9243 DBXIZHEITEF FUDLAFT UEBRRADOEEICET SR
BhERSEE gk BIE CRERRZ: EE)
EEBIFEE B BT, #5 RIX(KRKE)

AR BOR, CGEH FRIFE CREROKEE)
g L EE BT (RERKE)

[(ARMEOEE]

EMEFETIE. DBABES LN I EMHE WY, LHMRBIEBETSF MYy AL F Y
THRBZOHHMEAFPERENCH>VWTR., INETHEHES AL ENTWVWIE W, T T TAHABK
WERicBWTR, DHMBEEOAROEREERECBVWT., LHilaEEcH 25 + Y
VAL FVRBENEOL S ICEELTWELERESMIT L. BRNICEEILEKRE D
MEERET 3 EA2HMNE LT, TORNT, MR - ikERFOREEZMRICRA T
EZHEOHMIELERLHMEEE b bWT, LHMRICE VT, Na*/H" . Na*/Ca®*33ik
BB ANFAS Iy, TYvIOEFFrvry XY T LY VYREDREFRNVEVICEID, ED &K
HSRAMEINTVE D AEEELe Ty CNWSOREHEFVE Y LA DT MY U A
1A VIBEZAN. DFERCBXIFTHEE. LHEEASROE» 5RE Lo

5w b BBELATHILIC B W T, O IR PIpH O (L % # B3 P pHIE R ZEBCECF . LM AR Y
Ca?*JBREF % fura-2%2 fl WA BUE DD CTRIE Lice £ DHMBOERGERE. M
CREERTFOREERATE ZEMFEEMTOS v PHAREEOHMEEZH WL
EE~NOBHE®RT I VBOMVAZICEVRAIEL 2o o

JINVIERTIYY, TryPAFry I, NV Ty vick3RlEIE. Na' /I REER %
EHAL L CHIBM OpRE ER & ¥ 7. & 5iT, Na'/Ca® RHREA L COBMIPIC " it
FEEALR &S, CNSORIGENa /I RWRMEFRIC L MH S, T N5
RIS, C4+7—€#MELTWS EEL BN,

VI ERT7Y vHIEIC L AEELHMIEEE~D[H]phenylalanine DDA AL,
Na* /S RS Ic L o Ml &N, 72, Ty VA F Yy vy VIRIBIC L 2 0HEHS
Kb, BT Iwes4 FickpflEE N, £/, CHFr—ElHEEFEER YK
Vi, /T ER 7)) YRIBIC X AEBLOHMBESSRENSI L, LEW-T. AE
FVEVEIBUC X AOHEAARICIR. CFF— LB LN /TR FEORIGBEE L
TWBIEBELHENR T2,

PDlocEdn, DIEKIEBVWTF Y 9244 YRBEHPEBELBHREEZRILLTVS
I EDRmE N,
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9243 BEBRIZHEITBF FYILLAF ORBAOREI-ET IHE
BIRBGEE Gk RIS (KERK%: E%E)
KFEBEE E EZ 88 BXRKKEAZ)
VR B, EH I (KRKE)
ERE WL RE R (KRKE)

QT EA=E:SD

BOORMEF PY L) B ABCBWTZOEEEOHR - BEKS 5 v 2 0HER
FELTEERBEZLTVEY., EMEEOCBREFTdH %, 20 THF + Y v A
A4V MRRECELCHIEE LS 27 b Y v s KEA4 RBFR (Na* /H 5
F) BLUF YT L hvy aHBEFR (Na*/Ca? TIRFKE) 24 L THIANE ©Ca2 %
ZLSEBRT LIy, MIENEREREESPEE LI ENE LIS » T &E1o ITLE.
MEFBERICBNT, a7 FLvr ) YEEGROERCERIBE O o vdF—&
C DIEMEALIT LD Na* /W SR SIE VL & vy FERAAING FEADSKENN 4 B & & DSHE S o & 72
D CNHDNa" PRV a7 FvF ) EEEREROTHG 22 5 EMRa N,

—H BROPLNKRENZ2D S E20LMOOHMIATE. QI NoDF b Y v 43T
FECHEZELTWS L, QI Ca>"BOHORBHEOHERFTH 3 &, ONa’ i3l
il Ol & - ERICBES T2 HEEESREENT VWA I E, BEDEHS SNa*/H*, Na
/C MR OFENEEHERO T WD, LA LEHS, LHEECE TS5 Y Y A
A YRR OFHAF R, DBOBHRARE - HEMRIFO LTHEBEREETH 31 bH 5 3.
CNETIHREBFS hITEIN TV W,

Fed. BRAUVOCHEPOHCEATOS 3 ARELES., LBARE. SMEFER &
CEBWTHENFETH 20BRICO2VWT, DFFEERREE L 2 5 —2FRAFEALD
TR, o) REMEEESOHERERBICEERRIZRLLTVWEIEEZHESLIILT
Efc (XK1, 2) 6

TITAPBRMRCBVTR, LHMIEEE SR OEREEHIE IS V. OEEE
LRHEZTF MY Y LA A YRBENEDEIICHELTVWELEHELhICT S &% H
Ellco TDRDPT, ME - FRUERTFOLE LMK T 2 BMEBEOHMIECZE D
BEZE bW, LHMAIBICBWT, Na*/H'. Na*/Ca? " RBBENHF IS I v, T oo
AFVve Y N TV YREDEFEFNE VLD, EOL LTS INTV S D%
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BHL7o $7c. CNSOREERFVE YEMIBADF FY Y L 44 VEBEELDE. OHE
KB LEFTHELE, LHZEEAKOE» SBETL o

[AEFHE]
(1) Na" /W RIBR LT 2R E+S VE Y RBEFHRMOLE
WistarRB# 5 v b X DR L O % Langendor ffEREEEZTHVWTCa 57 7 — EW0E
U DErlAE 2 BEEE L. #BAAI pHIE R ZEBCECF/AM. 4 u MEZETIT3TC. 3004 v+ 2 ~
— b L. BCECFALHMIBAICID AT BT, MIla%+2 Itk Licik. $2a~y FATH
U HEPES-Tyrode/®R thic iFalE & ¥ . #E4HEEET (Hitachi, F-3000) % F WEhE#E &K 500n
mic CHERBPI D BCECF & FhikE . 525nmDEXZME ST 5 & &I & » THIIEApHZRIE L 70
LM% BZEEEMBEEETIC/ VIERXRZ7 Y Y, Ty o9FFryvyv L, Ny T L
YLD RIB. HIBNPHOZELIC D WTHRE Lico & 5IC% OpHOZE (LA Na® /H 331 T
ENTHbDTHL2hEHSPICT 5720, AIRARIINCIBEE LT VEE. BLUNa
TR R OBRNKE T ey h—THB7 a5 4 F, HMA Chexamethylene amiloride)
EIPA (ethyl-isopropyl-amiloride) FE T IF 2pHDE(LIC 2V T HKRETL 7o

(2) Na*/Ca®" RIMRILH T A2 AEH SV E VRIB DR E

Sy bk b BEEEL 7o DA AR Z HEPES-Tyrodei® th T i . #HPICa2* $5/R Efura-2/AM.
QUMFAETITSTC. 3004 v+ a~—b L. fura-22MIIBRNICIRVAT ¥, #ila%+45
BB Lictk. F 2~y FATHUHEPES-TyrodeiR I FEl & ¥ 7, HADXXET = H
WS B & 340nmic THIAB A @ fura-2% Bhit2. 510nnDEEZRIET 52 C Lic Lk » THIfAA
Ca® BEXRIE L o

OFlas S EREMBEETIC/ VI 27 ) YIcTHB (o  ZEGRH) . M
MCa?*BE[Ca? ] iDZE(LIcDWTHRET Lico & 5i[Ca? Db ENa"/Ca? R TB LU
Na* /'R R L OBIRZH S Icg 270, BRI Ca® " PNa* BEE LB VEME. 7
IS4 FEETIBIF3[C2]IOZE(ic>WTHKRE Lo TV VA F vy vy I, ~NY T
Ly vt oW T HEBRICRET L 7o

(3) BEFAVE YFIBMIC L2 0MIBERCHT 2 PY v a4 vy RBROESR

M - FRERFOLEBERATE Z2E|OEZLTO S » FHEREROHMIZZ AV
T/ NVIERTZ Y Y, TYPAFY YO, XYLy YHlBTiIR, ODHZEE~D[3H]
phenylalanine ®E DAL, ITKIFT Na" /IS RIHEE (7 3 m 54 FBLUEIPA) |
CHFF—¥MHEE (svux¥Yv) OFBEREI L,
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[#R]
(1) Na*/W"RBFRIEHT 2HEET VE Y ZEERRBOLE

BEWE T TS/ a—VEEFT. /v €327 YRS S »  BELOHERA O
pHix LR &¥ (Fig. la) « RISRBEREFEN TS ~7co COPHIO LR, o REFE
BT sy vicknimElshe s, aElE s ey EyTRMBEIEN Y. o REGE
ALERIETHBEELONT, . CO/ VI EX 74 YRIBICEBMIRAT VALY
ik, Wi+ F Yo ad A vOFREETFTCREBED SN, A4 BR~DE/LT FY Y L
BRI XD @BEH SN (Fig. 1b) o 5T, D/ VT ER7 4RI X 2MBAT vV
A YA Na*/H RSB ARIERE (73054 FBLUIM) ckoMElans (Fig. le) o
L7 = Te o  ZEEKRSIE. Na*/H*RIBFREN L THIANOpIE LR EE B EEI SN
2o

FuvrryyrIb, DEEENPEZE LR &L (Fig. 2) o ORI, BREKF
BE %% L. saralasin([Sar',Val®, Ala®]-angiotensin 1IN &L VAEENIo Ty IO
MAAR 7 v A VAL b, Na*/H R BRI ESEIMAC X D MBI &S v,

Bitic. Ny 7Ly vll#ic k- Td, DEFMIAAPIE LR L. £ ORIGIENa"/H 3R
HIAEHEIPAIC L DiMEI i,

CHF—EHEERI-TPANVEF 2 Y YHEERN-TICLD. o ZEFRBIC L 2MBAT
LA YALRIMEE N, & 5T, WAL C F 7 — EiEHALIEM ©F D PMA(phorbol 12-myr
istate 13-acetate)lic & v . OFMAEMPHE EFE L. CORIGIEIMAIC L D MBI &7, L
e oT. CHF—EOERASOHBEARCBY sNa' /I RBcE(EELTVWS I L
BRI,

(2) Na*/Ca?* RMFB LT 2 AEH A VE Y RIBOLE

T ER 7Y v (1075M) . OAFHIIBPAICa% B [Ca®t]i%202. T2 20. 6nM2> 5 347. 9
L5 M~ EEEICEIME B, CD[Ca2*]ioEmid. MigsiEdicr v ) v odr B
BEELEVWRETRAES ST, MIEARICHELT FY v L2MA 5 LRBDONBHRICA
7 (Fig. 3a) o fERaZbiKIc. AL+ MY v A lcRA T, BURBEICE B & 5 CIBEIL
YV AEMAT . [Ca2*lioEMREdShRTVI s, TD[Ca? ]iDEMciE. g
i DF b Y a4 YBLERIEBRREINT

Eoic. Na' /NPl B EHIMAR. 2 v EX 7Y YRIBIS & 5 [Ca?" )i 30 4
Utco LicdioTo DEMIIICK T 3 o  ZAKRBME. C+F—€EAL Tha' /IR
EIEMA LS N, IR TF P U Y AL 4 vOEINIKL D, NaT/Ca® RIEREN LAV YT
LAAA YORAZEIERIT EBTRBRE NI

FyvAFvyyyD b, LEHMIAC2]iZME R (Fig. 2) « TORILENa/H" X HH
FZHIC L 0iMEl &N,
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oo Ny Ty rllfiick -Thb. BECOHMIECa2 ]I EML (Fig. 4) . £D
RIGWENa* /U 2SR EH i X vilE & h i,

(3) AEFANVE VRIS LB UHIBRICHT 27 P Y v altryRIBROESR
JNZIERTY Y, TYIATFyy I, XY T UV YRIBUTED. Ty FPEEREE
O e E B~ [Pl phenylalanine O VAZFHERCHE ML (Fig. 5 o /vt
27 VHEIBICL AOHEEARIR. T3V vy vickoilflan, a 1 ZEEENLALDD
ThsdIEPHERSINT

NI ER 7Y vREIBIcky., BEORMIATA v a ¥— Y REPEELT S I ENBMA
SHNTWBEN, Ty F vy VIfEIcE->Td, # va ¥ —> (c-fos, c-nyc) B
BIEHLE Nt LichBoT, ChoRBEFLVE YRl 2 0MEKRICIR. BRFL A
VTOEHARAGTHREPEAS L TWE EERX 5T,

vz EF 7Y YR X EEOHMIEEE~®[PHlphenylalanine OHD A% &
Na* /W' SR EE (73 w54 FBXUEIPA) itk il s N7 (Fig. 6) o £7c. 7
vIAF Yy vIRIBMIc LA L0HREAAK G, ARICT Iives A4 FickhflEESI N
F/h. CHFr—FICHBENEBEESISVHAEE Ry v a2 XY vk, /v EZXT Y ¥
R L 2 EBOHMBEEAKEINGIL o Lch-> T, FETVE YRIBUC X 20/
ZHARIC K. C+Fr—EiEHALLN /I RBEORIGHEELTWAE I EBPES M ER

Off_o

(€2-9)

APUBRHAREEZED. BAROHEEBICBI 27 Y v ad 3 v SRFOBEHREEICTH
FAEREEHSPICLTER (X3, 4) o Fig. T ik, DHIEHERDIEREEHRED
VEODHEEEMRERYT (XHE5) o / VI ER 7Y YRIBIR. LCHMSNTVWE LI a
VEEEENLT T 4 X7 4 Y —€CRIEMH({L L. diacylglycerol (DG) &4 / ¥ b—
39 vk (IP3) 2HEUL %, DGIICHF—EREHILTZIEBAONTVE, CHFHF—F
DEMALIR. AFETHR LA LD ITNa /IR BREFEEAL L. OFMMia~DF b Y v L4
AXVDOFERAE ST, $5E. LDHFEERICHEET 5N /Ca? RIERDO@ &It L v
FPRPYYLAALAVIERDTHNY S LA T VYDRABBID, Ay abhd4Ficdd
DHZEHARERTFORASERSN B LELON S, HFE. ERRMBICL O LHOEH
ERPIRES NS CENPEIRL TS, TOEEICBVWTH, FEELO A, e
S—ENLIeF b YO LAt YRABEEREEZRLLLTVEEZELSNTVWS, LT
BoT. MR- FHRERFICLLERE. EBRBMIC L2 LDERICRS 2RA2 5O
BOERCEEREOEEN REEN S, ULl &L, DIBRICBEWVWTF MY 9 a4t
VERBEDPEERKBEERALLTVWSE ILEDPHS» LR -7,
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SR DOFEE]

R4 FEEOARMKHRICL D, BEELTHMBCST 24 4 YRR OEELER L
WO ZEEERICBVWTA A YRIREVEERREINZRILTVDE I EDBHLH EL 7o

LA LBEL, A4 YRBROFMIHFEBICOVTIR. TOEEFEE. REGW
REFPOEEL . SHBROMPBHIHEIAL TV 2,

S5, EEOEEKIEBVWT, INoDA A YRBZRPLIEXRICBWTRATREI DR
BB METHED., el rOBREURLOIECEFT VEYITH 2 0FEERREE NN LR 5
— (Cardiomyopathic Syrian hamster) IKHBWT. F b Y 9 &4 4 URWREFEILE
KX BLEBCIOVRIPTH %,

[ &% K]
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Fig. 1

Effects of Norepinephrine on Intracellular
pH in Isolated Cardiomyocytes

a) - i P 1.2
norepinephrine 10 uM — 7.1
u‘Mf\ _7-0

b) Nat-free
"NaCl 100mM .pHI
noreplnephrine 10 pM 7.0
6.8
c) HMA 1 uM
pHI
norepinephrine 10 pM .
1.1

1 min

propranolel 10 pM
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Fig. 3

Effects of Extracellular Na+ and HMA on
Norepinephrine-induced [Ca?*]i Changes
in, Isolated Cardiomyocytes

a) Nat-free

norepinephrine 10uM NaCl 100mM (Ca™i(nh)
‘ ‘ 300
W o
{ min
b) Nat-free

norepinephrine 10pM  Choline Cl 100mM  (Ce™)i(nM)

| | 300
.\jr A’_H 200
Tmin
c) HMA 1uM
HMA 1M norepinephrine 10uM [Ca™itnM)

N R
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Fig. 4

Effects of Vasopressin on Intracellular Ca2+
in Rat Isolated Cardiomyocytes
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Enhanced Protein Synthesis by Various Vasoactive Hormones

Fig. 5

in Cultured Neonatal Cardiomyocytes
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Fig. ¢

Effects of EIPA on Norepinephrine-
Induced Protein Synthesis
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Role of Sodium Ion Exchange in Plasma Membrane
in Cardiac Hypertrophy

Takenobu Kamada, Masatsugu Hori, Toshifumi Kagiya,
Masafumi Kitakaze, Kunimitsu Iwai, Hiroshi Sato, Seiji Takashima

The First Department of Medicine, School of Medicine, Osaka University,
Suita 565, Japan

Summary

To test whether Nat/H+* (sodium/hydrogen) exchange plays an
important role in neurohumoral signal transduction in cardiac
hypertrophy, we studied the effects of Na*/H* exchange inhibitors on ion
exchange and protein synthesis in rat cardiomyocytes stimulated with
neurohumoral factors. Norepinephrine enhanced Na*/H+* exchange
through oj-adrenergic receptor, leading to intracellular alkalinization
and increase in Ca2+ concentration. Na*t/H* exchange inhibitors, i. e.
amilolide and ethyl-isopropyl-amilolide (EIPA), inhibited norepinephrine-
induced protein synthesis. Angiotensin II increased intracellular pH and
Ca?2+ through Nat/H+ exchange activated by protein kinase C, and
enhanced protein synthesis associated with expression of the
protooncogenes (c-fos, c-myc ). Amilolide also attenuated the angiotensin
II-induced protein synthesis. Furthermore, arginine-vasopressin
increased intracellular pH and Ca2+ through Vi-receptor, which was
attenuated by EIPA. Thus, we conclude that Na+/H+ exchange is involved
in signal transduction through oj-adrenergic, angiotensin II and Vj-

receptor in rat cardiomyocyte growth.
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