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'1111'il'Vll~l'U ll>ll>l'IJ'U fllnffl'lfl'U'il~lJ~1>1iJ'l":::mi'll'Vlfl'Vll>lfffllJr-lm1:JJfl'U'Ufl~cJ1 angiotensin receptor 

blocker (ARB) ua::: {)-blocker (BB) 'luiiJmmfll':i'Vl\>11;\fl~ 11>1l'l'l'M norepinephrine infusion l~flll1dcJ1tl1 

'I ftlf1\>l'Vlcl11iff fll'Vli'ltl7cJ'lum1:::111 i'iltllJl'l-11;11 fll':i'Vl\>11;\t)~ i$i'11u~l1'U'IJ11fl'elfl!U'U 4 flftlJ i~d' (1) flftlJ 
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d11J •llJ 31., 1 , dq 31 'I 31.,. ., 9 
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100 µg/kg/d, (3) nzj:JJ~itt NE infusion m1:::ittcJ1 BB (propranolol 20 mg/kg/d; BB), (4) nzj:11~'111' NE 
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ittl'Jl BB ua::: ARB+BB rfllJl'jf,)'1']11tti'lf'Ull1ftl'U1;1\>l1;\~ 11>lcJcJ1 ARB+BB tl'uiiuu11u':JJa\>l hypertrophic 
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Abstract 

The progression of heart failure is associated with hyper-activation of sympathetic nerve 

and rennin-angiotensin system. It has been proposed that combined blockade of p-adrenergic 

receptors and angiotensin II receptors may prevent the progression of heart failure and improve 

cardiac function. The purpose of this study was to investigate the combined effects of angiotensin 

receptor blocker (ARB) and P-blocker (BB) in a model of norepinephrine-infusion imitating the 

pathological condition of heart failure. Rats were separated into 4 groups as follows: (1) non­

treated control ( CTRL); (2) norepinephrine treatment by subcutaneously infusion at 100 µ.g/kg/d 

(NE); (3) NE infusion with BB treatment (propranolol 20 mg/kg/d; BB); (4) NE infusion with 

combined treatment of ARB (losartan 15 mg/kg/d) and BB (propranolol 15 mg/kg/d) (ARB+BB). 

The drugs were dissolved in drinking water and all treatments were continued for 14 days. NE 

significantly increas~d cardiac mass index, left ventricular (L V) mass index, myocyte diameter and 

collagen deposition in inter-ventricular septum and LV. Both BB and ARB+BB treatment 

reversed these changes. ARB+BB showed a tendency to have more pronounced effects on 

hypertrophic mass index and the amount of collagen, whereas BB exhibited more intense effect on 

myocyte size. Cardiac function was assessed using isolated heart perfusion upon the low and high 

stimulation with isoproterenol 10-
9 

Mand 10-
6 

M respectively. NE showed a systolic and diastolic 

dysfunction, as indicated by decreases in LV pressure, dP/dt max and dP/dt min, as well as an 

insignificantly higher ventricular end diastolic pressure (VEDP) compared to CTRL. BB could not 

prevent cardiac dysfunction induced by NE, except for the slightly decrease in VEDP. In 

comparison, ARB+BB partly preserved systolic and diastolic functions during low stimulation, but 

not at high stimulati0n. In conclusion, the findings demonstrated that combined treatment with 

ARB and BB could partly improve cardiac function and prevent cardiac hypertrophy and fibrosis 

induced by NE. Moreover, treatment with non-selective P-blockei at high dose could not preserve 

cardiac function. 
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(Introduction) 

Q.I 9 9J cl .QI ~d 0.1 llJ , d ~ llJ ~ 
m1~tt1 i'irn:JJ1mn (heart failure) 1uum1~r-11wumwvm11'il imnm':it1u\o'll'i'leJ\o'leHJfl itlmrN 

,, . . 
1 umvei 1 tt1v1v-:i 'Wei n11m1:JJ ~ ei-mn'lrn-:i·h-:i mv 1 ${ 1i!e1-:i 'illflijfl17ll H\91Ufl~1 u m1ii rn, 1u~~/tt 1e1 

Q.I 9) ,: Q.I Q.I 'j) Q,I cl 'j) 

fl1':iflmcJ\911'1JeJ-:Jflm:JJ1mm11 'il (Braunwald, 2001) m1~tt11 'il~llm~1:J.Jmuui;rnV11-:iirn'VllcJ'lleJ-:J 
q 

hmhu'lm,1i1u1~11u1111 'il11~~tt~e1\ol1tie1\91 1iu 11r1111 !'il'lll\o'lttiei\91 hr1r111:J.Ji'W h-n1wff-:i 
u "' ,, 

fl11~'tt1 !'il!~'WN\o'l'O-:J'\11~ fl17:JJH\91Ufl~'llel-:J~'W'tt11'il 1rlu~'W (Francis, 2001) iJ'il'il'lJ'Wij 
q 

.I I 9/ d91 o' QJ "''19' 
1J':i~'lf1mm1 20 m'Wfl'W'Vl\olel-:J'Vl'W'l'Jfl'll'Vl1lll'WfllJfl11~'111 'il~lll'\1~1 fl11ll'J,!fl (prevalence) 

'llel-:Jfll'jlfl\91.fll1~111'l'ilii'mtt~1UJ~mw 0.4-2 % 'IJel-:.IU1~'lflmJ1lu (Dominguez, 1999) fl11~ 

Q.I 9 9) Q.I ~I d I d,, 0 ~ 0 'l 'J} ~ ..:::i. .d 

'111 rn~llmm'il\9111J'Wfll1 rn11il1vm1v11 H rvn1~m1 \9111'1-.!'W'lleJ-:J hr1'il~m tttl1~ff'Vl1ifll'Wmrn \91 . ,, 
"I "-''l "I •,9/ 9/il 1 d I a, a, tr:'lel\o'l'IJ'eN'l11 'iltr:'11~-:.11':iflcl"l 'il'W'Vll tt 50% 'llel-:.lr;j 1cJ 1fl'l-J\ollcJelcJl-:J'QlJ'W~'W (sudden cardiac 

.I di di 9'}( d11j9Ja, "'"' "' I"' QJ 'l 9/ 
death) (de Teresa et al, 2000) 1J1~ll1Wfl':i-:.l'l1'W-:J'IJeJ-:JN1J1tli'l i\o'l':iUfl111'W'il'QcJ11:J.Jf111~'111 'il~:JJl~1 

"' 

~fWllcJfllcJi'W 4 TI l!(l~~il1v~ijfl11~1111 'ilii'mtt~1eJV1-:J1'Wll':i-:J\ollcJf11cJ'l'W 1 TI (Dominguez et al, 
,, ,, ,, 

1999) 11u'i1il'il'ilU'W'Wfll1fffl'.lfl1imh 1 tt'Vl1llJ'WcJ1i ff111i'lcJ1'1Je1-:i hr1ilmn:\iu 1rn~iimnhr-1~ 
q . ,, 

fll':iffflmmvi'mu 1m1 f m:11m1~111 'l 'ilii' m '11 m uloi ir-:.1V11111~il1v 11'fl'Wij-O\ol11m1il 1mm~fl\ol':i7 
"' ,, . 

nn \o!Wff-:J ~-:i ,r u iJ-:iijr111lJ ~11rl u ~ei-:ivi 1 m1ffflm1:o m Tiflvi'mu1m1f m:11m1~ 1111 'ilii'llmm 'l tt'ij 
"' 

I j/ f 3J t 

1h~il'VI i m'W ;-:,i~ 'W ;-:i 'il ~i1v 'l tt ~il1v 1 ':ifl il mm':i t119111i1 ui1\ol e1ci1-:itl fl~ff'll i1ti~\o'I m1~1iYv-:iloie1 
"' q 

, . ,, 
fllj \ollcJe!Vl-:J,r U'W~'W 'llel-:J ~il 'Jc) ll~~er-:i ffllJl'j oil el-:Jfl 'W fl1119111'W'W !'j'fl 1:ii'l tt m1!wv-:i:\iu ~-:i 'il~'VJl 

"' 

'l 9'9'}( llj 19' 9/ QJ QJ 'l 1 I ~, I .I QJ "' I '11 NJJ1cJ i:JJ\olel-:Jl'IJ111Jflljjfl1fl 'I-.! H'WcJllJl~lJelcJ l1J'l-Jfl11'lf'Jf.J1J1~'\1 cJ\o'l-:JUJJ 1~ll1W fll 
"' . ,, 

QJ I 'l 9' SI ... 'I d ..t::::!,.Q, .:::S.d .:::!i 
':ifl1fl'WcJ11J1~ tm~'lf1cJ '\1N1J1tl:JJ'f1Wfll'W'lf1\9li'l\o'l'IJ'W 

"' q 

I I 

"" "" ~ fll'i't1UTI11-!1'i'JiUfl'i'HJ't'Uflf.11'U0'1 (Review Literature) 

QJ 'l 9/ "" di "' 1 "' QJ '1 mm \ol 'llel-:Jfll1~ '111 'i)(l :JJl'l1~ 1ll lllfllllcJCJf-:J m 'il lfl\91 'illfl 1 fl '11~el\ol tr:'l el\ol'llel-:J'\11 i 'il 
q ,, 

(coronary artery disease) fl11llH\91Ufl~'llfl-:J~'W'tt1 'l'il (valvular heart disease) !1flfl17lli'W h-n\ol 

,,i llj•• "'19' "' 'ld 1J:-:i (hypertension) ll~~el'W"l (Franicis, 2001) ill11fl11~'\11 'il~llmm'il~lfl\o'l'illflffllttloJ \o'lfl\911ll 

fl1':ilfl\91VW1lifffll'W'il~ij~m1w~r1ii'wnu mi11;je1 'il~'W11m1:JJN\o1Ufl~'l um!1~'1Je1-:i111 l 'ilvi1 'l tt 

tl~m\91':ittiei\o'l~ii\o'leieJfl'illfl'\11 'l 'il~eim.hvnm (cardiac output; CO) (1\91~-:J 1 u1~cJ~U':ifl'\11 'l 'il'il~ij 
I j/ I I I 

nntlfrn,111TieJfl-:J1~iu CO ~-:J'W (1) fl11l'W:JJU~:IJ1\ol11tie1\o'l'lu1111'il '\11ell'Wll preload ijNm'Wll 
,, . 

A a., 'j) ,:!I 0.11"' 1 ,,< "> 
U':i-:JUU\911\ollll Frank-Starling Mechanism · (2) flm:JJl'Wel'l11 'illfl\o'I hypertrophy \o'lcJllfl11l'IAl:J.Jll1~ 

'llel-:J contractile tissue (3) ijm1m~$Jutl1~ffl'Vlllr:l~ ~el1!:JJ'W (neurohormonal activation) 'WU11 
q 

flflTHl'i~~'W'i~1J1JU'i~'ffl'VlGJ5ll'IAl1!1i~fl (sympathetic nerve) 1111 tt'nm1tt~~ norepinephrine (NE) . . ,, 
9$-:J'i)~ijNm'Wllll1~iim11'Ue1~1111'il 'Welfl'illfl'WU-:Jnm1m~~'W rennin-angiotensin-aldosterone 
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system (RAAS) l~elfl<J';j:::imtH~\Hile!flUfl:::fll'J'UllileJfl 1u~'eJ11:J1:::iflflt\j fll'JU'ilJ~1'11eM'l11 'l'il 

ef ~ d cv CVG) • a.r li)'JJG) ,Jt31 QJ a.,d 
lJ'il:::fflmH11vi11u1-:J1111911'1J'eJ<J1-n t'il1rn:::'lf11:Jfl<J'J:::f111 co tfl im:::v:::mn 1191111091e1-:JU'.i11911ttllJ 

1:::1:J:::nmlJllJ'il:::ff<Jf-lfl 'ltt'tnflfll';i'VJl<Jl'I-J~NflUf)~'IJO<Jtt1 'l 'il i¢i' (Braunwald, 2001; Zevitz et al, 

2006) 
' ., ' 

fll';j~ll'U'W'llel<J ! 'Jfl 'lmn1:::111 'l 'il'all!'I-H'nVl1111'il:::tnflfll';j!U~cJ'Wmfo<J 1 m <Jfff 1-:J 'l 'I-JIU ellfJel 
., ., 

tt1'l'il !flclm'Vn:::'l'W left ventricle (LV) i<J'W tflflfll'J\9111:J'llel<Jl9fflim11mu'eltt1'l'il (apoptosis) 

.c:1 'JI G) ~d..dl d I ti 31 ,% ti fJJ ,J cv ~ 
~t\jlffmff'W tl:JUf1\91'VlcJfl m 'W1:J11::: 1111-:JtCJfflflflmm WJ 19fflrlflflllll'W e1111 'l 'ilmfl hypertrophy trn::: 

d 3' q q ' ' ' ,/ I ,Cl, ... I ~ 
:1Jfll'Jff:::ff1Jlff'W W t'W'lfel<J11-:J'.i:::'1111-:Jl9frlflell:Jl<JH\Pl1Jfl\91 (interstitial fibrosis) (Francis, 2001; 

., 
Jessup & Brozena; 2003; Zevitz et al; 2006) lJelfl'illfl'WV<JVllJ11'111 'l 'ill1fll'Jl'il~t\jl~lJ l\9l!llJlJNfl 

,=, 'i' "" ~ ., "''i'.I "" "" ,k ., 111 • 'l 
li'Vill'lfl\91 tfll:Jllfll'JIVl:IJfll';jff<Jlml:::'11 rn'J\91lJl!fl:::llfll'.illff\Pl<JOelfl'IJO<J fetal genes 9f<Jllfl mrm t'W 

'111 'l'il'llel<Jfl'WUfl~~1m~1111:J (Francis, 2001) fll'.ilflfl left ventricular hypertrophy 1~m-m 'l M 

H'W<J'IJ'e)<J LV !l~<J'lll\Plfl11llafl'l1U'Wlrn::: i"ffllJl';jflrlflll:J~1elV1-:JfflllJ'JW ~<JlJfl'il:::'Ul i Ufffll'.il~:IJ . ... ... 

fl11lli'W'l'W LV 'l'W'J:::l:J:::flml:l~1 (left ventricular diastolic pressure) (Francis, 2001; Jessup & 
' ., 

Brozena; 2003) fll'JIU~tl'I-JU1fo<J !flHff!wiHfonflmlJ~lllJfll';jfl';j:;:~lJU'.i:::ffl'Vl9fllVl111i~flelV1-:J 
' ., 

timJn~ l~'WHfl 'ltt'1:::\Plrnrnfi:im norepinephrine (NE) 'l 'Wlil'eJfll~:IJ;lJ:IJlf) (Naga Prasad et al, 
., 

2001) 111m:::iu NE 'lmi1Bflff <Jf11'J~ll'U'W !';ifl'il:::lflfl'JlJll';i <J;'I-Jl!fl:::m'JVltllmW! 'Jfl i"~ ... . 
(Braunwald, 2001)) f11'J m :::~lJU'J::: ffl'V19fllVI 111i~fl!I fl:::m'.i flfl'LI1 lll\91 'J 1ileJfl~Q fl el'elfl 'illfltt 1 'l 'il • 
d 91 91 • 'I 91 ., a''i' • 'I .,i ~ _J 

IU'WHfl'l11m:::1,J'W RAAS 'V1l m'J:::\Pl'UeJel'.i tll'W ang10tensin II (Angll) t'W!flelfl!Vlll'll'W (Campbell 
., ' ' 

et al, 2001; Frams et al, 2001) 11-:J NE !If!::: AngII l1i:--im11'lM11f!'eJ\ollil'eJ\Pl~lJ~1 U<Jl~'Wfll'Jl~:IJ 
., ., ' 

m1:::<J1'1-Juntt1 'l'il vi1 'l tt'111 i'il~'eJ<J'V17-:Jl'W'11'Wn;lJ 'W'elfl'il1n-w AngII v<Jm:::~lJ 'ltt'l1nw11~-:J .. 
& o ') 91<=1 .:, <!! : ') I d ~ ') 91 I ., ') "1 

aldosterone 9f<J'Vll t11:1Jfll'Jfl<J'll'eJ<Jlf1fl'eJl!fl:::lJ1 t lJ 'JNflltl ttl'W fll'J!Vlll.fln:::<Jl'W t mm111 t 'ilelf1'V11-:J 

.J Ad CV 'ii~ <JI a., 

11'1-J<J (Carson, 1996; Francis; 2001) lJ'eJfl'illflllfll'.i!Vlm:::fllJ NE 1rn::: AngII tlJ!rl'eJ\olllfl1 tl<J 

·~ C:., d 4 &..:::1, d 31 QJ 

'W1J11llf11'J'l1fl<Jffl'J\9111'11i'lelfl!fl0\Pl endothelin-1 mi::: tumor necrosis factor 9f-111ff1'1-Jlf1tl1'110-:Jf)1J 
., 

fl1'.i\9111:J'IIO<Jl9fflimi'1111U'eltt1'l'il (Francis, 2001; Jessup & Brozena; 2003; Zevitz et al; 2006) 
., ' 

V<Jl1'11~flj!llJa'I-JV'W11l1~ NE 1m::: AngII ijHi'l'V111Mlflflfll';j!U~tl'W!IUfl<J lflHfffl<J 1'1-J 

'J) ~CV t 4 3/'l9I,=, o, 

flfll:JJl'W'eJ'l111'il ffl'J'Vl<Jff'eJ<JllHrlf1'J:::\,j'W '11tn\Plm1:::v11'l'il !\91 (cardiac hypertrophy) (Chiba et al, 

1989; Booz et al, 1996) ~<Jl~'Wf11'J'lf1m~1111ni'i1J~1'110-:J111 'l 'il 'lu1:::t1:::!l'Jfl'IIO<Jf11'J~ll'W'W hfl u~ 

i'W'.i:::t1:::t111u-a1n~11vi1 'lMUHU1J\911'1Jmtt1 'l 'ilrl\Plfl<J (Conrad· & Brooks, 1991) m11~m:::iu 

AngII V<Jff <JHfl iMtfl\Pll~'W 'lvi'WH'W<Jl11 i'ilOUl<JN\Pl'Ufl~ (cardiac fibrosis) vi1 'ltt'i:--1tl'<J111 'l 'il'lllflfl1111 
., ., 

fJ\Pl'l1q'W (Ruzicka & Leenen, 1995) 'WOfl'illfl'WV<JVl1J11l1-:J NE trn::: Angil a<Jiim1m:::~lJ'lM!flfl 

ti 31 ~ Q.I G) .Ji a., a., o'0.1 ,..I ~ ,::i. d a., 

fll'.i\Plltl'IIO<J 19fflflflfll:JJl'W el'l11 t 'il (myocyte apoptosis) 9f <JffllVl'W 1i fllJf11'Jfl flIJ 'J:::ff'Vl 1i filVlfll'.i 1111\911 
., 

'Uel<Jtt1'l'ilh.t1:::v:::~1t'WlJ 1w1 (Colucci et al, 2000; Kajstura et al, 1997) \Pl<J'W'Wfll':im:::~UU':i:::ffl'Vl 
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mi~ ~rn{hiuuu1-!,!tfv1-!,l i um1~111 i 'il~l.lnrn1'il~'Vh i ttt~\P'lfll'.itJ~tiuttll'1-!,11 fl'.i-!,j'fff 7.:J'IJU-!,1111 i 'ii 

I "" - I "',k O 111 _ I I "" 0, d..... - I ""lil 'J} & 
U£Jl-!,IH\P'l1JfWlGJf-!,!'il~'Wl 11J"'.lfl1'.i'U'U\911'YIH\Pl1JfWI !\Pl (Francis, 2001; Zevitz et al; 2006) 'illflflTH'l'fl'lfl 

,, 
l"l'U11 i 'Wfl11~'111 i 'ilam1--nnna1l.lt'UU'l11 i 'ii 'il~Ufl11lJN\Pl'Ufl~i 'Wm'l iflfll'.ilrn\911 (excitation-

contraction coupling) '1\P'I0\9J'.i1!~1itm1nrni11rn~mnl'.l\ol1 U'.i-!,l'\1\P'l\911'1\P'l'1-!,l (Conrad et al, 1991) 

'illflfll'.iffmn iu11~'Y1\Pl'1U.:J~ijfl11~111 i 'ilalH'\1'11l"l'U1111h~'W'IJU-!,l calcium pump ~ 
d a., & ,-,... I d ~d. G) o 2+ 

sarcoplasmic reticulum lJ'.i~\Pl'U'i'l\P'l'1-!,l G}f-!,l 11J'.i\9l'W'WlJ'U'Yl1Jl'YI ! 'Wfl1'.i'W1 Ca UUfl'illfl cytoplasm 
,, 

(Liao et al, 2007) U'ff\Pl.:J1Wlfi'lina1mwu111 i'il ium1~111 i'ilalH'\1'i'l1Ul'il~Ufl11lJ1Jfll"l1U-!,l i 'Wfl1'.i 

a., a., a., 2+ 1 " CLld ~ 0 2+ 'j)' a' 'j) l ..J d 
'il\P'lfl1'.ifl'U'.i~\Pl'U Ca flll'.J 'W!GJf'1'i'l NE tl-!,llJH'1!l"llJfl1'.i'W1 Ca !'IJ1'ff!GJf'1'1fl'i'lllJ!'WU GJf.:JUl'il!'ll'W 

'll 

.J d. o 1 'J/ "' 2+ 'I <1 "' 111_ I d. o 'I 'J/"' 'I 'J/ 
'ff1!'11\?J'l1'W.:J'Yl'Yl1 i1'.i~\PIU Ca !'W!GJf'i'l'i'l~-!,l!f1'W 11J'il'W!'\1'Wtl1'W1 !'11!fl\PI cardiac arrhythmia vh !'11 

~iJ11'.J\9'11fJUU1-!,!!'ijl'.J'l.Jl"ll:i''W (Zevitz et al, 2006) 

"' o,q'J/ i """'i'J} 'J} "'"' "''l fl1'.i'.ifllllfl11~'111 ! 'il'i;llJ!'\1'11 'lJU\P'l\9JlJfl '111'.Jlf1'.i~\9J'lJU'.i-!,l'lJ'lJ\911'1JB.:Ji11 'ii (inotropic drug) 

H'1~1'.Jlff'1lJ'lltlll'.Ji1'i'l0\P'l!ilB\P'I (vasodilator) !~B'lf1tl'i'l\P'lfl1'.i~.:Jl'W!!ri111 'l 'il (afterload) I\P'ltili.:J'U'.i'.i!'Yll • • 
,k I i ii 'J/_r1 -=! ,,;_,% 'l I 'J/ o, O i 'J/ 

Ulfll'.i U'i'l~Blfll'.i!! 'ff \P'l-!,!GJf-!,l 'il ~ 'lf11'.J '11 H1J1tllJUlfl1'.i\P'l'IJ'W 'W '.i~fJ~U rn U\9JH'1'.i~ ti~ fJ11!!'11fl'i'l U'Yll '11 
'll 

d. "' "' 111 'J/ , 'J/ 'J/ 'J/ , 'J/ _ I "<r .,. 
!l"llJU\91'.ilfll'.i\911£1 (Katz, 2003) \Pl.:J !\Plfl'i'l11"1U'11'1J1.:J\?l'lJ11fl1'.if1'.i~~'W1J'.i~'ff1'\llU'1~eJB'.i !lJ'WlJH'i'l . ,, 
ittffl'.i~l!U'W I '.ifl 1um1~111 i 'ilalH'tt'i'l1'.i'WUH~-!,l;'lJ fll'.ifol!l i 'Wli'il'il'JJ'W~-!,1:J.i-!,l'.i~fom'.i~l!U'W • • • 
'l d ?I · 'J/ - I "<r 
!'.ifl'V1!1J'WH'1'illflfl1'.ifl'.i~\9J'W1J'.i~'ffl'YIU'1~eJB'.i !l.l'W (Francis, 2001; Greenberg, 2001; Lee & Vasan, 

' I '3/ ,I I 

2006) mvi:Jn l~!'Ufll'.i!ilun 'l'i/iuei'Wlol'U!!'.ifl i~uri (1) mviiiH'i'ler'UV.:Jfll'.iUtlflt]'VITI'IJU.:J NE 91.:J!~'W 
" ,, . 

H'1'illflfl1'.ifl'.i~~'Wll'.i~'ffl'YICHlJ'Yl1!1i~fl I\P'lfJ£JlUUflt]'Vl1iU\Plf1'Wvi !3-adrenergic receptors (!3-
blockers) ~'111L'il!!'i'l~'l1'1U\P'l!ilU\P'I (2) til'l'WfltjlJ angiotensin converting enzyme inhibitor (ACE-I) 

~UH'i'IVU5.:Jrn'WiGJf" ACE ~-!,!!~fJ1-ITu-!,jfl'l.Jfl1'.iHil\9'1 Angil (3) t11l'WfltjlJ~ijHr;1vu5.:Jfl1'.iUUflt]'Ylt 
" ., . 

'IJB-!,l Angil I\Pll'.JUBflt]'YITIU\Plfl'W'fl Angll receptors (angiotensin receptor blocker; ARB) 

(Braunwald, 2001; Jessup & Brozena, 2003; Lee & Vasan, 2006) 
,, . 

ii'.iW.:Jl'W~'WV'Wfl.:J'U'.i~ff'YlliH'i'l'lltl.:J 13-blockers 1 'Wfl1'.i'jff.lfl11 £11 L'Wfltjl.luiiHmYl:IJ 

ll'.i~ff'\ll1iflll"lfl1'.i'Vl1.:Jl'W'll0-!,l111 'l'il (Bristow, 2000; Cruz et al, 2007; Sabbah, 1999) 'i'l\P'lfl11~'111 'l 'il 
" 'J} ,J "' 1\91 (Khattar, 2003; Sabbah, 1999) ,'1\Plfll'.i\9111'.J (apoptosis) 'UU.:J!GJf'i'l'i'lflmlH'WUi11i'il (Sabbah, 1999) 

., 
;fl'fl-!,j V-!,1'1\P'lm1uuul'.l'IJU-!,lfll'.i tfl\P'I mm'.i 1 'W ~il1m111~ 111 i 'il~m11'i'11 ~.:J'1\P'I ei \9J'.ilfl1'.i 1 ,i'1 i'1Jm'.i 

,, 
follli'W 1'.i.:Jl"ll'.Jl'Ul'i'l U'1~'i'l\PI0\91'.ilfl1'.i\9111'.J'IJU.:J~iJ1t1 (Bristow, 2000; Packer, 2001) 'WUfl'illflU !3-

"' "' i "' 'J/_ri "' i 'J/ "' 'J/ blockers fJ.:J'ff1"1'.ifl'1\Pl'.i~\Pl'U Angll 'W!'i'lB\P'l'IJB.:J~1J11'.Ji11 'il'1lJ!'\1'11Bfl\P'l11'.J (Campbell, 2001) 

'ff1'WH'i;lfl1'.ifffllllfl1'.i1flll1fl11~'111i'ilam11r;11~11'.J ACE-I TIU11 ACE-I 'ffll.11'.itl!~l.l 

ll'.i~ff'Vl1lflll"lfl1'.i'ij\P'l!ilB\P'l'IJU-!,l'\11 i'il ium1~111 i'ilami1'i'l1 (Lui et al, 1997) trn~UH'1'Vl1 i ttlHlU\PI 

tilU\P'l'UfJlfJ\911;.:J'i'l\P'l,mllJtll'w'Vll'W~Bfll'.i'ij\P'l!ilB\P'l'IJB-!,1111 i 'ii 'Yll LM fll'.i~-!,!l'W (afterload) 'IJU.:J'l11 i'il 
., 

'J} "" ... ,'J} 
'1;1\P'l'i;l-!,l\P'l11'.J (Prams et al, 2001) 'lJBfl'illfl'W ACE-I l'.J-!,l i1H'1'i'l\PI ventricular hypertrophy !!'1~'1\PI 
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fl\9117fll1\917tl (Jessup & Brozena, 2003; Khattar, 2003) 0Ui-:Jl1~\9'171lfl71i'mn~1tl ACE-I 
,, . 

h.1 V11-:Jri~ilriw1111 m1vi1nu'llv-:J1111111 'lHjU1tl'111111K11m'11t!vi'-:Jv-:Jfl-:J1t1Tfl-:Jt1vt1 ~ \9'1111m1 
,, ,, ,, 

\Pllt'U'U 1 rn 1rn~~il1t11limm1t1'Vl'UWflf·Hl'l3i'7-:Jt~tl-:J'lltJ-:JtlTW (Peterson & Dunlap, 2002) l1-:J'WtW17~ 

"' "' IJJ o'dt "' ,d !JI IJJ !JI ' ~I tl-:Jlltu'U !GJflltl'U'UtlfH'\1'Utl117fl ACE 'Vlff71J71tl'ifi7-:J Angil !\9lt'lf'U chymase tm~ cathepsin tIJ'U 
,, ,, ,, 

~'W (Dostal & Baker, 1999) fll1V'lJV-:JflWV17-:J7'W'llm ACE 'W'Utlimm1t1U\9lfl'Ufl71ff½'1-:J AngII 

lJJ 'J) ' o' ,:9 ' 0 ~ Q,I ~ ~ " .J'.,cg j/,:::t 

!\9ltltl7-:Jffll'lJ1'ill 11-:JW'lJ17fll1\917t'U'U 11fltr-:JmtlJ'Wll7fl'll'U (Roig et al, 2000) \911tlt'tt\9_J'U11-:J l\9lllfl71 

')!J/')!J/'! I did .di ,So,JI ')!J/dt !J/ild 
tff'Utltt'W~ tl1 !'ll'tll !'Ufl'1ll ARB GJf-:JlJN'1fll1fffl'lfltl'Utl'U17'U711~ t'l1N'1\9lfl17 ACE-I N 1tlllfl17ll . "' ,, 
'Vl'U~tltrl i~~n11m11 tt ACE-I Ufll1-:JV-:J'1\9lfl\9117fll1 t'l3i'1i'um1fom 1u 11-:Jvw1rn'1tt'1~'el\9l11m1 

"' V \911tltlfl\911tl (Berger et al, 2007; Granger et al, 2003; McMurray et al, 2003; Pfeffer et al, 2003; Pitt 
,, . . 

et al, 1997; Yusuf et al, 2003) 'Utlfl117fl'Wfl-:Jfll1'W7 ARB 1 'K111Jfl'lJ ACE-I 1um1i'mrn~m'Yi11 
,, 

1.h ~ffi1fi mw 1 u m1 vuv-:J RAAS N'1fl71fffl'lflW1J11mm1t1'1\9l'el\9l17fl11il1t1m1~i1o111m1\9l1t11 ~ 
' 1JJ d ~ .:St G) Q.I o' ' GJ" I Q.I 

(McMurray et al, 2006) tltll-:J 11fl\9171J1Jfll'jfffl'lfl 1'Uff\9l1'Vl\91'1tl-:JW'U17 fl711i1 ARB 111Jfl'lJ 

:J "' o '1 V o' V ,% "' '1 "' !JI d'I "' 'I d!JJ 91.., 
ACE-I 'lJ'UlJN'1'Vl7 t'l1tGJf'1'1fl'171Jt'UV'\11 !1ltfftli1'Ul'VI !'Ufll';i'Vl\91\911 L\9ltlt11W7~ !'Ufl71~'VI !\911'Utlll17'i 

' ' ii ii 

'ViiHGJft~t11J\?i1 (Trongtorsak et al, 2003) ~-:J'U'Ufl711oiftr7l1-:JfftJ-:J'.j11Jfl'W'1-:Jfl1'j${t)-:j Hfov1-:J 

'i ~ :IJ\9l'i~1-:J 1 \91 m,rn1~ 1 mlil1t1~~v-:J 1 ~ i'1Jt17l17'i~ii L ll)ft~ t111~1 
"' 

I ,, I V i1 

t 'Wtl-:J 111nm1 U\9lf1'W N'1111n1' 1~ ffTVlYl~tJ ~rn{111'W vu1-:J 1 \9ltJU7-:Ji1 'W-:J'W 'W 1limm'it1 v'lJ v-:J 

0 "" i ' o'l1]!JJ "' di"' 0 ~ :; -1 fll'j\917t'W 'U 'jfltJtll-:JfflJU'i'ill ! \91 !W'il~flfl'j ~'lJU 'tt 'W -:Jtl-:Ji17-:Jl'W fll'jIJ\,lfll-,1 N'1117flIJ 'i ~m'Vltm~ 
"' 

ern1111uw½'tJ11~ n'Wil111~ 1 tt N'1nni'mn~~n11 <ill~ 1) 1tltJ-:J 111nv-:J 1li1''i1nom'iffn1:11ii'Wvl-.lN'1 
,, ,, . 

'IIV-mn1tt f3-blocker 111Jfl'lJ ARB 1um1~M1111Km11'11 '1-:JU71Jl~fll'ifffl1:llfli'-:J'W!~tl'Vl\9lftt!U 

N'1fll'.i1tt f3-blocker trn~ ARB Wtlfl7'.i'V17-:J7'U'lltl-:J'l11111 fl71~'1111111191 (cardiac hypertrophy) 

trn~Wtlfll'ift~ffll!'ff'Utt11l-.lN'W-:J'l11 t1I (cardiac fibrosis) 

d t=', ~ GJ Q,I y i~. 'JI ~ 
111n11' i1 1 11~m 'W 11wt111'i ff mW I um1~'rn 111'11J!l1'11'U Utflfl 111nm'.i m~\9.J'l-.l 'LI'.i~m'VIGJfll 

I 'JI JI t/ 

w1m~ri1m~1~'U1J RAAS vi11 tt'.i~~u NE trn~ Angil 1wi?/tJ\9lt'Wll,i'U ftl'.il1-:JfttJ-:Jtltiflq'VITIN7'U 

~-adrenergic receptors trn~ angiotensin receptor \9llllih~'lJ 'ff-:JN'11tttfl\9lfl71~'111111 L\91 fll'.i . ,, 
ff~ffllt'ff'U 1tt 'hmir-:JM1111 fll'.i\9l7tl'lltJ-:Jtll)f'1; trn~tfl\9lfll'ifl-:J'llmmiimrn~tl11 u11-:J mtt m111 

i1 - • ,, 

H\9l'Ufl~tmhuvi11ttih 111Ji'tJ-:J'V1l-:Jll-.l'tt'WfHm~tfft1'111f 1-vi1 'Ufll'j~f!ti?/tlf! ,~ ~-:J'W'U'\17fl 1 Mtll ~-
• ,, ,I 

blocker 11llf1'1J ARB t~tl tiJUf!fll-.lfll'itltlfltl'Vlli'lltl-:J NE trn~ Angil wftJW]fl'U 'W711~ri-:JN'11tt 

'1flfll'.itfl\9lfl71~tt1111 L\91 '1flfll'.iff~ffm'ffu1tt1 l-.lN'W-:Jtt1111 trn~t~:JJ1'1~ff'Vlfifl7Wfl7'.i'V11-:J7'U'lltJ-:J 
,, ,I 

'tt'J 1'il 1~mnn11m'iil\9ltiuq'VITI'llfl-:J NE mh~t~EJ1 



,----------· 
'fl fl 1h:: ff'Vl 1l fl Tl'I 

lum1~ flLflelfl'IHM111 l 'il 

..1, U~lll\ll':ilflelflvielelmllfftt1 l'i! 
loie1r1il1m1m (CO) 

t ':i::\ol'IJ NE 1'WLflel\llll'fl:: 

1urd'e11te11111'il 

i, • • • m:::~1..1 remn-ang1otens1n-
aldosterone system 

! t ':i::\ol'IJ Angll i'I-JLflelflll'fl:: 
~ ' 

1u1i'imael'l11 l'\l 

~·-·~:t:emop~B'=,~r= 
Cardiac fibrosis m 1k~'lfe1,nliim::1ni'ie1 lu-i1~mo 
apoptosis 

."9 0 ~ 1 o I 9/ 9/ I 

l'Vlell'l\llfll':i~lL'I-J'I-J ';ii') (lllH\lllUM'U~L'ff'UU::) ~1fJfJlfHJ:1.J 13-blocker un:: ARB 

. 
1. r~Vfffl'hl11.h~'fl'Y11ifHj'j'J';IJ'IJij,:IU1 P-blocker m'I~ ARB loivm1vh.:i1'U'\JV'1'11'J 1'iJ h.1m1~ 

'111 i 'ini'rn vnn 
2. !~Vfffl'hllfffl'.i'JlJ'IJV<lVl P-blocker !!i'l~ ARB loivm1tf1~fl11~'111l'il l\vl (cardiac 

hypertrophy) l'U1~t1~~1t'U'U 11r1 lmn1~'111l'ilii'mvm1 
' " . <!1"9 I I 9/GJ'l "l"l"''J 

3. !'V'IVfffl'hl1Ni'l111J'llV<ltl1 P-blocker tm~ ARB \v!Vfl11ff~ffrnff'U itl 'U!'UVWV'lfl i'il 

(fibrosis) l 'Ufl11~'111 l'ilii'mtti'l'J 

iu11'U1J'llt1.:im11'ilm1''Um1110mi.:imrnv.:i (experimental research) l~tl'Vl1fl11'Yl~trn.:i 

lmrn'll71 (rats) ~mrlc.11tl1 l'HiJ'V'lt111ifffl1'V'lflii'1m1um1~'111 l'ilii'1Jmm~1c.111i NE infusion 
<ti 

SI I ' I 

'il1fl'W'U!!1fott~!tl'U 3 fl~lJ ~fl fl~llvii:ulic.11 fl~1JTI1'H P-blocker tJV1'1!~tl1 tm~fl~1JTI1'H P-

blocker ·hmiu ARB 1~t1'Yl~fft11JNi'l'\JV<lt111oiflm1'Vi1.:i1u11'1~~t11m-:nrf 1.:i'Ut1'1'111 '1 'iltt'U'Ylflflrl1J 
SJ • • 

" 
1 'Wfl11'Yl~'i:Hl'UN'1'\Jtl<ltl1~tlfl11'V11'11'U'lltl'1'111 i 'il'W'U 'il~ i ~1n'Yl~fft11Jfl11Wt11Jff'UV.:i'llt1'1'1111 'il~tl 

5 



'ffl';i~ijq'Vltm~~U111 lo rrhn.h~1ilum1'Yi1,n'W'U'el-.'.lfl~i"ici't:i111 l 'il ri1u f11';j'\'lfl'ff'el'UH~'U'el-.'.lcJ1 
. ,, ,, 

\?l'el ifl1..:iff!1..:i'U'el..:Jtt1l'il'WU 'il~l~11hh~1ilum11fll'lfl11~tt1l'il,1\ol (Cardiac hypertrophy) -n..:ilu 
Q.I Q,/ Q,/ " dcv ~ 3) G) ,J .Ji Q.1 9 'JI 

1~1"11J'el1cJ1~1rn~1~fl'UICJf~~ U'elfl'illfl'WcJ..:J'lh~tll'Wfll':iff~'fflH'ffUla tUl'U'elWffl11 t'il (fibrosis) 1'11cJ 

- I 'l' d ,J ' \J) !l/V 
lJ'l~ AFJ'lf'k( 'flrllYl1li)~ AYl'l1J 

1. 'Yi1 l tt1n1"1v..:iifl111J!hni ~..:imm1mh i1hh~an;l ~1u'Vl7..:Jfl~'Wfl 1~vm1f mnH1hv .. . .. 
m1~111 l'ilii'1Jm't'l1\?1v 'hJ ~..:Jfl71'117il7'il~ri..:iH~ lttm1~11uu 1m luHil1t1't'l1"1~..:iu~~Hihv .. .. 

cl r ~ d~ '}) I I \fl cl D r/ 3}.J'll) j} 

1m~1uum1'lf1mY11Jf1Wflll"l'lf1\ol'UV..:JH'Lhv mm i 1fl\ol11Jfl11'Wl'el..:Jflf111mu i1Jl 'lf l um..:i . .. .. 

3' "l 3' "'I "l ' ' "l_l ~1Jm't'l1 tl'lttrn tll\ol'el rn 
' ,, 

2. mm1 t1 il 1m11Jfvi 1 ~ 'illfl-.'.ll'W 1~ au i 11-a-vl'tu nrn l u m1'ffffW ir nilmnu l"l'VltJU't'I ~,r nilm11 .. 

6 

'I " "' "' di ~I "' ,,. "I 3' 
i U {'(l'U11'\'ltllffl'ff \ol':i 'ff'Uflll"l 'U 'el-.'.lll'l-111'\'l cJl't'I cJlJ';il"ll 9l'-.'.ll1JU fllH'l\l>ll'U lfll':i I ':i cJ'Ufll':i fffl'W t '11 . " 



"".ct O "" ""QJ 
1fi vll! 'l-! 'l-! fll'i1'ilU 

(Materials and Methods) 

1. i;l(?) 1 ri ~t'l0,mt'I ~ m 1 hf rn 

fll'J'VI\PlmN i#i'iJiju~\9l7:Uiu't11liju~l u fll'j 1 ~ff\911'\'l\Pl{lt),:j U'1~N1'Wfll'Jl'l1'W'lftllJ'il1f) 

flW~m 'J:Ufll'J 'il1 t11i'J 'J 11 fll'J1i tl'lJtl-:j:IJl111'Vl tllcl tl\j'J'Wl 
,, 

& , j/ 0, ., j/ 0 0, 0, _, 

fll'Jfff1'1:11 'lfrt~m'VI (rats) ffltl'W'W'Jl Sprague Dawley l'Wff~ 'Wll1'Uf1\9l111'J~mw 200-
,, . 

& "' "' •,V "' v "'1 9' v "'"' 'i' 1v 250 g f11'Jfff1'lfl'U'il~lrf'Wtl1'U1 l1l1~:U'ffflll'lfl'17tlfl11~r11 'il'1:IJl'l1'11\Pl1tl11i NE infusion t\Pltl 'lf 

& .,v 0, 1 ,!I "" 

mini-osmotic pump 9f,:J'iJ~'Vl1 rf'J~\PIU NE 'Wl'1tl\Pl~,:J\91'1tl\Pl'J~tl~l1m'llt1,:Jfll'J'Vl\Pl'1t1,:Jll'1~1f1\Plfl1'J 

l'Ugtl'WU'U'1,:J lf1H'ff!1-:i'llt1,:J'111 l'ilflii'1t1lmn1~111 l11ii':um'11 (Bonnefont-Rousselot et al, 2002; 

Briest et al, 2001; Zimmer et al, 1995) 
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l\911m.J NE (Sigma) lu 0.9% NaCl ~-:iu 0.1 mg/ml ascorbic acid (Sigma) 1~m3lt1-:inu 

fll'Jlfl\PI oxidation 1J'J'J~ffl'J'1~'11tl~l\9l1t1:uuii'1'1,:iiu mini-osmotic pump (Alzet corporation, Palo 
,, ,, 

'JJ ... t ,:!I_ 31 3J ... 1a.1 o Q.I Q.I 

Alto, CA, USA) \Pl1tlf1'J~1J1'Wfll'J11'1t1\Pll'lft1 fl11:Ul'U:U'lJ'W'lltl-:i NE 'il~11'J1J\9l1:U'W1l1'Wf1\9l1'lltl-:i 

,,,., dtiv _1 , v"' ?I , v 
'ff\,'11'VI\Pl'1tl-:Jll'ltl l1 mini-osmotic pump 1J'1tltl NE \Pl11:Jtl\9l'J1 100 µg/kg/h l11'Wl1'11t11:Jl-:J'Wt11:J 14 

,, . . 
'J'U 'il1f1'W'WV11f11'JN1\ol\Pll1W'Wt!N-:i mini-osmotic pump iflt111ll'il1f1vi11tt'11~ff'11J$J1t1 40 mg/kg 

-er dfj}I 'J} o IQ.I~~ Q.19' OJ 

pentobarbital sodium (Ceva Sante Animate) t\Pltl~\Pll'Ul'lftJ-:j'\'ltJ,:J 'Vl1fll'JH1\9l\PIIIJ\PIN1'11'W-:J\Pl1'W'l1'1-:J 

"' ':'I d 1IJ v "' , v"" "' v d '.:'I ~ 1 9' 
m11Wflt1 f-1,:J mini-osmotic pump 'VllJ'J'J~ NE nmnw. \9lH1'11'W-:iU'111t11J11\PIUH'1 1rn~1rn 'lf 

11ulum'J'Vl\PltnNr1c1-:i111nvi1N1\ol\PI 11u 
"' ,, 

fll'J'VI\Pl'1t1-:ii#i'uu,:i11~t1t1mflu 4 ntj:uai'1::: 15 \ol1 i,:iu (1) ntj:Ufl11J~:U (control; 

CTRL) 1ilu11'ti'Uf1~~i:Ji$Jfm1ni\o1"1 (2) ntj:u~i¢i'f11ml'l1::: NE infusion (NE) (3) ntj:u~i$J'f11 

NE infusion 11'1~ 1 M tll propranolol (P-adrenergic receptor blocker; AstraZeneca) 20 mg/kg/d 

(BB) (4) ntj:u~i1-i'.f11 NE infusion 1rn:::i111:.11 propranolol 15 mg/kg/d i1:un11 losastan 

(angiotensin receptor blocker; Merck Sharp & Dohne) 15 mg/kg/d (ARB+BB) m'J111 NE 

V t Vd "' 13' ~ 13' "' infusion U'1:::m'Jll11:Jl'W'W'il:::imuu11m 141lJ f)l'j 1'11:.11 P-blocker 11'1~ ARB 'il:::l'J:U '11 l 1'W 
,, . . 

'tt'il-:JN7\9i\o1u'1::: 1111\o'I t11n N'ff:Ut11 l mhfiu l'WtJ'tt~mifo-:imnumu 'tt~ m11:::'il1nm1ftm11 

)l j/ I dliJ j/o, j/ "' ,!I }I _, 
11JO-:J\9llJl'l1J11'11'ti'Vl t\Pl11J NE infusion '111f1'J1Jf11'Ul1~ \ol1t1mrn\Plt11'111t11Hl'Wl:J1'V11,:Ju7f1 l'I~ 'ii~ 

I 'JI I 'JI I 

lfl\Plfl11~'1111 'ila:U!'l1'11tJV7,:JIQtl1Jl'l'il'Wll'1~\9lltli uvi'ff\PI i-:iirimumi:wvi 3 'ii~ i#i'f 1JlJ1fl'W viH'ff:Uf11J . "' . . ,, . 
propranolol 'ff1'W'l1~f1tj:wvi 4 'il~i$JfuihnuviH'ff:Uf11J propranolol 11'1~ losartan I\Plt1vi1m1 

,, . . 
'Ufo'U'W1\Pl'lJtl,:Jt17'Vlf11'W \9l1ll'U1:IJ1W 'W1fi'l1'W fl'W 1 'U'JtllJ 24 'lf:IJ. l'Wtl i fl l1 'W 1$Jf 111:.11 ina1ifo-:if11J'U'U1\PI . "' "' . . ,, 
viihm.rn 1uo itt1:.11m11 141ui-:iu1MuiiJi ~tmi'11m1'Vl\Pl'1t1-:i'l1u19-it1 itl 

"' 



8 

2. fll'l'U":i~Alh!f•.Jtl'Ufl.:Jtll~elfll'illl.:Jll!'U0.:J'ti'J1il (Cardiac function) 
1 ,., ' ' ,., 

0 -=l I CV 'l j/ d 'j} CV O CV CV d 'j} 
'W111l;fV1Nl'W'IJ'W\?lfl'W 'W'llfl'VI 1 uri1m'b'-:J'WTtt'Wnm umm\P'I Heparin 1000 i .. u./kg l'lllm-:i 

,, 
I 'j) CV CV Ao ,'j} 'j) ,. d 3/ 

'lfcM'VIO-:J l'irt-:J'illfl'WU 20 'Wl'Yl'Ylll'i'ti mftl1J\Pl1tl pentobarbitone sodium 60 mg/kg t\Pltl'il\Pll'Ul 

io-:iV10-:i 1rlvm..1'ff1;1rnil\P'lio-:ionuii'-:uwmf 1111von111nwTff\911'Yl\P'll;lO-:J u1i11 'ii 1ri1 'Ufll'b'U:::~ ., 

11'.i'.i~ Kreb-Henseleit buffer t-:i'U'.i:::flOlJ~1tl (mM) 118 NaCl, 4.7 KCl, 1.2 KHlO4, 1.2 

.I"' 'I j/d d 
MgSO4, 25.2 NaHCO3, 1.8 CaC12, 11 Glucose, 1 pyruvic acid 1rn:::1J'.i1J im.J pH 7.4 11-:Jfll'll''U:::'VJ 

cv ':d 'j) io ,:Jt.J cv 

'JJ'.i'.i~l11°l'illJ'U'U1U'IJ-:Jlrn:::'ll1 95% 02- 5% CO2 \?lrtfl\P\!11;\1 'illfl'U'U'Vllf1Trnt1m'UOWfllfl£J'Jl'IU . ,, . 
Oflfl'illf1'111111 '15~'Ull1lJf1'\Jfl~'H1 'l11uii'1th'H1 'l'i1U'IJ1U1JU Langendorff perfusion apparatus CJf.:.J 

. ,, . 
"' 9 II) j/<V I d j/ dd i j/ 

'Yl1 t'il'il::: t\Pl'.ilJfll'.il11;10rn£J-:J\Pl1£J Kreb-Henseleit buffer 'Vil! pH 7.4 trn::: l1 95% 0 2- 5% CO2 

mrn\Plnm flWl1.fllJ'llmmrn:::1;1wt~f1Jfll'.ifl11Jfl:U'lMfl~~~ 35°C I\P'IV thermocirculator 'LiflJ . " . 
9/A t cv cv 31 d , 31 , 1mJ perfusion rate 6 ml/min/g tissue 'illflU'W\91\PlN'U~ left atrium 'lmU'U'lffl~Um'l'ff latex 

j/ II) - I j/ II) - '1 . I d 9/ .J ' j/ "' balloon !'Ul rn'il'U balloon !'Ill rn 'U left ventricle 1J1;\7£Jflfl\Pll'Ul1'W~\?l0!'\Jlf1'U pressure 

transducer (BIOPAC Inc.) t-:i1~m.J l£J~f11J'.i:::1J'UUU'l1fl'flflllvi111vrn{ (BIOPAC Inc.) !~fl'IJU'l1f1fll'.i 

!'LI~£J'UU'LI1;1~m~~u'lu left ventricle \?lrtO\Plfll'.i'Yl\Plrtfl~ 1H'1J'LI~lll\?l'.i'IJO-:J balloon 1Mt~ end 

diastolic pressure (EDP) i 'U"lf1~ 5-10 mmHg 'LI~Ol:J i M'H1 i 'il!'l~'ff fll1:::'fl~~l'rl'U!1m 20-30 'WTvi · 

fltl'U! ~ll'VI\Pll;\fl-:J 

.I"' 0 "''1 .I "''1 ,d..,, 3131 
fll'.i1J'.i:::!llUfll'.i'YllHW'IJO~l11 t'il'il:::u'.i:::!ll'U t'U'IJW:::'Yll11 'il\jflfl'.i:::\9.!'U\Pl'JV Isoproterenol 

(Sigma) CJ1~t~'U ~-adrenergic agonist °l'W'U'Ul\Pltll~l (I0-
9
M) trn:::'IJ'Wl\oltll'Q;~ (10-6M) fll'.i'VI\Pll;\U~ 

'iJg;ijll~1£Jfll'.i'lM Isoproterenol (Iso) 10-
9
M !~'U!'Jrtl 5 u1vi U'Ul1f1fll'.il'U~£J'U!t'Lirt~m~~U'IJU.:.J 

t I I 'j} t 'j} , 'j}cv cv d 
left ventricle 'Vl~flU'WU1;\::;';i:::l111~ hrn1 'illf1UUm.:.it11uumrn:::iJriuvhnn 'lmmtuunm 15-20 

,:,\ ,!I .I <> 0 a, '] ,S j/ I j/ -6 ~, d 

'Wl'Vl 'il~u'.i:::lll'Wfll'.i'Yll~l'U'IJU~l11 t'il!ll'elf;Jf)fl'.i:::\?l'UU£Jl~m-:i\Pl1tl Iso 10 M !1JUl1m 5 'Ul'Yl trn::: 
qJ • . ,, 

U'Ul1flfll'.it'LI~tl'UU'LI1;l~U1-:J~'U'IJO-:J left ventricle 11~fiuu1rn:::1:::l111-:i 1Mt11 l11fll'll./11'1-11 °l 'ii 'l\P'ltfl\Pl . ,, 
cardiac arrhythmia l\Plmmn:::'lui1-:ivi'lM Iso 10·

6 M 'il:::W\Pl,01Jl;l'illfl'H1i'ilm~1i1oon'illflfll'.i . ,, 
1!'fl11:::11 'illflmlTIU'.i-:J~'U'IJU~ left ventricle 11U'Ul1f1 t~'Ulll111'fl'.il:::11l11\911;f1,\PlflU'Vl1~1U'IJU~ 

jl I I ,., 

'H11 'il11~'W left ventricular pressure (L VP; mmHg) !~U'fl11ll11'UTI!'Wll~'W'IJW::: ventricle UU\911, 

dP/dt max (mmHg/s) 1fJmJ\?l'.ilfll'.il'LI~tl'Ull'LI°"~IIH1l'W'l'Wi1-:i~ ventricle U'U\911, dP/dt min 

(mmHg/s) tfl'Wfl\?l'.ilfll'.it'U~tl'UU'LI1;l~m~11u'lui1.:.i~ ventricle 'fl1;\1£J\911, trn::: ventricular end 
• • • ii 

diastolic pressure (VEDP, mmHg) l~'Wril'fl11ll1l'U\911~\Pl'l'W ventricle fiouvi'il:::t~lJUlJ\911 w1i1\Pl 
,, 

ll'i'~l'W 'il:::fll'U'JW 'l ttmJ'l 'W1'Lif U£Jl;l:::'IJU~ri1fit1u 1 tt Iso (% of baseline) !lli £J1J!11£J'Ufl11'Vl1~1U'IJU~ 
qJ ., 

. 
,s .I"' 

solution !l'IUl111J'.ill1W collagen 



3. fll'i'lh~:ai1iu•m6lJ0,U.11~0fll'Uflvl cardiac fibrosis 

il1111 i,m11oi\?ltWmY1'U'lltl-!J'H1 h1umui!'U atria, right ventricle, inter ventricular septum, 

~ : Q.I ~ J I I O ~ dt I I lrJ ... I O G) 'j/ 'j/ 9) 
um~ left ventricle '}j'-!J'UTl'l'Ufl'Utl-!J!'WtlWtlU\91'1~'ff1'U 'U1!'UtlWtlU\91'1~'ff1'U mm murM\?l1tJ 

lyophylizer TI1fl11U'Ul1flJTl'I\JflUtt-!J'lltl-!J!i1mtu U~-!JU7 iu hydrolyzed ~1£Jm\?l HCl 1'{]:u.«u~ 

110°C 'il'UUtt-!J 'il7fli!'U'1~mtJ\?l~fltl'U~1tla7-!J~1£Jtl1mtu 2 ml ~tltU11fliittti-!J!iJ'Unm 72 '1¥1 !:IN . .. 
1 I I jJ dt ~1 QI QI I j} 0 

\?ltlfl7'i!'Utl7'flrl7-!JUH\?l1mfl'i'fl-!J votex mixer !1J'U'i~tl~ 11'1-!J'il7fl\?l~fl'fl'U\911'fltl1-!J'1~mri11:u\?lU'11'U1 

m11;1~mriloi1oa1-!J~7'U1'U 200 µl N'ff:UtlU 1.4%chloramines T (Acros Organics) iu 0.5 M sodium 
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' " 
acetrate 10% isopropnol u~1tl:uvi~W'l1.fJ:i'.ittm1i!unm 20 'U7TI 'il1fl\J'UN'ff:Utl1J Ehrlich's solution 

.J ~I I 

500 µl CJf-!J!ll'U'ff1'UN'fflJ'IJ'fl-!J 10 M p-dimethylaminobenzaldehyde, 70% isopropanol Ui;l~ 

' " 
30%perchloric acid (Acrosb Organics) u~1tl:uvieJW11.fJlJ 65°C ii!unm 15 mvi 'illfl\J'U'Wl 

'ffl'i'1~mri~imiJ1\?lfllfl1'i~\?lflil'UUm~1rimto-!J spectrophotometer ~fl11:Utl11fl~'U 550 nm U'1~ 

fll'W1W117U!mw'U'fl-!J hydroxyproline t\?lmvivunumwlm\?l'ii1'W~l17~1£J1n!~tl1fl'W !\?It.Ji~ 

ff11'1~mri trans-4-hydroxyl-L-proline (Acros Organics) ~fl171H'{J:u.«u 0.5, 0.25, 0.125, 0.0625 

" 
um:: 0.03125 mg/ml ttl'U~1'fla7-!J 'illfl\J'Wl11f17';ifll'W1W'\17U!mw'U'fl-!J hydroxyproline \,l'f) 1 g 'U'fl-!J 
~ ~ . . 

tl111tl'mttt-!J'UO-!J!'W'fl!riou\9l'1~ff1'U U'1~fl7'W1W117tl!mw collagen l\?lt1tl1tl!mw'Ut1-!J 

hydroxyproline ~l~rJWtl1Jfl1fl-!J~ 7.46 ~-!Jfll'U1W\911:U1n'U'fl-!J Weber et al (1987) ~tl'fl17 

collagen U'i~fl01J~1tl hydroxyproline 13.4% tl!mw collagen 'il~Uff\?l-!Ji'Uiu mg collagen 

" " ' loio 100 g 1.JTl'I\Jm!tt-!J'U'fl-!J!'Wtl!Otl (mg¾) vi1m111m1~1111u!mw collagen i'W111i'il'H\fVJflfltjJ.J 

'W7fl1!Ugtl~,~'il1fl'\1'WU\91'1~mi:uiu1vrnviriun'W~1tl'ffU~1!m7~11 .. . 
-• ~ ' ~ 4. fll'ilJ'i~!lJ'U~'tl6lJ0,U.11~0fll'iUlvl cardiac hypertrophy 

_, ""' r 
4.1 tn1v1::tu'UPUJ'lJO.!JH1flB hypertrophy mass index 

" ' " 
tl1rh'Ut1-!J'WTl'l'Wfl'U'fl-!J'H1 i'il (heart weight; HW) vii~'illfl.«o 2 U'1~fl7'WTl'l'Wmilrin (wet 

weight) 'U'fl-!J right ventricle (RVW) u1;1:;; left ventricle (L VW) ~l~'illfl imi'o 3 ll1fl7'W1W117 

cardiac mass index, right ventricular mass index, u1;1:;; left ventricular mass index 1\?lmviriunu 

tl711\Jfl~1 (body weight; BW) ~-!Ji~!~'Ui'}j''W{1\?lfl71~ cardiac hypertrophy U'ff\?l-!Jflli'}j''Wi'Wltl . 

HW/BW (g/kg), RVW/BW (mg/g) irn:;; LVW/BW (mg/g) \?llmhiu 'Wlfl7m~t1'llt1-!Ji'}j''W~I~ 

'ii 1 fl'\1 ~ u \,l 1;1:;; ntj :u ! m tf U ! vi £JU fl'W ~ 1 tl'ff U~1! fl 'j 1:;; 11 

., 
_1 ,,. , .! v 4 v 7 

4.2 tn1v1::tu'Uf-ltl'lJB.:JH1flB'lJ'U1vJ'lJB.!JA'1ftl'tlfHJUJ!'UB'WJ iJ 

e::9_ I~ Qi G) al o'~ 0 !Vd 
fl1'jfffl'.lflff1'W'U'il:;;U';i:;;!]J'Uf111:;; cardiac hypertrophy !'W'i~\?l1J!c:lf'1'1 !\?ltl'W1'11\1'il1fl'U'fl'Yl 1 

I Q./ oG)!JI j} i d 'j/ I r;/ a, QJG) 
fl~:U'1~ 3 \911l.17'Yl1 !'tt'ff'111\?l1tl pentobarbitone sodium 60 mg/kg 1\?ltl'U\?l!'\Jl'}j''fl.:J'Yl'fl-!J \91\?l!Wfl'\11 !'ii 
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Ntlftl'Jl'l~tlel~ 

(Results) 

Na1lfl~mvie> Cardiac Hypertrophy 

11 

11 lJ f1~llm1JrJ llci1-:i 
1

hii~i' mn l \Pl"l i~fl11JfJll'ell~'ll'tN 11 lJ f1tjll-d'l ttum~ l f1~'i j;jv-:iti1111 tJ f1~ ll 
,, ' ' 51 

'Yl~Hl'el-:!11-:J 3 f1tjll !!'tl~!ll:Jf1'111 hrwmh iuffmn l'W'lf1-:Jl11n!~l:J1tl'W~1l:J \9ll1Wvi 1 !!ff\Pl-:Jri11o1'lfiH} 
,, . 

1\9lfl11~'111l'il 1\9l (cardiac hypertrophy) 'IJ'el-:!'11lJ11-:! 4 f1~ll \ol-:J'il~!11'W'J111tJf1tjllviltt NE infusion 

(NE) mh-:i1~v11rJ'Wnm 141'W iJ~m-rtll HW/BW 1\Plml!gl:J 14% 1-rill LVW/BW 1\9lml!gl:J 20% 

~ 'J) I ,/ o' 'J) ~ Q.I G) .d ds 
1t't1:::!'Wlltff'WHl~'Wl:lf1m-:J'll'el-:J!Clf'tl'tlf1mllt'W'el'\111'il (myocyte diameter) 1\9lmmw 29% !!'tl~!ll'el 

,, . 

1u~vu1via11\ol'lf'U111ci1uti11ri1'1J'el-:if1cil1r1111r1llw1111ur111l1u\9lf1~1-:in'W'elu1-:iuirl:J'c11l'iw'Yl1-:ii1[1~ . . ., 

(P<0.05) tl111i'11ri1 RVW/BW 'IJ'el-:Jf1cill NE i:i.Hifl11ll!!\9lf11-il-:i'illf1f1cillfl11Jflll'elUl-:JU'Wl:Ji111'lW 
q q q u 

C;\~ ,J'G) Y d , G) 'JI d ~ a., 61 o G) 'J) cl 

'Yll-:Jfftl\,} H'tlf11'.i'Yl\9l'tl'el-:J'lf 111mu11 f11'.i 1'11 NE infusion llHm'Wllll1'tl'IJ'el-:J'\11 !'il!!'tl~'Yll !'11lC1f'tl'tl 

!fl\9lfl11:::M1l'il 1\,1 (cardiac hypertrophy) 

'I , d'l 'JI , ., 'I 'JI .:!1 ., , 
l'ilJ 1'Wf1~ll'YI 1'11 NE infusion fl11Jt]f11Jf11';i !l'il:Jl p-blocker (BB) !1J'Ul1"1 141'U 'W1J11 /3-

blocker ffllll';itl'tl\91 HW/BW !1"~ L VW/BW 'eJUH!liU'Wl:J'ffll'ltlJ'Yll-:Jff[l~!rlmu~mHviv1Jtl'Uf1cil1 ., . 
' d 'JI ' ,I ,I 'JI ,lf ., llJ'JI ' "' 

NE 'ell:Jl-:J i '.if1\9llll P-blocker fflll11tl'tl\9llff'WHl~'Wl:Jf11n-:J'IJ'el-:JlC1f'tl'tlf1"1llt'U'el'\11 l'il !\Pl'ell:Jl-:Jll . ,, 
'Wl:J'ffll'lill'Yll-:Jfffl~!i'.imu~vrnvia1Jtl1Jf1cill NE (P<0.05) fi1 L VW/BW 'U'el-:J'\1'Wf1cill'UtJ-:Jfl-:Jff-:Jf111 u q cu q qJ 

f1cillm1Jr1ll 1\9lm'i!gl:l 15% 1rn:::1t\9lf1~1-:J'illflf1ci:1Jr111Jflll'ela1-:iui!vtl11'iru'Y11-:i'ffa~ (P<0.05) ri1'Wri1 
q q q q u ,, 

RVW/BW uu ili1t\9lf1~1-:J'illf1flcillf111Jfllltrn~f1ci:1J NE "eJa1-:iui!vtl1r1ruV11-:iffa~ H'tlf11'.i'Yl\9l'tl'el-:J 
q q q u ,, . . 

;1 M!M'W'Jl p-blocker UH'tl'tl\Plf\11~'111 l'il 1\9lvilfl\Pl'illf1 NE lu1~\ol1J!Clf'tl't11~'eJVl-:J!~lJ'M\91 (\9l111-:ivi 1) 

r.dj/ IQ.I G)3' I a., 

l'llJl'Wf1~ll'Ylll'I NE infusion fl11Jt]f11Jf11';i !'111:Jl angiotensinreceptorblocker '.i1llf11J {3-

r:: Q.I ' 'j} t ' Q.I -= ' ,:t blocker (ARB+BB) 1tlunm 14 'l'U 'WlJ'llfll'Jimn'Vl-:i·m:wnlln'WllNiH'l\91 HW/BW 'cltJHll . ,, 
'Wl:l'fflrlill'Yll-:Jfffl~d'.imu~vrnvia1Jtl1Jf1ci:1J NE (P<0.05) ri1 L VW/BW 'U'el-:J'\1'Wf1ci:tJ'Uff-:if111f1ci:tJ 

u q cu q qJ q 

fl11Jfl:IJ 1\9lml!gl:J 12% !!'tl~~lfl'Jlf1ci:IJ NE e1a1-:iiliui!vtl1r1w'Y11-:Jfffl~ oa1-:ii1~\>ll:1Jf11'.iltt ARB 
q ·q C, 

I QI ,c::! t/'J) ,%a., t'j}I t/ t/ 
'.i'l:IJfl'U P-blocker ll H'tl 'tl\9l 'IJ'Ul\9l'IJO-:J tClf'tl'tlfl'tllllt 'W 'el'\11 l 'il 1 \91 l:J'W1J11!ff'W Hl~'W l:Jf1"1-:J 'IJO-:J! Clf'tl'tl'tl\91'1-:J 

,, 
1rn~u\9ln~1-:i'illf1'1J'el-:Jl'i'W l'Wf1cill NE e1a1-:iui!vtl1riw'YIHfffl~ (P<0.05) ri1'Wri1 RVW /BW 'W'W iii "' . ., 

I I 1 .d G) j/ Q I G'J 'J) 

!!\9lf1\9ll-:J'illf1f1'tl:1Jf111Jflllt1":::fl'tl:IJ NE (\9ll'.iHVI 1) H'tlf11'.i'Yl\9l'tlel-:J!!ff\91-:J !l'il'\1'W11f111 !'11 ARB 
q . q q 

i1llt11J P-blocker ffllll1tl'tl\olflT1~'111l'il 1\9l~!fl\ol'illf1 NE 
,, 

l'ilf1!U~1:J1J!vi1:J1Jf1cill ARB+BB tl1Jf1ci:1J BB !!tl1 'W1J'Jl\ol<Jf'U;1\ol'Ylflfil ili11\9lf1~1-:Jtl'W'Yll-:J • • • . ,, 
fffl~ e1a1-:ii1~m:1J'illf1\,ll'.il-:Jvi 1 'il~!M'W'Jl f11'jlttm ARB 'j1lJtl'U P-blocker 'W'WU!!U11U'W't'l\ol 

,, . 
HW/BW m,~ L VW/BW i~lllf1f111Uff\ol-:J'Jlf111lttv1i1:1Jtiuumn 1'W:tJ'tl\olll1{l'Uel-:itUel!VeJi~ 
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• V V 

\ill'lNTI 1 nJ1 r.J1Hvir.J1JrH'l'Uel~f11'.i l M r.Jl~el\ol'lfU~l11~fl71~'111 l 'il !\91 (cardiac hypertrophy) -n~ l-w 

Parameters CTRL NE BB ARB+BB 

HW/BW (g/kg) 4.124±0.07 4.692±0.119* 4.397±0.100 4.196±0.054** 

(n=8) (n=8) (n=8) (n=8) 

RVW/BW (mg/g) 0.571±0.031 0.652±0.062 0.586±0.037 0.659±0.022 

(n=7) (n=7) (n=7) (n=7) 

LVW/BW (mg/g) 1.521±0.059 1.824±0.059* 1. 7 59±0.035* 1.708±0.048 

(n=7) (n=7) (n=7) (n=7) 

Myocyte diameter 11.687±0.461 15.100±0.407* 11.057±0.473** 11.450±0.472** 

(µm) (n=3) (n=3) (n=3) (n=3) 

Uff~~ri1lwi'll mean±SEM; 
~ 0 ' QI ' 

n fltHll'W1'WfHl:IJ\ol1tW1~, CTRL: control; NE: norepinephrine; 

BB: ,6-blocker; ARB+BB: angiotensin receptor blocker+ {:J-blocker; HW/BW: heart weight per body weight 

ratio; RVW /BW: right ventricular weight per body weight ratio; L VW /BW: left ventricular weight per body 

weight ratio. *P<0.05 vs CTRL, **P<0.05 vs NE. 
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" ' 
mnn11 t1~m111" fJ7 P-blocker ih--nHll'l!'ff'WH7ij'WVfH'l7--:J'lltl·W:lf'1im\'1milm11 'l 11 i$i'mnn1111u~1 

ni1ntj11m1Jf.)ll 11'lml1~fJ 5% Uff~--:i 11"n'.iui1 P-blocker fluu11 'Wll'1~m1~111 'l 11 h, 1u1~~1w1rni 
111 j/ I 

(cardiomyocyte hypertrophy) il'llllf1fl17 ) 

' fHl6llel-:UJlvlel Cardiac Fibrosis 
' " ., 

!jjt1iim1~..-i'mu1mw collagen hi atria 'IJ'eMM1'l11'11'1;di--:J 4 ntjll -rmi1ntj11 NE 'W'Wfi 

111:i.nw collagen mnni1ntjm11'Uf.):lrnu1--:ifltl'mhfitlj'l'lWffa~ (9.97±0.39 vs 7.23±0.41 mg%; 

" P<0.05) m1'l1"m P-blocker hrntjll BB 'U'U'ff7:IJ11tl'11"1111mw collagen t!'1~U\?lfl~7--:J117flfltjll NE 

t!U1-:!1J'Ul:J'i;Ylfltlj'l'l7--:Jffa~ (7.05±1.12 vs 9.97±0.39 mg%; P<0.05) 'ff1'W collagen h.1 atria 'UtMl'll;d 

mill ARB+BB fliJ1mw~7fl17flflll NE uu1--:ii:ufi'U1:J'i;YlflUJ'Vll--:JffO~ (9.07±0.21 vs 9.97±0.39 . . ., 

mg%; P>0.05) ~--:imrn--:i'luiu~ 2 

irlu't11l71W7U1ll7W collagen 'lu right ventricle ciu~ 2) 'l''l'U17fltjll NE flu1mwmnni1 

fl~ll'fl11Jf.)ll u~i:JflmlllU\?lfl\917--:J'l'll--:JffO~ (3.46±0.21 vs 2.80±0.12 mg%) 'ff1'WU1:IJ1W collagen 

lw right ventricle 'IJ'el--:Jfltjll BB (3.15±0.29 mg%) l:UU\?lfl~7--:J1l7flfltjll NE m1'lMfJl ARB 11:J.JfllJ 

" ' 
P-blocker 1JN'1'1~U1mw collagen 1uN'U--:JM1111ri1uiiirn~flrh~1ni1ntjll NE uu1--:ifi'WfJ'i;Ylfltlj'Vll--:J 

fftl~ (2.63±0.05 vs 3.46±0.21 mg%; P<0.05) 

' ' " 
111niun 211~ii'.iui1 NE 1JN'1'lMU1ll7W collagen 1uri1u septum !l1ll~'U'e!Ul--:J1J'Ul:J'i;Ylfltlj 

' ' .C.-.~ ~ A a., I .e!I, 'l j/ I 

'Vll--:lfttl\?l!ll'el!'Vll:JlJfllJfl'Qll'fl1lJfJll (4.36±0.19 vs 2.07±0.12 mg%; P<0.05) !ll'el 11 p-blocker 'ell:Jl--:J 

t~tniiN'1'1~ collagen 'luri1u septum U'1~U\?lfl~l--:J1l7flfltjll NE vu1--:ifi'UfJ'i;Ylfltlj'l'll--:JffO~ 
la., I I I .d QJ O a., ~~ 

(3.28±0.48 vs 4.36±0.19 mg%; P<0.05) U\?ll:J--:J'fl--:J1l--:Jfl17fl'Qll'fl11JfJll'eltll--:JlJ'Utl'ffl'fltlj'Vl7--:Jfft1\91 

(3.28±0.48 vs 2.07±0.12 mg%; P<0.05) m111"m ARB '11:J.JfllJ p~blocker mm1t1'1~U1mw 

collagen 'lurhu septum i$i'udHll1fl1l'W1J~l'lm\'iifo--:it11Jfltjll'fl1lJf.)ll U\911J~l'WVl:Jf111fltjll NE 

vei1-:iih!l:Jn1fity'Vll--:JffO~ (2.58±0.12 vs 4.36±0.19 mg%; P<0.05) 
. " 

!jj'el't11l7';iW1'l'Wri1'W left ventricle ,l~!ll'Wil NE fiN'1111u1mw collagen 'l'W'l11111ri1'W'U 
. " ' Cl ~ f .i:I a., 0 a., .c:::i,.ci, ~ .e9. a., I 

L'V'!ll'IJ'WU1:Jl--:Jll'Wt1ffl'fltlJ'Vll•rnmum:irnt11Jfl1Jfl'Qll'fl1'UfJll (3.21±0.18 vs 1.55±0.08 mg%; P<0.05) 

m1 'l 1" l:Jl P-blocker UU7--:J!~tl1 irn~ 11" ARB 11llfllJ P-blocker 'fflll11t1'1~U1lllW collagen 'l 'U left 
O a., di I I I -=I.a., o QI 

ventricle (1.64±0.24 irn~ 1.26±0.04 mg% \917llm~lJ) C)f--:JU\?lfl\917--:J,'Jlflfl'Qll NE Vtll--:Jll'Wl:J'ffl'fltlj 

'Vll--:iffa~ (P<o.o5) ~--:iui1~--:i'l'Wiu~ 2 

mri1u1mw collagen 'lu111hU\91'1~'ff1'W'IJ'el--:J'\1'Uflfl:IJ ARB+BB i:U\911--:J,llflflfl:IJ BB ud1--:i ., . . 
flifotl1fity'l'll--:Jffa~ m1'l11m ARB ~hmfo P-blocker fiN'1'1~U1ll7W collagen 'l'WN'U--:JM1'l1111u--:i 

ci1--:i i$i''lmr~ri1'W~lllflfli1m1'lM1:Jl J3-blocker 'e!U7--:J!~l:J1 ~--:i 'l'Wiu~ 2 111mmt1'Ul'ntllJfllJU1:IJ1W 

'l I j/ ,::$1 'l' 
collagen 'Wfl'Qll NE t!'1111~!'\1'U11 collagen 'Uff1'W right ventricle, septum, irn~ left ventricle 



14 

14 -~ - atria 0 
Wl/!~;11 RV C) 

:12 E LIBH Septum - ~ LV 
C: * 
0 10 ·-.. 
0 
ca 

8 I., 
'I-
Cl) 

E 6 :::s -0 
> 4 C: 
Cl) 
C) 
ca 2 --0 
0 

0 
CTRL NE BB ARB+BB 

JU~ 2 t'U~tflJ!l1tflJf-frt'IJ'eFJflTI'lttttl ~~blocker (BB) trn~nn'ltt angiotensin receptor blocker 

'i1llf11J ~-blocker (ARB+BB) ~'Ofll'H'U~tf'UU'U'f'l~'IJ'O~ collagen 'lu atria, right ventricle 

(RV), inter-ventricular septum, trn~ left ventricle (LV) 1u'n'11'il11'lfll11~!'11~tf1'W11111fl~ 

'Y'ltf11i'fffil'V'l$i'--w norepinephrine infusion (NE), CTRL: control; 

# 
*P<0.05 vs corresponding control, P<0.05 vs corresponding NE 
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' ' " 
'llt1-:mrl11 BB '1\oll:M l\olmu~fl 9%, 25% um~ 49% 1,nmh~u 11\?i'lu'llw~Yinrl11 ARB+BB 'W'W'1\ol'1~ . •-

I ,, ,,,, 

l\olmu~flt)~ 24%, 41% 1rn~ 61% \,llllill~U ~~'W'\.,lf-H'lflll'l'll•Hltl~'luri1'WU;n..r111'U11 m1'l..rfl1 

" P-blocker tlVl~l~f.11 1rn~'l tt ARB 11:IJtlU P-blocker 'W'WffllJl'.it1'1\olfll'.iff~fflll~'W'l£J'l'WH'W~'\11 'l 'il 

' 'l'J/ '"' 'l'Jld,QI ''l"''l~' (cardiac fibrosis) !l\9lfll'.i '11 ARB '.i1llfl1J P-blocker 'il~ '11H'1Yll\ol'\.,l'lf\olfl11 U'\11 'ill'ltl~m~ 

f-Hl6\Hl-::lf.ll~elflnf1Hl'l-!6Uel-::l'tt111il ( Cardiac Function) 
" ' ,,g "'11J ~~ I "" • "' 'l 'l ,,i "' "' 'l ~ fll'.ir\'fl'lfl'\.,I ~\ollJ'.i~!ll'\.,lfll'.i'Vll~l'\.,l'lltl~l'l1 'il '\.,I 2 mn1~ flt) (1) fffl11~'V1'111 'i)flflfl'.i~\,)'\.,I 

.. q 

'lu1~~1J~1$i'1fl Isoproterenol (Iso) 10-
9 

M 11'1~ (2) fffl11~~111'l'il\jflfl'.i~~'\.,lt1Vl~!!H$i'1a Iso 

' ' " 
10-

6 
M 1vit11iJ1t1rn'Yiaum1iJi'mi1\?im~~um1~~1u 'llt1~111 'l 'ilvi i$i''illfll'IU'Vl~ 4 nrl11 

.. q 

o v7 v7 v: 
f111'flN1U'lJV~11'J 'll'IJOl~fJt1t11~vlU U1~flllvl1 

" q 

iu~ 3 lrn'\ol~fll'.ivil-:Jl'\.,l'tl'fl~'\11'l'il'lmh~uulvi1 (systolic function) 'UW~'l..r Iso 10-
9
M 1ilu 

nm 5 'Wll1 l\oltl'.i'U~ 3A llff\ol-:Jfll'.i!'U~tl'\.,l!l'U'tH L VP l'l1tlfl11ll~'W'tltl~ left ventricle 'UW~U'Ulvi'1 .. 
~~'il~!!'U'.iH'WtllJ!!'.i~'UlJloi1 l\olfl\?lH 1rlt1'ltt Iso 10-

9 
M 'VnJ11 LVP 'llt1~111'lm-rnnri1Jfl11Jflll'il~ 

.. q q 

I 'J/ I I I I 

!'Wll~'W l\olmu~fl 20-26% 11o1mvi11ff~ff\ol'l'Wmvivi 4 (125.87±7.57% of baseline) i'W'tlrn~vi111i'il 
.. q 

'J/ I I JI 

nrl11 NE 1-foilii1m11vi11 LVP u\?imfo'1\ol'1~'l'W'Wl'nl15 (95.10±5.27% ofbaseline) 'Wtlfl'illflUV~ 
q 

,,, ' 
'V'l1J11r11 L VP 'tlt1~nrl11u\?l1n11nri11f!11Jfl:1J'fJV1-:Ji1tl't1tl1fiwm~uil~'l'Wm'Vi'Vi 2-5 (P<0.05) m1 

q q q u 

" ' ' 
\oltllJff'\.,l'fl~'tltl~'\11i'ilnri11 BB \?iti Iso 10-

9 
M 'W'W 'V'llJ11 LVP 1vi11i$i'-cr~u1o11vh.1~ 5% l\olmu~a'lU'Wl'Vi 

q .. q 

~ 2 1rndir11\?i1~'illflflri1Jfl1lJflll'fJVl~nirt1i11iwm~ffil~i'Wm'Vi~ 3-4 (P<0.05) ri1'Wfl1'.i 
q q u 

'JI I I I 

\o'lt11JffU'fl~'tlt1~111 'l'ilnrill ARB+BB 'W'W'V'l1J11mm1mvi11 L VP i$i'11o1mu~fl 11-14% l\olm'Vlllff ~ff\ol 
q .. q 

'l'WUlvi~ 3 (113.77±5.99 % ofbaseline) ~~llff\ol~'l'Wl'LI~ 3A 

'.i'U~ 3B mrn~fll'.it'U~fl'l..!ll'LI'1-:J dP/dt max ~-:Jti!'W0\91'.ilfll'.il'U~£J'l-.!!t'U'1~m~~'W'lmh1~ .. 
" ' 

ventricle UlJloi'Tttltl!iJ'W\?i1;1\ol'tltl~O\91'.il!~1 i'Wfll'j'LJ1J\?i1 tijti 'ltt Iso 10-9 
M fll dP/dt max 'tltl-:J 

I 'JI I I I j1 

millfl11lflll!'Wll~u lfWmifo 8-24% iw1b~ 2-5 'l-.!111-viiir-crn i'W'llw~Yimill NE u'Wilimmrn 
q q q 

1-ri11 dP/dtmax i~ !!'1~'V'llJ11'1\ol'1~~1U\ol'l'Wmvi~ 2 l\ol£J'1\ol'1~t1-:J 7% 11o1mu~t1 fll dP/dtmax '11-..! 
q 

' " ' A .c::l I .c::!i:::S I I I A QI o QI ~~ I!!! 

1-..! l'Vl 'VI 2-5 'tltN fl '1 lll..! llfl11ll U\ol fll'lH'illflfl'11Jfl1lJfllltltll~lJl..!tl fflf!W'Vll~ fftl\91 (P<0.05) !lltl 
q q q u 

'W'ill'.iWl'l'Wflrill BB 'V'l'U17ilimm1m-rill dP/dt max t'lfl..!f1'W 1rn~\?i1~'illflflrillr11ur111t1ei1-:Jii 
q q • 

' ' " 
'Wflillit1l'l'll~ffi1~'11-..!m'Vi11 2-5 (P<0.05) (1uvi 3B) il1'Wfll'.i\9lt1Uff'Wt1~'tlt1-:Jflrill ARB+BB 'Wl..! u .. q 

I I I j/ I I 

'V'llJ1lffllll'.im'Wll dP/dt max i~'l'Wmvi'Vi 3-51\oltl!'Wll~h,i 9-10% l\olmu~tl ~~Uff\ol~'ll..!l'Ul13B 

H'1fll'.iYl\ol'1tM '11-..!'.i'U~ 3 llff\ol~ '1..r1111-..!1lfll'.i '1 ,r NE J1ri'1vil '1 ..rtt1 'l 'ill~tllll'ltil~'lmh~uu .. 
' . " 

lvi'1 (systolic function) nn'ltta1 P-blocker ilimm1t1~'fl~f1'Wfll'.ilff'fl:1Jl'IU7l1U1$i' 11\?im1'1..rt11 

ARB 11lltllJ P-blocker ffllll'.itl'lf1fl'Lii'um1vi1~7'\.,l'tltl~'\11 'l'il iui1~urn,i'1 'lttflil'U~'l-.!1Jl i$i' 

rn~ihu 
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Time (min) 

lll~ 3 U'i;HMflTmJ~cJ'l..!U'Ui'l~ LVP (A) Ui'l~ dP/dtmax (B) 'll1M'tt1i'il'illfltt'lflll1J~ 4 fl~:IJ 

'l di~ -9 , 
'W'UW~'YI '11 Isoproterenol 10 M, n=9 'VJflfl~:IJ'Vl\oli'leN; CTRT: control; NE: 

A 

B 

norepinephrine; BB: P-blocker; ARB+BB: angiotensin receptor blocker+ P-blocker; 

* P<0.05 vs control 
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'.i'U~ 4 Uff~-!Jfl1'.i'V11·HW'IJ'el~'l111'il1lJ"lf1-!Jffintl\911 (diastolic function) 1rl-a1tt Iso 10-
9
M 

<u 

l~unm 5 lJTvi 1uiiJ 4A Uff~-!Jfll'.il'U~tllJU'U,WU'el~ VEDP ~~l~lJfllfl11lJ~lJ~1~~1u ventricle 

f d ~ d a., d Q.I d01 CV ~ Q.I ~ 
fl'ellJ'Vl'il~1rn1J1J\911 VEDP 1tlu\911'lf1~'1J'el-!Jfl17llffllJ1'.if.11umrnmtl\911'\J'el-!J ventricle l'l"lmrnn-a~ 

31 • I d I 1 31 -9 I I I "' 

!'Ill 'illfliu 4A 'il:::l'ttlJ11'1JW::: 'Yi Iso 10 M fl1 VEDP 'IJ'el-!Jfl'.Jllfl11Jf,jlJ!rn:::fl'.Jll ARB+BB lJ . ., . 
11u1 itl'lln~n~ 1wuw:::'i1nrill BB 1rn::: NE tl'un~,Mi¢l'tl'mmi1 i~t11umvHi s 'l"l1Ji1ri1 VEDP • 
n~n~ 1~m11~t1 19%, 18%, 12% 1rn::: 8% \917m'h~1J 1rl-a'Vl~ff'el1J'Vll~ffO~'l"lUil'Vlflflrilli:1rnri111J • • ., 
llwlfl\9l7-!Jf1'U r,-rnfll'.i'Vl~n-a~011ir~-!Jltt1i'.iui1fll'j1tt Iso 10·

9 
M i'.i11u1 itl'1J'Vi11tt VEDP n~n~ 

nn1tt NE "11u1 itl'mrill VEDP 1rn:::t11 !3-blocker b't'llll'Hln~r,ftt'IJ'el-!J NE ~-a VEDP i¢l'm~ihu 

u~ll1'ltt ARB i11Jt1U 13-blocker "Hni1t1U11J'ltt VEDP mi'1Jmlfl~l~fMt1Ufl~llfl11Jf,jll 

i'U~ 4B llff~-!Jfll'.it'U~V'UU'UM dP/dt min ~~ttlui\91'.ilfl1'.i!U~fllJll'U'1-!Jll'.i-!J~'UllJ'lf1-!J~ 
., . 

ventricle fl'17V\911'Y!~'elltllJ\911;1~11\91'.i11~1 'l'Ufll'.ifltnfl\911 dj-a ltt Iso 10·
9 

M 'l"lUilfll dP/dt min 
• !ii • • 

1 ~ ,:9 .,. 4::1 l .c:S.A ' 61 I 
'\Jt)\]fl~llfl11Jf,JlJl'l"llJ'IJ'U i~vmnv 11-22% lJlJl'l'l'Vl 2-5 ff1'Ufl1'.i\91tlUfflJt)~ i lJfl'.Jll NE, BB 1rn::: 

., . . 
fl~:IJ ARB+BB irufoi'm1w:::ri~wtiu nri11~tJ ri1 dP/dt min 'il:::'1~'1-!J1umvHi 2 i~vn~'1~m~fl . . ., 
8%, 5% mi~ 2% \917mh~u lum'i1'i13 ri1 dP/dt min 'il:::mi'1J1-w1J~lJ i~m11'V'l1:::lunrill BB 1rn::: • 
ARB+BB u1~mw 3% 1rn::: 11 % \911mh~u 1rltJ1Uj vrn11rJ1Jnunri1Jmuri1J11~1 'l"l1Ji1m11J NE ii • • • 
ri1wi1-!J'illflflrillfl'JUfllJ'elOl~:ih!mi1riwm~ffo~1'UlJ1l1~ 2-5 (P<0.05) ,hunrill BB 1rn:::nrill 

q q u q q 

ARB+BB i'.iri11-i1~'illflflri1Jri1uri1Jlm.ni1~ 4-5 11'1~ s \917ll~lflU (P<0.05) fl~llff~-!J'lu1u~ 4B m1 
• • <u 

131 d r 131 o 191 ., <9 31 ,d 131 lllTVl\?l{ttl-!Jllff~-!J 'Yil'Y!'U11fl1'.i 'Yi NE 'Vl1 'Y!fll'.ifltnfl\911'\J'el-!J ventricle lfftllJ'l1lJl'Vl fll'.i 11 !3-
, . ., 

blocker i:Jmm1f.1°i1tJ-!JfllJfl1'.ilfftllJYIU7l1'Wi~ ,hunn1tt ARB i11Jfl1J 13-blocker i'.i1m1 iUll'VJl 
91., d ., "",% 

°l'l-"I0\9'1'.i11'.i11'Umrnmvm'lltl~ ventricle ~'ll'U 

m1iiN1U'llrNH'J1'il'IIOA::f}nn1::(ui!1dNuH 
., '131 -9 31d c< .,;_ 31"'1"' tr fl1tl'l·HM'il1fl m Iso 10 M 11n11tlur:m1 15-20 'Wl'Yl 'il~l'.ilJfl'.i~loJ'WM'J 'i)t)flflH'EltllslUH 

~'JV Iso 10-6 M 1i:lunm 5 m'Vi '.i'U~ 5 Uff~-!Jfl1'.i'V17~7lJ'IJ'el-!J1111'il1'U'lf1-!J'UU\911'1JW:::ltt Iso 10·
6 

M 
" 

!19W!'W'.i'U SA uir~~fll'.il'U~ffl.JU'U{t-!J'\Jtl~ LVP 'il~1i'.iid11111'1'1JtJ~11unrimnmrn1rlm:inm~~'U 
qJ qJ q q cu q 

!l/ I I JI I JI jl I 

11'.h.mf-!J'Vi 2 L VP 'il:::t'Wll~u1umvi'i12 'illfl'WlJ'il:::ftmJcin~n-!J ftl LVP 'IJ-a~111 l'ilfl~ll'Wl'Wll i~v 
I j/ I I 

milt1 8-26% lumfo NE tl'u'1"lui1i:i.iir1m'.H:i1vi1J LVP i~11~mrun~n-!J 1~vlum1111 s n~{t-!Jtl-!J • 
16% ll'1~'1"l1Ji1i1ri111JU1'1fll-il-!J'illflflrillfl1Ufl1.rno1~ih!mY1i'lW'Vll-!Jff0~1uu111~ 4-5 (P<0.05) . . " ., . 
fll'.i\?'I01Jff'U'el-!J'lltJ~111'l'iln~1J BB tl'uri~1vtiun~1J NE 1~fl'l'UlJTvivi s nmHil-!J 18% un::: 

., . 
I 'lflJt ~V1fl'Ufll'Wi1 fl 11lllt\91fll-il~'illflflrillfl1Ufl lJ'elOl~nir Vffli'lUJ'Vll~ffo~'l lJ lJl vi vi 4-5 (P<0.05) . . ., 

I I I 'j/ I 

ri1un~ll ARB+BB mmrntvill LVP l1.Ju1vivi 2 i¢1'm~v 16% 'illfl'WlJ~-!JfltJV"1n~n-!J'il1.J\?11fli1 

f1illJ°ltt Iso 10-6 M tl-!J 8% i~ttff~-!J°llJ'.i'U~ SA 
<u 
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* 
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0 1 2 3 4 5 6 

Time (min) 

' ' ., 
'itHI 4 mY\91<Jf1THUiirJ'WUUM VEDP (A) m1~ dP/dt min (B) 'll'e:M'l111,rn1ntt'W'll7111<J 4 f1~ll 
.. "' q 

'I d'l !l.l -9 • 
!'W'IJ'fil~'Yl !'11 Isoproterenol 10 M, n=9 l'Jf1f1~ll'Yl\Pl'tltl<J; CTRT: control; NE: 

norepinephrine; BB: p-blocker; ARB+BB: angiotensin receptor blocker+P-blocker; 

*P<0.05 vs control 
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TU~ SB Uff~-!lfll'H'U~cJUU'U~-!l'llfl-!l dP/dt max 'llfu~i'H Iso 10·
6 

M 'il~!-nid11umh1 ., q 

I I I JI I 

mmpJmm1mvhJ dP/dt max iumvivi 2 m1'1;-:iflflcJ"l~~~-:i 1~mvilJ;umilc1 13-24% i1i'ilflzjll 
" . . 

NE 'WU iiimm1t1t'Vlll dP/dt max i~u~ml'lJ~~~-:i i~o1 umvivi 5 ~~~-:i'll1~mw 4% 1m~rnrh 
" . 

fll'j\.ltJUff'UtJ-!l'lltJ-!lmill'UU\.lfl~l-!l'illflflrimnmnrnti1-:iih!mi1r1w'V1Hffa~iumvivi 2-5 (P<O.O5) 
q q q u 

'111i'il'llfl-:jflrill BB 'rfllJl'jtl!~'JJ dP/dtmax 1umvi~ 2-3 1vic1-:i 3-7% u~~i'llJ11fll'j\91tJ1Jff\Jfl-:j'lltJ-:j 
q 

" . 
nzjllu~1-:i'il1nnzjllfl1'lJfJllflV1-:iih!l'Jif1ri't11'Vl1-:iffa~l'Uu1vivi 3 1m~ s (P<0.05) ri1unzjll ARB+BB 

'JI I I I I 

1fod'.i01"H Iso mm1m'Vlll dP/dt max t~m'il~cl 5-10% ~-:iuff~Mi'W1'Ul1 SB ., 

. . . 
,!I 3I d') I d o, 'J 3I 111 I -~ o, ,!I 

!fftJlJ'\1'Wl'Vl tU'lf1-!l'lJlJ\911 (systolic function) fll'j mc11 !3-blocker tlJffllJ11t11Jfl-!lfl\Jfll'j!fffllJ 

. " 
m!1viui~ U~flni'Hcll ARB ~1llf11J !3-blocker ffllJ11tl'lf1cl'U'.i'lJfl11'Vll-!ll'W'UtJ-!ll11 i 'ii iui1-:iiJ1J 

~1i"Hfl~1J~umi~m-:iri1u 

1'U~ 6 Uff~-!lfl11!'U~cJUU'U~-!l'UtJ-!l VEDP 1m~ dP/dt min 1rl0m~~ui1i'ilt1Vl-!lUH~1c1 ., q 

Iso 10·
6 

M 'lu1'll~ 6A 'il~1-nui1fl1 VEDP 'llt1-:iflrillfl11Jflll~~~-:i i~c.11umvi~ 5 ~~~-:im~o 16% ., q q 

" . 
ff1Uf1tjll NE 'W\Jfll VEDP 'il~~~~-:i i~i!t1cJf111 !~cJm'Vn~ i,rn1vi-n 5 ~~~-:i i~1vic1-:i 8% fltjll BB . . 

I d o, 1 !i/ d. QI I .c::! 3/ 1 'J dd 

1rn~fl~'JJ ARB+BB m~~'lJ'Ufl-!l VEDP f1mflcJ-:jf1tJ\91~fl~'lf1-:j'V)fl'j~\,l'\,J ~cl t\J\Jl'Vl'Vl 5 ~~M 11 % 
q q . " . 

!l11fl\J '111fllllil'J'lJ!l1cl'lJf1'lJN~fl11Vl~~fl-!llljflm~~'U'l111 'ilfl'.i-!lU1f1~1cl lso 10·
9 

M (1'Ul1 4A) 'ii~ q ., 

!'ttU11'111l'ilf1rilJ ARB+BB Jmrl0i$i'm1m~~UtJVl-!lU'j-!lJJUU11i!ll'Vlli'H VEDP !~lJ,'W i-:i'il~ 
q q 

1i'.iui1ii1~i1Jmf111f1rim111Jflll (111~ 6A) 
qJ q q 'U 

111~ 6B Uff~-:im111l~c1uul1~-:i'U0-:i~1 dP/dt min 'UW~i'H Iso 10-6 M 'il~!'HU11~7 dP/dt ., 
I JI I ,, j/ I I 

I "' di 1 .c::!.c::! QI I A ~ 1 d I 

min 'Ufl-!lf1~lJfl11JfllJ'il~!i'llJ'UU U\Jl'Vl'Vl 2 'illfl\JU'il~~~~-:i u~~fll\J!i'llJ ~cJm~cJ 14-25% ff1\J q q 

' ' t !ii ' 31 I dll] ' d I lfl !ii 1 1 d fl~lJ NE u~~fl~lJ BB UUUlJ1l'il~tlf1fl'j:::\91UtJcJl-:jU'j-:jf1 lllffllJl'jf.Ui'llJfll dP/dt min l~ ~cl U'Ul'Vl 
q q 'U q . 

A o QI I .c::! 1 1 I I d. QI a QI c:i...c:1t. 

'Vl 5 ~~'CM 7% 1m~ 6% \.lllJm~'lJ u~~i'lU1llJfl1U\91f1\911-!l'illflf1'!llfl1'lJfJlltll'Jl-!llJ'Wclfflflt)!Vll-!lfftl\91 
I ,, I JI 

im.JTvHi 4-5 (P<0.05) fll'.i\91fl'UffU'eN'llD-:ifHht ARB+BB i!1.Jl'l'U17ti1 dP/dt min l'rl:J.J;lm.h~mw 
q 

I 'JI ,, I 

14% iuu,vivi 2 'illfl'W1.Jfl~m1~M H~m1'Vl~~t1-:iui1c1tiuei'ur,.i~mn1~~t1-:iiuillvi 4B i1m1i"H 

0131 ., -A 31d 131' 111• -~ ., ,,; 
NE 'Vil '11fl11flml'J\911'UtJ-!l ventricle lfftJlJ'\1'Ul'Vl fll'j '11 !3-blocker tlJffllJl'jt11Jfl-:jf1tJfll'j!fffllJ 

31 d .1111 31 I 'I 31 I ., d 1 31 0 1 31 a, d 1 ., 
'\1'Ul'VIU l~ ff1Ufl11 rtt ARB 11lJfllJ !3-blocker lJUU1 UlJ'Vll '110\9111111 Ufl11flmtl\911'Ufl-!l 

" 
ventricle ~~u 
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J'U~ 5 Uii'fl-:Jf1THiJ~m.JuiJci-:i LVP (A) Ucl~ dP/dt max (B) '\Jtl-:J'l11 i'il'illf111~'\Jl1J-:i 4 ntj" 

i di 'JI -6 1.J'\Jt\!:::YI l1 Isoproterenol 10 M; CTRT: control (n=6); NE: norepinephrine (n=8); 

BB: f3-blocker (n=6); ARB+BB: angiotensin receptor blocker+f3-blocker (n=7); 

*P<0.05 vs control 
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JU~ 6 U'ff\Pl~m·niJ~ri'WUU,M VEDP (A) um: dP/dt min (B) 'lleM'l11 i 'il'illf1l11J'lll1J~ 4 f1~ll 

i'W'llW~~i~ Isoproterenol 10-
6 

M; CTRT: control (n=6); NE: norepinephrine (n=8); 

BB: j3-blocker (n=6); ARB+BB: angiotensin receptor blocker+j3-blocker (n=7); 

*P<0.05 vs control 
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f171flf1'l:l7tli~'l~ili'ltt NE infusion 100 µg/kg/d 1~m'ttti1:JTlh'ltt111'l'i1'11~'U711JVW7TI 

1:1mwrtti'w 'l um1~111 'l 'ilti'm'ttr;11CJ1-:iiim1m~~u1h~m'Vlciriiw1rn~mh i ttih~~u NE ft -:i i ui~uf! . "' ,, ' ,, 
1rn~'l 'W!'Wut~UM11 'ii 'il7f1'W'W l~'Vlflfffl'lJN'i;l'Ufl-!11:ll ifl1:11 MP-blocker (propranolol 20 mg/kg/d) '111fl 

'ltt ARB (losartan 15 mg/kg/d) :hmi'U P-blocker (propranolol 15 mg/kg/d) Yl'i;lfl71'Vlfi~fl--l'l'l'lJ17 

"'o'l'J/"" "''li a., dlfljl d ~~ • NE infusion 1.IN'i;l'Vll 'tt!f1flfl71~'111 'ii \9l (cardiac hypertrophy) fl-!l'il~t'li'W !f!'il7f11.lfl71!'V'ill'U'W'Ufl--lfl7 

'JI•" <I')} ,J., 
HW /BW, L VW /BW 1rn~'ll'Wlf!'Ufl-:J!ff'WN7iJ''Wl:lf1m--i'llflWlf'i;l'i;lf1mmut1'111 'l'il (myocyte diameter) 

'Wflf1'il7f1tl NE v-:i'Vi1'ltt!f1fif17'jff~ffmff'W'l1:1'lu-n1'l'ilu~1--i~m.Jn~ (cardiac fibrosis) ~--J'il~!M'Wl~'illf1 
' ,, 

ii'lJ!mru collagen !l11.l~'W'l'W atria, inter-ventricular septum trn~ left ventricle m1'ltt ARB 

i1llf1'lJ P-blocker iiuu1 i'Wm'lfl HW/BW, L VW/BW ur;1~u!mru collagen l~lllflfl17f1711tt P-

, "' I 111 d "' i 'JI ~'JI ' blocker tll:ll-!l!fll:l1 fll:ll-:J t1f1\?171.l P-blocker iim.n 'Wllr;lf!'U'Wlf!'Ufl-!l!CJf'i;l'i;I lfllllf1fl17 

,,i_l"" o "''li 'J/'l .,~'JI -9 'JI 'JI 
1m1u1~tll'WflWVll--Jl'W'Ut1-:J'tt1 'ii f!l:lm~~'W 'W1~f!'lJ\?17fl11:l Iso 10 M mnm:u1on1:1 . 

m~~'W'tt11'ilu~1--iuH~11:1 Iso 10-
6 

M 'l'l'U17 NE infusion iir,rn'ltt-n1'l'ilt~fl:U'tt'Wl~'lui1--iiiui1 • 
(systolic function) ~-:J'il~!M'W17l:i.imllTHH~it LVP trn~ dP/dt max 1rlt1m~~'W1~~'U~7 trn~rh 

j/ I I I 

I d a., ,:!I 'JI I a., -=I , 'JI o, 1 ,!I 'JI "''l I o, 

1m:nt.1m'l'lJr;1f!~--J!llflm~\?l'Wfll:ll-:Jtt1--J NE infusion l:l--JllN'i;I 'tt'l-11 'il!fftlit'tt'WTVI 'W'lf1--Jflmm,n • ,, ' 
OJ ~ I I ..:::! i 'JI di 4 _f":! d. a., I lr) I 

(diastolic function) fl-!l'il~t'tt'U17fl7 VEDP itt!t.11 'Wll'ff-:J'U'W!it'eUu11:l1H'Vll:l'lJf1'lJf1'i;l1.lfl1'Uflit trn~ tll "' . . 
I J I I 

.ai, a 'JI a., o a1 .a 'JJ , 'l'JI 
fflll11(H'l'l:U dP/dt min !llflm~~'W1~fl'U\?17U'i;l~fl'i;l'Ur;lf!r;l--l!:Uflm~~'Wfll:l7--IU1'1 fl71 '111:17 P-blocker 

mh--11~1:11 '1:i.imm1oilt1-:if1'Wf171!~fl:U'tt'W7~'Utl-!1'111 'l'il ,i w,im1 hf ARB '11:unu P-blocker 
I I j/ I I 

Jt a., ,d 9/ dlfl 'J} J a., 1 I A QI I QI ~ 'JI 'l o, O 
il7ll7'j () 1Jfl-!lf1'U f17'j !fftlll'tt 'U l'VI t fi'lJUff1'U m 'W'lf1--IU'lJ \?11U~~ 'lf1--lflr;lll:l\?11!ll um~\?! 'W 'W 'j~fi'lJ\?17 • 

, llJ d ~ a.,'l ' 'JI , d ~ 31,Jt'l I d. a., cvlr)'JI 
fll:ll--1 ! 1fl\9lllJ!:U fl'l-11 'iJ()f1f11~\9l'Utll:l7--IU1 --Jf1'il~'l'l'lJf171tffflit'tt'W7'Vl'Vl-:J 'U'lf1--JUU\?11!rn~fl~71:l\911 !fl "' . 
fH,1'\lfl·UJ11l!flTai10-:.1o'Ufll'a&fl~ cardiac hypertrophy m1~ cardiac fibrosis 

,, ' 

f171fff1'lflU l~tilun 1 ~11l NE infusion 'l 'Wf171 !'YIUl:JTW71 M 'tt1 'l 'iltt~'U71!f1fl'l'll:l7TI'ffm'l'l 

u~~1iluiu11UUf171'Vlf!~fl--l~Ul:l:Ui~f1'Wfl~7-:JU'l'li'ttml:l (Barth et al, 2000; Briest et al, 2001 and 

'l
v 'l"' J ., 'l ,!I .J,,.., v 

Zimmer et al, 1995) fl71 'tt NE 'lJ'i;lf1'l:lU!~'W'il~fflll111lfl'11~flU'lltl-:J NE 'Wrnflfl9f-!l:U~f1'!:llli~flml:l 

' 
1 

"'19) d J!!(a.,1 d. '19/"" ,,,_ 
'W.fl71~'111 'il~:umm :u111:1--11t.11:J'Wt1~11 NE mrnnu mflfl cardiac hypertrophy Uft~!l'lllfl71 

.J ., '1 I ., 1 9/1 I di d ., ,1 ., , 91 "' 
Ufffl--lflflfl'Ufl--1 protooncogenes 9f--litf1 mmlt.1'111 'ilrj 'ttt)j'VI \9l!\9l:U11:l 'Wflf1'il7f1'W'l1'i;I--J 'tt NE !'1'1£1--1 

' ,, 
31'W iir1r;1ltt1~iu cardiac output r;lf)~._j (Zimmer et al, 1995) f171!U~l:l'UUU~--Jmri1uii'1'n'l:llli~ 

,!I 1 a., d O 3' . ~ t d di 3} 3} d ' ~ 3} 

!'ttllfl'W t.!'1111 'il'Vl'Vl7-:Jl'W~llm~1 (Francis, 2001) fl7'jfff1'l:llfl1 --l'Wf1 f!Ufffl--11 'tt!'tt'W17!llfl 'l 'YI NE 

~I Cl.I d 131., 1 '~~ i1 Q.f Q.f ,J it 
!u'W!1m 14 1'W lJH'i;I 'tt'l-11 'il'Ufl-!l'tt'lJf1~ll'W!f1fl cardiac hypertrophy 'Vl-:J 'W1~f!Ufl11:l1~ !'Wtl!l:lfl 

~ ~ ' ~ I d 
u~~1~fl1H9ftrn iflmu~1~'l'Wff1'W'Ufl--J left ventricle 'il~!f1fllllf1f117 right ventricle 'Wflf1'il7fl'W NE 



1hir m1 ti ffl-J 'fl 11l'111'V161i U'iJ 1\/tl\ 

ij.mrwq;'II t1.dlo-i 'il.'U~\1120l31 

V-.'.l'Y17'l,rihn'j'ff:::ff:IJ collagen l-w atria, septum !!'ft::: left ventricle t~mlw H'ftfll'j''Vl~'fteJ,rd'ih111:1.1 . . 

23 

fj} Q.I ~ .i::!l A I oqV~ G) 
ff'eJ~rl'fteJ,,:jfl1Jfl1'j'ffflll1UlJ'Vl'j'lrJHW11 NE infusion 'Vil 1'\Hfl~ left ventricular hypertrophy !!'ft::: 1lJ . ,, 

d. ~ ~ • 

ventricle 11::::IJfll'j'l'V-1:IJ'IJlJ'IJel--:i collagen I uri::: collagen III mRNA (Barth et al, 2000; Bnest et al, 

2001) . ,, 
'11Jm1:::111 '111ii'rnMmm'j' t'LJ~ow1tlri--:im--:i 1 fl'j' --:i1;1f 1--:i 'l u Hu--:i111 'l 111O~111fli--:i 

catecholamine 'Uel--:i'Ul:::ffl'Vl91:IJ'V-11l'li~rl Url:::'illfl Angil 'IJeJ,,:j'j':::lJU RAAS (Chiba et al, 1989; Booz 
iJ 'j/ iJ I 3) ,1'iJ 

et al, 1996) i--:i'W'Uflnfffl'l:llrl'i --:ii1;--:i'Vl~fft11JN'ft'UU--:ifln 'l ,r 1:.11i1mvlul1~nlJfll'j'eJeJflt]'VliTI--:i NE 

11ri::: Angn v-i!e1:1.1n1Jl9ium'j' 1u~auuuri-.'.l 1r1'j' -.'.lfff 1--:i'lle1--:i111 'l 'il 111flfl1'j''LJ'j':::1i'.JlJN'ft'Ue1-.'.lmmo 

'Yli1-.'.l'il7fl'l,ro, 13-blocker Y1!u'lir ARB i1:1.1n1J 13-blocker t1Jl-.!nm 141lJ mi11~~i¢i'i'u NE 
,, 

infusion 'V-11J11 fll'j' 'l ,r f.llTI--:i 2 ll1J1Ji'.iNriri~ cardiac mass index, left ventricular mass index uri::: 

cl 'JI ,: 11J3' J r a., efq,, d 

'UlJl~'\JeJ,,:jlC)J'rlrlfl"1:IJllJU !~elrJl-.'.ll~lJ'll'~ 'UUfl,JlfllJrJ,,:j:IJN'ft'ft~fll'j'ff:::ff:IJ'IJU,,:j collagen 'llJ right 

. 'l !II d ' 'l !II "I 'l !II 
ventricle, septum uri::: left ventricle H'i'!fll'j''Vl~'ftU--:illff~--:i !'11l'YllJ11fl1'j' mm 13-blocker 'Yf'j'eJ m . 
ARB i1:1Jf1U !3-blocker ffl:IJl'j'fl'ft~fll'j'!fl'fl cardiac hypertrophy uri::: cardiac fibrosis 't11fl~111flfl1'j' 

I I iJ I I 

l'Yl'WrJTWl'UeJ,,:j NE fl1'j'fffl1fl~lJ''7TI,,:j 'l lJ'V]l,,:jfl~iifl'Yl!U 't lJ ffffJ'Vl~'1eJ,,:jl1t'Yl'WrJTWl 't ,rlfl'flfi11:::'111 'l 'il 

'J) 9 ... I ~ d I e::f Q.I ' 't lj} .i::!l 9 !V 1 e::f .c:1 
'1:IJl'Yl'11 !'\.Jlull1JUUlJfl'V-11Jl'll''Wl~f.J1fllJ11 fll'j' 'YI j3-blocker 'Yf'j'eJ m ARB Ur11-.'.ll~U1:IJN'1'1~ left 

ventricular mass index U'1:::'1'flfl1'j'!fl~ cardiac fibrosis l¢1 (Muller-Brunotte et al, 2005; Nishio, 
,, ,, ,, 

2006; Soga et al, 2006) fll'j'fffl'lflfl'i--:i'WtJ-.'.lllff~--:i1irri'.flJ11m'j''t,rmi1:1.1 ARB f11J !3-blocker 'WlJU 

U'l..!1 IU:IJ'1~ hypertrophy index 1m::: collagen 1'1..! ventricle i¢1:IJ1flfl17fln'lir 13-blocker e1a1--:i1~a1 

(\911'j'1,,:j~ 1 trn:::iu~ 2) 'l1'm.hiY--:im\91eJV7--:i11~,,:j 1 lJ1111'il'UU--:im,Jflzj:1J~i¢i' 13-blocker e1a1--:i1~a1~;iu 

'UlJl~'\JeJ,,:j ICJfrlilflii'1md'u1111 'il'fl~ '1,,:jeJV1,,:j:IJlf),JlJ m:::J--:i1~ flfl1Wlf'1il'1 lJ fl~:1Jrl11Jrl :IJ a--:i 5% (\911'j'1,,:j~ • • 
~ dll) 'J} !II , .,; ' !II ~ ?I 11) 11) !II ' 'l !II 

1) fll'j'fffl'lfllJ !'fl 'l 'YI propranolol lJ'UlJ1'fl'VlrlUlJ'U1-.'.l~--:i (20 mg/kg/d) 11--:im11tulJ !'LI 1~11fl1'j' !'Yl-!3-

!ll d O 'J} ,I !II J ., "" ' 
blocker 1 lJ'lllJ1~£11ff--:itm::: 't mi'.l'l..!nm'l..!7'1..!Ul1l'Vl11111CJf'ft'ftfl'11:IJl'Uel'l11111m~fll'j'NeJ (myocyte 

"' ,, ,, ' 
OJ "" d "" ~ ,!I !ii d\JJ !ii 'l !ii !ii I 

atrophy) 'IJ'e:Jff'U'Ullj1'U'Ulfl'fl111flfl1'il'l'fl'U1!1J'e:J~\91'W'Vl l'fl'flel~ '11 propranolol 30 mg/kg/d ll'ft'J'Vl1J11 

1111 'il'lleJ--:i'YllJ'U11'il:::li'll'l..!7~t~n ~~u'i'l::: i:um:1J1'j'flffflmm1'Yi1-.'.l1'!..!'Ue1--:i111 't 'il i¢i'n1u--:i'illflUflnuu 
"' 

!II ''1,".t::L d.Q.lo1!11"" 
!!'ft::: j32-receptor (20-30%) m1m:::\9jlJ !31-receptor lJl'l..!"711:::fleJ 'Yllfl~N'ftlffrl:IJfl'Vll 'Yllfl~ 

hypertrophy trn::: apoptosis 'tmn~\91Hf1'U'117:1Jfl1'im:::~'W !32-receptor UV1-.'.lff~ltff:IJeJ'il:::'lf1rJUflilei--:i 
iJ ' ~ iJ 

111i'il1m:::i1a1ir111111vh--:i1u~;lJ (Zheng et al, 2005) propranolol vi1~h!fl1'j'ffflll1'WUf•mil~f1lJ 
,, ,, 

i--:i 131-receptor trn::: 132-receptor m1111JlJiui¢i'11nn1ir propranolol 1lJ'UlJ1~~,,:jeJ1'i}UH'1il~f1lJ 

132-receptor UVl-.'.l:IJlflltii'1vh 1 ir1CJf'1i~mrn:::iim11immu1~ e1a1--:i i 'j'~\911:IJ,j'UfflJU'.l:ljI 1'1..!ilv--:i 
,, 

i:ui~'i1Jflll'Wff'il'W;--:irl1l~tM'Y11flllftfl'.1:11~el i tJ N'1flllftfl'l:ll'WU1'il'W1 i 'Uff,j'UlfflJUU'U::: i~111 lJ 
"' "' ,, . ,, 

flWf mnm1:::111 'l 'ilt1l.lll1"1~1a 13-blocker 'WUfl'J'j' 1i1eiflU11 lJflzj:JJviTI~n'l..!mVn::: !31-receptor l'l~fl 

~lb. lJ.9 

2343 3 5 
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., 
lllPln'W !31-receptor 'UW:::!~t11f1'Um:::~'W !32-receptor (partial !32-adrenergic receptor agonist) ih11::: 

'lir-mfll'i1mn~~fl11 

., ., 
i Ufll';iU'I.J\ol1'lltl·:J'111 i 11Ufl~U'WUJ-:J'U'I.J\ol111:::,iuminu'fl11lJ!1lll'lYU'lltl-:J Ca

2
+ flltl i 'W 

"' 
2+ 2+ i ~ I Q.I & 0 'J} d 

cytoplasm ([Ca ]; ) fll'j'fl1'1.Jf,jll [Ca ); 'W'U11:::'ll'Utl~fl'I.J ryanodine receptor (RyR) C)f-:J'Vlll'l'Wl'\11 

ucim.1 Ca
2
+ tltlfl111fl sarcoplasmic reticulum (SR) mi::: SR Ca

2
+ATPase (SERCA2) ~-:JTI1l1Ul~'lh 

., 
Ca

2
+ fl~u1'1hnuiu SR flllTil-:Jl'W'lltN SERCA2 'W'Ufl~fllt1°l1P1flll'fl1'1.Jf.jll'lltl-:J phospholamban 

., 
(PLB) 'ttlfl iu1~'U'Ut1~'lmrn1'VI phosphorylated PLB 11:::111'li SERCA2 'Ul Ca

2
+ mfoiu1nu'lu 

ll] y.c:1J a., 'JI ' .c:! a., d 
SR !\Pl\Pl'UU (Konrad et al, 2003) 'lum1:::l11 i11'1ll!'tt'11'Vl'I.J1llJfl11'1\PltM'lltl-:J L VP 1rn:::t1\9111!11 'lu 

A Q.I .J 'j) Q.I .di d I.cl 

fll';i'I.J'I.J\911'lltl-:J left ventricle (Kiss et al, 1995) C)f-:Jfffl\Pl'fl'1tl-:Jfl'I.Jfll'jfffllll'Vl'Vl'I.J11llfll'J'1\Pln-:J'lltl-:J 

""i' .c:! 2+.Ji 9' o''J} IQ.I cv 
t U1\91'U RyR 1rn::: [ Ca l; mt1m:::19J'U!C)fnnflm:1J1 Ut1l11 'l 11 (Armoundas et al, 2007) 'lum1:::l11 '111 

'j) Q.I 1.i:::l Q./ Q.I a.,G) & 'JI Q.I 

n11mn1t1..:i'Vlu1111m1n\Pl'1-:J'llfl-:Jfl\9l'Jlfl11'fln1t1m'llt1-:Jl11 t1l (Kiss et al, 1995) c1Mfffl\Pl'flnt1..:iflu 

m1fffl1:Jl~'Vlui1ijm1'1\Pln..:i'llt1..:i1:::iu mRNA 1rn:::1:::iu hh~u'llti..:i PLB 1rn::: SERCA2 

. . ,f o'3}.: 
(Armoundas et al, 2007; Kiss et al, 1995; Zanan-Herzberg et al, 1996) 'Uflfl111fl'U!C)fnnflmll!irn 

' ., . 

'111 i 11Yi i~111n~1bt1'111 i ,i~mttn1iru11:::ij1:::iu ca2+ i 'W!C)f'1ilff-:Jf111un~'l ui1-:iM1 'l 11'flmt1i1 
"' "' 

6 .Ja.,~ ,, ~I &d 
(diastohc calcium concentration) (Del Monte et al, 2002) C)f-:J'ff'W'W1:li11U11'W111:::!IJ'Ufflm\91l1'U-:J'VI 

~ q 

0 'I 3/e! ~ 'I ., 'I 3' 
'Vil tl'l'JJfll'J!i'lll'llfl-:J VEDP t'Wfl11:::'tt1 t11nlJ!l1n1 (Nishio, 2006; Soga et al, 2006) 

., ' 
m1ffn1:11il i ~u'J:::1:u u m1'Vi1..:i1'W'llt1-:JM1 'l 11Yi i ~111n11u 'U 11u~n:::nci11 i \Pl tim'Jm :::~ u ~1t1 

"' q q 

• ii ' ' 

Iso i 'U'll'Ul\Pl\91l!rn:::'ll'Ul\Pl~-:J 'Vl'I.J11'111 i11'llt1-:Jfl~ll NE 'U'Wflfll'j!'fftlll'ttUlvi'lui1..:iuui1 (systolic 

Ji 'j) 'JI llJ 1 ~ .J d a., .c1ef a1 .d 

function) !i'l';il::;111t1m:::19J'U!rn1 ill'ffllllltl!'Vlll L VP 1rn::: dP/dt max C)f-:J!li'W\Pl'lf'W'lf1\Pl'lltl-:J!!1 •m'I.J 
. ., ' 

i1un:::o\91111~1 'lum'Juu1o11'llt1..:i'l11 'l11\911mhiu ut1n111nil8'..:iV1u11m1'li NE vii iiM1 i 111ilt111 

m!1~1wii1..:i'flmt1\?i1 (diastolic function) !'Vlll:::irlt1n1:::loi'uuti'1 ilimm'Jrn~ll dP/dt min irn::: • ., ., ., 
VEDP fluu1 i UlJ'ff-:Jfl1lflillJ'fl1'1.Jflll ri1i..:ifft1..:iil1flu ~'lfui1\Pl'llt1-:Ji\91111~11 'Wfll'J'flmt1i1irn::: 

"' q • 

' ., 
'fl1llJffllll';itl 1 u fl11'fl'111'.l\911'lltl-:J ventricle !'Wtl1 'I.J!ilfl\Pl! 1ll\9lllliil~'I.J H'1fl11 'VI\Pl '1tl-:J'U fftl\Pl ff~

1

tl-:Jf1'1.J 

,,i •"Id =3'"j3'3'• 'J3' ""•13' 
flllfffllll'Utl-:J Laycock et al (1995) tltll-:J irn\9lllltl111!fl\Pl'Ufl t\91Utl-:J11fl11 t'tt NE tl111l!Hm'll 'tt 

' ., 
'111111\91tl'I.Jff'Wtl-:J~tl j3-adrenergic agonist n\Pln-:J~-:J'n'VIU'lum1:::t11111~m11n11~t11..:i'l'U'fl'U (Brodde 

., 
eS I j} A I 'l'j) G) a., d. a., di 

et al, 1992) fll'jfffl1:llfltl'W'tt'Wl'Ui'l'I.J1lfl1J l1 catecholamine infusion !'W'1fl1:IW:::!\Pltl1fl'I.Jfll'jfffl1:11 
., ' 

d d = 'l I d 
'U lJHn!'Vl:J.J j31-receptor 'U ventricular myocyte U\91 atrial myocyte 11:::11 receptor '1\Pl'1-:J (Zhao et al, 

~JJ. 'J} 31 d ~ 0.1 lfl!ll 
1996) 'Uflfl111fl'W!lJflm:::19J'W adenylyl cyclase \Pl1tl forskolin flffllJl'Jtl!'Vlm:::\Pl'I.J cAMP !\Pl 

., ' 
(Bowling et al, 1990) i..:i'U'Ufll';ivi'Vl'I.J11'111i11fl~lJ NE ill\,Jfl'I.J'ff'Wtl-:J~fl Iso ifrw1tfi\Pl11lfl 13-

,=!I. .oC:\ ,.I ~G) I d I 

receptor downregulation l11tlf-.l\PIIJfl\91 !'U j3-adrenergic receptor signaling pathway fltll-:J!\Pltl1 ff1'U 
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~ 1 c;$ A j} dG) j/ A OJ & d a., ~ ,di d 
'11 '\N 'W l 'ii::; tu 'I..U:·l '1 'ii 1 fl fl TH 'ff fl 1J 'l'l 'W TVI ! 'W fl mm irn w.11 'ii C]f-.'.I 1J '11 '1 fl ;y l 'W 'ff'W 1J 'ff 'W 'W 111 fl fll '.i ff fl'l:ll'VI .. . 
m~rntl11M'l1'W'lll1tfl~fll1:::'111111ti'1Jm'111'W'1fl'.1:1W:::m1

1

1EJf11Jfll'.iffmni1n'l'l'IJ111Jfll'.it~fl1J 1 'W ., 
' ' ,, 'j/d W"G) <°i' d a1 a1 d. ,:). .dl 

'tt'Wl'Vl'llfl-:1111 !'ii !~El1Jflll'1~'1-:J'llfl-:J LV ejection fraction fl\91'.ilfll'.ifl"1EJ\911 trn:::1Jfll'.it'l'l1J'll'W'llfl-:J 
,, 

VEDP (Mori et al, 2005) 'Wflfl11lfl'WV-:J'l'l'IJ111Jfll'.i'1~'.i:::i1J hh~'W'lltM SERCA2 tm:::iJm1tl1 Ca
2
+ 

., 'JI • 
fl'11Jt'lll SR '1~'1-:J (Tokuh1sa et al, 2006) . ' ,, 

'illflfll'.i'Vlf1'1fl-:J'Vi'l'l1J11'1111 'ii 'llfl-:1'1'1~ 'll11fltj1Jvil tt !3-blocker 'W 'W 1J'1 fl'hl w:::fll'.i\91 fl'Ubl''W fl-:! 

l?ifl Iso 1wu'U1~~1trn:::'ll'Ul~'ff-:if!ti'1vn1Jflrl1J NE flrll1fifl iijmm1rn~1J L VP, dP/dt max, trn::: · .. . 
I I ,, I 

, , d ~ l !jl,cta.,61 , .:1 0.1 , a., ~ ,:!I , 

dP/dt min U'fl~-:!1l'Wl'il:::1Jfl111Jt'fffl1J 'W'tt'Wl'Vl'VM !'W'lf1-:J'IJ1J\911tt'1:::'lf1-:Jfl'1W\911 fll'.ifffl'hllfl'Uflfl'U 

'11iJ1if 1'Wff\911'Vl~'1fl-:!~1Jfll1:::'1111 'ilti'm'!1'11 1~v i¢11tt !3-blocker 1 'W'll'Ul~Ell~~lfl'Jlfll'.ifffl'hll,d' 
,, 

OI I I l 'j/ O OI l "1di 
1Jlflfl'11J'l'l1J11 !3-blocker ff71J1'.itl'lf1EJ 'l'lfll'.i'Vll-:Jl'U'lltM'l'l1 'il~'ll'W (Cruz et al, 2007; Mori et al, 

,, . ,, 
2005) fl111J U\?lfl~l-:J 1 'U H'1 fll'.i'Vl~{lfl-:!fll11tfl~'illfl'l'l {IWU11'0EJi-:i 'W fll'.ifffl'.l:lll1~1-:JO-:J'\ll-:J 1-i''W 'W 'W i ¢1 

"' o ., 'l 1 ., ., " 'I d Iii 'i '11 '11 ., ., t 
1h:::t1J'Wfl1'.i'Vll-:Jl'W'llfl-:!'111 ! 'ii 'W\911ff\911'VJ~{lfl-:JU'1::: !'Wfil1:::'Vl !1J flfl'.i:::\91'U'l'l1 l'iJ ~~'W'W'ttlflfll1::: • 

') ''I d ,d O OI l d'l 'JI ,d _ I "'Iii 'j/ 
'llfl..:J 1'.iflfl~ !'U'.i:::EJ::: compensated heart failure flfl1111Jfll'.i'Vl1-:!1'W'llfl-:!'111 'il'Vl 1fl'1tflEJ~ufl\?l 1~ 

'JI • . ti • 

(Zevitz et al, 2006) 'Wflfl'illfl'WO-:Jfll'iltf1~'illflfll'.it~flfl l -Nv1 !3-blocker 'Viijq'Vl1l'Vll-:!tfl'ff'lf1'VIEJll1 

Io, 'J di i'J/'J'J/ & "1 
U\9\fl\911.:Jfl'W i'Wfll'.ifffl'lfl'llfl.:J Mori et al (2005) ~ i'lfEJl cavediol (IO mg/kg/d) CJM'Wflfl'illfl11:::1J 

ti jl ti ' ~~,a., 'J}W'd.:::::. 'J} 'J} a.,d I 

t]Vl1iuflfl'U !31-receptor U'11EJ-:!1Jt]'Vl1ifl'.i:::\9l'W !32-receptor ~1EJ (Dheins et al, 1992) ~-:J'Vlfl"111Jl 
,, 

'JI 'JI 'JI ' 'JI ' - ' -~ "' l ' 9 'j/ "' l O 
"'di 'lll~\9l'WU'1111fll'.ifl'.i:::loj'U !32-receptor 'il:::'lf1Eluflufl-:J'l'l1 'iltrn:::'lntl 1'11'111 11'Vll-:Jl'U~'ll'U (Zheng et 

I I I I 'JI 

"' 31 "' "'1 "''I'll l "' 'l di "'"' "' al, 2005) fll'.i tbl'fl:JJ'tt'Ul'Vl'llfl-:!'1'11 'ilt1Jfl m !3-blocker 'W'll'Wl~Ell'Vl'Q;-:1:JJlfl 1 'Wfll'.ifffl'hll'UEJ-:Jfll'iltfl~ 

<I 31 J "' d ., d , 'JI 'JI 'JI t 'JI di 'JI di ,! 
'iJ 1 fWlf{I '1 fl{ll 1Jt 'U fl :IJ'll 'U 1 ~ t'1 fl{!~ :JJlfl ~ ~ 'Vlfl"11U '11'll l-:J \91 'W l!::; 'U 'W 111 fl 'll fl :IJ {l'V] fl 11lfl fll '.i ff fl 'hl l 'U fl111 ., 

1h i1him1tff'WflU'W:::'Jl m11tt nonselective rLblocker mh-:it~EJ1 l'W'll'Wl~Ell~'ff-:i iijmm1t1'llf11 .. p ., 
,, . 

fll'.i'Vll-:Jl'U'lltM'111111 ltt'~~'U i¢{djfl'111 l 111-i'tJ-:ivi1-:i1'U'1'1 'Wfl 
,, . . 

fl1'.ifffl'hll'WO-:J'l'l1J1lfll'.i 1 tt ARB 'l'lf fl1Jf11J !3-blocker 1 'W'll'Wl~Ell'Vi\911fl1lfltj1J'Vi1 tt !3-
, -= r _,., o ., 'I 'I 3/"1,J ., d Iii 'JI ,s 'JI 'I 

blocker fltl1~!\PlclTff1111'.itl"ll''Jfl1J'.ilJf11'.i'VIHl'W'IJfl~'l1'J I 'il 1'11\9'1'1J'W fl~'il~l'l1'W !\91'il10!1lflfl'.i~~'W I 'W 

1:::~11~111:::ijfll'.it~:IJ L VP, dP/dt max trn::: dP/dt min fl~l.:J hn\?11:1.Jtrlflm:::~'W'l11111mh.:Jurnn'il::: 

'U11fl0fll'.it~fl:I.Jl'IU1~'llfl-:!'1111 'ii,~ fll'.ifffl'hllnfl'W'l'I u1-d'n'l'lrn°lf'Wt~EJ1f1'U'Jlfll'j 1 tt ARB '.i1:I.Jf1'1.J . ,, . 
0 G) 'J} Q.I GI dd QI JI O d.dl G) All] Id j} a., G) 

!3-blocker 'Vil 1'11'1'111'il'llfl-:!'11~'\ll1'Vl1Jfll1:::'1'11'11Jt'l1"1'Vll-:!1'U~'ll'W !'Wfl11:::'VI 1:1.J:1.Jfl1'.im:::\9l'W'l'l1 !'ii 

(Mori et al, 2005) ir-:iiinnfffl'hll iij:JJ7fl'Wflt~EJ1f11Jf,1'1'.i1:1.Jfl'W'llfl-:J ARB f11J ~-blocker fll'.ifffl'.1:11 

rh'Wl'l'IW'il:::vm1'Wr,i'1~'llfl-:J ARB 11mm1t1t~1J'.i:::~1J 1111~'1-J SERCA2 l'Wm1:::i1 hti'm'l'lm~-:i ., ,, . ,, 
:1Jflii1:::i1J'llfl-:J 1'1h~'WU'1~'1-:J i-:it'iffl'Jl ARB 'Wl'il:::6lf1tl'.Uf1Jfl1'.i'Ul Ca

2
+ fl'1'1.J SR 111'~;'1-J (Soga et 

,, 
al, 2006; Tokuhisa et al, 2006) 'Wflfl'illfl'Wfll'.ifffl'.l:ll'llfl-:1 Mori et al (2005) 1~v1tt !3-blocker 

(celiprolol) 1'W'll'Wl~ 10 mg/kg/d Ufl'l1~'ll11~"fll1:::'1111'ilti'm'11"1~ffl:JJ1'.itlt~m:::~1J 1111~'1-J'llfl-:J 
,, 

SERCA2 flljfffl1:ll1'U'Vl1-:Jfli'i'WflV'WU'U1ll1-:J ARB trn::: !3-blocker lttf,1'11mi1~u-:in'Ul'Wfllj°lf'JEJ 
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., 
U'i1Ji 'H'\11 i 'il'lltl-:J~U1cl'V11-HW~;'Ul'U'lf'N'l11 hmm.J\911 (diastolic function) (Muller-Brunotte et al, 

., ., 
2005) 11~i1i'Wfll':iffflmr1f-:ii:11:J1~'Vi1nTHU1c1rnvic111n11Nnu1nm1itt ARB t1a1-:i1~c11 uloiNn 

fll':iffflm~'Vi1itt1i'.hm'U1 ttl'1d1m1itt ARB Vl!tJ:JJtl1J p-blocker h,1'llm~c11~~1ni1fl~lJ BB 
., ., ' 

ffllJTrn 'lf1cl'LI'i 1J i tt m1'Vi1nu 'll 0-:i111 i u~;'U-n-:i 1 'U i1-:iu m1111n:::i1-:ir1mc1\9i11ij0111 i u~ e1-:i 'V11-:i 1'U 
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