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Abstract

Heart failure is defined as a complex clinical syndrome which can
result from any structural or functional cardiac disorder that impairs the
ability of ventricle to fill with or eject blood. The increased sympathetic
activity associated with injury induces distinct changes in the host’s
hormonal and immune response and in the coagulation system. A number
of synergistic mechanisms are involved in cardiac complications during
stress. Epidural anesthesia has been shown to reduce the risk of major
postoperative morbidity such as MI (myocardial infarction) or death,
however, the underlying mechanism is still unclear. This study was
designed to simulate the clinical surgery and spinal anesthesia model in
rat to clarify heart injury and the damage recovering mechanism.
Oxidative stress related apoptosis and ER (endoplasmic reticulum) stress
related autophagy will be monitored in myocardial injury and recovery
process. Our preliminary results showed that epinephrine -
norepinephrine and NT-proBNP in the blood serum are increased through
sympathetic activity in Surgery group, and Marcaine treatment can

reverse these changes. We also found that Marcaine treatment can



suppress GRP78 and LC3Il protein expression which are related to ER
stress and autophagy. In conclusion, Marcaine treatment can reduce ER
stress induced myocardial apoptosis which was induced after surgery.
Additionally, increased mitochondrial area was found in Surgery group,
while Marcaine treatment can rescue the mitochondria phenotype. This
study demonstrated that giving regional anesthesia may protect patients

who are having high risk of heart diseases prior to surgery.
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(Licker et al., 2003) ; %.1993# > 3 JA 5 oh i1 rEet® 0 S BT
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(Schricker et al., 2004) ; & %7b fir % i B % *5 140 B A RS F
PRTS L R T URR 2 T 9k enE (Hoar et al, 1976; Kirno

et al., 1994; Liem et al., 1992; Moore et al., 1995; Stenseth et al., 1994) -

R oo hdw %‘i’—“zfﬁ B AP 3T > ¥ % (general anesthesia) »
FI% BT M R L g F ’ﬁi‘% ZEVANES S R BRI LW e

SIS HTie 2 Ma ¥ Ak % (Welborn etal., 1990; William et
al., 2001; Williams et al., 2006) © AT %t Jpr ¥ {420 v § 2T > fiea £

MR A~ £ e g e L FE 18 (Atkinson et al., 2013; Park etal., 2001)



§ i“ R4 (Oxidative Stress) £ .= %K% & (Heart Failure)

fﬁ * fﬁ awty #F £1F  (Reactive Oxygen Species, ROS) &

Sl fmie b= 0 - T B RS AL e p A R 2 (5] 1R
CAFE T s e X RIR T B TR b A e S % B (heart
failure) (Bergamini et al.,, 2009) - = 1+ ¥ i & Kk p 3tk s 88
(mitochondria) » § /&1 % TR R H 4 pFr o 22 lmre £ 1Y (aging) ~ e
= (apoptosis )% ¥z 3% 7 (necrosis) & 7 B 1+ (Rydstrom, 2006) °
e k= B wmre k= WL BRSSP e T A A R R
PAGT S oMM we? i R LB K Ewmien £ kik o
hF VR4 Z ek P e &k (Laietal, 2003) o
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e PG RREA e a F TR RS 0 R ER DI L SRR
BEE

FLRRGR B LR E L

Y

B
Lopd o - fAp E kLD
A 7 RAT o Ui B ~ B R~ S AU U E P"‘%\s“'ﬁssi:ﬁ:)}% R A
EERCIEEBRDRTFHL 2 L3 FIRAFLET S PRS o
HERBY L3 RER NPT g R 5 2 SRR - bw TRA
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receptor &3 & BRI i G TR IFIRE R ok 0 BT HB-
adrenergicreceptor= it & BIRELIT € R LT b O B A Bl

WU R s B o B E IR E ST L F ) pLeh s A BER e
#§42¢ > B-adrenergicreceptoreiit & @ifipjTL € & 4 % (Aminet

al., 2011)

P F 4R+ (Endoplasmic Reticulum Stress, ER Stress)

MR RAE A e ? o R SR e B Pl S
N ERARA o PHACE RS S RIRB T B T b T8
2wk o Slwie? hE R e R R ERT 0§ v A
354y & 25 %wgémm}wﬁﬁéa BP AL o f e 2
Taed 7 P AT B0 oz o T R RS G s
B4 F-v (stressprotein) z & it ~ e B4R F]F BT R 2 K 4o i 25
374 39 (chaperonprotein) & & o2k »iF 5 P B4 5 LpF
EFF WAL GE Sl Acmrz F- o PO RR S Ar5lAsenime B AL
FRE L e ROEE SRR RS % il B (Egger etal,, 2007;
Tothetal., 2007) - L =0 ¢ 3 F 5 }]%;ﬁ? GRP78 3-v ¥ iT 5 p %"W’-‘@
didp i § e Rt 2 A BRI B ERIRT 4TS AR R T
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F J& (Unfolded Protein Response, UPR) o # ¢ — i UPR e ficA_p &
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PRI F(FEBD 53 B o § 90 ot T
¥ % M3 & 39 ¥ 78(Glucose Regulated Protein, GRP78) » + £_#% 5 #
S f R IR v B4R L Bv WA ALL BP0 B4 B HATAS ¢4 2
PRELLIAFTRDES > | R0 2 ARy Tt (Lee,
2005) 5 - ¢t o i 2 é;gw AR N FREERS AR 8- HEIE

e (Lietal., 2008) (3% 4k — ) o

p ¥ iT* (Autophagy)
AT AN EPmed o LSwe? pAE S iE AR
(Reggiori and Klionsky, 2002) - p ¥ i®* & 7 = f631 £ A)5% 1 L LS
® /i prEiT*  (chaperone-mediated autophagy, CMA) ~ #c p v i7 *
(microautophagy) % E p vt * (macroautophagy) o ‘m?z &k 3 & fx
WHcp AT 2 B gt > B-piELs F A T AA FFEE (lysosome)
oM LEAs SR A p T P EFERE 4 F B (Masseyetal., 2004) -
-~ A AT D A3 chaperone F-v #fid & e
B 5 84 > chaperone ¥ i 5 3 wmre F P 0 A& G AR eie e

#&3F (translation) ) eh3-vd {7474 (folding)> § 39 F folding 4%



3 (¥ LA I ) P chaperone I § #-F-v T 35 pEHY
oo B {SizE B9 € translocate I lysosome ¥ it {7 4 2 JT (Lee et
al., 2009) -

= S HgpomiEH gjgé lysosome % o w0 fiso dtn i TP e
G PR BIUE FEES S VERE E ~ lysosome ¢ Y
lysosome P 77 hydrolase #-H ;3);4,% b fF o

ZNEREEY DV dmre e B oo HE ¢ Rk vacuole » A=
B ¥/ %8 (autophagosome)’ & % #-¢7 lysosome & & #-H P eim iz 2
B0 WAL fEo BRI AREER AL AP AR T 4R
Ba B ooadifiz o BT dugfpk i v Y EP?F\ % initiation ~

elongation §r closure ~ maturation (Dere et al., 2010) -

[ER

i elongation fr closure 1427 ¢ #- phagophore %%t & -
BeE Y hme AL IR At b RAe ko AR
autophagosome ° Autophagosome &_— & # 7R sk ¥t ig o LC3 & =
¢ 1 autophagosome =¥Ct > @ ¥ L iEiEAR LC3-1 ¢ 4 = LC3-
(Kabeya et al., 2000; Suxuki et al., 2001; Mizushima et al., 2007) > F]y* >
F i }]?% ¢ 1 LC3-Il 2 I » ¥ & autophagy /% Iim#ﬂ # (Chenetal,,
2009; Klionsky et al., 2008) - i& » maturation F¥ £ FF » autophagosome

€ 7 lysosome iz £ 25 = amphisome » p & 3 ¢ AL lysosomal hydrolase



BHkm % i35 = B R Wb autolysosome (75 £ autophagolysosome) >
AL G e [T E AR A RS Sk A hd 4 JEd membrane permeases
Hoxdlmre P > iwre L 1% (Deretic, 2010; Dwivedi and Ahnn,
2009) - E p & ¥ * (macroautophagy) * ¥ L i p & iF *
(autophagy) » B o = fE3)5% ¥ L g Kb peEiT¥ che L3 &
R FEF 0 NA”P £ (auto) ~ " @ (phagy) c BE LA & 0 PR
e 1% 2 X ch R E AR ER A p R
(autophagosome) 4% » #- cargo "% f# L w Jcf& f|* (Levine and

Klionsky, 2004) (3 %t4= ) o P M aWT § P05 prai®® § 1 &

=
AR

AL IRE e - S b B FIRB Y R GORAR AL =

ETTRS

framre ¢ L F P RE nF-d T2 XKLL e B (Elmoreetal., 2001)
¥R Aot AR TR P 0 IR G i G BT IRGERE R e
# 7% (Tsukadaand Ohsumi, 1993) o frf L 45F7 3 ¢ » £ 0L PR
TR UM “,’T‘f&/ﬁ Al RPN mir iy p R T ST
(Mizushima, 2004) - % ‘w®e ¥ 2% Fv ARl AT F & F A2 $XK
CEME B R R FRA AW ST B R R A
(aggresome) » »* B¥ € i d 31 p oA IE Y Y R GF R AR
(Fortun et al., 2003; Iwata et al., 2005; Kamimoto et al., 2006) - ¢} # /&
VN F BRI b wHARAE ST §ER
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v iT* 514 (Dorn et al., 2002; Kirkegaard et al., 2004) ; *£ ¢t 2_ ¢t > §
FEIER A 2 s BREY BT A R cwred EAZ R
it FE R4 F (Bergaminietal., 2003; Levine and Klionsky,

2004; Longo and Finch, 2003; Melendez et al., 2003; Vellai et al., 2003) -

W% %-= (Apoptosis)

fe k= X LG Wt 4238 54~ (programmed cell death) » &2 47
BHEFTEAFIWETNERY B R EPHFTFLL DL
F oo bldrl B T WEARY e k- BT e PeE B & 7 T

AL tmPE o 1R

\\\?{s-

SR HHEET LS D ASWY o ek
S RIRERF AR R R e R PR g e (de X TIREG T AR
FRAARIE RSP FTRLANG  AARBRI PGSBS D
sdmie) NE &Gy o APRATE - A R hdmrie v A5 50 BE: 20
(necrosis) » fm®e k= 2 4 RPN T F 24 M wmre = s HiBAR
A d BT hk-0 FApEE 3 #2 (Hengartner and Bryant, 2000) -

e S AP A R Sd A iERIE (1) M- R BERE

(death receptor payhway) : * # & ¢ &8 /T (extrinsic pathway) » § ‘

e X P (A RS o B F LR B S DNABUR R e
Wk o 5t 2 A X 8 (death receptor) ¥ 5~ fek¥ (death ligand)
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g He&m st 2 = 4K (deathdomain) » i~ ) F Fime p e
2 4 @ YE (signaltransduction) s £ & & (4 F& - B 7] &0 Caspases m 3%
fE k= (2) RARAEEL T (mitochondrial pathway) @ * £ 5 b BT
(intrinsic pathway) » % & * ~ DNA £ 4F ~ 1 8 & 5 38 {5 > sty

gk 4 it @ 3142 mP2 %= (MacFarlane and Williams, 2004) - #X @ »

PR miep A2 R EPER R E - TR FR RS
B Fmre s LR ol - BEL A o o MR X DNA AL
B3 it Tl s AFF BT T P §ERT VA e
2o Blwie s PR RARMDETR g #% WA kP T ke
72 ARA o RAVEENE Y Bel-2 ROE T RS e B2
# it (JeongandSeol,2008) - Bcl-2 2% (Bcl-2 family) i35 5 it % 4
(1) #v% = Hv (anti-apoptotic proteins) : 4 Bcl-2, Bcl-xL 5 (2) & %~
#-v (pro-apoptotic proteins) : 4 Bax, Bad (Burlacu, 2003; Desagher and
Martinou, 2000; Hengartner and Bryant, 2000) - gt *F L= < )I%ffﬁ p53
B0 HiFE Bel-2 P9 ApI ITH A OB KB R AREE b (Vaseva

and Moll, 2009) (3-8 ¥idéF= ) ©
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1. B %% F (Animals)

Fow i Ed P EAR LF b d o p {7 % 78 ehr SD (Sprague-
Dawley) & izt~ v & » ¥ # 6-8 ¥ » F %MW £ 4] & 250-300g
(275+25g) » H 4 B w4 &>t 3 N PR R 65-75% ~ F 0§ 19-25°C~ &

2 P PERR/12 PR G p B R R AR S o FRpd RS
Z Aok o

2. R %Kt (Experimental design)
Foeb ¥y - Xt A RS AW R ER
2_F J 5 A4S

LRIk S o st %3

P B
B"_ﬂ_/]?i A\;F%B% Ié‘fléo “}ﬁ' o %Eﬂ

BdF g 4 5w &2 > (A) Control

o B S E R I (B)Sham oo B Wi o XK A 4R
Joe B % 21 ficgg £k 5 (C)Surgery > B4R 38 E - F 1S 0 A KA W LR

Hickt £ 7 5 (D) Marcaine % »

= e =<
REE o ik

i"’v#ﬂi"g ixe’/\”l%\;
o % 4 TR g o (R Ve )
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3. Rk 2334 2 i< 5F (Animal treatment)

F b @ £ 4> 250-300g 2. SD (Sprague-Dawley) &% =&
Mo~ e Bl o fI* Zoletil 50 (Virbac™) & Rompun®it ] 11 158 £ 55 14
#-Sham ~ Surgery ~ Marcaine #.7+ o EUR:f$ (1ml/kg body weight >
PR B Mok B B RS Pk G E 2 R E LA e L5 (G

T o ARE T SREAA G ) LB F SIS BEE

N

o A Flen R m g B AT ES B SR
Z_polyethylene tube » # ¥ 45 11 ¥ #&'xc7F © - polyethylene tube 2
>R Y (REDERY 73 YR S8 YRR 0 P IR 0 g
LE P BR % D 0 8~ polyethylenetube BF > d 3t 3 gl 4 B
A

o EAF R Y R ET Y AR BES A RFRE

Marcaine® Spinal 0.5% Heavy £ 50ul 11 i % #F{s 48R {8 » TP 48 o

L

- 15 41* Zoletil 50 (Virbac™)#? Rompun®it & 1: 18 £395 ¢
#- Surgery ~ Marcaine 1+ ¢ EUR:AF (1ml/kg body weight » #g7i1
) T H-x 0 R 2 ant H"ﬁ » Surgery fEe+t v B2 AT 3
B10 44 L2 F¥ L 0 A Marcaine i< v B LS I - iF5
1 1 polyethylene tube » 47 » % {1 Jjr s % Marcaine® Spinal 0.5% Heavy
¥ 50ul FHES SEBRFFEEYL > e K r 3R 10
N RN S BN I R R e T
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4. 7§ 7 32 (Paraffin embedding)

FHLE MR AR A S B Mok B Bl e an
FHLP o F Sede e dR a1 o Bl o R IXPBS R g 0 Rie
10% Formaldehyde ¥ » »t %8 T overnight (F]T) - [E P & F &2
10% Ethanol ~ 20% Ethanol ~ 30% Ethanol ~ 50% Ethanol ~ 70% Ethanol ~
95% Ethanol ¥ % 20 4 45 > £+ % /2,2 >* 100% Ethanol 30 ~ 4& (%t-K)-
£ E & K225 100% Ethanol 27 Xylene +* %3 :1+1:1+1:3°¢ %
40 & 48 0 L &3 Xylene ¢ 15 /) FF (B F) - %%&%&62% H4g ¢
(T kB RE T Xylene 2 Paraffin vt #)3:1~1:1~1:3 7 % 15
| BE S L Ee 3 Paraffin @ 2 o) P O(JR ML) B BV 45 % Paraffin 52 E

Fe P 4 B 49 & Paraffin J3 218 { 3% 370 Paraffin /272 2 /| PFis >

A

P - B T *ﬂo‘:ﬁﬁﬂv%i&s WH A B8 E S 3-5um

=
.

RSP EE MRKEHACHKERY REFER > L LE T

-~

Poly-L-Lysine ezt #* Az i Fh 50> R~ FHZ FH3% -

5. LA EHRIFRJ (Immunohistochemistry, IHC)
i * Histostain®-SP Kits (Invitrogen™) % %} 7 Hedd P EFAR
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CRERA G o 50 g R gl B 3 62°C i dh 10 4 4B
e ¥ P ¥ ~ Xylene® 2044 -2 F &A% ~ 100% Ethanol ~ 95%
Ethanol ~ 80% Ethanol ~ 70% Ethanol ~ 50% Ethanol ~ 1IXPBS % 5 4 4& °
B F B B o Fg oK 4o #4690 100°C €0 Citric acid Buffer ® 1% 20 4 48
(L idit) > #gl ¥ 3%~ IXPBS ¥ iFi 5 A4afs - #gl B ¥ Rl
Kimwipe #:4# 52/ > §I* Liquid-repellent Slide Marker Pen 3 5 5
gﬁk% Bl & 0 7k ¢ HBAFRF RS o B I S AP TIN
H20; 22 Methanol +“ ] 1:9 a2 £;% ¢ 10 4 45 > £ 3t~ 1XPBS * | F

£ 5 a 4818 0 n FIE%TR R (Serum Blocking Solution) & & 10 4 4%

v 7 PR %7 (blocking) 0 3 F #-n -;%FE%«*T;‘% 7% 2 Kimwipe w3z 0 4e »
#7 B 383t 4°C F R overnight o FE P > ™ A~ Bkl {8 > 2o~ 1XPBS

PR S A 4R[S 0 4 » s drl (Biotinylated Second Antibody) % E
BT IE¥ 104 4803 » 1IXPBS ¥ £ 5 4 458 0 4c » Enzyme Conjugate
Buffer ¥ & 2 B T# % 15 248 > 2t » IXPBS ¥ jFie 5 A 4hte > L 4o

~ DAB Buffer 2+ 3 /8 T k3 ¥ 5 4o ¢

W

B2 (7H ¢ o L 14 1X PBS dE#E
Wi ts o I * HematoxylinBuffer 3 B T # ¥ 3-7 2 dgeifit 24
£ 04 IXPBS dEdE ik o Hpt B B~ IXPBS ¢ ik 8 A4 0 £ kA
o~ 95%IFPH ~ 100%IFpH & 10 ~ 48 > ¥ 8 T ki 15 A4 0 £k

* Xylene 10 & 45 > £ B~ 3 %8 T 3z 15 A 48T F 12 Mounting



Medium & (7 & 32 > 2 ({7 K B RHcdLE TRRE PR o

6. .t HJjL-,% £ 7 (Epinephrine assay with ELISA Kit)

R P e BRE Y T RF TR IR FRE SR

kN
)

(5 Be e i 4 3000rpm o 15 A4 fe B iR @ EY o B
10ul Standard A-F ~ 10ul Control 1 & 2 2 % 100l # &-4c /| Extraction
Plate’ & $& & 4c » 25ul <1 TE Buffer ¥ % + Adhesive Foil ¥ *%>% Shaker
(600rpm)_+ > 8T 60 4~ 4803 “,ff* YA % 60 & $ 4 ~ 1ml 2. Wash
Buffer & ¥ + Adhesive Foil % *x>" Shaker (600rpm)_} » % 8 F 5 4 4# >
EFE4fwashl=xis 74 %;; F.0% 7% o# $&4c » 150l Acylation Buffer
s » & 4c » 25pul Acylation Reagent > & % + Adhesive Foil % *x*% Shaker
(600rpm)_*t > T 20 ~ 4E0 3 “,fi? YAk {60 & F4e ~ Iml 22 Wash
Buffer ¥ ¥ + Adhesive Foil % *x>% Shaker (600rpm)_+ » £ /8 © 5 4 45>
FEF LA washl i ¥ 3 “fﬁ g o HF o 40~ 100

Hydrochloric Acid & % + Adhesive Foil % *t*® Shaker (600rpm)_} » %

BT 10 ~ 45 o %% j¥_Extraction Plate ¥ P~ 90ul Standard ~ Control 14
3k &4c ¥ Microtiter Plate ¥ » # £ £ 4c » 25ul Enzyme Solution T
Z 1+ Adhesive Foil ¥ *%** Shaker (600rpm)_}+ » 28T 1 4 458 £ 355

fs o #F B > 37°C 48 ¢ 2 /] BF o #% ¥ P~ 100ul Standard ~ Control 14 %
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% &4 I 96 well plate » £ 4c » 50ul Noradrenaline Antiserum » # % 3%
4°C overnught - f£ P > 2 300ul Wash Buffer wash 4 =t {& » = $&4¢c »
100ul Enzyme Conjugate & # + Adhesive Foil ¥ *t** Shaker (600rpm)
+ o F R T 30 448 o £ 2 300ul Wash Buffer wash 4 =% 18 > & $& 40 »
100pl Substrate & # + Adhesive Foil ¥ *t*% Shaker (600rpm)_} - %8
T gFk 20-30 A 48 0 & FF {4~ 100pl Stop Solution T F 2

Microplate Reader i& {7 % 28L& $7/p3% » 3% T & 450nm o

7. %4 ’ﬁ'c,% & 45 (Norepinephrine assay with ELISA Kit)

P REEARE G AR TIRAFRL S E ARBF
AL 0 Boo R ¥ 40 3000rpm > 15 A48 0 fc B iR A F F
* o B~ 10ul Standard A-F ~ 10ul Control 1 g 2 /2 2 100ul & & 4¢ 3]
Extraction Plate » & $& & 4¢ » 25ul «7 TE Buffer & ¥ + Adhesive Foil
¥ 22" Shaker (600rpm)_+ » 8T 60 4 45 o 4 %i BiRRis o F A
sv » 1ml 2. Wash Buffer ¥ % + Adhesive Foil ¥ *%>% Shaker (600rpm)

| )

fek

TS5 A4 FEFLA washl S {s 7 3 %i Bt o & b
» 150ul Acylation Buffer {& » £ 4c »~ 25ul Acylation Reagent » I ¥ }

Adhesive Foil ¥ *x** Shaker (600rpm)} > 8T 20 4~ 43 o 2 %J’i ¥,

n»

%Rk {8 0 F F 4 ~ 1ml 2. Wash Buffer # 3 + Adhesive Foil ¥ 3c3t
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Shaker (600rpm)_}+ > ZE T 5448 > ¥ £4f washl x5 ¥ 2 K,%J'i
¥k o 3 F > & &4 » 100ul Hydrochloric Acid ¥ # *+ Adhesive
Foil ¥ *x>% Shaker (600rpm)_} » %8 T 10 4 4& - ¥ ¥ j¥_Extraction
Plate » B~ 90ul Standard ~ Control /2 % 4 &-4c ¥'| Microtiter Plate * >
& $4& 4c » 25ul Enzyme Solution I % + Adhesive Foil % 3% Shaker
(600rpm)} » TR T 1 A4BR L9515 5 BB 37CHEHT 2]

FF o #% % B~ 100ul Standard ~ Control /2 % # 5-+4c 3| 96 well plate » £
4v » 50ul Noradrenaline Antiserum » # % ** 4°C overnught - g p > 1!
300ul Wash Buffer wash 4 =t {& » = $4c » 100ul Enzyme Conjugate
# 1+ Adhesive Foil % *x*" Shaker (600rpm)_+ » Z/8 T 30 & 45 - & 1/
300l Wash Buffer wash 4 =t {& » # % 4c » 100ul Substrate i & *
Adhesive Foil ¥ *z*t Shaker (600rpm)_+ » % 8 T %k 20-30 4 45 - 3%
¥ & $ & 4c ~ 100ul Stop Solution ¥ 12 Microplate Reader i& {7 4 Bt

& F7iREE 0 R TR K 450nm o

8. I %4p# (Enzyme-Linked Immunosorbent Assay (ELISA) Kit
For N-Terminal Pro Brain Natriuretic Peptide (NT-ProBNP))
F S P 4R 418 0 Poo R 348 3000rpm 0 15 A 4d 0 fT B IR
o % o P~ 100ul Standard % & & 4c | Pre-coated 96 well plate
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FEANI7CHEH? 2] B2 “,fﬁ % % 140 * 4 » 100pl Detection
Reagent A ¥ # % >t 37°C 245 ¥ 1 -] P¥ » # ¥ 11 Wash Buffer wash 3
=X » £ 4¢ » 100ul Detection ReagentB T #% % *t 37°C #4357 30 4 45>
£ ™ Wash Buffer wash 5 =t o 3 % = $.4c » 90ul Substrate Solution
R Y 37°C 45 ¢ 15-25 &~ 480 #F & 24 4 » 50pl Stop Solution T

¥ 12 Microplate Reader i& {7 % B4 7ip[3 » 3% <k & 450nm ©

9. 7 i# ;T 3 B4 (Transmission Electron Microscopy, TEM)
FSEPREL S PO RER D 2 S RO T
Iz gty 35 %5 3x3x3mm 1% ﬁ?‘n‘m e %«m,z Karnovsky
F T_% (4% PA+5% Glutaraldehyde) # 1.5-2 -] F¥ > * 0.1M Cacodylate
Buffer % 3% 3 =t ~ & =x 10 » 48 > & FF2> 1%®e § 4% (Osmium
Tetraoside, OsO4) 30 4 4& » & 12 0.1M Cacodylate Buffer % 4 3 =% -~ &
X 10 &~ 450 3 F & 5 B 4 50% Ethanol ~ 75% Ethanol ~ 95% Ethanol %
15 & 45 > $& ¥ 2,2 % 100% Ethanol » 15 4245 3 =X o 2_ {8 (& B B & =
100% Ethanol ¥2 PO (1,2-Propylene Oxide) " »]3:1~1:1~1:3 %
15 ~48% 100% PO 10 4~ 48 3 =t » ¥ L & A % #% PO &7k § #1%;
(Epon 812) * 53 :1~1:1% 1:3 4% 5 1/ ] ~4- ]2 8]
¥ o B f8 %02 3T 100% Epon ¢ 12 /] BF o R F - A= ~ capsule
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¥ i {7 100% Epon & 32 > E 4 capsule & » 40°C #2457 18 /] PF %
60°C 457 24 -] pF> F4 Fris ¥ capsule *» B B~ AU g BT 27 5o
ey Ldr a0 X FRA AR E S (Ultracut) *7 = 0.3um & & o 5
BBtz PP 7 G okehgl B R0 11 1% Toluidine Blue % ¢ 1 i
YUkt e R AL ST R E R R AR T R BB RS
35*-,3_9..?7%‘2*7 = oA £ E 2 A 80nm iE RS AFRE (R ) #
Bg P HoRAp et dp i £ FRC o dF R0 1S ® * Uranyl Acetate i
Bdrie (BB gp) b ook 30440 - SRS Fago B
r1 Lead Citrate jf % Parafilm *+ > I 3 4% (Ro 3P T > @ 4F ¥
R P)T A& TR AL ERRI B o R T RY T

%382 F Bpkcs (HITACHI HT7700) % S sk ¢ o Ui 6] fi 2

10. 3¢ ¥ 5 B (Protein extraction)
= Eé;ga;f;,%ﬁfg y Bl n;*;{g%k s s FL R IREIFR ¥ o e & |ysis

buffer (tissue protein extraction reagent, protease inhibitor, NaszVOs

200mM, NaF 500mM, DTT 100mM, pH7.6) >t 3 #.?1%‘2 e eppendorf # o
PRl = i T%U’%F £ 3t 4°C ¢ .o 12000rpm 0 20 & 4d o YT B H
oo BF R FEAE o
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11. F-v ?Tii (Determination of protein concentration)

& * Pierce® BCA Protein Assay Kit (Thermo™) % i {7 v g

- B 4r3g+ (Cu*) ¥ £ BCA (bicinchoninic acid) ##® & - {hig & >

ERRTER ) ERDAREFIIFRTE BN B TERE
12 Microplate Reader (i & 3 %_# 595nm) 2 B~vx b @ > kg ik &
LIS WA B E AL by TOER RESEE Lt
# &9 (Bovine/serum Albumin, BSA) # fie = & 87 k& (Blank -
31.25~ 62.5~ 125 ~ 250 ~ 500mg/ml) 1% % o B~ 10ul ks 4 5 1528
&*v ~ 96-well ELISA plate » £ 3 fic BCA reagent kit ® 7 Reagent A
(bicinchoninic acid, BCA) §= Reagent B (CuSOs) 12 50 @ 1+t 323 R &
g » B~ 200ul v ~ 7 10l #& 48 2 £ # 5.2_ 96-well ELISA plate » £ 3 ¥
%t 37°C 44455 30 4 45 > £ ™2 Microplate Reader i& {7 % LA 78]

0 K TL & 562nm > F {¢ Microplate Reader H#-p & ik 1R 2% &7 58 2

i\

R L 2 B A B E A R FEA -

12. & * & BL/x (Western blotting assay)
TP TR EEEAMRIY TR & 48 2 SDS-PAGE sample
buffer i & {5 > 22§ »t 95°C e kP 5 245 & Fov R 24 A
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BB B 2 R0 AL 10%8 12%0R [ iR AR
WE TR (80-150V) i FT A R FARR RS RFREHr.
#-e 514 Transfer Buffer jZiEchs Wof >t erdy b > 48 H A 5k e ¥
Transfer Buffer ;iR cfjg il » £ 4F F ¢ % 9 2B PVDF &P il /| o
R ok BT ¥ % PVDF $ Eroag b on,f—i e [ eng e tso
R P A SRR TRIAIS L4 - KA AR {87 200mA #

1] P o B B 1S RGP RREL o 1L 5% (735 0.1%
Tween20 7 TBS, TBST) ** % /8 T i£ {7 Blocking 4 1 -] P> & % 2 TBST
a3 10 A4 0 f A 2 A BT AC IR R A Tl o IR P T fTAT
B is o 12 TBST i# 7 7 3=x 10 & 48 > 1 IgG-HRP =t %<8 A 5 8 T
T 1] FF o Eifs TBST,F 3% 10 & 48 0 A F 4o~ ECL 238 o

ECL:#® € 22 HRP & i 14k » & % Xk P REHR -

13. #dz 4~ +7 (Statistics)

AF BT Image) HiHE KB E MM 2 LR “"—L »i RS
TRZELEFETF NP LB o 32 5N ANOVA A~ 7 e /F
Z 8 > I 12 student’st-test iE (TE F A R A 7 0 K T_p<0.05 % 7 A iL
PIIHFRAA I ABRHRICERZ AN BRI K BT %
FEMUTIEDE S P REFEL T (meantS.EM.) -
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FaE

< B TRR L g S RIS RRZ S EERZ BIE

PGEL v g D P AR RS PR SRR

N

o

4 AR g o APk SD & kAt 0 B iE#L 68 iF
£ 4] & 250-300g 1 5 WEE TRk + B 4 B0 KRB S P eh
B R BTG R S e DB LT S E
B ae FESTR O N LR F MR od BEAPFT NFIR
surgery B (3 g+ ) s BRA B R B AR #5T control Bk 1F
T % > @ marcaine B (BLE +H LA E+ 2 2 B Ag) R TR IR %o
A (eBl- A)s gt b o Ay et a s & B 0 3 IR sham (1

i":‘?) surgery % marcaine ‘2 #B ﬁ'{}l\ control % B ﬁ&m}' < > m marcaine

A

o Ap Rt surgery B R X Il g (doBl- B) o EF o AP
S R Tl R REE S Y- U R N A VR N

B B A H&E stain BLE e 1 6075 i > B % 3% T fosurgery B¢ O3F
AREER & A R % » @ marcaine % cim % +% S %3 B (AR

._C)o
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2. NFTHBIAT I HKERE: BoRERY 2P WA

NE- S S TGRS Sy o ¥ 4148 (mitochondria) E_¥ ik
i e B f G F IR S E o TR LR
Mo AR AT A 4 gy & 12 ATP (adenosine triphosphate) =77 3% & 38 >
A GED e Tl ikimie g A2 4 i § KRR SRR F &
TRk E AR B F S R AR L R

i £ o AP D 7S T RS T & osurgery e enis BRUE P

FoEe I (Bl AZZRF ) f HEAMe f#2 control &
AR T TR (deBl S A)S AR - SR S G A 1S
# I surgery (e Ap T control £ A EFH# < 0 & marcaine L Ap T

surgery ‘e PP B (4cB@B= B) -

3. MR v REH SR HE
Ao et KRG et g B ARAMGE P £ AT

RAZETLA LA R SR I L B F 2R GRS

=

_L

AT RA R D B ORE R AR 2 e d BB

L

% % (epinephrine) w4 ;2 & A sham % surgery % 4p > control
pinep gery
' BE ¥ W 4v 0 @ marcaine 4 3T surgery B4 i E B G OAE F R

M (4cBl= A)e @ & FF ’9'?7% (norepinephrine) &4 ;% & & sham &2
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surgery £ 4p #.% control 2% &g ¥ 3 4v o @ marcaine (. 4p #% surgery

e iSRG AR ER K (B B) o

4. RIE =R Bigdk

I BREe R F kg Wid S fAs 5 4 e peptides D ANP

BNP > @ % NI CHERERNIR G o5 €~ Bm 5% ANP 2 3

)k & NT-proBNP 14 & > # NT-proBNP #fifk b 81 iplow 54 it 25

¥R etk o fUp A ey > 2R 2 LRR T et o o LR
HERFZ AR ETIRALLETIRFLEH 3w phid 5
Poengi g > @ S REF 5 31 R BEIRY 0 i@ i & NT-proBNP ih4 i
TR Avod BELERE B a g ¢ NT-proBNP chfic i > (¥ Fsham~surgery

R eng £ PR 40 @ marcaine e Ap T surgery e ] BE F R

©(rRle ) e

5. & HREY NT R M B-AR ~ B-AR v T2 A RE )

bt TRt e RS fIEPE S R CFBIERINLREY 2 R
/& 1t B-adrenergic receptor » I {1 s HEeDF Ay o W3 2 )I?%:f;q 4 B-
adrenergic receptor %3 & SERF R D h TR RE R ek d > Fik

% B-adrenergicreceptor 73t & BiILEL T € R LT b o A Ao
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Gl v v B oo ISR FE BRI E QERIT LK G M AR R
Hhenif 427 > B-adrenergicreceptor e & @R T € A 4 TR o A
o~ % % 2 IHC % PBi-adrenergic receptor (Bi-AR) ~ B:-adrenergic
receptor (B2-AR) % IR # surgery % marcaine ‘e 4p #>% control % ‘% %
B 4v > @ marcaine B AP AT surgery EnE ILE G L (4o
I A~B)e @ J|* westernblot L% % 2/ B-AR F-v Fehi ME - 3
I surgery ‘e 4pir>t control ¥ BE ¥ 4 > @ marcaine APt
surgery EinA BB 5 B FE MO NS IR S S (IrRlT

C~D)-

6. 4G 3 EBLEAIANTRES ~ peEiEr P Fv FLRE

;

%Q%E_i ?};{-m’};ﬁ? y N e arf R4 A

=
3

R IR A

-

R G et R E R CREBTA e R m § VRS

3

“

EHFPNFTRBRS AL P TRERA D EERPEEY FRIE N
M= PRI P g & ptimPe v = iR e ”;ﬁm% o 2V = d
western blot .5 % 2 Jph BB 4 2 53 & F]F GRP78 F-v % p &

i1 2_in &= ~u Z2_ % e 28R Sy e RN !
T% 2 dp 4% LC3 F-v 2 A JLE AP control 2% & surgery @ 3

“e > @ marcaine 4P #3T surgery L ILE PG E K (4Bl ) o
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7. MBS R AL Y FARE

AP BHE Y ERFSMETERY 0 ek X LG e
el B AR RERFELL LT o8 i kS PR
FIA &S IER T2 - L PRAAE S (mitochondrial pathway) * # %
N fEL T (intrinsic pathway) @ § fmPe & {* ~DNA X35 ~ i & & 32 )
PP R R F A Rt slAckee F o d BlZ B R AP o
FR T 2R AU g R PR A A R AP A
* western blot L% ‘¥ &~ 4p M 3¢ Bax &7 p53 v 2 A ME F
A5 5% % v Bax &7 p53 F-v B Ap#3T control fe W {osurgery ¢ 3

‘v > @ marcaine E4p #3T surgery A ILE PG E X (4Bl ) o
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it

R ot fimd F o § 7 Bor 0 SFB R LAY G

A

>
K

s o I}L'aﬁr.u}?,‘%ﬁﬁ;ﬁr‘gﬁ RN ek }7‘;}% R A 7
BAERAFIE B WEEBL S BoR %:ﬁ:ﬁfa%fzmz—g% -

S RN IR A IR T o T ST IS SN g RN

Bk bt L F PR & F ehF 2 BE (Crimietal, 2009) ¢

- \Q\

F ’Pj\mi’],;ff,fiv e i é\i,uﬂm,émﬁé’ﬁ’liﬁ'f » H 3= 5 Rm £ FpEF

$M A S B kRS i & kR

AP PEBE AL PG i R blAos O R B L w i p
TR RAF D ¢ M) DT D S FRI A R
FHA I Dl B R e R T R R
E72 #&H 3 g% (Davisand Natelson, 1993; McEwen, 2007) o # 2
TR R TR A f b i RBRLBR S SR R o o R R
97 85 (4Bl - )>sham-~surgery% marcaine % e BEL 2 kel (559 £
® 0t PRSROR G o G HOLRLE o BB PR L E G B

FAR &R PA B 4 B30 R el s K
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SRR R SR R K e WY 3 5 R Ry
U B R A 2 L i B R E o  £ 2 fedy de vin
Behg LR AP AR RMO I Ha XIS e
moalgmie p v iTd @ id s ytimiz 5+ = (Tsutsui et al., 2011b) -

RRES AR F BRI B w A RS RA R G
¥ € Wik p L iE* F 14 (Dorn et al., 2002; Kirkegaard et al., 2004) - >
BATE Y T AT BB T fsurgery B enu Rl Y G 3F
Foie g R (Rl S A Z B ) 0 £ B b SR s e
w ff 1S 0 4 Fsurgery e 4p 3t control 23 AF F #~ 5 @ marcaine £.48
#tsurgery BRI P BE o] (eBl= B) o gL 2 /I?;L;’g_%’ » NP i )
e A N TR TSI g T iEARY AT A 4 ohp g
‘|- %48 (autophagosome) °

BF R ORA flET o g B Rk s (sympathetic —
adrenal medullary system) =T 3R % -%i’*ﬁi—?‘i ’ﬁlﬁvh (hypothalamic—
pituitary—adrenal, HPA) € 475 1 » % TARE B RIIR A cpFiz > ¢ i@
ERAR H]nA S R = SRR % IO U D) <o B A LD o 7 S
Ko gt PRI g i § Bﬂfﬁﬁrfri RACARBED < T
+ H’?% (epinephrine) frit &} ’ﬁi% (norepinephrine) I & /% % %
Pig@ ®ikwyvimre andf 3 (Dhalla and Temsah, 2001) © @ &3
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PoF R FY T !]1% NS ol ’ﬁi—% 14 5 tesham s surgery
% marcaine ‘£ 4p #& >t control £ % B ¥ 3 4r > @ marcaine £ 4p #3T
surgery A i B H BEFRMN (Blz)-

T EREo R kg Wad S s 5 4 dhipeptides ¢ ANP
BNP > @ % ISR ERDILGEF > & 5 €45~ 0 &0 FFANPE 3
Jk 2 NT-proBNP &4 4 > ZNT-proBNP & f/k - 2 1 Bl %R i 25 %

B 2 chip ik (Tsutsui et al., 2011a) = 43 Pl g 2 e k¢ NT-
proBNPe#c & » ¥ frsham ~ surgery e /g P ez E P & W 4 > @
marcaine % fp & > surgery S P &g E 0 (drBle ) o

b oA RS flkpy o ¢ RCFFRIRENILRE Y T R
/& it B-adrenergic receptor > - {1 g %K e 5 (Xu et al., 2008) - B-
adrenergicreceptor 2% & SR i 2 ok PTERR RE R ek o Fer
B-adrenergicreceptorsinit 4 B IRELIT € R LT B s HRA A 0 B
Yo UL B s B o BB E LR LR X £ (Morisco etal., 2008)
< %% NIHCZ western bloti. % B1-adrenergic receptor (B1-AR) ~ B2-
adrenergic receptor (B2-AR)Z. % JL & % Jsurgery % 4p #& >t control & ¥
B2 % W 4v > @ marcaine 2.4 # 3t surgery e ek JLE R 5 BEE E L

B FRE S (doBI) e
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éiﬁ@%éﬁwa%§ﬂ@%g%%m?&@JEi;mﬁﬁ
B4R EERpEIT FRE ol - PR R €SI
v kb o 0 BR e R B (Azfer et al., 2006; Takemura et al., 2006;
Yorimitsu and Klionsky, 2007) » @ # 2 3 5. ¢ western blot{¥ &v & % B h
SEHRY N RS S BT 2 dwbe = 2 dp iR 39 % fsurgeryle

P 34 0 @ marcaine B4R g3t surgery e nd ILE B K (Ao Bl

S)od LAPEY T ACHEESY > F VR VP FRRS T

FANL B b LY E R A L of T
B ¥ RAE I PRI 2 BRI REAT R P EE
ORI BT R e ke KRG R A o g0 0 £ et

AR R fls AR g RRIEANEHFE A A ERIT L E
*

1B T RF e B e T RA S TR L B
AJ\/I&EE’ gf&f% NN :‘ ‘,"\34\: ‘ﬂ_@—lrﬁ A ‘3—1\3); ‘]&i 7*‘]"5"7‘\£/;

S A el W

=

F_&

(e R AR M B B R PR R 0 R 0 F
ﬁ?;ﬁéj\vr’ﬁ,"jﬁﬁd’ ﬁfbk’ LR A 2 B e 4 @akag s o Ap %ﬁ:&.@; .

fj\:}‘i‘ft‘?’r 3 tmie = ¢ l«bqﬁ %\’IE»“E_?‘ER"" ﬁﬂiﬁ,@\»’r’ﬁ Ll H;j‘t\%g’_?ﬂ Ll

)

i
W
A

B
E\ﬂ.
At
NN
¥
P
=
=
.

M oo B4 B R [ £ R L
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d Lt 1H o A 25 1 N SR : T4
I T REA R AE ML BA L B AR AE s R

T RELUIE VLY SRR PR S LU R
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