& Srl3lmz
o] & FolA BNP7 of glAdH oz 9ujs}
Ak gtk (Mukoyama et al, 1990 &
1991; Tateyama et al, 1992). 28|} o|E¢]
F 7l g 71"l M o} = H3=x
R 3}w, natriuretic peptide &M< &)
€ Al AZAZ B ul opel A9
ATAMNE HiAE T 2 &AL HY o
A= glek (Lin et al, 1995).

Al ¥+ aP3AA4A4 F¥ W renin-
angiotensin system (RAS)el| 2lsj4] fwg
47} 9o+ (Morgan & Baker, 1991). &7}
AAA A¥v|FE o (Edwards et al, 1989;
Knowlton et al, 1993)%} p-adrenergic 4
| Aol EHA dold & Ued, -
adrenergic %3 Z#A|Q] isoproterenocl®
A Y oo A Fr FEHTGE B3
o] A3t (Laks et al, 1973; Zeirhut &
Zimmer, 1989; Allard et al, 1990), ¥ ¢
o}l isoproterenolg A&l AlE ]
F& sl olqd o ANP& BNP %7}
o] 7lAg oot r3uA dgd. sy
isoproterenol-& Bof3led Alw] 7} i3
#1FH 4} HAA z=HoA 23HAA
A <}E propranolol, metoprolol, clonidine
3 RASe| #&3l+ 4§94l angiotensin I
(Ang I) 78 A9l saralasin? angiotensin
converting enzyme (ACE) inhibitorgl cap-
toprilEof 213 ANP<} BNP #-Ax F¥9
wE =AY Ax, AS¥ 4] dehd
ANP2} BNPe] ZFrle azilAdA A5 =
€ Ang [ wiAle} oA o] FojAlcte
e AAE i

e ) Uy
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AYEFEL 59 ALl 3 F o4 4A
& ArR AR AlF 250 g WHee] #H
(Sprague-Dawley) & <t FHglo]l AH8-3
9o} Cervical dislocatione. & %2 Z4}
A7l F A AAE HESS Ay A
Aldaz AL 3 A49s FAdde =4
200 mgH Hested Aol ALE-3Hsict

2. ATH|IFe RE R HET

Al 2] %= isoproterenol (5 mg/kg)¥ 5
o ol B4 W FAEd fE3tgd. A
v Fal frd #§ YR2RFeE 3 Ady
Fol AT AA AL 2] st aztA
73A zekekE<Ql propranolol (5 mg/kg I
10 mg /kg), metoprolol (5 mg/kg % 10
mg /kg), clonidine (30 xg/kg o 50 xg
/kg), Ang I 28 A4l saralasin (50 ug
/kg % 100 pg /kg), ACE inhibitore] cap-
topril (5 mg/kg W 10 mg /kg)g #z A
F= 9 3¥E2 3slo isoproterenolst
3] Ry Foz FEIAL A A&
5 9o 2E 452 Sigma Chemical Com-
pany (U.S.A.)AF AlEe]qlet

3. Total RNA2] £2|

Chomczynski9} Sacchi (1987)¢] W&
t}4 4A 3l total RNAE 223t &
Aol A3 AMAL AT =4 100 mgP
RNAzol™B (Biotecx Laboratories, U.S.
A) 1l mE ¥xn AAIE A A7 %
74 1 ml % 0.1 ml¢ chloroform% ¥3
1527 & E¥stn 4¢ol 587 Fohst
4colA 12,000 rpmez 1537 YA F
Az olg Fdle] b isopropanol¥ 4
I -70TCel 4417+ ol Foith. 2 F 4T
of]4] 12,000 rpme.& 1587 Y44 A A3l

od2 RNA pellet& 75% =*7I¥ ethanol2
Al AHs3r SpeedVac (Savant Instrument,
US.A)E ol&3ted AxARAe A=A
pellet¢ diethylpyrocarbonate (DEPC)2 A
28 FH4E 9ol 52U F 260 nm el A
¥ RExAz Fx 4 2§ FF32 -20C
of Bsle] A3ttt %3 total RNA
9] integrity+ agarose /formaldehyde gelol
953l gt

4. cDNA EHAd

229 total RNA 2 ,g& DEPC Az
FHa2 AAS 3 47 HA & = oligo
dT (16 mer)E &3 s8-8 3 20 A
2 3o dAA Aok dbE EFAY =4
< &4 2 5 mM MgCl, 50 mM
KCl, 10 mM Tris-HCI(pH 8.3), 1 mM
dATP, 1 mM dTTP, 1 mM dCTP, 1 mM
dGTP, 1U/4 RNase inhibitor (Perkin
Elmer Co, U.S.A), 25U/d MuLV re-
verse transcriptase (Perkin Elmer Co, U.
S.A.) ¥ 25 /M oligo d(T)16 ZFolgdor
o] &3zt RNA 2 g3 42TCelA 60% 5
Qb FAAL wbEA| R}

5. HEUTLAAMUIS

g5 4£d9498 (polymerase chain re-
action; PCR)2 5 2] 10 x reaction buf-
fer (100 mM Tris-HCl pH 8.3, 500 mM
KC)et 2 mM MgCl:;, 1 mM dATP, 1
mM dTTP, 1 mM dCTP, 1 mM dGTP$}
20 pmol2] sense % antisense primer& %
2 E%Rol 2 @] HE3-A17l cDNA reaction
o5} 25 unite] taq polymerase (Perkin
Elmer Co, US.A)E ¥¢ ¥ d2#d FF
42 %8 50 deg 233 %8ke] mineral
oll-% Y3 DNA thermal cycler (Perkin
Elmer Co., 2400, U.S.A.)& AI8-3l« PCR
€ Agstecl. 2430 483 ANPe o
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714 9-¢ sense 5-ATGGATCTCCAGAA -
GGTGCT-3, antisense 5-CTGCATCGT-
GGATTGTTCTG-3 (=2~ 116 bps)elde
o, BNP¢ 97|49 sense 5-ATGGA—
TCTCCAGAAGGTGC-3, antisense 5-CT—
AAAACAACCTCAGCCCG-3 (=271 366 bps)
ol A=t

6. M7|HE ¥ BN

Z=5 PCRAE 10 A& 15% =& 2%
agarose geloll A71ed %3] gel documen-
tation system (Bio-Rad Lab, U.S.A.)& °]
&3t U= 34 - vasHe

TR

1. ANP SEXF Taol chat mzhaEA L]
=k

Isoproterenol (5 mg/kg, ip)& 592 %
oure #zFe AW ANP FHA Y2
4 F7bste S wald s A4
ANP $Ax gde dAAH}A Frhsisdc
(Figure 1). Isoproterenolo] 2J&F -4l el
ANP #Ax $#A+ propranolol, cloni-
dineoll SjaiAe FHI HSE BolA U
3, A-A9da 2&A metoprololel] & #A
£ o4 dAsE A% deligded 4
A= ekakch (Figure 2). Isoproterenolell
o8 F71d #HA4e ANP {3 FHL
propranolol, metoprolol 3 clonidineoi] £]#
A @A A AA= et (Figure 2).

2. ANP FHX} H8lofl Ch8t Rase| H&

Isoproterenolell &3] ZF7}d 4149 ANP
$AA 3L saralasin B captoprilol] &3
Ae Feg e 2olx 43tz isopro-
terenolol] ol&l F7l€ #HAAe ANP #A
2 F¥-e saralasindl] g#lMe JA=sge
Y captoprilel f#Ae AASHA &yt
(Figure 3).

3. BNP FXXL E#of cist mzAMAEA e
k-1

Isoproterenol (5 mg /kg, ip)& 547 %5
oguke Az el $44e BNP 3 382
2ol ulsted ¥ H3E ol kAR
A4 BNP §AA 38 dA%A F7
= ¢lct (Figure 1). Isoproterenolol] £J3&F -
Aule] BNP $#A Z#¥A s propranolol,
clonidineol 9J#ME& Fii WdE volA
okgkit, m-AW=<el 7234l metoprololof £
e da dAsEE AFE ey
23X 99kt (Figure 4). Isoprotere-
nolel el&l F7tdl 2449 BNP#AA %
%2 propranolol, metoprolol % clonidinei

ol#a A EA A= (Figure 4).
4, BNP S8 Xt B8l CHst RASS| HE

Isoproterenolel]l 2l8] F7l¥ $4l%e] BNP
$A2 FHL saralasin I captoprilel <] &)
Ay Feg wsbE dolx] ¥3k:, isopro-
terenololl o8 F71¥ #4l4e BNP #A
2 §8& saralasinoll f#A+ JAE%
1} captoprile]l A& GAsHA ket
(Figure 5).
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Figure 1. Increased mRNA expressions of ANP and BNP in the right atria(RA) and
the left ventricles(LV) of rats upon isoproterenol-induced cardiac hypertro-
phy.

(RA)
L C Iso P M CL N1 N2
ANP —
C Iso P M CL N1 N2
Figure 2. Effects of propranolol, metoprolol, and clonidine on the ANP gene expression

in the right atria(RA) and the left ventricles(LV) of rats upon

isoproterenol-induced cardiac hypertrophy.

L: 100 bp DNA ladder, C: control, Iso: isoproterenol only, P: Iso + propranolol,
M: Iso + metoprolol, CL: Iso + clonidine, l: low dose, h: high dose, N1: RT-
PCR control (no RNA), N2: RT-PCR control (no reverse transcriptase)
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(RA)

Figure 3. Effects of saralasin and captopril on the ANP gene expression in the right
atria (RA) and the left ventricles (LV) of rats upon isoproterenol-induced
cardiac hypertrophy.

L: 100 bp DNA ladder, S: Iso + saralasin, CP: Iso + captopril, C: control, Iso:

isoproterenol only, I: low dose, h: high dose



-36-— BRI AT 14k 1998

(RA)

L C Iso P M CL N1 N2

BNP —

(LV)

L C Iso P M CL NI N2

Figure 4. Effects of propranolol, metoprolol, and clonidine on the BNP gene expression
in the right atria (RA) and the left ventricles (LV) of rats upon
isoproterenol-induced cardiac hypertrophy.

L: 100 bp DNA ladder, C: control, Iso: isoproterenol only, P: Iso + propranolol,
M: Iso + metoprolol, CL: Iso + clonidine, I: low dose, h: high dose, N1: RT-
PCR control (no RNA), N2: RT-PCR control (no reverse transcriptase)
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(RA)

L S CP C Iso

BNP —

BNP —

Figure 5, Effects of saralasin and captopril on the BNP gene expression in the right
atria (RA) and the left ventricles (LV) of rats upon isoproterenol-induced
cardiac hypertrophy.

L: 100 bp DNA ladder, S: Iso + saralasin, CP: Iso + captopril, C: control, Iso:

isoproterenol only, I: low dose, h: high dose
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el

m2|_|

ndgte} AZvlF = w3k AAA T3
of gsla HAlel veld 4 de dAFA
olt}, =z} norepinephrine$- subhyper-
tensive dose®. A717} Eo g} A v} isopro-
terenol % HbE-# A Fofste HglellE ofF
W glo] AlEv g AYdder Ydog &
g\th (Laks et al, 1973; Zeirhut & Zim-
mer, 1989; Allard et al, 1990). ©] A&
£ isoproterenol & Al ¥ F& FEslgEd,
isoproterenole] z-8-2 AlAle] s-adrenergic
a0l A AL o] x RAS 5-&
Awste RS o A8 AdAE
% 2 9)c}, Isoproterenol (5 mg/kg)e =&
oAt AlEw|FEr} deold A -fel plasma
renin F=7} A3 Frksle Ang 09
A Aol Zr7tsldctE ¥x (Nagano et al,
1992)7} gle.= & isoproterenolel]l 2§k Al
Foll AR wl AR Sl 25 H3hct
2 AzEch 2v"d Ang & F3zez
cardiovascular regulatory siteoll zh&3A1
aldosterone A4 W FE|& FIN=EH
AY dAS FFA719 AA 715 FAA
AA AlAe APA (remodeling)oll #ted s}
o AlZel§E 43t (Schorb et al,
1994). =3 Ang II7} A AZHAE % gt
obye}l AlAre] A9 Ax FAE doAc
= ®3uEo] 9lrl (Sadoshima & Izumo,
1993; Schieffer et al, 1994. Kim et al,
1995). el= 2 ¢l AlollA & angiotensin co-
nverting enzyme (ACE) inhibitor A A& o]
ARAF, ATAAF, ¥ 59 Az
g *}%545’- At

ANP+= Adboll4 A& 9d olF H3t
oltz g3 oluggE Jelle MR &
#HA Qch Ao F2 Aol Hus
At A2l FEoF dofvte A #al olye}

E —1—2;'

Aol A Fulsloz Alate] el AdE o
el shiel = ¥7F Elch (Saito et af,
1989; Takemura et al, 1991). BNP+ =4
1ol AldolA WA A A
A vehtAl v fetal genegd) shtE
A, £EA4 AxAot AT FE Fog A4
o M} FojA wl T Axol ulalalA
F3o] FuMgckx v (Mukoyama et al,
1990 & 1991: Yoshimura et al, 1993), A4
715 ¥AAlel BNP9 #F ¥x9 Frle
ANP &% Fx9 Fr7t Hoax dA3}
2 g} (Mukoyama et al, 1990 & 1991;
Tateyama et al, 1992; Matsumoto et al,
1995). olA & AlH-AF FAolA A ANP
% BNPA F7bell gt Bags g glon,

old F#9 A5 ANP 3 BNP =%
FHAFI A AdAe obF FAeA =
%t

Yasue et al (1994)-& AR AZE 3l=}o 4]
#A ANP %) BNP=A7} Z7}5]0] o] Al
Ao 7R = GHol o8 =AH=AG 2 sk
c}, e} Matsumoto et ol (1995) & %=
o gAFo] 2 ARLAF e Aol
o] ANP Z7l+ #AA wtE A4 (left ven-
tricular ejection fraction)} o]gtulbrzl £-3
A4 (end-diastolic volume index)<2l+ I
Agle] #HEA4~19t (pulmonary capillary
wedge pressure)ol] ulzdlE Hoez Hol
ANP &=z 4 A4 715E s
Fotz & 4 qickx stgew, dkde]l BNP
Az Aol bR s d Aaglel
214 o] gkut7| gt (left ventricular end-di-
astolic pressure)el ®lelsto g Al4dle] Abg
E Jehdictn s

o] AlFof4] AlFulFE7} isoproterenocle
sl Es = Aol ANPe}
BNP f-Azte]l g#eo] &7t Frisddl wld)
FHA A4 el ANPe} BNP fH=} whae]
F7he $AwEd oS @A (Figure
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1) olzEe] ¥AANE FHY o8 BuEH
A xatgdct (Mukoyama et of, 1990 & 1991;
Tateyama et al, 1992), FAldol4] Hasl
ANP $x#4 $#9 %7+ propranolol %
clonidine W§ Fodol sl dE &S wx
skt A™A s ZeAlel metoprolol ¥
§ Fdo M A=Y G (Figure 2).
=% RASol #aix ofF Ang 0 Al
saralasin %=+ ACE oA Aql captoprile]
B T oA FEF FgE U 9§
sket (Figure 3), ol2i3k 74 8& BNP A
2 3EAME HAaset (Figure 49}
5). &H FAAoA i BNP 3z ¥
-2 isoproterenolz Al M| ¥E FE3dE
o A4 Aol vzt #HAHA FoHHE
IAE 4 Ao (Figure 1), propranol-
ol, metoprolol % clonidine ¥3¥ Edd ¢
M= dAIA AARHE A (Fig-
ure 2). 2|1 isoproterenol® ¥ 4l&
vl 32 Frt8l #44e BNP F#= 584
+ saralasin ¥ § EBdo] 2|4 o4 oA
Hoevt, captoprilel LA+ ¥ gEg
ubz) ekttt (Figure 5). o|shzke] Al2u|F
o] 9§ #4AAe] BNP A4 $dA=
ANP$} A3t 72 3E velligic. & Ang
I 484 A g AAs =gt
Ang I QA AxtAE zF3+E ACE o4
Aol captoprilel] 9siA= AAMFH-E Holx
Nomax, ATHFdd BAdes Ang I+
Algele] =AolA AA=le] Helg T3 A
Fog fFYso] Eol& Ang 7} F= =
43 Aoz &3

o] Al¥oellA isoproterenola Aj&r®lEE
A7 Ao Algucke A4l #HA
&7 ANP % BNP fAzte] 38A 7} 7}
" Aoz yol, ¥4 ANPY BNP 5= W
32 HA4d He] dodhd wist 9l Al
FE dF ¥ 4 UE Aoz A4Act 4
vl ANP ®wl BNP §A=e] 38A+ 27

A7 adAlo] odfa] cha AAHE At
ey 2 A Axe FR3A skt
a2iv HA] Ao isoproterenolel] 2] g}
ANP % BNP ##x $3dA¥E captoprile
el M e QAR gkt 27F AAA =
AE Ang 0 A 8AQ saralasinol] <) 3)
Al @A A A A = ek

ol2ldt Az nv]Ro] & =, ATu|F
2|3 ANPs} BNPe 7t #4l4doA &
Asldeow, 53 BNPY F7h7t #A% 2
2.2 ®wo} BNPr} 449 7153 AdE
Yele sy Agok € 4 itk 47
et o2’ Fote AAole agAAA B
9k olvel Ang 17} @3 olwie] Ang

£ ARoA AA" A olgel AAeg
zA oA PAE Ang [= Hddzm Q=
Rog A4},

2 %

2 dFeMe AS vlFo oE ANPs}
BNP #4z ¥ F79 7|A& ¢ol B3
A} pB-adrenergic 424 Z ¥ A<l isoprote-
renol (5 mg/kg)$ 59 F< & e X7
WHoll FAbsted AlZulFE FEsigcl AT
vl E7 s 7 AU HAlAoA
8734174 Al 3 RASo| #8-3= ool 93
ANPs} BNP #AA g#e #3E RT-
PCR Wleoz =xAsigch AloulE4] el
t ANP$ BNP9 F71& $A4ade #
AAolA #Astedct, $-Aluke] ANP 3 BNP
Azt FHE mAAAA AdA) o
Al g4 AAHE e Biou folsA
€ gt 2eiv #AA4dolAe ANP |
BNP ##Axe] 84+ captoprilel £ #i4
T AAHA ¥skAgt azt AR A AgkA s
& Ang 0 ZA&A9) saralasinell &#j4 &
AsA AAslodct, oleigt Aoy v|Fo] B
o, AlZulFe] o3 ANP9} BNP Frle
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AR FA4e AdE o 2 B
Aoz 7=, &3 BNPY Frte #
AAel HAHE veile F83 A3t
2 4 otz AAge obgl old¥ F7t
o 71AdE ;AAAA ¥ ¢ otz Ang 1
o) @Al A o] FojArte FElle A
A5 4o ojwle Ang I+ AlANA
AR A oldol ARee] zze)x A4
Ang = Hoqstz gle Aoz 474
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