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B3 W

VI VAL 1970 FRE D A4 A R (SKF10047) OfER (o) H#HiL
ELTHEENTZDH (Martin WR et al., 1976), & O Z2AREN B IEA
FA FZEERICHPEINca=—2 2 N7 E Th% (Tam SW and Cook
L,1984), € D%, & F&LLO LT OMABM O 7~ 1 ZFREZa— T 5
i+ (Sigmarl) MEE, 7 n—=r7 &k, WL OEM DB T & O
FEMEPMENEL - TH D Z ENPA LM ENT- (Hanner M et al., 1996;
Prasad PD et al., 1998; Seth P et al., 1997),

FEEDOHIFRIZ LY . 7~ 1 ZFERPNMAURENRET 2> v ~m o 7 o
7L LUTHRE L., FEWICE R L EOMESCHRIAEME T 52 L3
vk 72> C& 7z (Hayashi T and Su TP, 2007; Kourrich S et al., 2012; Su
TP et al., 2016), KM b DL LT, /MafEd CaztF x /L0 inositol
1,4,5-trisphosphate receptor IPsR) LfEA L. I h 2> R U 7~ Catifigiik %
TEIT D 2 &R0, MIREOE A 724 A T v 2 EFEE L, fik al YN %
TOLIERENRESNTVD, ZNEEMNTFLPDOL I, 7~ 1 ZHE

. PR EENEE 2 E A

T

DB F KRB~ T AR D DERIERLR A ek
B35 ERME I TS (Chevallier N et al., 2011; Mavlyutov TA et al.,
20105 Sabino Vet al., 2009), & HITiX, 9 DA RKIVE, S O ITITH,ZEHE
PERIREEALIE 72 EOBRFIZB N T, V7~ 1 ZRIEEE - O&EG 2R NHE
EN T3 (Kishi T et al., 2010; Ohi K et al., 2011; Ullah MI et al., 2015),

— 5T, VIO 1 ZRRIZRRE LCOME 2D, IEFICEERIRAC
IREMNRT A=A LT X T=A M LTEH ZEBRHMESN TS (Su



TP et al., 2010), T HOHFIZIE, H1 I L L TREM BRI R F =2
FHHELY IALBEESE (selective serotonin reuptake inhibitor; SSRI) @ 7 /LR
I ROHUEMIEIE L L TREN R B RY F—A R ERHY  FiRos 7~ 1
SZRVRBAR T DO L ORIEITIEF 1 BLRZE,

BAFFRETITIZNE T, DER - DARRIREET MTHT 27~ 12/
T A=A S OLREERICOWTHEZ K O#EZ1T> T& 7 (Bhuiyan MS et
al., 2009, 2010; Tagashira H et al., 2010, 2011, 2013b, 2013c, 2014), Z D XL 5

RERND, DREHESHIR BRI 5V 7~ 1 R EOKE Z S HIZH
LT D7z, OLAREHEBITHT 27 o T=Z ~ ~rY F—LOff
M. @QUAEFHFL D DWRICK T 5V 7~ 1 ZREROKE, LLEDO S 2rseiR
e LTz,



N"aRY R—VERMIBEICRBITS VI~ 1 SRIEOZE

2-1. FFim

NaRY R— U, PUEMIRIEE L CRAERRESCTEA LR SIZAHER S
NDOFERTH L, TOERAEFORENLREDE LT, F/NX 2 D2 ZARITK
T 58 EERH (Wt ES Ki=2.8nM) 232817 5115 (Bowen WD et al.,
1990), — T, XY R—/WIv 7~ 1 ZFERIZH L THFREOM S 70l
B (Ki=2.7~3.0nM) %¥#> (Bowen WD et al., 1990; Matsumoto RR and
Pouw B, 2000), & 5{21%, E/LF v bRt MMREEMIARICB VLT, EIrH
BARY R—= AN T~ 1 ZREE RN EET 2 o lcliE b s T
% (Cobos EJ et al., 2007), ZiLHDMENSG ., ¥ 7~ 1R, RN S
JR<HBA TV D AEANY R=LOERRTIERWE DO, HERENTH D
EEZDHND,

VI IREFEEZ, PNEEICRIET 2y m o Z N ETH D, M
RO THEIZI b= R 7287 288K [mitochondrial-associated
endoplasmic reticulum (ER) membrane MAM)] (ZE- & If5(E L., IPsR &4
HFTHZET X har R 7~0 Caztiiaikz g1 5 (Hayashi T and Su TP,
2007), HHZEETIIINET, DAEHBIZBVWTELEICBITL Y/~ 1%
BEOFBMMET L, IPsR 2072 CaZt i OBRERAEALD 2 & I HITIE
VIRIAIZBEERT A=A MR INDEEGET H I LA L TE - (Tagashira
H et al., 2013a; Tagashira H et al., 2014), L»L, »~aXY R— X b7
~ 1 ZHREORNEMAL, FEUR T 200 3517 2 /A Ca2rBifglc & 95 W
STZBE KIFT O, FTDDIEKR « DAREICE 5 Wo o BE KT OMNIT
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B S TlanTod, ARBFFEORREERE & LT,



2-2. EBRFER
2-2-1. TAC ¥ UV R DJFBIZH T 5 e R Y F=AB LA B rBROBHR 5
DEHFR

FEARLDAREETF L THS TAC v 7 2% HNT, ~"aXY R—/L® in vivo
BT o0 Lz, TACAER, 2 HEND 13 HHE T/l F—
)L (Halo, 0.1 mg/kg/day) B LU L E g (Pyr, 1 mg/kg/day) O H&E %
TV, 14 B BICDER KO o, EERE, B I OLEEEoY 7
T EATo T, KE BW) ICXT 500 LOMOERE (2 it HW/ BW,
LW/BW), DLASFREDO~—I—& LTMHND ANP Efm T OL=RICEIT S
FHEOWE L= (Fig. 1A-C), EHI2, v~y Jor—hU 7 uo—AaYfic kv,
DR ORI 2 T L7e (Fig. 1D), Sham ~ o AFEF HRE & el LT TAC
~ 7 2R ERETIZ, HW/BW 3 L OV ANP mRNA FEHENAZIC EF L
(Fig.1A, C), ZHuid, TAC# 14 HHICBWTLIERAAE L TWS Z L &R L
TV, £o, B gokbIZEY, TAC~ v A THINL 72 HW/BW B &
OV ANP mRNA #BLEZHEICE N L7z (Fig. 1A, C; P<0.01 vs. TAC
vehicle), —% ., TAC v 7 X Halo # 58 Tl&, T/ 6 OfEICNZ LW/BW 35
IR L7= (Fig. 1B; P<0.01 vs Sham vehicle, P< 0.05 vs. TAC vehicle),
LW/BW OfEIL, DHEREDIR TIZ K ViR 9 ol Z+Z & TEATLHZ D
5. TAC v 7 A Halo £ 58 TILOEREIME T L CWD Z L shiz, &
oo~ XY R—=pb e rigafiflds 282k, TAC v 7 X Halo #%
HREL el L ¢, HW/BW, LW/BW 5 X ' ANP mRNA RBLENSFEFEICET L
7= (Fig. 1A-C), EH10, v v VY or— U 7 m— A0 R, TAC = 7 % Halo
B HREOLETIE, BHEEZEZ L T0D EZX LN RWVERAICYE o T
Tl sz (Fig. 1D),



WIT, D a =T XD DHERE DR 21T - 72 (Fig. 2), /[LEDAEN 3 5 B
IR % Fig. 2A IR LT, 2B DOT =2 b HEOH (GBEHE) OFLHE O &
BO,BHEOESGWERT FS, RNy THREOIRIE L 725 EF 6 J OV SIUHER
W2 LVESD Z & L7z (Fig. 2B-D), £ DOk, TAC ~ 7 % Halo & 5-#£125
WT, FSBEIOUEF BBEFIZIKF L7z (P<0.01 vs. Sham vehicle), F£7-, ¥
LNE VRO GIZ LY FSBLXOEF O FIXARICKE L (P<0.01 vs.
TAC Halo), Z#UH DOFERIT, »~u XY F—=LDF L) TAC ¥ U A D[ HE % 1
BIHZL, o0, 20X mRY F=LOEHIZE LV E VO S

WZEVEESND ZE 2R LTS,
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Fig. 1: Effects of haloperidol and sodium pyruvate administration on cardiac
hypertrophy and function in TAC mice.

A: TAC-induced cardiac hypertrophy, as indicated by the heart weight/body
weight (HW/BW) ratio. F (6, 17) = 14.409, P< 0.01. B: TAC-induced cardiac
hypertrophy, as indicated by the lung weight/body weight (LW/BW) ratio.
Halo (0.1 mg/kg) and/or sodium pyruvate (1 mg/kg; Pyr) were administered
to sham and TAC mice for 2 weeks after surgery. F (6, 18) = 7.425, P< 0.01.
C: Effect of Halo and Pyr treatment on ANP mRNA levels in TAC and control
mice. F (6, 55) = 24.810, P< 0.01. D: Effect of Halo and Pyr on scar formation
induced by TAC (Masson's trichrome staining). Each column represents the
mean + S.E.M. ** P<0.01 versus sham/vehicle-treated group; #, < 0.05
and ##, P< 0.01 versus TAC/vehicle-treated group; 1, < 0.01 versus
TAC/Halo-treated group.
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Fig. 2: Effects of haloperidol and sodium pyruvate administration on cardiac
function in TAC mice.

A: Representative M-mode echocardiograms of TAC mice treated with and
without Halo and Pyr. B: Changes in percentage of LV fractional shortening
(FS). F (6, 43) = 3.804, P< 0.01. C: Changes in percentage of ejection fraction
(EF). F (6, 44) = 3.934, P< 0.01. D: Changes in left ventricular end-systolic
diameter (LVESD). F (6, 44) = 1.961, P=0.0920. Groups consist of 5-9 mice.
Each column represents the mean + S.E.M. **, P<0.01 versus

sham/vehicle-treated group; 1, < 0.01 versus TAC/Halo-treated group.



2-2-2. TAC ¥ UV A DDRICK T B v XY R—AB IO EVBOBHERE
DRF  —EERFT L OCEFEROBRRH—

WIZ, S TAELEIZB TV 7~ 1 SR EORBEELZRET 7y MIXD
Mt L7- (Fig. 3A, B), #§% & LT, TAC = 7 2 Halo #5#£I2 B\ THREEN
B2 L7z (P<0.01 vs. Sham vehicle), F£7-, BBRENZ LB L E Y
BOJFRESIE, v/~ 1 ZREBREOKRT2UE L o7 (P<0.05 vs.
Sham vehicle), & 512, ZLED ATP & &% HIE L72#EH, TAC ~ 7 % Halo
BeHREO L SR CHE 2 ATP 20K Pl sy (Fig. 3C; P<0.01
vs. TAC vehicle). — . TAC ~ 7 % Halo+Pyr ffH#H G TIL. AEICUGE
L7z (P<0.05vs. TAC Halo), ZOfER & —% L T, 28 HH D& EGWMIZI T
D~ ADELFR BT LT- & 2 A, TAC ~ 7 % Halo #5813 vehicle 5
BEL L U CAEFERBRAEIIK T Lz— T (P<0.05), Pyr ®fFHE 512XV

e L7~ (P<0.05vs. TAC Halo),
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Fig. 3: Effects of combining haloperidol with sodium pyruvate treatment on
cardiac 01R expression, ATP content and survival in TAC mice

A: Western blot analysis of 01R protein in the LV of sham and TAC mice, with
or without drug treatment. Anti-B-tubulin staining serves as a loading
control. B: Quantification by densitometry of 1R immunoreactive bands. F
(6, 19) = 6.005, P< 0.01. C: ATP content in left ventricles with or without
drug treatment. F (6, 34) = 3.436, P<0.01. *, P<0.05 and **, P<0.01 versus
sham/vehicle-treated group; ##, P< 0.01 versus TAC/vehicle-treated group; ¥,
P<0.05 versus TAC/Halo-treated group. D: Kaplan-Meier survival analysis
following Halo and Pyr treatment of TAC mice. Halo and/or Pyr or saline
along were administered once daily to sham and TAC mice and survival was
monitored over 28 days. In the Log-rank test: < 0.05 for TAC/Halo versus
TAC/vehicle-treated group; P< 0.05 for TAC/Halo/Pyr-treated group versus
TAC/Halo-treated group.
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2-2-3. FIREEER LML AW ERBF OB

invivo TR.ONTo/ A m XY R WE T 5 EEOERETIZOWT, s
FLFMe 2 D CTREE L7e (Fig. 4), £7°, WERPEOOIERIEERF & L TH
bNDT ¥4 T v 11 (Ang IT; 100 nM) &) R—,1 (10 nM) T 48
B L 7= 5 Alexa Flour 488-phalloidin Z W THIBE & DT 7 F L #
MeaYufa L7~ (Fig.4A, left panel), T4 5 DOYafg s, MO % E& L
Lol U7 kR % Fig. 4B 17, fik & LT e~ U R—/L O HMALE T Ang
II LIRTFEERE E ClaDIER{bZBI & Z L (P<0.05 vs. control), 2415
DOIE TS DICHE IR AR LT (P<0.05vs. Halo, Ang II), 7=, &%
BOV T2 1ZFERT =2 s SA4503 (10 uM) 2\ Y R—1H 50
AngIl & & HITAET H Z & T, T 5 BMALE I X 5B RIERIZER L. (P
<0.05 vs Halo; P<0.01vs.AngID), N HDERMNE, ~e XY R—idy
T 1 ZHREOREZN L, OHMEOERILZFHES 5 2 ENRBI N,
Wiz, 2 by R T7YRE 7 —7 (MitoTracker CMXRos) T [RIEED L5l
faDGetEziTo7c, I hay R T, EHnER EMFEN D NEICEET 5
BRI BREEIRICE D . Ao~ R U 7 2 BAMUDRERFEZE~T 7 b 2 A3
EENTWD, ZONEEZN L7 1 b oEEAR (EEA) ZFIH L T,
ATP BRERSND, SV, BEEMIEI har R TICET 5 ATP &
AR R TH D, SEIHNTWD R ET 0 —T 3 F A4 T, B
ICADI Fary RUTHED~ b)) 7 2A~EERET 5, ZOWENS, Ta—
TDI hary R T ~ORYIAHLEND, EEMEHEETHZ LN TED, £
T G s T e -7 oEmELZ R L, kL7 (Fig. 44, C), fERE
LT, naxXl F—=b Ang Il R ENEMALEZ L 7-fillads L OELE L7
ML DT R TIZIBN T, FOCHRENBEIMET Lz, ZORRIE, ~a~U R

11



—VOIEN I b3y Y TIREMOMRICK L THEEZ -2 5 2 L 2R L
TV,

TAC ~ 7 A Halo & 5B O LALBIZB N T Y 7 v 1 ZFEROFBEDME T
LTWeZ b, FIRER LB W CREROMRE 217> 72 (Fig. 5A),
fik& LT~ F—/LORMILE T2 52, Ang IT L LLE LT
I B W TOHHEBELENFEITIT L7z (P<0.05 vs. control), F7z, FE
HI7e e TH DT AR h— A% TUNEL B2 KR Lz 2 A, e
U R— L BUALE X TUNEL B EME &2 A E I S8 (P<0.05 vs. control),

AngIT & OILEIC L Y I HIZBE IS K L7 (P<0.01 vs. Halo),
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Fig. 4: Effects of haloperidol treatment on Ang II-induced hypertrophy and
mitochondrial membrane potential in cultured cardiomyocytes.

A: Cells were stained with Alexa Fluor 488-phalloidin (green), Mito Tracker
Red CMXRos (red) and DAPI (blue) and assessed by fluorescence microscopy.
B: Cell size is expressed as a percentage of surface area relative to untreated
control cells. Fifty cells were counted in each experiment. F (7, 408) = 18.680,
P<0.01. C: Mito Tracker Red CMXRos intensity is expressed as a percentage
of surface area relative to untreated control cells. Six to nine randomly
selected fields were counted in each experiment. F (3, 26) = 10.430, P< 0.01.
Data are expressed as percentages of control values (mean + S.E.M.). *, P<
0.05 and **, P<0.01 versus control cells; #, P< 0.05 versus Halo-treated
cells; f, P< 0.05 versus Ang II-treated cells; I, < 0.05 and 1}, < 0.01
versus SA4503 (-) control.
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Fig. 5: Effects of haloperidol treatment on 0:1R protein levels and apoptosis in
cultured cardiomyocytes.

A: Upper, Immunoblot of 0:R protein in NRVMs treated 48 hr with or
without Ang II or haloperidol (Halo). B-tubulin staining serves as a loading
control. Lower, Densitometry analysis of 01R immunoreactive bands. Groups
consist of 4 samples. B: TUNEL-positive cells were counted in cultures
treated 48 hours with or without Ang II or Halo. Eighty cells from 10
randomly selected fields were counted in each experiment. F (3, 19) = 3.086,
P<0.05. Data are expressed as percentages of control values (mean +
S.E.M.). *, P<0.05 versus control cells; ##, P< 0.01 versus Halo-treated
cells; ¥+, < 0.01 versus Ang II-treated cells.
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2-2-4. »uRY F— AN Ca2 BIRBIZ 5 2 5 R OBRET

WIZ, ARSI har R 7B I OHIIE ~O Caziiticktd 5 a
U F—noRemit Lz (Fig.6), X har KU 7o Cazrb-~Lix, I b=
> R U 7 BATECH % £ L 7= pericam (ratiometric pericam-mt) % FlfRIZFEH
S5 ETHE L, Ml D Ca2t L~ LiE Fura-2 AM ZHWTHIE L7,
4~ = =171  (phenylephrine; PE) ° ATP &\ 7=#liflafiEod Gq #ib
A7 GPCR A 1G5 50 7 TR 2 & /INRERD IPs S AR DNE ML S 4,
Cazt s s, ZHuc kL, 2 har FUTEBIOHIIAE D Cazt L~ L)
—i@tEIC EAH 9% (Fig. 6A, Cand E), 2N oo —27EZHEH L, /7712l
7= (Fig. 6B, Dand F), #% L LT, »~mY F—/L%& 48 RQLE L 7=/ T
T PEFIBLICE DI har R 7~0 CaBITHNAEICIET L7 (Fig. 6B; P<
0.01 vs. control), F7=. Ang Il & OILALE L7-MiaClE, KVBEFICKTLE
(P<0.05vs. Halo), — 5T, ~"naXY R—L & Ang IT % HALE L 7= fifd T,
MIE ~D CaritiNn A REIZH K L7z (Fig. 6D; P<0.01), »~aXY R—)L &
Ang IT OHALE L7ofila Tld, ATP R KD I F=2 o R U 7 ~0 Ca2f 1T
t, PE L [AERICHEE ICIK T L7z (Fig. 6F), S 512, »~»eXY F—/ L AngIl ©
HALE T, ATP &% % LK T8 (Fig. 6G),

Wz, ~aRY R—= U X 5/Mafkn»s I b3y KU 7 ~0 CaztiikEE iz
BV I~ 1 ZBROEE LT 220, V7~ 1B/ ERKTT=A
SA4503 # W THEBRZ1T-7= (Fig. 7)., XU F—/ L% 1 R LE L 7=/
TIEATPHKICHES 2 b3y RU 7~ Caztifink 2% L < @i L (Fig. 7B).
—J7 TR ~D Ca2t kN PHE ICH R L7 (Fig. TD), 2 H D XK 9 e
U R—LOIEAIL, SA4503 OILALEIZ X D IIEZE IR LIz, b Ok R

Mo, ARy R=UIy 7 1 ZBFROEEZI L, Ml CazvBifgifFeE

15



HHZHZEPHLNERST,

16



ATP content

(% of Control)

Ratio (Fyg0/¥ 410) mito

Ratio (I'349/T'330) eyto

Ratio (Fy50/F410) mito

1.2

-

0.8

0.8

0.6

0.4

0.2

1.05

0.95

0.85

200

150

100

50

PE 10pM

v

10s

PE 10pM

\

10s

0.2 -
Cont = 2 015 4 #
= Halo E ":: **'H‘
Angll E ‘:If 0.1 1 ol
AngII+Hal _g :
AN alo i B
5% 0.05 by
D ol
Cont Halo Halo - Halo
D 1 hr A]lg]]
Cont - 2 04 - kad
= 2 %
=——THalo g 'E 0.3 -
=
Angll o "
¢ 5 0.2 1
Angll+Halo B 5
O % 0.1 -
D -
Cont Halo Halo - Halo
1hr Al]g]:[

F

ATP 10pM

¥

10s

Cont

Halo

- i
— Cont -E 'E
g2
= Halo 5 ‘2
- 0.05 4
Angll E’ I; %
AnglI+Halo S %:
0 4
Cont Halo Halo - Halo
1 hr A]]g]:[
[ ¥ \
*
I *
- Halo
Ang Il

17



Fig. 6: Effects of haloperidol treatment on phenylephrine (PE) and
ATP-induced Ca?* influx into mitochondria and the cytosol and on ATP
content.

A: Time course of PE-induced Ca?* influx into mitochondria treated 48 hr
with or without Ang II or Halo. B: Peak increases in [Ca2*]mito induced by 10
uM PE. F (4, 96) = 14.392, P< 0.01. C: Time courses of PE-induced Ca2*
release into the cytosol in cells treated 48 hr with or without Ang II or Halo.
D: Peak increases in [Ca2*]cyto induced by 10 uM PE. F (4, 89) = 16.579, P<
0.01. E: Time course of ATP-induced Ca?* influx into mitochondria in cells
treated 48 hr with or without Ang II. F: Peak increases in [Ca2t*]mito induced
by 10 pM ATP. Each group consists of >10 cells. F (4, 101) = 20.761, P< 0.01.
G: Measurement of cellular ATP content with or without AngllI or Halo
treatment. Groups consist of 3-4 samples. F (3, 22) = 9.870, P< 0.01. Data
are expressed as percentages of control cell value (mean + S.E.M.). *, P<0.05
and **, P<0.01 versus control cells; #, < 0.05 and ##, P< 0.01 versus
Halo-treated cells; §f, < 0.01 versus Ang II-treated cells.
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Fig. 7: Effects of acute haloperidol or SA4503 treatment on ATP-induced Ca2*
mobilization into mitochondria and the cytosol.

A: Time course of ATP-induced Ca2* influx into mitochondria in
cardiomyocytes treated with or without Halo or SA4503 (SA) for 1 hr. B:
Peak increases in [Ca2*Imito induced by 10 uM ATP. F (3, 71) = 4.281, P<
0.01. C: Time courses of ATP-induced CaZ?* release to the cytosol. D: Peak
increases in [Ca2*]cyto induced by 10 pM ATP. Groups consist of >10 cells. F
(3, 55) = 7.789, P< 0.01. Data are expressed as percentages of control value
(mean = S.E.M.). *, P< 0.05 and **, P<0.01 versus control cells; #, P< 0.05
and ##, P<0.01 versus Halo-treated cells.
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2-2-5. "a XY R—=ARBF— h7 7 O—ICE X DR ORE

ZHVET, JERE LB DA R LR Z LD, S B30 O RE
RECBNWTA—= 77 V—ORENELD T ERHRESNTND
(Dammrich J and Pfeifer U, 1983; Nakai A et al., 2007; Yan L et al., 2005), %
ZTC, XY R—=& Angll OWENRS— 7 7 P—IZH 2 DR 2 MFL
7= (Fig. 8), 48 FffijiliE L7z 6, FT LC3 Huifds L UL cytochrome ¢ Hiil%
ATt 21T 7= (Fig. 8A), »"a~XYU F—LEB LW Ang IT #3008 L
DA TIE, =773 Y=L EFZ0N5 Ry MROGEBN G
(Fig. 8A), & HITITHAIREDE LW R2 A U7e (Fig. 8B; P<0.01), X k=
¥ RUT & RTED cytochrome ¢ DY Tk, O TIEI b= F
UTEROMBEROMIEZ 72 LT e—J7, AUE L7-Mila TidrAfbai 2 L
2 BZ LMV MEROREEZ R LTz, £z, £ HITLC3 Fy bk
D—ELR/ELTLZ D, BRERI a2y NI TE0BT5H~A4 N7 7Y
—RNELTNDZENREINT, EHITE, LC3 LEERICA— 77—
~—h—LLTHMOLND p62 O EF LA R ST (Fig. 8C),

20



=

LC3 staining intensity in granules

(% of Control)

500

=
S
(=}

[
S
(=}

[
S
(=}

ot
(=4
(=]

LC3

High
magnification

Cytochrome ¢ Merge

Cont

Halo

Halo Ang II+Halo

- Halo
Ang Il



Fig. 8: Effects of haloperidol treatment on autophagy.

A Cultured cardiomyocytes were assessed using antibodies to LC3 (a marker
of autophagy; green) and Cytochrome c (a mitochondrial marker; Red) and to
DAPI (blue) as a nuclear stain. B: Intensity of LC3 staining in granules is
expressed as a percentage relative to control cells. Six to nine randomly
selected fields were counted in each experiment. F (3, 23) = 13.575, P<0.01.
C: Cultured cardiomyocytes were assessed using antibodies to p62 (a marker
of autophagy; green). Data are expressed as percentages of control values
(mean + S.E.M.). ** P< 0.01 versus control cells; ##, P< 0.01 versus
Halo-treated cells; ¥, P< 0.05 versus Ang Il-treated cells.
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2-2-6. "aRY R—ARBI hary RITEZURIBEORBEBICEXDHROK
24

I 2 E TOMMREER O E O RE NS, e XY R—L & Ang IT ©
HALE L, CaBBORFL0|EEZT LT, I har R 7 OBEREF
MREL S| EE T ZEDRHALNERSTe, ElovA N7 7P —I28 0, EE
N

171

2T Nary RUTORMPELTWDZ BRI, 27T,
o RY T & 37'E D Voltage-dependent anion-selective channel protein 1
(VDAC) DFHELGET 7y FTHRES L. (Fig. 9), ZOREHR, ~»u~Y F—
L& Ang IT % HALE U 7= filaic B8 VW T oA, VDAC ORBLENE BEIZIKT L

(Fig. 9B; P< 0.05),
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Fig. 9: Effects of haloperidol treatment on mitochondrial protein, VDAC

protein levels.

A: Immunoblot of the mitochondrial protein VDAC in cultured

cardiomyocytes treated with or without Ang II or Halo for 48 hr. B:
Quantification by densitometry of VDAC protein. F (3, 20) = 6.536, P< 0.01.

Data are expressed as percentages of control values (mean + S.E.M.). *, P<

0.05 versus control cells; ##, P< 0.01 versus Halo-treated cells; §f, < 0.01

versus Ang Il-treated cells.
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2-3. Z%

WIFREITZNE T, EAMOERETVEHNWTY Y~ 1 ZFET T=2
FODMEEEREZRFILCEL, LML, ZORREBICBNTY 7~ 1 ZR/KD
BEREN ED XD ICEFE SN DD, U H Y RBFE LR WA OERIZE N
TV~ 1 ZRENEEL SN T D00, REHEEES T o0l %
DFMIRIZICHL N E R TR, THRET, DEROERLE EHIZ, £
DEIZBT DV 7~ 1 ZFEOREAPMETT 52 L. S HITIFEORBDIKT
ADHEREDAR T & IR L <HHBET 5 2 L 23 L7z (Bhuiyan MS et al.,
2009; Tagashira H et al., 2010), F7=, 7'~ 1 ZHEKT I=R M) > A
W EARODIERET VORELZNET H 2 & 2HE Lz (Bhuiyan MS
et al., 2011a, 2011b; Tagashira H et al., 2013a, 2013b, 2014), AHFFETIL,
Y R=Z K5 v 7~ 1 B OEMER 22 3 I EH & 5 VT SRR 1
RS, DARIREBICEOTIEE 25 g8 252 L 20 e L, Tk
T RBEND, "R R—ARZOREN > 7~ 1 R K% A
ICHHET 2 220, BHREDRMNTG 7~ 1 ZRIKL VAR FEES 2 LR
B 57238 72 5T % (Cobos EJ et al., 2007; Reynolds GP et al., 1991), 4[al
I TORER BLNE Lie, OeXY R—= L@ E13, LEICBT
HYVI v 1 ZREOREELLTIE L, @Iy, DIgiCkiT 5 ATP &
BENMETT 5, @fHFE LT, TAC ~ 7 ADORRIEMET 2 B b S, bRz 5
Db, TNETHEADBHOLNE LTE, V7~ 1ZHFET T=X 3 ATP
EEIRIE LT 228 2BET 5L, ~NaRY R—= OB HER 5 X 508,
VI 1 ZFEORNERALE I hary R T ATP EADKTICE b0 EEX
bivd,

FIREEZ DA MR TUNEL Yeaic kv ~e XY K—/L & Ang IT O 3L E
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MTRBE—=VRAZ5|ERIFTZEEWOMNE LT, £/, LC3 X p62 Lot
F—=R 77—~ —N—DLNUPREH L2 e, A= 77 U—DRE
ol T bRENTc, S HITHIRENZ £12, MitoTracker O H IR
JE DAL T2 LC3,/ cytochrome ¢ D [FH7EIL, 38 L OV VDAC OFEBUL T 72 En4
CTWeZ enb, 2 hary R ToWAERaRAE T TN EEZDBRD,
INHORERIT, I ha v R TEENATP EADK T E &I, TR h—v
ARF = N7 7V —%FHET 5L L TW5 (Gomes LC et al., 2011),
Flo, R R VLERN Ang ITALE L RIFRIC, X h=ay RY 7 IREN &%
LETFESHDZE2HBNE L, Ang IT 13~ U 2O LMES IS V85 123
W NADPH # 5% v & —Y OiEMALZ N LT, {EMERRFE (reactive oxygen
species; ROS) # 4 L (Byrne JA et al., 2003; Rajagopalan S et al.,1996).
AR Ca2BhieP I h o FU 7 OBREICEFZ 525 Z L hRESh TS
(de Cavanagh EM et al., 2009; Goldenberg I et al., 2001.), [FEIEEIZ, /~m XY
R—/LH3 ROS FEAZ TUHET 5 2 & A Z V7o at citi ST
(Sagara Y, 1998),

Y R=LRTACY U ADAEFREZEZE LB TIELZ L 2Wo6nE L
7= (Fig. 3D; TAC vehicle: 86% at 28 days, TAC Halo; 50% at 14 days and 33%
at 28 days), I b2 KU TiE, DHEROE X2 30%% (5 DR TH
D DRI CEEA S LD ATP @ T0%IXUHERISIZ AV B, 720 0 30%1%
sarcoplasmic / endoplasmic reticulum calcium ATPase (SERCA) 72 &1 4
VIRV T~ EN D (Gibbs CL, 1978; Suga H, 1990), CMEDUGHEIZ 1%
ATP EADPNMEARRTH Y, ATP EAENEE I D & EEICOEEED R E
PAEL S (Doenst T et al, 2013), Ziub DAL —FH LT, 4, TAC~ vV

2T o m XY R—L D b8 ATP EEADIK T & & b1 OERBREE 2 5] =
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BT EEHALNE LT, —F, Sham BEO~ 7 2z LT e Y R—)L
[IEMEZ R IR o7, ZORRIT, RENRZ: & OMEREGRES 2 R WEE
(XTI E (< 2mglkg) OFEIT, BWEHZ RS eholo )L —
HLT% (Meyer-Massetti C et al., 2010),

WEORKREBR T, A RKMEERE I L A eRY F—=Lb s bilo—%
i ~EaffEliES e Z I B, Ca2&ET52 8T, kX ML A28 LAl
TER 2B CRAD e S Cv% (Sivrioglu EY et al., 2007), A [alF# 13/ 1 2
U R—=& &b, FERDEMTT EF L CoA ~LERINDIENLVE VBE
MAWTI bz FU T ATP EEADIRTE (L2 Tz, BV E U mRiE, SUibiEH
HRFOZ LR ENG, I Fay U TIRASOIERN R 2 WIRE L7 B RRER T
biTnd (KogaY et al, 2012; Tanaka M et al., 2007), 7=t /LB R
T RV T7ERWEZT y MODEOREIL - FETICR U CREEREZ AT 5
ZERHESIN TS (Kerr PM et al., 1999), BLERZENZ & I245E], BrEy
fe oY R—= OB EIL, TAC ~ U 2D LEIC 31T 5 ATP FEA 2 IRTE
b3 252 & T, DIERFEESCDHEREOR T Z24H L, S HITI3EFROE T %+
UE Lo, — T CLARAIREEE B Ui D AE R E IZxf L TELVE VRO

ARG 21T 2 &K DB L, HEIRBLALER XD aEME
952 EnHESN TS (Hermann HP et al., 1999), X 521X, ErE Y
PRI I ha RU T AL AV = x VA2l T 25 2 &0, TCA A1
B S L TIOBE T RER L RET 2 2 L b @E SN TS (Des

Rosiers C et al., 2011; Wilson L et al., 2007),
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2-4. /&

ABFZETIL, invivo B L invitro DEBRMNES, ~aL) R—/LB3 A kb
AEMETIZBWT, DIEDO Y 7~ 1 ZREORBRE TEEE2E LR TS5
2T, I bR T~0 CarBhfBICIEF A 5 2, ATP EAZIKTE®5 2
EEMABMNE LT, 2k, ~exRY F—=/LZITAC ~ U ZD.LIRY €7 Y
VT OWESSHER A B S S, EFRORTESI &SR Lz, £240, BV
EUVERIZE A 2 U T ATP EAOIIGELA, ~a XY F— L a2 &b LTz
TAC ~ U AD ATP pEARD g L, OHEREOHMERHIC O D Z L 2R LT,
INHORRIT, ZEO N EANY F= AR50 RIERNAE U nWEE
DI RAERE DIGHIZ ATP i IEN AR THDH L 2R LT\ D,
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[ A

DAREFHEFHE O SPRERICBIT LSV~ 1 ZB/EOKRE

3-1. FFam

OARRBEIZBIT D 9 DWOFAR, BEREG T OERIRLETIED
ZEME, WHEEHEZED TS (Hasler G et al.,2004; Rumsfeld JS et al.,
2003), F 7= HE ML FAEZER O 5 SHiiE, RREEN & < CEBEE b @V (Taylor
CBet al., 2006), = 51X, FEREIR A S 2RO EZE, BP0
JE7R K OIREIZEB T 2 HAED American College of Cardiology / American
Heart Association O A KT A Tk, 5 2RI T DR 2 EMmAIIZIT 9 X
IR I N TV D (Rumsfeld JS and Ho PM, 2005), L 72> L AR DL E &5
[EETd 5 9 oW & OREIT AR E 0232 < BIMPEOFHREZEDN 5 D9F O
KD HDTH DI S TIER,

TNURFF IRV — TV 8D SSRIITY 7'~ 1 2RISR 2580
VA RTHY, GHRETIIINET, TolWHOERAMOAEETT VEH
WTC, I~ 1 ZAFEREINT 25 SSRI OUMEH#EIER A T = X L E et L C& -
(Bhuiyan MS et al., 2010, 2013; Tagashira H et al., 2010), =®OH T, 7R
FHIveAnXEFrOTOON, VI 1 ZEERITHT 2EEO &N T
WARFY I DOHBRT s WEENWZORRET VOREBEZLET LI L EW
H1L7 (EnE1 Ki=36nM, 1893 nM) (Bhuiyan MS et al., 2010; Tagashira
Hetal, 2010), EHICHLXIZINET, VI~ I ZAERBRRWT A= F
SA4503 (Ki=4.4 nM)b 7 /LA x4 I VAR REIER 2 H 35 Z L 2816
M2 L7z (Tagashira H et al., 2013b),

I Tto HIZR Y, DARZ 2T DHEARN - GHRERET L~ T A0 9 Ok
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JERZETLH2 L, KETNASTUADWMANT 7~ 1 ZRERFBHRENMET T2 2
ERRERHREEINT- TtoKetal., 2012), Fl-ZDOHEFIZBNTHOIE, v 7~
1 ZRET T=A FOFRA~OE G L0 R E M52 & T v~
1 ZHERBHESCEREDIR T2 WE L2 2R LTS, LM LAET VIC
BT, E9WVoleAB=ALTY T~ 1 ZFEEBROFRBEMET T 2006
MElpoTELT . ABIFEOMETREL L,
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3-2. FEBHER
2-3-1. TAC * U A D 5 DRATE) L HIZBIT 5 T 7/~ 1 ZABRIABROKRE
JEARTDER « DARERET L THD TAC ~ 7 A0 9 OFRIERE 29D D0
MOV THRETT 272012, TAC % 2, 4 B L6 B IZH\ TRl A bkl
(Forced Swimming test) 3 L VB IERER (Tail Suspension test) 1772
(Fig. 10A, B), T O#EH, Wistht & H 12 TAC6 %I\ TO R BERRI A4
BICEH Lc, 22T, 2R & OBEMNM BTV SIS CA1 fEIk, #ik
[1] (dentate gyrus; DG) fEIkFS L O\WHIATEARTE (medial prefrontal cortex;
mPFC) (281557~ 1 ZRROFBLEE 7 v > b THET L7 (Fig. 10C,
D), ZDfER, TAC# 4 HH L VEE CAl B LU DG HRICBIT L7~ 1
SRRDOFEBLNMET Lz,
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Fig. 10: Time course of depressive-like behaviors and 01R expression.

A: Immobility time in a forced swimming test was measured 2, 4 and 6 weeks

after TAC surgery. B: Immobility time in a tail suspension test was similarly

measured. Groups consisted of 6-8 mice. C: Western blot analysis of 61R and

B-tubulin (as a loading control) proteins in the CA1 region, dentate gyrus

(DG) and medial prefrontal cortex (mPFC) of sham and TAC mice.

Immunoblotting with anti-B-tubulin antibody indicates equal protein loading.

D: Densitometric quantification of 0;R immunoreactivity (n = 6). Columns
represent means + S.E.M. F (3, 20) = 4.875, P< 0.05 (CA1); F (3, 20) = 6.182,
P<0.01 (DG); F (3, 20) = 0.698, P=0.564 (mPFC). *, P<0.05 and **, P<

0.01 versus sham-operated mice.
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2-3-2. TAC vV A D ) DFATENIH§ 5V 7~ 1 REET T=R b SA4503 O
BhR
TAC#% 2B XLV, v/~ 1ZRET A=A K SA503 BLOT ¥ T =2

F NE100 Of% A #5217, 2 b DIbEh TAC ~ 7 A0 5 SRATENC 5
2 DR ARG L. (Fig. 11), fEHR e LT, MiilkERBRICBW TR 6
TAC ~ 7 A DOMEERRER] O _EH 13, SA4503 D512 K W FEKFIZHD L,
0.3 mg/kg B LV 1.0 mgkg OEE THIFIEEZZ T LT (Fig. 11A; P<
0.01 vs. TAC vehicle), F£7-. NE100 OffH&E 5125V SA4503 1.0 mg/kg D
BHRITIFIEFERITH A Lz (P<0.01vs. TAC SA1.0), 2D Z &5, SA4503
X7~ 12/ EEN LT, Jio >EHEZ T Z Enmmeanie, RBEERR
BT H . SA4503 (TEE R 4 b3 M 2~ L7z (Fig. 11B), & 51T,
1% A7 v — AR EZ ATy a BEHERBR ATV, 9 DIRO FIERO—>D
IEARER 2 3 L 72 (Fig. 11C), Z D#EH., TAC v ¥ A (X Sham v 7 X & H#g
LT, ¥ a BRI 2 MR N L7z (P<0.0D), & HIZ, SA4503 (1.0
mg/kg) D GIBLHEDIR T 2 A ZIC#E L (P<0.05), NE100 OHFHIZ LY
ZOBRRITHER LTc, TR ORERND V7~ 1 ZHFET =X b SA4503 1%,
VI IZBEERENLTH SERZ RS Z LM bnt ol
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Fig. 11: Effects of SA4503 treatment on depressive-like behaviors in TAC
mice.

A: Immobility time in a forced swimming test was measured 6 weeks after
TAC surgery with or without drug treatment for the last 4 weeks. B:
Immobility time in a tail suspension test was similarly measured. TAC mice
were treated with SA4503 (0.1, 0.5 or 1.0 mg/kg) or SA4503 (1.0 mg/kg) plus
NE-100 (1.0 mg/kg), as indicated (n = 6). F (5, 37) = 20.740, P< 0.01 (forced
swimming); F (5, 38) = 2.692, P< 0.05 (tail suspension). C: Consumption of
normal water and 1% sucrose solution was measured in continuous 5 days.
Sucrose preference (%) was calculated as ratio of 1% sucrose solution
consumption to total consumption. TAC mice were treated with SA4503 (1.0
mg/kg) or SA4503 (1.0 mg/kg) plus NE-100 (1.0 mg/kg), as indicated (n = 6).
Columns represent means + S.E.M. *, P<0.05 and **, P< 0.01 versus the
sham group; #, P< 0.05 and ##, P< 0.01 versus the TAC/vehicle treated
group; 11, P < 0.01 versus the TAC plus SA4503 (1 mg/kg)-treated group.
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2-3-3. TAC ~ V AW/ B L OELBIIRBII D VI~ 1 RBFEORE., ATP & E
IZ%4 % SA4503 DFHFE

KIT, TAC ~ 7 2Dk CAl, DG ik LOELEIZBIT 5V 7~ 1 %5
ERORBUL TR 5 SA4503 ORZ w7 = b THRiEt L7- (Fig. 12), #&
& LT, SA4503 (1.0 mgrkg) D 5-1%, CA1 B LU DG fEKIZHB T 5V 7~
1 ZREROFBBRIKF2AEICKZE L (Fig. 12A, B; P<0.05 BX W <0.01),
FBURRNZ L IZ,NE100 OFFH#H 513 SA4503 12 L5 7~ 1 2RI HL
FRICEBEE RITE 0o T,

WE DO (Tagashira H et al.,, 2013b) & [AEEIZ., SA4503 (0.3 mg/kg B X
O 1.0 mg/kg) D HIETAC v 7 ADELEICKIT DV 7~ 1 SERERB O
TadE Lz (Fig. 12C, D), NE100 1%, R OBE L RARICAELEIZB W TS

SA4503 DRI EE RIF S o Tz,

WEDEEITIBT, SA4503 73 TAC ¥ 7 A ELEIZHIT 5 ATP G EDE T
BETH 2 L HWE L7z (Tagashira Het al.,, 2013b), Z Z T4 R, [FEEORK
&S (CA1+DQ) B L OELEIZHOWTIT-7- (Fig. 13), FOfEH., TAC
~ 7 AMHBITB VT HEERIC ATP G &3MK F L (P<0.01 vs. Sham), SA4503
(1.0 mg/kg) DFEEIZXV AZICHKE LT (P<0.05vs. TAC vehicle), Z#15
DFERIN D, SA4A503 128DV 7~ 1 2B RFREED LH L ATP ZEOK T
T, PO OMEH S EICHET 2 2 &R b L o7,
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Fig. 12: Effect of SA4503 treatment on hippocampal 01R expression.

A: Western blot analysis of 01R and B-tubulin (as a loading control) proteins
in the CA1 region and dentate gyrus (DG) of sham and TAC-mice.
Immunoblotting with anti-B-tubulin antibody indicates equal protein loading.
B: Densitometric quantification of 6:R immunoreactivity. F (5, 32) = 7.128, P
<0.01 (CA1); F (5, 26) =9.868, P< 0.01 (DG). C: Western analysis of 1R and
B-tubulin (as a loading control) proteins in the LV of sham and TAC-mice
with or without drug treatment. Immunoblotting with anti-B-tubulin
antibody indicates equal protein loading. D: Densitometric quantification of
01R immunoreactivity. F (5, 47) = 20.484, P< 0.01. Data are expressed as
percentages of values of sham-operated animals (mean + S.E.M.) **, P<0.01
versus the sham group; #, P< 0.05 and ##, P<0.01 versus the
TAC/vehicle-treated group.
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Fig. 13: Effect of SA4503 treatment on hippocampal ATP content.

A: Measurement of cellular ATP content in hippocampal tissue of TAC mice 6
weeks after surgery with or without drug treatment during the last 4 weeks
(n=26).F (5, 47) = 6.284, P< 0.01. B: Measurement of cellular ATP content in
the LV of TAC mice with or without drug treatment (n = 6). F (5, 54) = 15.089,
P<0.01 Data are expressed as percentages of values of sham-operated
animals (mean = S.E.M.) **, P<0.01 versus the sham group; #, P< 0.05 and
##, P<0.01 versus the TAC/vehicle-treated group; f, P< 0.05 and T, P<
0.01 versus the TAC plus SA4503 (1 mg/kg)-treated group.
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2-3-4. V7= 1 ZBFBRBADRBEIAIC X DR

W, WRICBIT DV 7~ 1 ZREOREBUCHOW T, fEdetiEz AV CTh
L7z (Fig. 14), TOfER, Sham v~V AIZBW TV 7~ 1 ZHKROEET 7
T IR CAL ) TEITALET D GFAP DT 2 Fa A MMiR< b,
ORI ORI I T T E BN L o e (Fig. 14A), $£7-. TAC6
W OWEE CAL FIRICB W T, V7~ 1 Z/FEROEIE 7 FAPNMET Lz,
7235, DAPLIC K 2BOREL L0 | SFpMiataE oo s Licd 25,
Sham #f & TAC BEIZ 21X 720>~ 7= (Sham; 71.2+4.6 cells / 0.35 pm x 0.35 um,
TAC; 70.0=3.1 cells / 0.35 um x 0.35 um), GFAP (5147 A ka1 MMZ2OWT
H [ERRIC 1T 720> > 72 (Sham; 16.5+1.7 cells / 0.35 pum x 0.35 um, TAC; 12.3
+0.9 cells / 0.35 pm x 0.35 pm), [FIERIC DG SHIkICB N TH V7~ 1 ZHED
HT TR FET T L EREIPNIALEST 27 A et A MR Abh
7= (Fig. 14B), F7=. TAC6 H[M#% OME DG FHIKICB W\ T, v/~ 1 2%
KOS 7T DMK T Lz, 7ok, DG fEIkICIs T 5 GFAP BtE7 A ha i
A4 FO#IL TACIZ L » TE{L L7en>~ 7= (Sham; 23.51+2.0 cells / 0.35 pm x
0.35 um, TAC; 21.0+2.3 cells / 0.35 um x 0.35 um), & 512, SA4503 &5
L7z TAC ~ U7 2Dl CAL, DG SHIZIBWTIE, v 7/~ 1 ZREROFKIULT
IF8GE L7272 (Fig. 14A, B), NE100 O 0f H#% 513 Z D SA4503 ORI B %

Hz7emolz, TNHORERIT, E7ay hofERE—EL TV
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Fig. 14: Effect of SA4503 treatment on o1R expression in hippocampal
astrocytes.

A: Immunofluorescence showing localization of 01R (red) with the astrocyte
marker GFAP (green) and DAPI (blue) in the CA1 region 6 weeks after TAC
surgery with or without drug treatment for the last 4 weeks. B:
Immunofluorescence showing localization of 01R (red) with GFAP (green) and
DAPI (blue) in DG 6 weeks after TAC surgery with or without drug
treatment for last 4 weeks. TAC mice were treated with SA4503 (0.1, 0.5 or
1.0 mg/kg) or SA4503 (1.0 mg/kg) plus NE-100 (1.0 mg/kg), as indicated.

Boxed regions in all panels are magnified in adjacent right-hand panels.
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2-3-5. TAC ~ TV 2D 5 DfT8 &L aVFa 2T v v b OREEORE

WIZFR % 1X, TAC vV AR TRONTE T 7~ 1 ZREORBUK T OJRK %
W59 2T, ZTNETH OHEHICBWTILHRENEMT 5 2 L7 Ediis
ENTWbarFazrTrilzxzH L7 (Gregus A et al., 2005; Nemeroff CB
et al., 1984; Tsigos C and Chrousos GP, 2002), TAC v 7 ADIfifF = /L5 2 X
T RE% ELISA E TR LIEE 2 A, BBREFICHEI L TAC4 A X v, #
HEFEICAEZEE R LT (Fig. 15A; P<0.01 vs. control), & 512, WEE &S
OarFarrFuarit, EEMERIZH -7 (control; 1.1120.11 ng/mg tissue,
TAC 6 weeks; 1.35+0.16 ng/mL),

DIZEA X EBLE O~ T A ZaLF axTa roletii s (20 mg/kg/day,
s.Cc)EATV, 575 at%{T-7- (Fig. 15B, C, Fig. 16), #5BA%. 1 8B
KO3 Bl Cifilkikatig L VBB ERRZ T 2 A, Wikl &
b I HRIE 72 IENRE OB N A B Sz (Fig. 16B, C), RFlZ. sRiIKEKER
(ZBWTEavFarsn sz 3RS Ui~ v ACH B IE) R E o s
WAEL72 (P<0.05),

aNFarTa U ERERICBT DY~ 1 ZREORBICE 25 P B %
FHETH Y MR XIOEGEIEIC L D RE L7z (Fig. 16), ZoOfiR. 1#EHEB
FOBBEBOanFaxTa 5 E21To7c~ U ADHEE CAl, DG fHIKIZE
WT, VI~ 1 ZFEEOBRENMET Lz (Fig. 16A, B), MERAIZE>TH
[FEEDFER DG B (Fig. 16C, D), —F, a/LFaxsn 53 LEIC
BIFLV 7~ 1 ZHEORBUNIE L 722572 (control; 100£6.6%, CORT
1 week; 88.1+7.1%, CORT 3 weeks; 107.9%+9.3%), UL EOfEFRE L v, TAC
UAZBT HIMEa LT aRTa OB, BRICBTV I~ 1 /KO
FHURTORIEE L, ZOHRIZB T 2FIURTIZIEEE LR L 0VRI S
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Fig. 15: Effects of TAC surgery on plasma CORT levels, and CORT treatment
on immobility time in mice.

A: Measurement of plasma CORT levels in TAC mice. F (3, 21) = 16.602, P<
0.01. B: Immobility time in a forced swimming test was measured after 1 and
3 weeks of chronic CORT treatment. F (2, 24) = 4.193, P< 0.05. C: Immobility
time in a tail suspension test was similarly measured. Groups consisted of
8-11 mice. F (2, 24) = 2.224, P=0.130. *, P< 0.05 and **, P< 0.01 versus

sham-operated mice or vehicle-treated mice.
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Fig. 16: Effect of CORT treatment on hippocampal o1R protein levels.

A: Western blot analysis of 01R and B-tubulin (as a loading control) proteins
in the CA1 region and dentate gyrus (DG) of vehicle and CORT treated-mice.
Immunoblotting with anti-B-tubulin antibody indicates equal protein loading.
B: Densitometric quantification of 61R immunoreactivity (n = 6). Columns
represent means + S.E.M. F (2, 15) = 8.877, P<0.01 (CA1); F (2, 15) = 10.614,
P<0.01 (DG). InA, Band E, *, P<0.05 and **, P< 0.01 versus
vehicle-treated mice. C: Immunofluorescence staining showing localization of
01R (red) with the astrocyte marker GFAP (green) and DAPI (blue) in CA1.
D: Similar analysis in the DG. Boxed regions in C and D are magnified in

adjacent right-hand panels.
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2-3-6. TAC ¥ UV R D 5 DRITEIRB LR L 7/~ 1 REBORBURTITH TS
InaanFad FREEBEHEI 7 =7Y X M OFROBE
RIZFHRAIT, aVTFaRT o OZFETHL 7 VvaanFa s REFEKD
FEPE D, TAC v U AD 5 DERAITEIOMIEIZRB T 5V 7~ 1 ZFIRDF
BUK TFIC 5 2 2 B E T LT, SA4503 DA L FAIFEIZ, TAC ~ 7 ATtk 2
BHEV 6EEET/ Vv aalTFal FREFRETHEI 727U 2 M (50
mg/kg/day, s.c)DEEGEAT o7z, fEFE LT, MEIKKRBRTIZI 7 =7V %
X TAC ~ U ZAOEEENRFH 2 DT D S ORIZ o720, R
Tl Sham v 7 & LIZIEFE L~V E Tl 872 (Fig. 17A, B; P<0.05 vs.
TAC vehicle), & 512, 27 =7 U & b % TAC = 7 2#EfE CAl, DG fEikIC
BWURT LIy 7~ 1 2/ ROFBELAEICYE L (Fig. 17C, D), Zh
SOFERNG, TAC ¥V AD 5 DEATEIR LOWER v 7'~ 1 SHEBORBUL T
Wik, M FaxT e ARED AP TIES S, BELTWnS Z
EMRABMNE IR,
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Fig. 17: Effect of mifepristone on depressive-like behaviors and hippocampal
01R expression in TAC mice.

A: Immobility time in a forced swimming test was measured 6 weeks after
TAC surgery with or without drug treatment for the last 4 weeks. F (3, 17) =
13.973, P<0.01. B: Immobility time in a tail suspension test was similarly
measured. Sham and TAC mice were treated with vehicle or mifepristone
(mife) (50 mg/kg) as indicated (n = 4-7). F (3, 14) = 3.490, P< 0.05. Columns
represent means £+ S.E.M. *, P<0.05 and **, P<0.01 versus the
sham/vehicle group; #, P< 0.05 versus TAC/vehicle treated group. C:
Western blot analysis of 01R and B-tubulin (as a loading control) proteins in
the CA1l region and dentate gyrus (DG) of sham and TAC mice treated with
vehicle or mifepristone. Immunoblotting with anti-B-tubulin antibody
indicates equal protein loading. D: Densitometric quantification of 1R
immunoreactivity (n = 4). Columns represent means = S.E.M. F (3, 16) =
9.009, P<0.01 (CA1); F (3, 20) = 4.885, P<0.05. *, P<0.05 and **, P<0.01
versus sham/vehicle-treated mice. #, P< 0.05 and ##, P< 0.01 versus the

TAC/vehicle-treated mice.
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2-3-7. TAC =V ZAD.LERXR « DALRBIZHT DV I~ 1 RBFETI=X k
SA4503 DFHE

MHFFEE T I E T TAC %32 H 72 E DO RNERE) & RN DB G- 2 Bls L |
R % KE L C& 7= (Tagashira H et al., 2010; Tagashira H et al., 2013b), —
FH.AENEZTAC# 2 HENS 6 HE TV~ 1 /KT T=2 ~ SA4503 O
B x1To70, BRIOZA La—ATHINETHRE L TEL D b RH#EE
HEHETLNENERRF L (Fig. 18), Do —ToOMRFEMBR LV | LREHE
(FS), A=IHARLZE (LVESD) kX OE=RILERYE (LVEDD) #ZhEh
FH L., g L7z (Fig. 18A-D), ZDOf5HE, TAC v 7 R ZBWTH LN FS
DO E L O LVESD @ EH X, SA4503 OF 512 L 0 R EKTFICLE LT
(Fig. 18B, C), 7=, ZDO{EMAIZNEL00 Z# #5422 Lic kv, 13F%se
IZIHE LT, — T TAC ~ 7 2B\ T LS L7z LVEDD (220 T, SA4503
FYEEER AR LI b0, FEETRD o7 (Fig. 18D), S HIZ,
Ol E R LEELARE LT, KREICxHT 2 0EREZ MK L (Fig. 18E), #
DOFER, TAC ~ 7 A TEN L7 HW/BW (., SA4503 OFH1Z L 0 IZIF7EAIT
BE L7z, £ ZOFEMIE, NE100 OOF HE5IC X0 IZIEZERITHA L, 2
N DOFERNG | iR EZ S SA4503 O#H-% Bth L= 4 & [FERIC, 2
BNOREG LIZHETH, VI~ 1B ERENT 2 0 REEMN 27 2 & 39
bk irol,
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Fig. 18: Effect of SA4503 and NE-100 on cardiac failure and hypertrophy
induced by TAC.

A: Representative M-mode echocardiograms of mice treated with or without
SA4503 plus or minus NE-100. B: Changes in the percentage of LV fractional
shortening (FS%). C: Changes of left ventricular end-systolic diameter
(LVESD). D: Changes of left ventricular end-diastolic diameter (LVEDD).
TAC mice were treated with SA4503 (0.1, 0.3 or 1.0 mg/kg) or SA4503 (1.0
mg/kg) plus NE-100 (1.0 mg/kg) as indicated. E: TAC-induced cardiac
hypertrophy as indicated by the heart weight/body weight (HW/BW) ratio.
Groups consisted of 6-8 mice. Bars represent means + S.E.M. F (5, 45) =
12.559, P<0.01 (FS); F (5, 45) = 10.317, P< 0.01 (LVESD); F (5, 45) = 3.053,
P<0.05 (LVEDD)s. F (5, 18) = 8.383, P< 0.01 (HW/BW). *, P<0.05 and **, P
< 0.01 versus sham group; #, P<0.05 and ##, P< 0.01 versus the
TAC/vehicle-treated group; 1, P< 0.01 versus the TAC plus SA4503 (1
mg/kg)-treated group.
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2-3-8. SA4503 DG BIRBIPRERIZE X DEIRORREY

Ito HIZLIRT, ¥ 7'~ 1 AT F=2  PRE084 &tk R DNl % /i
LT, FARMOLDAEET VR EORELZHRET L Z Ll Lz (TtoKet al,
2012), € 2T, SA4503 DS EMRERICE X 2R AZFHES 25 Z & 2 HAIC
TAC 1% 2, 4E L6 BORER TT A /LI 71T & 2 KAETEERENRE & ffdT L
7= (Fig. 19), 1%k (heart rate; HR) % 3 D DOFES T Sham #f & TAC BElC
1272 <, SA4503 b F 7B A KIF X 72 o 72 (Fig. 19A, B), FHIfLE (mean
blood pressure; MBP), #fEi/= (diastolic blood pressure; DBP) 35 X UVY
SEUME (systolic blood pressure; SBP) 125U C Sham &t & TAC B4 il L
G E . W OPORERTENAE LT (Fig. 19C, E,and G), L7>L. SA4503
OEMERSIE. b OEICHEE KT S 0> 7= (Fig. 19D, F,and H), Z1
SOFERNG ME L 1T R | SA4503 [ IAEARDOIEMEIC R L LIE I 720
ZEBHBMNE ST,
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Fig. 19: Effect of SA4503 treatment on sympathetic nervous activity as
indicated by peripheral blood pressure.

Measurement of peripheral blood pressure using the tail-cuff method. A, B:
Heart rate (HR) was measured 2, 4 and 6 weeks after TAC surgery (A), and
at 6 weeks with or without drug treatment for the last 4 weeks (B). C, D:
Mean Blood Pressure (MBP) was measured at the same time points (C) with
or without drug treatment for the last 4 weeks (D). E, F: Diastolic Blood
Pressure (DBP) was similarly measured (E) with or without drug treatment
for the last 4 weeks (F). G, H: Systolic Blood Pressure (SBP) was similarly
measured (G) with or without drug treatment for the last 4 weeks (H). TAC
mice were treated with SA4503 (0.1, 0.5 or 1.0 mg/kg) or SA4503 (1.0 mg/kg)
plus NE-100 (1.0 mg/kg), as indicated. Groups consisted of 6 mice. Columns
represent means + S.E.M. F (5, 28) = 0.216, P=0.953 (HR); F (5, 28) = 1.821
(MBP); F (5, 28) = 1.144, P=0.361 (DBP); F (5, 28) = 2.288, P=0.730 (SBP).
* P<0.05 and **, P<0.01 versus the sham group.
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3-3. B

AWFZETIIROM R EZH B L Lz, OTAC ~ 7 i, 1tk 6 I H 2R\ T
IOMRITEN A 2T 5, QZOREIZIE, MHET A bt A MIkiFsv 7~ 1
SZREOFIRTNEGT 5, @V 7~ 1 ZHEIRERNT =2 | SA4503 O
THIZLY | DARIREBOAL LT, O ORITEIbUET S, @t =5 =
AT a LYV OEINA TAC v U AZHBND V7~ 1 ZFIRORBUL T
IOMITEHIO K TH D, ThHDMREHRET DL, Fig. 20 IZH D LI 1T,
BUR T #— FEA—FIE K (hypothalamic-pituitary-adrenal; HPA) %% 4
LIEDARRIRREL 5 DEEIRD 7 v A =2 3B 2 bhb, ARFIND, LA
BIZHRT DRIEMERA ML ALY HPARZI Lz a/vFa AT a Ol
BEDSAELD, M, LV DUIHEBICRIT SV 7~ 1 SRKRORHRIK T2 &k 2§
ZENBHBMERoTE (Fig. 20), V7~ 1 ZBEOETIE. 2 b= KU 7 ATP
PEADIKRTZGEEZ L, S BITIEIMEREICEET 2 5 2. 2 DRRIERDELC 5,
D ORATENL, AR RORFE 2 LTS HITDEREZIR T S E 2 et
REIND,

MAFIEE TIXLIRT, AR 5 v 7~ 1 ZBRIEOFRBUL T3, IPsR %
NT2I har KU T~0Ca it ATP EADBE 25| XL 232 & 23k
L7 (Shioda N et al., 2012), ATP [3ZD{ON TR LF—L LTHASND
DI BT, FHXITI I D eRa<C 7 U 7 laoMiast s 70 o 7otk
LTHME< (Fields RD and Burnstock G, 2006), & LT, #HD AT 1 2]
RN R T Y VRS EITH) Z 22k, T A had A FTO ATP fEA %
RAE L, T T AMREDH R EEET 5 Z LG ST 5 (Gordon GR et al.,
2005), Fkx x4 M, SA4503 #5723 TAC ~ 7 AEHRICHAOND Y 7~ 1 %K
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HREDKT 2 L, ATP EAZITUHET 52 L 2B E Lz, Cao biX

7 A A MIIEHT S IP3R type2 D&Efn k2~ 7 A DM 24TV, 2D
~ AN, BISAATECHEE 2B 1T 5 ATP EEADIK T 2R & & HI2 9 DERIER
ERETDHZEEHRE L (CaoXetal, 2013), Z O TH & 1x, 2lkd ATP
HI Y P2X2 SR IROIEMALZ N LT, S DBITEI A dET 5 2 L2 /AbE T
WMELTWD,Z LT ESCKET XA hath A MZEBIT 5 ATP FEADIK T3,
I OEATEIOFHEIIER ICEHE TH 5 LiffaaftiT 7o, RIFROFER L b,
MERICBIT DV 7~ 1 ZRROFBURFIZED ATP FEADIK TR, TAC v 7 A
D D OHATENIRI G L TWA Z LRI LD,

TAC ¥ U AZEBWT, V7~ 1 ZREROBIURTRECIZolE, WET A+
2 A MIRF LTz, —5 Tto BN 2 W T, v 7~ 1 /KT 2
=Z I PRE084 N EATST « MRERET NSV AIHDLND VT~ 1 ZAK
DRBUK T2 EET HZ L 2HE L (toKetal, 2012), 7= YHFR=ETITZ
NET, ZVRFHIL R Z VU BIOSA4503 R E DY 7~ 1 ZHFR
T A=A NPRODARREOILELEIZB T DV 7~ 1 ZFEOFBBUL T 2 U5+
52 & &S L C& 7 (Tagashira H et al., 2011, 2013b, and 2013c), 25D
WEDOHT, v/~ 1Z/IET % T=2 k NE100 DGR 7 T=2 MZ
L BRiE A E TS ., V7~ 1 ZARORBLE K L CTITHE Ly
WIZEDPHLMNE RS, Thbid, ARIALNTETACY Y AD Y 7~ 1 %5
RFEBEOFET L —HLTWD, BET DL, SA450312L25 TACY T ADH
DOFRATEIR O RIREBOUEL, v 7~ 1 A/ RFEHED LH/ TR, 20
LB G LTV Z LR END, LinL, EOLIRAT=ALT
SA4503 ME T L7cv 7'~ 1 A ROFRB 2 8T 2 ITBAEDOHT, F1 52Tl

VAR

54



TAC ~ 7 AT, itk 4 BB X6 BEOR S TP 2 /LF a2 27 o U REN
HEIZHEM Lz, &5613E, aLFazxTaro@iEbii~ o AR ICET
LI IV ZBREERELRD SE, E61E, I 727V R M AEREICK
W7 VvaaLvFad REREREZRETHZ LT, TAC v U AR ITB VTR T
L7ey 7~ 1 SR EORBEITARICEE L, ZvaalFas RERERIE
7y MERICBWTEFIZRIE L TnD Z En#E ST % (Reul JM, and
de Kloet ER. 1985), £7=. DLAREEZXGRIC LIz 2k — MFETIE, EIE=x
M aNFazxT o AREICEVHEBER S 5 Z LGS TVD (Yamaji
Met al,, 2009), ZHHDHENG, M a/LFa X7 a AREO ERIX, 5
7= 1 ZREERERBEOIR TR L O TAC FEM 5 SRIER, WHEDOU 227 77
I R—ThDHIENHESIND, %L, TACIZLY aTFaxT e RNkEE
ENDAD=ZALR, TOFRERE LTI~ 1 ZFERBEHENMET T A=
A LT BT LT HILZR B0,

ABFFETIRS BIZ, TACFHENED 5 SHATENC BT 5 7 Vv aaLFaf Rx
REOBEG %2R LTz, BEREWNZ L2, 5 OWEFE TR I vaarFas
RAgEDA NV ARE L OWNTLHEL T AD Z &0, SSRI A Z D4k I
FALT D Z EAMESN TV D (Hasler G et al., 2004), F7-BI0HA5E TIix, 18
BRanEBREEC ) SRAF BT, MfoaLvsFy —L1arFaxra s
LAULHR ER LTS Z & (Nemeroff CB et al., 1984; Guder G et al., 2007),
5L, ZvaanFa f RORE ERADERGSIEEDY AT 2@ b L
PEE I TS (Wei Let al., 2004), ERARBIZETiZ, HPA ROLE L2 H >
TR T, SRR OB RE TUEC BRI A AP R ORSREIR N & o 72 B
FEARCR ORI R FE 23 E UL fERAICIED EF0DHEBOK T, REIRO
FEARLEZSIERIL, DMEARXC MDY R E2EDDLEEZLNTVND
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(Bradley SM and Rumsfeld JS, 2015), [FIfkIZ, FEERZIEBBFT D O EE
IZBWTIHDORIEMEY A R A v L~ ER LTS (Dowlati Y et al.,
2010; Katz SD et al., 1994), HPA RIZIIEMEY A b VA L D EFRREITE DX
FLATIEHRLISND Z &, M THMLIEaLTF a3 27 1 AIRIERNT D
WO LBEL RO E FRT 252 ERHE ST 5 (Eisenberger NI and
Cole SW, 2012; Haddad JJ et al., 2002; Zunszain PA et al., 2011), Z D X 912,
MO avTFarTar ERIEWEY A A O ERITERGEREED Y
27 HED D 2 BTSN (Fig. 20).
F 7z Dantzer H1I, ¥ VAR~V RRI o BT A4 NELEEITS Z
T, VA MIA L EDOHATEINFHESIND Z L ZHMEL TS (Dantzer R et
al., 2008), ZALHIZBIE L TAMIETIL, TAC#% 6 HEH O~ U AIZHBWT, i
oL Faxsar LaULRBEEIC FRH LZoIs U T, EMAMET o a LT
ATRLLES FRTLHZEEAZPLNI L, ZOHITMA T 50 S
BERFHEINTND I EERELTND,

56



/
/

' Heart failure |

\
\
/
\
AN 4

Stress

Hypothalamic-
pituitary-
adrenal axis
(Corticosterone)

~~_ "

Impairment of
64R in the brain

. SA4503

Depression

Fig. 20: Schematic representation of the hypothesis tested and results
obtained.

Shown is a model depicting mechanisms underlying TAC-induced
depressive-like behavior, as suggested by findings presented here.
TAC-induced cardiac 01R downregulation induces cardiac dysfunction. At the
same time, levels of peripheral pro-inflammatory cytokines and
corticosterone increase, aggravating cardiac dysfunction and downregulating
brain hippocampal o1R levels. 01R stimulation with SA4503 blocks

TAC-induced 01R downregulation in heart and in hippocampus.
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3-4. /&

TAC =7 22BN T, DEREDIKTICHE Y MfavFarTo s L~ Lo b
FAIZEY EY I~ 1 ZBEERNMETTLZ2E2WLNE Lc, EAMZE0
56, TAC E7 /VITFER#FEE & 9 DIROBE A 1 = X L&+ 2 9 2T,
FHTHD LRI, EHIC, VI 1 ZREERTI=ARFThD
SA4503 NV~ 1 ZFRIKRDOFEB A LA &5 2 LT, TACFHEMED 5 DkRIT
BatETX 52 L AR LTz, SA4503 1ZIT4F, AT 9 IR ICxd 2 5 —fH
AR M THIL T D (NCT00551109, NCT00639249), Z D Z & i,
SA4503 NEERERRER 9 DIRITKE T 2 HLRBEMIGRE TCHDH L 2R LT

Wo,
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FUE &

F9HE ETIE, invivo BXWinvitro ODREZHNT, ~"aEXYU R—/LH0%
ERIZEZ DERDOA D= A L EHmet Lz, 2L T, IPSREZNTHI b= R
U7 ~® Ca2+iik DR %2 —K &5 ATPFEADIEENR—DD A =X L ThH
HZ EEWGNE Lz, CHO fildz Wi EDOHE TlE, v 7~ 1 R/ IKIX
IPsR & HSRERIBE AR AT L, S b= R U 7 ~0 Ca2+iiiink i+ 5 2 & T,
A b VARG T OMIAEFICEET 5 2 EAME SN TS (Hayashi T and
Su TP, 2007), Fx b.LAMILEZFHWT, v/~ 1 ZFKE IPR B3 AT 52
VT IV ZREOTEMAL I 2y R U T~ Ca2iiik 2 L C ATP pEAE
RS 5 2 & AHE L TW5 (Tagashira H et al., 2013a, 2013b), /~1z 2V
R—=ARNI hay RUT7~0 Cazfigiibz [HE L, ATP EEAZMGIT5Z a5
BT oL, VU~ 1 ZRRITORENICHE EE 265,

HoFICBL T, R TR A AR BRI LN D D IR MEBRER RO U A
I 77 I —ThHdHIENRINTET, £7. SSRI NDLATEIEIZE S AL
DREBECEILELZGET L2 ERWESIN TS (Taylor CB, 2006),
Hashimoto (X, 7'~ 1 ZE&ROMERED 5 D & BB SR B2 BIE A 2 ZEIA
D—DOTH5HZLEHEL TS (Hashimoto K, 2013), LLAT, Ito Hiz kv &
U< 1 %7 T=2 | PRE084 M AZEAHREDOIIHI A2 LT, EAM - @R
ERETLVOLMERIKT2S%ET L L2 ®E LTS (TtoKetal, 2012), L
Py LABFZEIZ BT, SA4503 13888 RIT B A 5 2 727> 1o, — 7 SR
FIL I E T, SA4503 N D > 7'~ 1 /IR E EEIELT25 Z & T,
ATP FEADK TR OERBIR T2 UG5 T 5 2 & 23t LT 5 (Tagashira H et
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al., 2013b),

VI b ARFZE CIREARTLAETT L TAC ~ 7 2D DMEREK T B L0 ok
JER &V D ZODIRRRIZ, ELEBIOMEET A tad A Fov 7~ 1 ZRE
FEUXTIC LD ATP FEARENHETHZ L, FLEALE VBV~ 1R
K7 F=2 s & Wiz ATP PEADIRIELIZ LY 2RO DORENRHETEHZ L
RGN E LT,
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HAE Hik

5.1. EREMW

10 BEsORENE ICR ~ 7 23 XL OUENE Wistar 7 v MIAARATZ AT /LI — (i
) XOBEA Lz, 2311 CoO—ERE., K 24 RV 7 L T OHRIZE W
TEHBE L, 2 & - KITHEHICERSE, 1ABOBHEHH OO S, FERIZHW
T2 70X, RFRSCHICELE L= EWds X OVAEREE 2 B0 - 72 BB 33X T,
RALRZE Y FZBREEM E B2 OKR AR T, B ERIGHHI SV T LT,

5.2. EARLIERET VL (TAC) ~ 7 X DER

TAC ~ 7 ZDE#IX, Rockman & OHEIZHEWER L 72 (Rockman HA et
al. 1991), ~ UV A&7 % I (GF—=3% Hu) 100 mg/kg, i.p. BLRFT T
> (Sigma, St. Louis, MO, USA) 5 mg/kg, i.p. {Z LV BEEEL . 37 COMRIER
WIPEAMZICEE Lz, [REICHE LI TF 2 —7 2 LAV L—&— (U7 8ERT,
H) (2o & WREBL 21T o7z, KBRS %, B A~ A e 2Bk &
FEEE TEIRA & 53059 2 BasHEh IR & 22 BHBIR, 2 & O DR THea
ZiTol, 271G =— RLVDKREET, 70 FRAIAX—F v — (T L7 L yHT
7= KR ZHWTHRE L, ik, 2 HHDWIX 2 HEOR AT, w7 A
AR YOG 2 B L,

5.3. ¥ UA~DEME LI WMELEMDOKRE
AR L7238y, {LAWIILL T LY Th D, Haloperidol (£ L 1 — A;
KAAFELRIE KK, sodium pyruvate (FIEHi%, KFK). corticosterone

(Sigma). mifepristone (Cayman Chemical, Ann Arbor, MI, USA), SA4503
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JOYNE-100 (N,Ndipropyl-2-[4-methoxy-3-(2-phenylethoxy)
phenyll-ethylaminemonohydrochloride) ILZ AT K WiTE ., FIE),
KIEREE () (2 Tfk 5 /=72 /=, Haloperidol 3 X TN corticosterone I
0.5% carboxymethyl cellulose (CMC) /KIA#|Z, sodium pyruvate, SA4503 3
L OV NE100 1% 0.9% NaCl /Kigig (CEEERIE/K) |2, mifepristone (X PEG
400 (F AT AT A7 5 ICENENERS LARE L, &Y. i
MOPEE- B L OB IFEIILLTO LB TH S, Haloperidol (0.1 mg/kg).
sodium pyruvate (1.0 mg/kg). SA4503 (0.1, 0.3, 1.0 mg/kg) L' NE-100
(1.0 mg/kg) 1, OG5 %1T->7-, Corticosterone (20 mg/kg) ¥ LN
mifepristone (50 mg/kg) (. K F#&521T7-7-, 728, WREIIAKE (kg Hi-
D 0.1mL &2 K52 UM LTz, Eoa BRI, FER&OBE (4
HRHK, 0.5% CMC /KIEK £ 7213 PEG 400) Z4¢5- L7,

5.4. FRHIAKIKRER

9 ORIER OFEAM % HAIZ, Porsolt & DA% 5E1217 - 7= (Porsolt RD et
al., 1977), fit 25 cm, EEE 16cm OH T A E—H—I2HK 25 COKEITD . <7
A B PK T, bR L, EEFR 2 HE Lz, kW20 | REREF D729
ICFRZHN L0 ET, ST TV DIREELZ EENREL L, HHEpRAE
[CW TR 2 A0 L, SEERFE & L7,

5.5. RRRERR

9 ORIEIR OFHI &2 B 2, Steru HOHEESEI121T-72 (Steru L et al.,
1985), BZEFH, KN B 50em OE I~ T AE DD LTz, ZOKETS 4
IEIE L, SRR 2 E L7,
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5.6. T = BERELTMERBR

9 DI DIEIRD—>Tdh D BAIER A TG T2 Z & & HANIZ, + 2 BB I
R AT o7z, WHOBMAAKE 1% sucrose KiFEZHEL, 17— %4720 [A
BRORN PV 2 KIZENENNZ T2, ~ U ARERICERTE S X2 2AKDR
MVZEr—UIZRE L, 5 HIRfAE L, —H Z & DFAR MLOBEEZRIE L,
ZNHOMENG, MHAELZRH LI, £7r—Y 2L OREBHAESHTZD O 1%
sucrose KIFIKEKHE (%) ZHH L, ¥ a BEEHEORIEE Lz, 2B, 2K
DR VO ET—H T L ICZH L, fLEOEVNE 25 EEE PR LT,

5.7. LT a—iZ X 2.LRERIE, FEBMAARM MERER L O~ v 28O
- EEHIE.

BE W ZMEEE (SSD-6500; ANLT B AT 4 /v, BE) & 10-MHz U =
7 hT7 AT a—H (UST-5545; A7 AT 4 ) ZHWT, #E I
100 mg/kg, i.p.. ¥ 7Y 5 mglkg, i.p. B FICBIT 5~ v 2O M A
T a—zATolz, HIEEETEG ARG L. Big b ASIRAIE (eft
ventricle end-diastolic diameter; LVEDD) I X OVESRIUE AR (left
ventricle end-systolic diameter; LVESD) & H L7, £7/-, ROEXD LY |
FEE MR (fractional shortening; FS) #& H L7~

FS = (LVEDD — LVESD)/LVEDD -----D
WIBIEREZ Y, —EORHTEENOMEDO ENL HLWVOEENRED Sz
% 3T ejection fraction (EF) #HH L. FS LA MEREDRIE L Lz,
RKMOMEREIZ, TANDT7 (Y7 bar, HR)ERANT, A—h—D~=

2TV I T o 72,
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O, FofiHd L OEZHEZ, WEOWE & FERkICIT -7 (Tagashira H

et al., 2010),

5.8. 7 v MAEMFD L OURERLFMBOERESI NI AT 27 a v
AMREE R DR O BB, £ O & FERIZIT - 72 (Tagashira H et al.,
2010), £, A% 1~3 HO Wistar 7 v MEEFZIEA LD 5, Dz K
# L 7= phosphate buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 1.5 mM
KH2PO4, 8 mM NaoHPO4, pH 7.4) IZ[EI L7z, DEEZERWEH, LEZ A
I i Er Lo, PBS TR A Z0EH L7, 622 L 8 37TCITIRD T
BWi=hY 7y (Try) Xy 77— [0.1% trypsin (Thermo Fisher Scientific,
Waltham, MA, USA), 0.05% DNase I (Sigma) / PBS]Z iz, 37°COEI T 10
SyEiEE L= (100 rpm), EBIEZEFRW=0bB FEEIZ Try Ny 7 7 —% Nz,
G T 20 iR L7-, EiEZ2K#& L7z Tinh. Xy 7 7— [0.02% trypsin
inhibitor (FnYt:#i2K), 10% fetal bovine serum (FBS; Thermo Fisher Scientific)
/ dulbecco’s modified eagle’s medium (DMEM; H /KHIE)] (2@l U7z, FEEH
BRlZ, Try N 7 7—Z2MxEE L., Tinh. Ny 77 —~EE&#BI LT,
I Try Ny 7 7—%&Z, E<y h~> (P1000) T30 [EE~LyTF 7L
D6 G T30 0MIRE L7, 28 % Tinh Ny 77 —~BLEALLEDOL,
7 v k<~ Ak (GE Healthcare, Chicago, IL, USA) TAiL7-, 1,000 rpm
T10 =L L, BEEZRWEOL fifddo~1 > % 10% FBS/DMEM [
IR L7z, SAEFMIa 2 BR< BT, 10em DT T AT 4 v 7T 4 v all
HifafEE 2% L, 37C, 5% CO2 &:fF FT 80 il A v FaX— g Lizd
H, BEZBEILLE, 5 L7=0b, 35mm 7«4 v aB N 12well 7 L—
MIEERL, 2 HER%Z, ERICH W, il e LT, Bis ERES o
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DMEM (Z%3#2 L7-D 5, Ang II (final 100 nM), haloperidol (final 10 nM) I3
J OV SA4503 (final 1uM) ZE:HUZAN X, 1 K D i3 48 FEfE = L7,
Mg~ k7 > A7 =7 ¥ 3 % Lipofectamine 2000 (LF2000; Thermo
Fisher Scientific) # W\ T{To7=, X b=y NI TBITESIZ /@A LTz Ca >
1 —7, ratiometric pericam-mt / pcDNAS3 %, Bk GEP) L v ZH#ftn 7z
72 7z (Nagai T et al., 2001), LF2000 0.5 uL & X7 % — 0.5 ug % Opti-MEM
100 uL FCIRA L., |IE T2 0MA v Fax—varLizob, H50CH
Opti-MEM 400 pL Z Nz TE W24 12 7 = LOMIIIN Z 72, 6 Fi o2&
DO, WHFDAT 4 U L% FBS &H DMEM (ZA3#L L 7c, Wil & 21T

W, 2 HBICHILS LA A= T o707,

5.9.¥ 7 A DHEFHEE I & OB LFRE

R L O b e tal, 2 E TOME L FEEEIZIT->7- (Shioda et al.,
2010, Shioda et al., 2012), X F LB X — /L DN G LD ~ U R
e 3T T2 0B AMEMEIZEE Lz, Bl L, 30 L= D Bk LTz PBS
30~50 mL % S W7z, = D, 4% paraformaldehyde (PFA; Fiyeifiz) /0.1
M phosphate buffer 30~50 mL Z [FEkIZHEER L7z, EE LI~V A% 4CT—
BefRAF L7 Db Olidds L O A Lo, MfkiE, fEH 3 % £ T PFA ¥R+
W2V A CTIRIFE LT, DIROMREIL, 20% sucrose WIKIZH LT-FH, T
A4 74 A T 0.C.T compound (Sakura Finetek, Torrance, CA, USA) (ZH4E
L. -80CIZRIF LIz, DIMOREHAT A XT7 T4 FAF v | (Leica
Biosystems, Wetzlar, Germany) % AT 20 um OES TER L7, v Y
— MU 7 v — 24403, Trichrome Stain (Masson) Kit (Sigma) Z VT, X

—H—D~w==2T LBV I{ToT,
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OB AT A AL, 278 h—2h (KA —2 25, 58 2T 50 um

DES TR LTz, AT A AT, LT D& 9 B EE1T o7z, 7,
AL & LT 0.01% Triton X-100/ PBS %2 30 43 == CHiE L 7=
H, 7 vXxr 7L LT 3% bovine serum albumin (BSA; Sigma) / PBS % /il
Z 1RSSR TIRE L., 20k, —&kftik L LTH GFAP fitfk (Sigma) ¥
X O OPRS1 (Sigmarl) $Hifk (Abcam, Cambridge, UK) %#Z N ENAIR L
72 BSA/PBS Z/izx, 4°CT 3 HfiRE L7, —kHufk L LT Alexa Flour 488
fEahi~ U AFULE 7213 Alexa Flour 594 &1 7 5 (Thermo Fisher
Scientific) ##M L7~ BSA/PBS #Nzx., —HiEE L=, &&ZIZ, %% DAPI
(Sigma) THEL7=DH, HAH| Vectashield (Vector Labolatories Inc.,
Burlingame, CA, USA) Z H W TE A Z1T - 72, BlZIE, LESBMEE LSM700

(Carl Zeiss, Oberkochen, Germany) % f\»CT{T o 7=,

5.10. MifaDSeEYf, TUNEL Befais L ORAT

T X—=FF T AR O D 7o, MAERE & [FIERIZ IR O —IREuiR &) 7 —
PR Z W THRIEG 21T 572, T cytochrome ¢ Hifl (BD biosciences,
San Diego, CA, USA) . HLLC3 Hifk (MBL, 4 i52). i p62 Fifk (MBL),
7238, Alexa 488-phalloidin (Thermo Fisher Scientific) (Z X 2 flia g #& DY,
X, ZIRHUER LA LR TIT o 7o, /. EEEATNCE RIS MitoTracker Red
CMXRos (Thermo Fisher Scientific; final 20 nM) Zh1%. 37°C. 5% COq2 514
FT200fA v Fax—ard52LT I har NI T7ORGBETST,
oA S BAMEE 2 WV CEIZR L, Image J 2 VT, MR K & &X° MitoTracker
D HFRE DHE & 1T - 7=, TUNEL 44f4). in situ apoptosis detection kit (¥

BTN G, BEE) EHWT, A= —O~==2T /L@ V{77, DAPI & 4k
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BEITV, TRTOMAL (DAPT MBI R T2 7 R h—v 2% Z L7zl
i (TUNEL Btffa) 2 R U, B L 7=,

5.11. k. MROFETFTA ABLVHRET vy b

REDTARXBLORET 2y ML, ZNLETOWREDLBVITST
(Shioda N et al., 2010, Tagashira H et al., 2010), -80°CIZf#AF L 7= #f%k. #Hfia
Z /Xy 77— (50 mM Tris-HCl, pH 7.5, 0.5% Triton X-100, 0.5 M NaCl, 4
mM EDTA, 4 mM EGTA, 1mM Na3VOy4, 50 mM NaF, 1 mM DTT, 2 pg/ml
pepstatin A, 1 pg/ml leupeptin, 100 nM calyculin A) THREIFA A L7=DH,
4°CT 20 531 5 Wi 10 43z L7z (15,000 rpm), Ei& % [F1UY L, Bradford
ETH N ERERZERLT-OL, 6x Laemmli’s SDS sample % /J1 %2, 100°C
T3HMME LTz, o\ EBHT2Y TEHEEROY TNV RmETay MIfEL
7o

SDS-PAGE 1%, 5% DGV & 12.5~15%D M7 Vv, 70 18
729 40 mA OEEFCTIKE) LT, €DK, X" IH %7 Vi PVDF 227
L > (Merck Millipore, Billerica, MA, USA) ~ 70V OEEHEETHEE LT, A
YTV EBRAFLAING STTBS I CT7a vy X7 Li-0bh RO—RHUE
[#T b-tubulin HI{K (Sigma). Ht OPRS1 (Sigmarl) Hifk+s L Ot VDAC Uik
(Cell Signaling Technology, Danvers, MA, USA) % =N E AR L7= TTBS (2
=L, 4CT—tkZ L7-, FH, &tk & LT horseradish peroxidase ##
BRI X, v U AFEREHRR LI TTBSICA VT L U207 L, IR TI1
e #E%: L 7=, ECL detection system (GE Healthcare) (2 X ¥ ¥ X+ Image
Quant LAS 4000 mini (GE Healthcare)Z N CTHHZ1To7-, v ROEE

(2%, Multi Gauge ¥ 7 b7 =7 (GE Healthcare) = f\ 7~
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5.12. fHik. MifaD ATP & EHIE

ATP ORFEIZIX, ATP assay kit CREEA >, TR ZHWT, A—=h—D~
=2 TV IAT o7, £9. Mkl KO N> 7 7 — (0.25M sucrose,
10mMHEPES-NaOH: pH 7.4) THEIF A X%1T, 4°CT 10 s L=
(1,000x g), EiEAFENL L, Bradford iEIC LV # U RV EHREDEREZITV,
—EOREICHRN LT, v MIHEO ATP iR L IRA L, IR T 30 Fk
LT, ZO%, ATPIREERNKIEEONL Y 7 2 ) v agteny 77— LiRE
L., BIEEIZ VR ) A—%— Gene Light (A 7 a7 v 7 « =F 4 k) %
MuvwT, & RLU) Z2HIE Lz,

5.13. Ca?* A A=V 7IZ X HME, I b FYTIZEBIF S Cazr L Ld
B E

Ca2tAf A —T U 7%, WEOHRE L FEIZIT>7- (Shioda N et al., 2012,
Tagashira H et al., 2010), #'E D Ca2t L~ (%, Fura-2 (Sigma) % HW\T
I U7, MIM% Fura-2 % &4 L7- DMEM (final 2.5 uM)< 37°C. 5% COs
MR T30 RIEEE L, Fura-2 ZHIIRICEIVIAEETZ, BHEODH,
Krebs-Ringer-HEPES (KRH; 150 mM NaCl, 4 mM KCl, 1 mM MgCls, 2 mM
CaClg, 5.6 mM glucose, 5 mM HEPES, pH 7.4) CTA > F=2_X— 3L,
MBIz & 5 Cazt L~V ORIEZAT > 72, 340 nm 3 L 380 nm Db e IZxf7
% 530 nm DOHEINCTRE Z Z LA Faso. Faso & L. Ratio  (Fzao/ Fsso) ZHH

L. M Cazt L~ L DfaEE & L7z, MIERH A% Ratio 28— EITR/IZALTWND
ZLEMERLIZOL, MllE 10mM 7 ==L7Y v (PE) 5% ATP T

F U7~ —i@ el FRH L Cat b~ Lo — 7 EEAZ Es L, i L7,
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k= R U 74T Ca 7' 17—, ratiometric pericam-mt / pcDNA3 % #ff

]/

U R T A7l a LB A, BidO LBV #ile% Ang I1, haloperidol
B LU SA4503 T 1B D WL A8 R L= b, I = RU 7 Ca
LV ERRIE LT, BEOBEIZIZ > O%EE AV, g7 4 v % — (EX) :
4821385, Y7 uaA v 27 17— (DM) : 506, WIX~7 1 /L% — (EM) : 536/ 40
DA E D & EX: 414/ 46, DM: 510, EM: 527/ 20 O A& TITWV, £
NZENOENTHREE Faso B L O Faro & LTz, £ LT, #GREN (Faso / Fai0)

ZI har R 7 CaztL~LDFRIE L L CTHW-,

5.14. .LEX)H O RNA#HEB XY 7V # A A polymerase chain reaction
(PCR)

k250 RNA fiH3 LU cDNA ~O#MHRG N IE, 2 E TO®E & [F
#2417 - 7= (Shioda et al., 2010), -80°C D7 4 —7 7 U —HF = bk A H Y
i L. TRI Reagent (Thermo Fisher Scientific) # /M. KETFHA X &{T-7-,
23G =— KN/LZ 10 [Alhiil & TRk Z e 2 L7z b, KT 5 2yl
L7z, ZundLhziiz, 156 B vortex LD H, KT 15 fElF#E L
72, 4CTT 15 ZpfiliEt (15,000 rpm) L7=D 5, RNA 25Tk BEAHT L
Ty R RAVTFa—TZEIR LT, A Y 7 asx ) — % iz RNA O %
To7eDb, RNARELZEEL, —EEZROPERERISIZHW, W E K
JizlZ. Oligo (dT)15 primer (Promega, Fitchburg, WI, USA) £ XY M MLV-RT
(Thermo Fisher Scientific) % v »T, 37°C 50 43, &kIZ 70°C 15 53 Ot %
—~< /L% A 27 Z— (Thermo Fisher Scientific) T1T-7z,

U7 A4 5PCRIZ, DIEKXR - REREDO~Y—I—TdH % Anp Binf, £

DDA T AF - TEInT L LTHLILS Gapdh BT D20
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WTITo72, TI9A4~—13%kD 2y hEZnZEHW =, Anp fw, 5™~
GTCCAACACAGATCTGATGG -3’ Anp rv, 5- GATTTGGCTGTTATCTTCGG
-3; Gapdh fw, 5- TGTGTCCGTCGTGGATCTGA -3’; Gapdh rv, 5-
CACCACCTTCTTGATGTCATCATAC -3, ZhbD 7714 ~—& iQ SYBR
Green Supermix (Bio-Rad Laboratories, Hercules, CA, USA) % W<, ¥ —
~ /%A 77— (Bio-Rad Laboratories) T{T>7=, 723, fi#HriX Gapdh &=

FHEXEMLFE LT, HIEACE JBICE VT T2,

5.15. v~V AMfaFaxT a  BEOHIE

~ U ANSIMEERRE, EHIZEDTA LIRALEZOL, 4°CF T 10 4z
L (1,500x @) L, Mz L7z, gy 7, S5 £ T —80C
WZRAF LTz, Mg Fa 2T a A REORIEICIX, corticosterone ELISA kit
(Enzo Life Sciences, Farmingdale, NY, USA) #f#H L, A—W—D~==27

JVIB Y 12 T o 72,

5.16. = 7 X DAFERORE
TAC # 30 HH F ToOAGFEHRIL, Kaplan-Meier (512 LV Bt L7z, F728

FHENTIX. Log-rank xR % FH\ 7=,

5.17. BEFHRMT

fEVE, PME HARUERR S OOR L7e, ZRERIOHERIT, analysis of variance
(ANOVA) ®® 6| Dunnett FREIZ LV BETL7c, #IERE DML O REfE
Hroodr, SA4503 DR A HIET 5 BRI T, Scheffe HEZx M7z, P<0.05 %
At PRNCHEREN DD LRI LT,
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B B

ABFEED DI b T | ebh TR 5 THRE, IR & Lo
KEERFBIAFIIIER S0 J8K 7] BICHEA TR LT £

£lo, KX a2ERT 212H20 . LEIEL WO TETERR L ZH 2B Y
F LIHRAER LR pe T geR R TR oeer &0 3 Bd%. R R
sz WeHER (B E LIRS BdR) IR SELA L ET £,

DI AW ZHE 2B £ LIEEZ00 BH sl FrEEEeR (B Ik
BERLRS: WD), ROEF RO SR GREL, Fo% R M Bh#, HEA %
= AR Bl BT EMAZIILO, TRNETOMRETIHIVWEEEELE
TANTOERGITHILE L BT £,

i Al O £ L7 RALR R ZEBER AT TER B L2 B
MR R Bz, WK & 51T HEBIRICEGEH L BT £,
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