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Acute myocardial infarction

Beats/min

Coronary flow

Creatine kinase

Creatine phosphate
1,3,7-Trimethyl-8-(3-chlorostyryl)xanthine
Diastolic blood pressure
8-Cyclopentyl-1,3-dipropyl xanthine

Heart rate

ATP-sensitive K* channel

Left anterior descending artery

LVDP Left ventricular developed pressure

LVEDP Left ventricular end diastolic pressure

LVSP Left ventricular systolic pressure

MPTP Mitochondrial permeability transition pore

OCR Oxygen consumption rate

PC Ischemic preconditioning

PCI Percutaneous coronary intervention

PTCA Precutaneous transluminal coronary angioplasty
PTCR Percutaneous transluminal coronary recanalization
RMBF Regional myocardial blood flow

SBFI/AM Sodium-binding benzofuran isophthalate-acetoxymethyl ester
SBP Systolic blood pressure

TTC 2,3,5-Triphenyl tetrazolium chloride

Vf Ventricular fibrillation
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JLE LA LT ERBEAEITLIREOERBER (ZU V) Tk HEE 10O F
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E L, YT-146 &G EM T &H 2 WIXFERBGERICITV., 2 OFZMEI DV TR
L7,

928 YT-146 O O i PRFEZN R OB T I >\ TG 3 % 72 © | Langendorff 3 i
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Fig.1. Chemical structure of YT-146
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WP L. TR R % o L R AR AR S & B 0 A A A B S D A e 4 X
OMHNZHFE L2 0EPERF Lo, BRI A X0/ /5 EREEE T LV EH
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ETNEHTLI2HERENBEFIRNELE L3 LREERORT

YT-146 (ZEEVIRAN ~ O F 5 T i & 2 {0 S W, 0 # o DBt I f
MTHLHENBEIND, ZORBMRK G IZEAELE DT —T V2 @Ik E THA
TOMEND D, AT, EE3IRAEKS L0 EE LT WRE#HFIRE S ICX 5.0
REIZOWVWTHRF L, KREBRTIT, A XOHEM/HEREEE T L~ YT-146 #
H# oM &k O mATHREAZFTM L, S 52, OHEES 4 XMz iz
WTH YT-146 BHIC K D0 RZ50MM Lz, i, REBRTIX. E MmO KREOHE
MELTREM T varry s va=r J0EERIToTc, BT Vvarsy s vra=r7
WLIE VX, FE R e AR R A A U WL RER o M/ RE IR IS DA A BB S E D
itk 20RO REREL~OOHMEKOMMELZ AT S EL28IETH D (Fig.2
W), 7L arsova=r 0@, kbW AOREMLHREDREZBHES D
FETHY | YT-146 OEM/FHERKEEICH T 200 R EDROFMZ D OF 72
% (positive control) & L CH W7,

1.1.1 ERME R O F

1.1.1.1 ZR#Y

MERE e — 7 LR (IR E 7.8~12.0 kg) (T A7 & 2 HRlBRIIH Z2 @ U T, 23£3°C,
I 50+£20%., MRPARFRHE] 12 Bpf (7 BpRlkl. 19 BRiHAT) ORMFICRES T b —7
TA I —HRASEEBEFTNERICCEE Lz, 4 X EEE (DM-2, k&4t
) 2. 1 B 118 300 g CHREFLZZ, £z, BEGAKIEEZ MWW T EAKE
KaHBIZERIE T,

AWFFEIZB T D EBRBYWOEEE L HICE LTI, X[E National Research Council
@ Guide for the Care and Use of Laboratory Animals (National Academy Press, Washington
D.C.,1996)IZ it o 7=, ARMFZIX N —7T = A I — RSB EBRE B & OF A K 0K
WERETIThbiL,

1.1.1.2 YT-146 RN EEIC L DMK BEIC R T 5 E D KRE

MEE v — 7 LV KIZ % L. pentobarbital sodium 30 mg/kg % & AR 5 L CHREE L 72,
NIMNERETF 2a— T 2K[EHA L, AN LIERZE (SN-480-3, v/ ®fEATR) % H
WTERNERIZELY NTIER 21T o7 (1 [BI#5 & 20 mL/kg, FEWR RIS 18 [B1/43) . 4
THEIRICH =2 — L &2 A L., #&E D pentobarbital sodium % £t #9112 ¥ Ik N #& 5
L CHERIBRIE 21T o 72, F7o, ETEBIRICEAIRKGEHO N =2 — V&, £ TR
CERMAO =a—VvaeRELL, AF FTRBRICHFALLZN=2—L LD, EFT ¥
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MmEARE L BB LEZ, mMiT#HEEI~LFF ¥ x L a—F— (WR3701, HANE
B v, ERICEE I T,

R A A (SSE2L, Valleylab #) % F\WCTHEMH 5 WL HE LB EAL 2 5B L,
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JE kv HEEL., WEWNE S —7 (FA020S, HANER) %z L THE MWK
(MFV-3700, HAYER) [ CaE@IR#EmREA4 W E L7, B TIX, YT-146 © 0.3,
1.0, 3.0, 10 pg/kg Z RAMEHREG L CTMATENREIZ RIE T3 O 2 F & 5l L 7=,

LLI3AXRDHEL/BEREEETIL

FREE T O MERE e — 27V K2 L C LAD Z#@EH S¥7-, LAD O — 0L il %
EMNOHBEL., 71 m o fa%k (2-00 BARBEFER) 2200, TomiEs R~ ) =F L
v F a2 — 72 LT coronary snare Z{Ef L 7=, 3k Tl coronary snare T LAD %
PAZET HZ LICL D, TOXEBEEAEME L, TOMELM Z LICL 0 FHERE
Tolc, MBRTIIFIHE (EBRERRY) ofkiEHEELZ 38°C IZHE L THIREZ k-
7eo BAMIEAZIZI BEVELTIC T 38°C kb, BE=— L — NTHS Z & THELDW
72

1.1.1.4 oD 5 48 8 i 5% & o 5 il

U 75 FBL 7k 1f. 3 &2 (regional myocardial blood flow, RMBF) O HIEIZAKFEZ VT 7 A
BT o2 P DM O KFEEZMIT 5 H4&EM (UHE-201C, =2=—7 25
4 v X LAD ZEFEHB O A LEBBRENE (EIKH 6 mm) IZHELE, AL
PR 4RI L DR ED 5% OKFATAZRKR ELIC 1 HHEAML, 200
B2V 77 oA FIHEEREER LA —T7 2777 — (MHG-DI, ==—7
AF 4 NVE) CTCEBILEE, KEZVT T oA E~LFF vy 2L a—F—
(WR3701, HAYER) Tk L., A e — 2780 90% 705 40% (2 FR§ 5B
WCEL7ZREM T (90 to 40) ZRe ., FXZ& A Tl i ML i & 2 B L7z,

O %5 AL A% Mo 3 & (mL/min/g) = —1In(40/90) / T(90 to 40)

1.1.15 DHEEY (4 XDl

FERHE T 1212 heparin sodium % &Ik N # 5- L | pentobarbital sodium i iR # 12 T 1 X
RIS E, EXONICOBERME Le, ODHEEY A XOREIL Evans blue &
2,3,5-triphenyl tetrazolium chloride (TTC) (I &k % "B @ikl Tir-> 72, OlE%Z 0.9%
AMAEKICTEM L, KEREDY LAD Ih=a2—L &AL, K#BRI=a2—1
22513 2% Evans blue i5i#& % .LAD 1 == — L 2> 53 0.9% A B A %% 100 mmHg



DOEICTHEEALZ, LAD FAZIZ LV EBMICH > 28 L IE, ARERIC LD P X
g, ZoOEEE ) A 78K E Lic, —F., AFRERCREA I ML, Eiic
Ma b 7ot vy 2L THY X EE L,

WIZ, EALBEEALEAHBELZYRLELELEND 7 ORI Z/ERL -,
U A 37°C IR L7z 1% TTC iR+ T 15 A v Fax—va L., Milkx
et U 7o, TTC FEYe o e ek 2 00 5 A0 I 28 B2 i /P E IR IF (S50 L /- FEZE M & L, TTC
Yeto fEIR 2 DA MR N A L TV D IEMEERER & LTI L, S5 % 3% &
VAT IOVT B R Z AW T —BREE L, B ol 2 B2 E (QUANTIMET
500+, Leica ) ZHWTHBEBOBEHMEHEH L7, 7 HOUAFOREICKIT 5K H
BEEAEGH L CRmEEE L, RBREZUL T LY Tk,

U2 7888 (%) =V 27 EBRERE | A0=kma (V27 #EB+IEY 2 7 fHE
DO FE) x100

ORFFEFE Y A X (%) =fEEEMGEE / U R 7 S0 AT x100

1116 MR L7 F X F—EEEDOFM

Heparin sodium TAEH L 72EHNEHZH VT, MOLHA T =2 —1 2564 1.5 mL O#H)
IR I 2 FEEF A ICEREL L. B HIC 4°C, 1000xg T 10 Zpfm.o L CmiEs5, 7 L7 F
&R —BIEEHAER £ T -20°C TRAF LT,

miEf 7 vrF o —BEEIIHROMEEx v b (L-type Wako CK, Fi1 J fifi 3K 44 )
RV, Ao iEE (CL-8000, &EtffEprdl) ([ THIEL 72,

1.1.1.7 FB®& 7o ba—

Fig.2 IZiBr~7 v b a— & /Rrd, EBRIX vehicle B, YT-146 3 ug/kg (LH &) #
H#E. YT-146 10 pg/kg (R &) BGHELOEL SV a T v a = JWERICT
Tole, BMM/BERBELZIT S OO K, MATEHENLE LKA T LAD %
coronary snare CPHZET 5 Z L2 XY LAD XEMEBAZEM L L, EiMkEE 90 4
AR Lo PAEZMS ZLICR Y BER L, 2O RIL 5 KEHAT > 72, Vehicle
BDHUVT YT-146 KR E 2 RGO 1 i KERFIRE VK 1 02000 TERIRN
BhHT 252 THEDELGEIToT,

LAD =< Fic g d8k o Jmy pir o0 755 I 3t & (3% . SR A wit, MM 60 4rf%. FMEWE 5. 30. 60,
120, 180, 240 K r* 300 wZICHE L7, MR 7 v 7 F o —BEMHEZHET D
7o, mimEMEET, F#ER 5. 30, 60, 120, 180, 240 K Uf 300 44 KERSE)R 2> 5
B L7z, HEREOLEME (V) BNELCEEAE,. BRMEes (74 73y 7 9B,
NEC Medical i) ZH\, iz 10~20) O EEERIC CEZEHM L CERME L 7=,



BB, TRFEENELEESG., TORATRBRK T L L, MBROMIT X505 B
L7z,

(1) Lo fmEElc VE RECTEHEA

(2) HERTOVE oA, AU LORMEBIGZOERZLEL LELE
(3) FE i 60 4y % o J& Ar O 5 IfL 3 & A% 0.1 mL/min/g LA ETH - =54

1.1.1.8 #EtE

B AE R IX AR ERR IO TR Lz, EWE SR & vehicle BEOBICH T D U A
7 ek & FEIE D A X D 51X Dunnett O % B BRI T, O E, DI, R AT O
MEXROMERT 7 L7 F o F —PEREOET - CRBEOBON E 2L BEREICTH
E LT,

YT-146 treated group

30° 90" 300 R

/

Vehicle or YT-146

Ischemic preconditioning group

s0: 518 R 90 -| 300 -R

4

Fig. 2. Experimental protocols. All dogs were subjected to 90 min of ischemia (90’-1)
followed by 300 min of reperfusion (300’-R). Vehicle, YT-146 3 pg/kg, or YT-146 10 pg/kg
was administered intravenously into the ischemic/reperfused dogs 1 min before the onset of
reperfusion. In the ischemic preconditioning group, 4 episodes of 5 min occlusion (5’-1)
followed by 5 min of reperfusion (5’-R) were performed before 90 min of ischemia.



1.1.2 8

1.1.2.1 YT-146 OFIRAE 5% 0 &M it & Kk 2 H iTE %O X1k

JFRIFE L 72 A X112 YT-146 % 0.3, 1.0, 3.0 & T 10 pg/kg TRBEE G L 72 Ko & i i
B, OPHMmEROLHEOEYE SR ND OELEE Fig.3 27, A 5RO
g &, SFHMmERRLHEOYMEITZENZ i 1922 mL/min, 9629 mmHg & O
13749 bpm Th o7z, YT-146 & 5% 1T, i ifi & X3 M B AR 2N 2 " L
10 pg/kg TIEE GRS 44212 mL/min 8§01 L7=, — 5. 10 pg/kg HEHFICB T 5 F
BIIfJE Je OV B O e KRBV X E N ZE 4 -8.084.4 mmHg & Y -6.3+7.5 bpm T®H »
7=
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Fig. 3. Effects of YT-146 on coronary flow (a),mean arterial pressure (b) and heart rate (c)
in dogs. Each value represents the mean+S.E.M.of 5 dogs.
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Fig. 4. Effects of YT-146 and the ischemic preconditioning on mean arterial pressure (a)
and heart rate (b) during ischemia (-90 to 0 min) and reperfusion (0 to 300 min) in dogs.
Each value represents the meantS.E.M. of 5 dogs. Groups: vehicle (@), ischemic
preconditioning (O), 3 pg/kg YT-146 (A), and 10 pg/kg YT-146 ([1). The mean arterial
pressure and heart rate were not altered by treatment with YT-146 or the ischemic

preconditioning.
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Fig. 5. Effects of YT-146 and ischemic preconditioning on regional myocardial blood flow
in dogs. Blood flow at the territory perfused by the left anterior descending coronary artery
before and during ischemia (—90 to 0 min) and after reperfusion (0 to 300 min) was measured
by the hydrogen clearance method. Each value represents the meanzS.E.M. of 5 dogs.
Groups: vehicle (@), ischemic preconditioning (O), 3 ug/kg of YT-146 (A), and 10 pg/kg of
YT-146 ([J). Regional myocardial blood flow of the ischemic preconditioned heart was
significantly lower than that of the heart without any treatment. * p < 0.05 vs. vehicle group.
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Fig. 6. Effects of YT-146 and ischemic preconditioning on hyperemic coronary flow at 5
min after the onset of reperfusion in dogs. Each value represents the mean+S.E.M. of 5 dogs.
Groups: vehicle, ischemic preconditioning (P.C.), 3 pg/kg YT-146 (YT-146-L), and 10 pg/kg
YT-146 (YT-146-H). YT-146 increased the hyperemic coronary flow dose-dependently and
significantly at the dose of 10 pg/kg, whereas the ischemic preconditioning did not alter the
flow. * p < 0.05 vs. vehicle group.
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Fig. 7. Effects of YT-146 and ischemic preconditioning on ischemia/reperfusion-induced
myocardial infarct size in dogs (a, Risk/LV; b, Inf/Risk, c, Cross sectional images of left
ventricular from vehicle and YT-146-H treated group). Each value represents the
mean+S.E.M. of 5 dogs. Risk/LV, ratio of risk area vs. left ventricle; Inf/Risk, ratio of
infarct size vs. risk area. Groups: vehicle, ischemic preconditioning (P.C.), 3 ng/kg YT-146
(YT-146-L), and 10 pg/kg YT-146 (YT-146-H). Infarct size of the ischemic preconditioned
and YT-146-treated hearts was significantly smaller than that of the heart without any

treatment. * p < 0.05 vs. vehicle group.
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Fig. 8. Effects of YT-146 and ischemic preconditioning on plasma creatine kinase activity
in dogs at different periods of perfusion. Ischemia was induced at —90 min and reperfusion
started at 0 min. Blood samples were collected at the indicated time points. Creatine kinase
activity was measured by use of a commercially available assay kit. Each value represents
the meantS.E.M. of 5 dogs. Groups: vehicle (@), ischemic preconditioning (O), 3 pg/kg
YT-146 (A), and 10 pg/kg YT-146 ([1). The amount of CK released after reperfusion was
significantly reduced by treatment with YT-146 or ischemic preconditioning. * p < 0.05 vs.

vehicle group.
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1.2.1.6 HHEOE
WARFALER IR & R EEICAT o T2,

YT-146 treated group
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I /d

s .
- L

Y T-146 infusion (75 min)

1: >

YT-146 bolus injection + infusion (60 min)

Fig. 9. Experimental protocols. All dogs were subjected to 90 min of ischemia (90°-1)
followed by 300 min of reperfusion (300°-R). In infusion study group, Vehicle, YT-146
YT-146 0.1 pg/kg/min, or YT-146 0.3 ug/kg/min was infused intravenously for 75 min into
the ischemic/reperfused dogs 15 min before the onset of reperfusion. In bolus injection +
infusion study group, YT-146 3 png/kg was administered intravenously 1 min before the onset
of reperfusion and followed by YT-146 0.3 ug/kg/min intravenously infusion for 60 min.
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Fig. 10. Effects of YT-146 on mean arterial pressure (a) and heart rate (b) during ischemia
(=90 to 0 min) and reperfusion (0 to 300 min) in dogs. Each value represents the
mean+S.E.M. of 3-5 dogs. Groups: vehicle (@), YT-146 0.1 pug/kg/min (75 min infusion,
O), YT-146 0.3 pg/kg/min (75 min infusion, A). The mean arterial pressure and heart rate
were not significantly altered by vehicle or YT-146 treatment.
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Fig. 11. Effects of YT-146 on regional myocardial blood flow in dogs. Blood flow at the
territory perfused by the left anterior descending coronary artery before and during ischemia
(—90 to 0 min) and after reperfusion (0 to 300 min) was measured by the hydrogen clearance
method. Each value represents the meanS.E.M. of 3-5 dogs. Groups: vehicle (@), YT-146
0.1 pg/kg/min (75 min infusion, O), YT-146 0.3 pug/kg/min (75 min infusion, A).
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Fig. 12. Effects of YT-146 on ischemia/reperfusion-induced myocardial infarct size in dogs
(a, Risk/LV; b, Inf/Risk). Each value represents the mean+S.E.M. of 3-5 dogs. Risk/LV, ratio
of risk area vs. left ventricle; Inf/Risk, ratio of infarct size vs. risk area. Groups: vehicle,
YT-146 0.1 pg/kg/min (75 min infusion), YT-146 0.3 ug/kg/min (75 min infusion). Infarct
size of YT-146 0.3 ug/kg/min-treated hearts was significantly smaller than that of the vehicle

treated heart. * p < 0.05 vs. vehicle group.
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Fig. 13. Effects of YT-146 on plasma creatine kinase activity in dogs at different periods of
perfusion. Ischemia was induced at —90 min and reperfusion started at 0 min. Blood samples
were collected at the indicated time points. Creatine kinase activity was measured by use of
a commercially available assay kit. Each value represents the mean+S.E.M. of 3-5 dogs.
Groups: vehicle (@), YT-146 0.1 pg/kg/min (75 min infusion, O), YT-146 0.3 pg/kg/min
(75 min infusion, A) The amount of CK released after reperfusion was significantly reduced
by treatment with YT-146 0.3 pg/kg/min. * p < 0.05 vs. vehicle group.
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Fig. 14. Effects of YT-146 on mean arterial pressure (a) and heart rate (b) during ischemia
(=90 to 0 min) and reperfusion (0 to 300 min) in dogs. Each value represents the
mean+S.E.M. of 5 dogs. Groups: vehicle (@), YT-146 3ug/kg (bolus) + 0.3pg/kg/min (60
min infusion,O). The mean arterial pressure and heart rate were not altered by treatment
with vehicle or YT-146.
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Fig. 15. Effects of YT-146 and ischemic preconditioning on regional myocardial blood
flow in dogs. Blood flow at the territory perfused by the left anterior descending coronary
artery before and during ischemia (-90 to 0 min) and after reperfusion (0 to 300 min) was
measured by the hydrogen clearance method. Each value represents the meanzS.E.M. of 5
dogs. Groups: vehicle (@), YT-146 3ug/kg (bolus) + 0.3pg/kg/min (60 min infusion,O). Five

min after reperfusion, regional myocardial blood flow of YT-146 treated heart was
significantly higher than that of the vehicle treated heart. * p < 0.05 vs. vehicle group.
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Fig. 16. Effects of YT-146 on ischemia/reperfusion-induced myocardial infarct size in dogs
(a, Risk/LV; b, Inf/Risk). Each value represents the mean+S.E.M. of 5 dogs. Risk/LV, ratio of
risk area vs. left ventricle; Inf/Risk, ratio of infarct size vs. risk area. Groups: vehicle,
YT-146 3ug/kg (bolus) + 0.3pg/kg/min (60 min infusion). Infarct size of YT-146-treated
hearts was significantly smaller than that of the vehicle treated heart. * p < 0.05 vs. vehicle

group.
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Fig. 17. Effects of YT-146 on plasma creatine kinase activity in dogs at different periods of
perfusion. Ischemia was induced at —90 min and reperfusion started at 0 min. Blood samples
were collected at the indicated time points. Creatine kinase activity was measured by use of
a commercially available assay kit. Each value represents the meantS.E.M. of 5 dogs.
Groups: vehicle (@), YT-146 3ug/kg (bolus) + 0.3pug/kg/min (60 min infusion,O). The
amount of CK released after reperfusion was significantly reduced by treatment with YT-146.

* p < 0.05 vs. vehicle group.
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k=, 72, EER51E, BOECITOA TS EMnE, BMIREICH 2 08I
KL TH YT-146 (ZIREDNREZRBEST 52 LB RBE I NI,

YT-146 0.3 pg/kg/min 5B O L E Y 4 RO/ F1L 35.0% ([ZB £V, mifi
TO YT-146 Z2EFFIRNE G LS50 NOM/NIIXkIiERhotz, £2 T, H
FE A 1 O BUEF RN B 502 £ 20 A LRk M iR B ONE R &L TR O FRREERARIN
BHEIZCEDEROMABEDLEIC OV THF Lz, £ORE. YT-146 O TH # kN &
H LR IRNES OMAE T HIER 5 28O LHMBLAREEZENESES L L
W2, LDIEEY A X &ML, ZOLHBEEY A XOM/NNRIZ, T Eh o M
BEHETOMRIVbEVED ThoTc, ULEOFRNL, 2 DOREHiEEZHAE
b¥2s 2T, WEIROEVLREBIREHG DL LN TE T,
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/NTE

1.

TTFE )Yy A, RKRT I =X MO YT-146 2 RAEBE G T 52 210k HEK
TEH) 70 e ML 96 & O B N 23 3R S v 7=,

A XM/ FRERBEEET T LV CHERERO YT-146 2 HIRAKGEIC XD
HEREZORISHET M2 HEERAICENEE 5 2 Nk,

A SO R L/ AR PR E T VIS T o MR EL AT YT-146 &0 § IR N #¢ 51
L0, HHERS FM%EOLBEEY A XN HEERFEOCH/N S, B/
IarmiEro s v rFroxF—PiEo ERE b BB SA-, DHEEYS A XDF
INOREF, BEM 7L arT o va = I HRICEIDILDLERBEETH -,
D YT-146 O LG IX 2 MATHREICE B L 2o 70,

(B

(&N

A XD EMEEREET T L TOOHMAMMLKEEZE NS E2W0WHED YT-146
ARSI REIRARE L TH ., BN 5 RREZOLMHEEY 4 X E2 S
A ENTET-,

A X0 L/ FRHE B PR 7 L T o FHENEATO YT-146 Sl F RN &% 5 & O

PR OFFReiFIRN G OM A I, FHE 5 K% O L i BE2E Y A i /%)
REXTNZTNOHMLE LY b RE L,
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FE2E 7y ML Langendorff WA Z W72 YT-146 O L F BB 2 R #E/ER
F; i)

ATEE T Linvivo A X Ol M/ EREEE 7 L T YT-146 O FIR N 5130 ) 18
EROMBEEZ2RB TR Lz, 2OTT /Yy AyZBFERTIT=ZFOD in
vivo [ M/ ERE S ~O LREEROWT X, 77 7 v v A BEER %03 551
MFEEREIMIER TH 0 3D Z o E  YT-146 1 H R E % 0 KIS 75 M % 70 S 4,
B/ RO MEEER DT L ZE A bR, MA T, TF /v Ay SRIET
== A M LA R ER O TE AL R ORI B 2 L N STV B 28RS0,
IO OEMITAEMSMIEREICE DL ~DOBEHEZ Dz 3L X — HE LG O
& D WL FFREE RIS W EL T D 0 MR~ 0 BB R - 0 ] 2 &L D MR DL AR~ o f8)
EnFICEoMBENRLOHREEREEZOND, TO—J T, YT-146 (X HF#EW 15
SSETOREMIREEN S . BT 60 0% £ ToO 15 M OFHEE TH . BN o
MmitEEZEMEED 2 L DFEEY A X2 —Hf/hSEsZ LIckEh L, &6
2. AR OHMBME N BEBSN TV ARWVIREBOLG T, MERD M2/ S8
LZEMAETHDL I E LR LT, IND ORI D YT-146 130 ) 15k M 7k & o
IR L WD REER 2 RBET 22 B8F 2ok, L Lo, & im/fHE
TFEFIZR L, YT-146 QL ~DOEEN RREFEHOAFEIZOVWTIEIAATH D,

ZZ T, ARETIE, 7 v MEH L O Langendorff 1 #E RS A & W C g L/ R
KDL IHE A EICKIET YT-146 O RICHOWTHRE Lz, RERTIT, FHEKED
MK DN LEEB L RLHRMN~GEX2EEZETLIZD, MIEORD VI
Krebs-Henseleit #2@E TR DK Z#ER L=, MZx T, YT-146 MEIC LV FR I N
LLMHREERICEET 27T )V UVRRKRYT T XA TIZOVTRHREFT L2701,
YT-146 CHx T 7 ) VU RKT 2T =AML DMAEERELITo T2,

iy varry g va=r7oLfRi#EXTe T A %S —E C (PKC) &M%
NTHZERMOENTND, AIEICBWT, YT-146 I 7 va v T sva=v 7k
[ AR ML A L WD REIER 2R L7 2 &b RETIT YT-146 O
o R EER ICRT 2 PKC OB Sl oW TH ML 72,
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2.1 ERMB RO TG
2.1.1 EREY

HePE Sprague-Dawley 7 » b (fKHE 250~300g) Z#H Wiz, 7 v MIAMK LR
BRI 28 U, JREE 23+3°C, {@/E 30~80%. FRHRER] 12 Bpf (7 BEAAT, 19 KE
HIT) OFRMFICRESNT b—T =4 3 —KRASH@ESHRFTTAERICTETE L7,
f B E R (F-2, KA EMERSER) 2B mERE L, £, ABKBKEE
ZHAWT EAKEARKEZBHBHIZERS 7,

AWFFEIC IR T 2 EBRE OF B LEMICE L Tix, K[E National Research Council
@ Guide for the Care and Use of Laboratory Animals (National Academy Press, Washington
D.C.,1996)IC1t o 7o, ARMFFRIT b —T =14 3 —KRASH Y ERE B OFEAE K K
WERTIT oI,

2.1.2 v MR L Langendorff #EAE A o /EHL

Z v b % sodium pentobarbital (30 mg/kg) fEREWNE G CTHRREEL. FREER S
heparin sodium % (1000 IU/kg iv) % #iEL7, +OIKMEPEAINTND Z &%
R L%, HL IS OlE A L. Langendorff #EVi 2 (Technical Supply ) 2
e Lo, HEWRIZIE Krebs-Henseleit & (NaCl 120 mM, KCI 4.7 mM, CaCl; 1.25 mM,
MgSO, 1.2 mM, KH,PO, 1.2 mM, NaHCOj3; 25 mM, glucose 11mM) % H V>, 70£5 mmHg @
EJE T CHWMEIT > 7o, WL 37°C IR L., IBE&H A (95% : O, 5% : CO,)
AR S CERENIEE 600 mmHg 2> 72, Langendorff i %E @ O W B ICR% & L
eyt W E 7 v —7 (FF-030T, HASLER) #Jr L., EBMKE (MFV-3700, HA
B I CREBREE R & (coronary flow, CF) 2 MIE L7z, ZL0ENDEDL=RICA P
BRWEAEMIZLEZTT v 7 AL —2 (LB2.0, 7 Aafl) AL, EFNT 2T
= —4% — (DX-360, Ohmeda #) %/ L CEENT 7 (AP-601G, HANEH) (T
TELENEZMNEL 2, OHEEBELHG (AT-600G. HAEER) 2 Hwv, £
FENEHLIOVER L, £/, EFEIEERMIEIT 5~10 mmHg OWBE L 725 L 5
TT I ANL—=DELAICLVHAE L, EOFEICEMAZRE L., BEXMHEE
(SEN-7103, HAXER) %MW T 150 bpm (I TOEE X—> v 7/ Lz, MmAiT@EhRE
FOCF iZ~vAFFrrrlba—&— (WR3701, 77 77 v o7 #) ([ZHEEHICFEHER L
7o, =R ALE (left ventricular developed pressure, LVDP) (X2 D= ILHE 1 )E  (left
ventricular systolic pressure, LVSP) 7> & | /2.0 = IRk K I £ (left ventricular end diastolic
pressure, LVEDP) Z#Z L A< Z &IT LW R LT,

213 EREH 7 VT F o2 —BEEOFM

HERRIC D2 O L2 EREZ 2RI, 202260 L7e CK &M% %
ELTe, HEWRERP O CK IEMHITHROMEF v b (LFA 7T a—CK, Fitflidkd)
M Afp o (CL-8000, SEEEATR) I THIE L7z, HH#ERFIC CK &
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M RRRFRCHIE L, 60 o\ ERICK T 2R FHEfE (AUC) ZEH L. OfE
ML - aEEBEEELE LT,

21.4 RBR7 v b a—
2.1.4.1 FEHERLBE~D YT-146 # 5 K O I /B # K

Fig.18 |2 7' = | :%w@ﬁmﬁzﬁ:%% 20 Sy o i@ R X D L RE R E AL
D t% . Langendorff JEEEE O MK ICHE L2 L0 | FFftdE A28 (Model-22, Harvard
) AW T B S 50 YT-146 (F& R 0.03,0.1, 0.3 uM) % 7L 8 Jk # it & @ 1/100
D & THREFEHR L ’%Dubf:o AN A2 B REWRIK T 10 s MFEED L7, 30 43 [0 i~
DOEEFRRMEZERICELETIZ22LICLY, LDHEMEER L, Z0%, ERKO
s % 5 B é’@é ZElZEY, 60 D OBEREITo T,

21.42YT-146 DM LHREERAICHEFETLITT ) VU XBRY T2 TOHEE

K MLAT 20 43 [ oo W HEVR I K 2 DS RE L Efb o BRI AT LT, YT-146 (%
BEOIWM) &, ST T )V URREPT XA TOT X T=A FEDOHMATLE
AT o=, TT vy AL ZRIKT % 2 =2 8-cyclopentyl-1,3-dipropyl xanthine
(DPCPX) X, 01 pM., 7 5 J ¥ ¥ PMpp ZTERWK T v % 2 = 2
1,3,7-trimethyl-8-(3-chlorostyryl)xanthine (CSC) (%, 1.0 uM., 77 / ¥ ¥ Ay T HIK
7 v 2 =2} alloxazine X, 0.3 uM K OT T J V¥ A3 ZRIKT 2 d =2 |
MRS-1191 | 1.0 yM ZEWRKIZIHRIM L7, 26 3HEY %2 5 @RI < 10 43 [ #E oo
g 2 WE v U 7o #% . BRC & BRI i/ F B vE 21T - T2,

21.43YT-146 o LHRFEER K5 PKC OB &

LA 20 MO BEERIC K 2 DEREZELDOR., ERERKZT L T, YT-146
(0.3 uM) K Y PKC LK chelerythrine (1.0 uM) Z @8 IR & D 1/100 DK &E T
BEWRHCIRM LT, A2 S HERIKE T 10 SRR L%, Lo & mARICHE /7
WMEIT-> 712,

2.1.5 #EHLHE

AR R IT R EEAERR E I TR LI, MEHFHIMENT X EXSAS (Arm Systex f)
EHNTAT oL AEZDOBEICIT — B & 0 B £ 7213 Z o B & 5 B A 2470
MG U C Dunnett £ 720% Tukey O Z ELE 2 H W=, BREIL 95% O 15 #E E
(p<0.05) ZH > THEZEHV LHE LT,

29



Ischemia/reperfusion YT-146 treatment
-30 10 0 30 90 (min)

Vehicle
YT-146 0.03 0.1 0.3 uM

YT-146 + adenosine receptor antagonist or PKC inhibitor treatment

-30 100 30 90 (min)
YT-146 0.3 uM + DPCPX 0.1 yM (adenosine A, receptor antagonist)
YT-146 0.3 yM + CSC 1.0 yM (adenosine A,, receptor antagonist)

YT-146 0.3 uyM + Alloxazine 0.3 uM (adenosine A,z receptor antagonist)
YT-146 0.3 pM + MR 3-1191 1.0 M (adenosine A; receptor antagonist)
YT-146 0.3 pyM + Chelerythrine 1.0 yM (PKC inhibitor)

Perfusion .Treatment lIschemia

Fig. 18. Perfusion protocol of isolated rat hearts.
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2.2 FER

221YT-146 DBEMATREIC LD ODHEENRGEEERHOBRHN

2.2.1.1 YT-146 2 & 2 E B AR FE 5 & ~ D &

YT-146 Z MG LIcR o Z v b ER DO S8 RERE (CF) & Table.l

\Z/RT ., YT-146 # 5l (Baseline) O #&#£d CF L 17.2~17.7 mL/min T, W¥ih

T ILE 21T > TV 72 vehicle FEOZ & FBEDE & 7> 72, YT-146 % 0.03, 0.1
LV 0.3uM ORETHEELET L L, CF ITAEKFICHEM L7 (Postagent), FF#E
#& 7 (Rep 60 min) IZ vehicle #£® CF /% 6.2 mL/min £ T4 L7Z2%, YT-146 0.1 &

O 0.3 uM #& 5B Tid vehicle #EOZ N LV b ®EAZR LI,

TABLE 1. Changes in the coronary flow value of the perfused hearts (mL/min)

Groups

Baseline

Postagent Rep5min Rep 10 min Rep 30 min Rep 60 min
Vehicle 17.7x141 170+£0.6 7006 7.3+x08 6.8x+0.5 6.2+0.7
w *

YT-146 0.03 uM 17.2+03 21713 8702 8.2+03 8.2+06 7.0+x06
* w w w *

YT-146 0.1 pM 17.3+£06 27710 100+£04 10503 98204 881204
* w W *

YT-146 0.3 upM 17.3+£0.8 302+ 0.6* 120+04 11805 11.0+£0.9 10.5+08

Each value represents the mean £ S.E.M. of 6 experiments.

* significantly different from the control group (p<0.05).
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2212YT- 146 T E AP BERBOLELBEREFEICRIETHE

O 1./ P R RE L JE DR D R 0 D NG ) D FERE T b S LR A JE (LVDP) & Fig.19
WCaRT, EIMETO& EBREEDO LVDP 1L 144.7~152.2 mmHg & 720 . WT Lo EEREE
MTHLREBEOLIME I TH o7z, DFE V., YT-146 23 1IE 5 FEFE O O IUHE 7712 15 52 52 2%
THLZEIFENZ LN RSN, Bl E 3 4 LLNIC, LVEP IX 0 mmHg IT/K
L. BB P IE 0 mmHg (Bl IRRAE) CHERE L7, MW % . vehicle B
®D LVDP (32 2 E L . HERK THOZNITEMATMEOR 30% Lo/, —F,
0.1 Y 0.3 uM YT-146 EMATHE G2 LV . BERK 7% O LVDP B IXRIE S 4,
FRZENEMAEOK 40% KO 60% % CTHIE LT,

160
140
120
100
80
60
40
20
0

LVDP {(mmHg)

-40 -30 -20 10 0 10 20 30 40 50 60

Time after reperfusion (min)

Fig. 19. Time course of change in LVDP of the 30-min ischemic/60-min reperfusion. Data
are shown for vehicle treated control hearts (@), hearts treated before ischemia with YT-146
0.03 uM (), 0.1 uM (A) and 0.3 uM (O). Each value represents the meantS.E.M. of 6
experiments. *, significantly different from the control group (p<0.05).
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2213YT-146 I X 2B/ BERKOLLEBEINBERBAECRIETTHER
FE Uk D 1 ML/ P E VR RF IC 38 0T D A2 b =Rk R W = (LVEDP) % Fig.20 (2”7,

Vehicle B LVEDP fH X M BI4EE L H L7=, LVEDP X, H#RBEMBERICIHIC
EH L, 205 %Ik KME (13545.7 mmHg) (2 L 7=, LVEDP I # i o
el BT LS, HERK TR TYH 82.3+1.7 mmHg OEME & 20 FH#EHKL
I COIEEREOFE N/ RINT-, —JF. 0.1 KO 0.3 uM YT-146 #& 5 B T3 & M/
FEJTIF O LVEDP E 2% vehicle #EoZ v X0 b8l S4v, HmE#EWR 5 n&ICixTh
Ziu 101.046.1 & TN 98.2+10.8 mmHg % . FHEWK THRFICMEIZZ L Z 4 53.524.8 K&
O 51.7+4.4 mmHg OKE & 720 | FHEVE R O DL R AE DO BE DN /R S T2,

160
140
120
100
80
60
40
20

LVEDP {(mmHg)

40 -30 -20 10 0 10 20 30 40 50 60

Time after reperfusion (min)

Fig. 20. Time course of change in LVEDP of the 30-min ischemic/60-min reperfusion. Data
are shown for vehicle treated control hearts (@), hearts treated before ischemia with YT-146
0.03 uM (), 0.1 uM (A) and 0.3 uM (O). Each value represents the meantS.E.M. of 6
experiments. *, significantly different from the control group (p<0.05).
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2214 YT-146 Z X 2 BERLEB» OEBRBE P ~EBR L7 VT F 27 —BEME~
DI FR

R DB DMK~ L2277 L7 F o) —¥ (CK) IEMHE%E Fig.21 2/~
3, Vehicle #OM¥F T O CK iHMEIEL 15.941.8 x10* IU ThH » 7=, YT-146 AL{ERE T
. CK {EMENEY L EICIE T T T L, 0.3uM # 58 TIX vehicle B0 Z LD
50% & 72 o7z,

16
14 r l-
12 *
10 T

CK-AUC (x 104 1U)

o N A O
T

Control 0.03uM 0.1uM 0.3uM
YT-146

Fig. 21. Effects of YT-146 on AUC of creatine kinase caliculated from the activity and
amount of coronary effluent during 60-min of reperfusion. Hearts were either vehicle treated
control or treated with YT-146 at dose of 0.03 uM, 0.1 uM and 0.3 puM. Each value
represents the meantS.E.M. of 6 experiments. *, significantly different from the control
group (p<0.05).

UL EDOFER/NS . YT-146 0.03 upM #F 5B T, BIMLATO CF Z BN S H 7228, i
WHED CF, LVDP K (Y LVEDP fE % kEH 3, Mo HE LI D O CK il % 1
L7gnodz, YT-146 0.1 uM G5B CTIXH#ENKF O CF XU LVDP O F ER#EN &
LVEDP ERIFEE L7=b oD, HERKEO CK M LR 2D S &5 @HmICHE £ -
oo —JH. YT-146 0.3 uM G5BT I N LFMERE O 2T THELNRD Nz Z &
N, LIBEOERR CHEROIKRICERASE 2 YT-146 BE % 0.3 uM & L7z,
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222YT-146 D LHEBENRRBEERCEFETEITT /) VUZRREY T 24 T OKRE
2221 YT-146 75T ) VU BFET7 o Z =R MEAEREICI 3 EBREREC
BiETHR

MM/ FREREEICR T2 YT-146 IC XD LMREICE ST 277 7 v U /KK
ODWTHRHNT DD, TT )V UZRB®ES T XA T ~ODT7 %3 =2 DPCPX (A;
T oA A=A F), CSC (Ajp 7% =R F), alloxazine (Ag 7o X A=A L) b
50T MRS-1191 (A 7o X T=ZX ) OWFhngd YT-146 L REHREGE L, &7
A A=A N EFAREREG LZRO CF % Table.2 (2777,

DPCPX. alloxazine & %\ ¥ MRS-1191 %, YT-146 & 52 L 5 Efaid CF #N
W Lo 7=, —JF. CSC X YT-146 (2 Xk 5 CF BmA b L 7=,

F#EFFE D CF X, CSC K O alloxazine [FIFEH# 5-8#E T YT-146 B 58 & [F R
IZPRFF S du, vehicle #EL L L CTHEZR &M A~ Lz, —JF . DPCPX [AFE# 5-# D
CF 1T YT-146 MK GEHOLTH LV HIRMEICZR 72, MRS-1191 FF&K G #E D CF
X, vehicle #EDOZ N EFRIKDOMEE 2o 7=,

TABLE 2. Changes in the coronary flow value of the perfused hearts (mL/min)

Groups Baseline Postagent Rep5min Rep 10 min Rep 30 min Rep 60 min
Vehicle 177411 170:06 70406 73:08 68405 62407
YT-146 (0.3 uM) 173:£08 302:06 120404 118£05 11.0£00 105:08
YT-146 + DPCPX 183£10 283:05 73:08 67:02° 70£07" 58:07°
YT-146 + CSC 182+07 143:04° 08:04 100:04 102407 09706
YT-146 + Alloxazine 173:06 265:04 102:05 08:04 07202° 02:02°
YT-146 + MRS1191 168+11 285407 105404 100+03 00403 77403

Each value represents the mean + S.E.M. of 6 experiments.  *, significantly different from the control
group (p<0.05). #, significantly different from the YT-146 alone treated group (p<0.05).
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2222 YT-146 L 7T )V U BZBFERT VX IR MNABRE I DPELEREEC
BiETHHR

TT Yy Al Apay A KDY A ZRIKOT X T =R KL YT-146 O G &
H L7/ HERFEICE T 208 5% AE (LVDP) % Fig.22 12/~ , CSC,
alloxazine & % v & MRS-1191 O [A R G 1L YT-146 (& L 5 i #& T K> LVDP
BIEMREICEELZHE 2T, TN ENEMATMHEDO 55.945.1, 52.1+1.9 K" 47.521.7% ¢&
2o fc, —J . DPCPX & OMMAETE LG TIX, YT-146 |2 X 5 M #EWEFF O LVDP [0 1%
FIHW S 4, vehicle B0 Z & FAERD 31.714.6% & 72 o7z,

160
140
120
100
80
60
40
20

0
-40 -30 -20 10 0 10 20 30 40 30 60

Time after reperfusion (min)

LVDP (mmHg)

Fig. 22. Time course of change in LVDP of the 30-min ischemic/60-min reperfusion. Data
are shown for vehicle treated control hearts (@), hearts treated before ischemia with YT-146
0.3 uM (O), YT-146 0.3 uM + A; AR antagonist DPCPX 0.1 uM (A), YT-146 0.3 uM + Aja
AR antagonist CSC 1.0 uM (A), YT-146 0.3 uM + A,z AR antagonist alloxazine 0.3 pM ([J)
and YT-146 0.3 uM + Az AR antagonist MRS1191 1.0 uM (<)). Each value represents the
mean+S.E.M. of 6 experiments. *, significantly different from the control group (p<0.05). #,
significantly different from the YT-146 alone treated group (p<0.05).
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2223 YT-146 L 7T )V VR BERT v X =X NEABHRE L D ELEILERY
FCRIETHERE

TT Y Al A Apg MY A X BFIRT X2 A=A ME YT-146 O EHRE
LB L DEIRERME (LVEDP) % Fig.23 ([Z/r7, CSC. alloxazine & %\ (%
MRS-1191 & DA TG 1T YT-146 IZ L 2 HHEWFFDO LVEDP ~D 2 RICEE L 5
RIpInole, —JF ., DPCPX LoMeG¥&RELZITH &, YT-146 © LVEDP L& %##&
WESE L RITWHELE,

160
140
120
100
80
60
40
20

0 ) . 1 |
-40 -30 -20 -10 0 10 20 30 40 50 60

Time after reperfusion (min)

LVEDP {(mmHg)

Fig. 23. Time course of change in LVEDP of the 30-min ischemic/60-min reperfusion. Data
are shown for vehicle treated control hearts (@), hearts treated before ischemia with YT-146
0.3 uM (O), YT-146 0.3 uM + A; AR antagonist DPCPX 0.1 uM (A), YT-146 0.3 uM + Aja
AR antagonist CSC 1.0 uM (A), YT-146 0.3 uM + A,z AR antagonist alloxazine 0.3 pM ([J)
and YT-146 0.3 uM + Az AR antagonist MRS1191 1.0 uM (<)). Each value represents the
meantS.E.M. of 6 experiments. *, significantly different from the control group (p<0.05). #,
significantly different from the YT-146 alone treated group (p<0.05).
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2224 YT-146 7T /) VUV ZRET VX IR NEERRE L 2BERKET 7 L
TForxr—CEHIREITHE

HERLDB»OMHE Lz LT F %) —+¥ (CK) {EM% Fig.24 ([2r3, CSC,
alloxazine & % \ X MRS-1191 & OF A& H1x YT-146 (2 X 2 FF ¥ bt FF 120 ik 2>
SEERME I L CK IEEDER NICRE L >/, —J . DPCPX & O [Ak#&
B Tix YT-146 WEZ1T o722 D 5§, vehicle oz & AEED CK EHMEL 72

Of:o

18
16
14
12
10

CK-AUC (x1041U)

o N B

Control YT-146 DPCPX CSC Alloxazine MRS1191
YT-146

Fig. 24. AUC of creatine kinase caliculated from the activity and amount of coronary
effluent during 60-min of reperfusion. Hearts were either vehicle treated control or treated
with YT-146 0.3 uM, YT-146 0.3 uM + A; AR antagonist DPCPX 0.1 uM, YT-146 0.3 uM +
A, AR antagonist CSC 1.0 uM, YT-146 0.3 pM + A,g AR antagonist alloxazine 0.3 puM,
YT-146 0.3 uM + Az AR antagonist MRS1191 1.0 pM. Each value represents the
meantS.E.M. of 6 experiments. *, significantly different from the control group (p<0.05). #,
significantly different from the YT-146 alone treated group (p<0.05).
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2.2.3YT-146 D.LRBIEAICKHT 5 PKC DB 5

2.2.3.1YT-146 ¢ PKC [HEXMEEREICLIEHIRERE~DOHRE

YT-146 (2 KX 2 LR#EDR~D PKC OFGIZOWTHRE T 5720, PKC [HEFHED
chelerythrine % YT-146 L&A &G L7z, B O S, chelerythrine 1L YT-146 #
5.5 (Post agent) @ i B R#E i & (CF) M B E 5 2 2oz, £ D—J T, PKC
PLEESK & YT-146 O AT GH TiL, HH#EE#% (Rep60min) @ CF 2% YT-146 Hi
MEEGHEOZNED HIKMEEZ R L7 (Table.3),

TABLE 3. Changes in the coronary flow value of the perfused hearts (mL/min)

Groups Baseline Postagent Rep5min Rep 10 min Rep 30 min Rep 60 min
Vehicle 177+11 17.0+06 70+06 73+08 68+05 62+07
YT-146 (0.3 pM) 173+08 302+06 120+04 118+05 11.0+09 105+08

* # #
YT-146 + Chelerythrine 17.2+0.5 278+05 7.510.2# 7.210.3# 72+07 62+07

Each value represents the mean + S EM. of 6 experiments. * significantly different from the control
group (p<0.05). # significantly different from the YT-146 alone treated group (p<0.05).
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2.232YT-146 L PKCHERMEEHREIC L P ELEREERVE L BILBERYE ~
DI FR

Chelerythrine & YT-146 # & HE S LK O R M/HEREICES T 5 A L=ERAE
J£ (LVDP) % Fig.26 (a) (Z. &L Lok KW E (LVEDP) % Fig.26 (b) (& F, YT-146
W KD HREERB% O LVDP [HI1E {2 #%h B 1x chelerythrine ORI & 52 L v Mk L 7=,
YT-146 12 X 2 BV RF O LVEDP L F M2 K & chelerythrine & OfL A& & & 5 TIH
JeAg A & o LTz,

LVDP (mmHg)

b) 160
140
120
100
80
60
40
20
0

LVEDP (mmHg)

-40 -30 -20 10 0 10 20 30 40 50 60
Time after reperfusion (min)

Fig. 26. Time course of change in LVDP (a) and LVEDP (b) of the 30-min ischemic/60-min
reperfusion. Data are shown for vehicle treated control hearts (@), hearts treated before
ischemia with YT-146 0.3 uM (O), YT-146 0.3 uM + PKC inhibitor chelerythrine 1.0 uM
(M). Each value represents the mean+S.E.M. of 6 experiments. *, significantly different
from the control group (p<0.05). #, significantly different from the YT-146 alone treated

group (p<0.05).

40



2.2.3.3YT-146 L PKCIAERM A TR E L 2BFHERBEFTOI VT F o5 F—¥iEH
~DZhFR

FEER O SERETICHE L2 L7 F o —F (CK) &M% Fig.27 125
T, YT-146 (2L 5 CK iEM DL Fix chelerythrine & Ol EHHEIC I VAL L,
vehicle #ED i & [RAERDE & 72 o 7=,

20 r #
18 r
16
14 r
12
10 r

CK-AUC (x 104 IU)

o N A~ O
T

Control YT-146 YT-146
+ Chelerythrine

Fig. 27. AUC of creatine kinase caliculated from the activity and amount of coronary
effluent during 60-min of reperfusion. Hearts were either vehicle treated control or treated
with YT-146 0.3 uM, YT-146 0.3 uM + PKC inhibitor chelerythrine 1.0 uM. Each value
represents the meantS.E.M. of 6 experiments. *, significantly different from the control
group (p<0.05). #, significantly different from the YT-146 alone treated group (p<0.05).
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2.3 B

ARETIE, MK D %G F 72 WIEEEE R (Krebs-Henseleit #&#E k) # AW T T v
MEH DK EFER L, BRI/ HEREIT o7, TOME, YT-146 LEIC LV, PO
A EERFICHEREO LEERIENMEE S NS Z L2 A L, FRFIC, YT-146 13
MR > LVEDP ERZMEl L, 220 ER COMMBBEIE O & S D0
MEroo7z L7 Frod @l EZBO ST, TUODO/RENL, YT-146 OE
I AT 523 . MM IC %t LT~ O E BN 72 (R HEEER 2 35 U B0~ O 52 i/ 75 5
MEEZEBML-EEZONT-,

AT EE DA ZE T L in vivo A X0 i ML/ H VR BEE £ 7 L C YT-146 @O FRIRIN % 523 0
MFEIEY 4 XM/ NS ¥ D LR LTz, YT-146 X, 77/ VU2 RIK A ZRIR
~OBFERE S ZOXHEEREZ T L THREEFENZxR L, FEREFICNT S
DREDRAERET D EEZDNT, LOLARBL, TF /¥y A ZTRKITEITH
HrER S5 T-U o SER SV VLRI TR S 2 L b Y oL REEMIT
in vivo EBREMHCOEM/HHEREET T LV TBRINDG, TO—FT, 77/
Pop TERET A=A MR, LDHMEBICEZEER LEZEO L IREOHFEIZOWTIER
IR TH S, Cargnoni LITBIRIZR T 7T 7 2 A THEERKT I=X D
CGS21680 7%, #&ME ik CHEWR L 7= w7 W .00 ligk o> K ifn. /75 8 o B 5 1 ok LoD i IR B 1R &
RTZEEBRELE Y, Reid 5L LMD TF 2 22 A Z SRR 7S pad/42ERK
DIEMALZ N L, EM/FEREECS L TCOGEREENZRT 2R ELE Y,
% ®—J T, Finegan HX>, Zucchi HiE, AFEBRO L 5 fEEEH W 7 v ML O
ORI IFEREEET T VICEW T, CGS21680 N LREFEHZ RIS W EE2HEL
77,: 57,58)0

AEBRTH, YT-146 TRMATOREGICE W T, EEAIEEICL Y CF 2B+
5 ERBFICHERBEZ®RB L, ELEoLEEREZREESEZ, £ 2T, Eif/
TR E~DO YT-146 OLEHEEHICB T D277 /7 ¥ A T EEHI O F 5
OWTHHTE720D, YT-146 L7 5 ) 22 Ay ZRIKT v &2 T=Z ) CSC Z/HA
HCHEE L, CSC ODFEAEFT YT-146 @ CF BIMEMAIZZEICHEELLEZ LD D,
YT-146 AiEIZ X 5 RO LEEEEOTTEIX, DT NCEALT2ICH E -7,
MZ T, LML O YT-146 (2125 CK @&BLoMEl, CSC OEEEZ T 72 -
Too AR RIL YT-146 O E . /f #E b R 253 2 0 BN R REERICT 7
U PN EREOEEIT/NS N LA RE L, DFE Y, YT-146 [ MG R0
TT Y A IEREZRE L, DMk~ RKEEEERIEL2 0D, 20
R E O KD RO LEERERE, ThbbBEmOmiREo =5 %&E T
XNz & ERB LT,

TT vy Ay BEERICIE, TT VY A ZBREOMIZT T vy A ZHEK
Wb, ZZTTT vy A ZHREOE @O HEEDTREMEIC OV THRE LY,
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TF Uy A ZEREA~DORRMT 2= A b BAY60-6583 1X. "H XK OT v ki
HER O CORM/FERBEET T VT, LBFEEI A X2 LELEORERD D
O Lol s, YT-146 L7 F 72 A SHRIKT v % 3= F® alloxazine %
R IMATIE YT-146 EMAEH THERELG L TH, YT-146 O LREERIIEE I N0 512,
ZEERAEFERT YT-146 OT 7 /) ¥ Ajg AT 2 B A0 3 IEH ITE W

(Ki=16,100 nM) 7= ®N ARFEBRCEM St YT-146 0§28 Tk, mE i/ i b
TR T D OLHBREEN~OT T 7 A XBEROTFEIT/ N S NWEEZEZ N, Z
NHEDERMNL, KERZTO YT-146 OLHR#EERIZ. 757 /v A, /K%
NT2bOTERNEEZLNT,

WL, TT vy A ZREORMLFHRE~OFGIZOWTHRF Lz, VI F%
FAWV7z in vivo REBRCIX, 77 7 ¥ ¥ Az SR RGN Y B /7 58 5 B Ik LoD 2R
HERZRTEHRESR TS 2% Tracey L1377 /v v Ay SRKBING T 2=
A K~ @ CP-532,903 RN UH XHHHLEE H W EM/FHERER CLHHEEY A X%
M+ oA EEEZRLE S, LA, vy b TRTT /Y AsZARERGETF
Dy T Y NRELHEERETD - LR HESNL AL OO TF o Ay T
BEFEIC L2 DMEEERAIRLICER STV D, 28, Carr Hide MLDEMHIEAR
WWBWT, 77 /3y Ay ZRKRT A=A MR EM T vars ova=r 7EER%Z
FTILERETLIND E FOBMBEATOTF Vv Ay ZREX VB OFTE
TREHER STV AN B KEBRICHB T, YT-146 T XL 5 ML o L RERIE O
et X OV EROIE S O CK MOBRBIL, 77 /v A ZR/RET 2 2=2
D MRS-1191 L DMHEGEEGICI o THBHE I o7, 2FEV | KERRTIX
YT-146 O LR HEEREEIZIT T /v A3 ZEAEKREZNT 5O TRV & BR
SNz,

KERTIE, 77 /¥ AL ZRKT 2T =2 D DPCPX Lt#lAETHELE
Ba DI, YT-146 12 X DI th O LHEHE O [EIE L &L Y CK e BLE K 72 & o 0 7
EIERAPITOMHE SN, xR EBRT, LIBROT T 7 v Ay Z ARG E (/7 3
HEEENS LD EAR#ET DL LD RENT WD 39 <5 &b 982 m O
REEHRERETIEL S La s Foamr 3, 7973y AL ZRET 23
SAMOBRGHLWVELBOT T vy A RBERBELRTFO v 7T U FTHEHBE I
LERMEIND P, ftoT, TF /Yy A ZRERNIL. L TOEM T L
AT 4 a=m BT RMMEESOBFDO 2 LEEZLINLTWS, Lasley &
7y FEHLICBWT, 77 /vy AL ZRKOT IT=A M2EA S L, M
~OMMER EFT 22 L8ELE 9 YT-146 OT 5/ v v AL ZHRIK~O B FME T
Ki=202.0 nM Th v P 75/ v v A ZREBCHT 2ZNOM 1T Lahnb, =
D YT-146 OT 7T 7 vy AL ZRE~OBFMEIL, 77 7 v Apm TREKEDOZ X
DITIENbE DD, 7T 732 A BIXD A3 TBRKOZNDL LV ITEW, KERT
OLFICER S #RK T O YT-146 EEIX, 0.3 uM ©2FH 300 nM THD, =

43



DWEILI LR L7 YT-146 OT7 7 7 v Al ZHREO Ki HIZIFE—%T5, 2id
DOFEREPL ., 7y MM L~OEMATHESG T, YT-146 17 7 / ¥ ¥ A T HREKE 1K
THZLICkY, B varF o as s SHEOELMELZ TR LZEEZ DR,

PKC XM 7TV ar T 1 va =72 X2 0HREERICE O T, MENE RS E
THELREHZHESTL2LELALNATVWS, £Z2T, YT-146 OEM 7L a7 13
=V I HRIERORE~D PKC OFHBIZOWTHRFAT 5720, PKC LEKO
chelerythrine % YT-146 CHAAGH THEEG L7z, TOME, YT-146 |2 K D E M% O
OBERE [11E JUEE(E 1L, chelerythrine O OFHIC L - TH HIE S 4L, YT-146 12 K 5 00 f)
REEHOMIENE R EIC PKC IEHILOBEERRENT, £, BT
4 a7 TR, AREELORIC ATP OMBICLXVELESNET T 2 N h
AR R 2 i L A~ S5, 2oL bR ST T 7 v,
DO T T vy AL ZREKICA— 2V B NERT ) CTHERT S Z
Tk, MENEREERDO PKC 2iEMILT s EZ2 0TS ™ &5z,
TFEUy AZRERIEICEY,. Ty PLEHMIET PKC OFEMHAEAHER ST
5 0D SO D, YT-146 I X DB MO REERT, Em L ar T 4
Yam U7 ORMLOHREORF LRI, TT Yy A B EKRAIE B L OCEOR
D PKC {EMALZ M L TREINDIZ ENTRB I,
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/NTE

1.

Z v MO 2 W 72 B/ R TIE . YT-146 A M aiic &5 Lok R, B
TERF DD FERERIE 25 F BRI R E S, BI/FHH#ER CoOEEIRERPIED |k
Aol snz, BEBREOLHHEBKE» OO 7 LT F o —EHib R I
7=,

YT-146 T T T 7 22 Al Apa. Ag BTN Ay ZRIRT v X = A b & AR &
BLiLZA, TF 7y AL SZRIET v F 3= 2 © O KD HE L5 RE R E I
T 5 YT-146 OLHIREEHAZIT B LI, /6o T, YT-146 O LA AREERIZT
TV AL ZBEERERNBENT D EEZ LN,

YT-146 &L 32 PKC MHERKAZRFRE L L A, BML/FBEREEICLT D

YT-146 O LHIREERZITBIHE L, - T, YT-146 OLHREER OMBEN
1% 8 s 212 PKC &ML BEERN R ENT-,
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EB3FE Sy VEM/BERLBIZBITA YT- 146 DI va R 7HEE~DODHER

Mm% OBEERBEOLHE I hay FY 7 Ox kL —FEA LD IHERE O [ I
FEELRMERDHD O I har R TR RAX—EEEFLALH R T T, D
W FHEBEREZ T Th, MMAFOREICKHEATD S ), o T, B/ HRER
BRSO S b R U THERE A MR S 5 2 L d., fE /7 0 o B 2 2 & 0 5 ML A% & 10
IO GLEBERETO—>Th 5, B0 T, O KN o iR E ik
MWAEL, T har FUTHEENETENICE TS monT05 %, 203
2 RY THERBEOBAEE., B O THE ISR Na© B (Na™ @A)
CkvglxE-ZEhsEEZLERLTWS "0, YT-146 R, EMOH TO Na© i
BAMICKIETHRITF L NS TV,

AT T 7 > b H OB 2 B 72 8 /P RS2 8k C . YT-146 1368 ifn /7 9 i s 5 12 it
LD REERERET LI 2R L, 20 YT-146 2 X D LHHREILX, 757/ v
VA ZREMEEVDG, D LATTF vy Al SEERMKEONE O FiRO PKC
bz N T HFICLZEnRmmanik, 20, ZoEMLHREOHFIZ, &
MFarF4va=r/OZREABETHD I ENRRS AL, BT Loy T o
Vam VT IREDENE AN T X TIE, S b R T EEZLNRT
W3 T L Laens, BI/EEROKO I hay R THEE~D YT-146 O %
WCOWTIEAHTHL %,

T TCARETIE, Bk OE M/ FEROKO N BAmBs LI ha v Y 7
REIC K IE T YT-146 ORI HOWTHF L7z,

—

~

46



3.1 EBRMEI RO

3.1.1 EREY

AREBR TITIRAE 250-280g O Wistar RHEMET v b (B AEZERIGHMHKXNSHH) 2 H
Wiz, B ROUKIT A MR E L, fER (23x1°C) ., fE#E (5545%) EHFREH (12 W
B Pr 7:00-19:00, 12 FE[EMKF AT 19:00-7:00) & A LEREE F CHE L 7=,

AKEBRICK T 2EREYOEH LEMICE L TIX, >KE National Research Council
@ Guide for the Care and Use of Laboratory Animals (National Academy Press, Washington
D.C.,1996) IZft»7c, AMEITHRHIER R FZHYEREZESICTERFTEHOEFEE KD
KRR TITbILT,

3.1.2 v FHH L Langendorff #E A=A o &L

7 v b %dlethyl ether THREMTZ EHO I DK Z B Y 1 L 72, % 0 il % Langendorff
FEVEAEE (S5 LW 2 B4 L7, #EWIZIE Krebs-Henseleit #Z#% (120 mM NaCl,
4.8 mM KCI, 1.2 mM KH,PO,, 1.2 mM MgSO,, 1.25 mM CacCl,, 25 mM NaHCO3, and 11
mM glucose) # v, EJtE (9 mL/min) TIiT-o7-, #EMKEIT 37°C A L. BRE
T A (95% : Oy, 5% CO,) Zfafi S+, pH IL 7.40 ITfro 7o,
ELDEZNM L TCELEICABEBRRZWIZ L2777 v 7 ANL—2 (3.7mm) %
ALVERNZ VAT 2 —H%— (TP-200, HANER) 2 L TEENT 7 (AP-621G,
HK%%%)hTEMEWV%%ELkOMﬁﬁi%ﬁb%ﬂ(MﬁMG\EK%%
) AW, EENERIVEH L, MEHLOOERETBRICER LV =2—1
Dtk ENLT, JENT VAT 2 —H%— (TP-200, HANER) ROEENT V7
(AP-621G, HASLER) IC CTHIE L, AEERYIEIX 5mmHg OWIHHE & 72 2
k9, 97 v 7 AR L= ONEERELTCAMLE, ELECEMZEE L., BK
P i (SEN-7203, HASEESR) %W T 300 bpm (IS Tz ~—> 7 L, 1=
KOLZENE 30 HMIT-> 7, MATEREIZA L a—%— (WT-645G, H A YER)
W CHEBE IRk Le, ADERAEE (LVDP) XA LERMYE (LVSP) 25, £
DEJLFEARBIE (LVEDP) #72 LAl 2 &IV EH L,

3.3 RBR S p=2—

R e b a— % Fig.29 I2-T, 30 i O@FE#ERIC K 2L EMMDE, DI~
DOHEFREOMAE 21 L CTEMZEA L, BiFo0E, 11 mM glucose Db
DIZ 11 mM Tris-HCI T@E# L, JEA T A (95% : N,, 5% : O, ) TFEfifb ¥ 7=
Krebs-Henseleit #Z @K 123 S 4L, MR OEK TIC X 2 LA REZ T D720, HF1EH
IR % 37°C ICHERF L7z, 30 0 DM ok, L~ #ERK M 2 BB L. L% 60
SN L e, MR OOEMEN R LA BT 5 2O ICHERMG2 D 15 4
s L2 DA T, DIRIC S LM Tl + 2 2 & (DE~<—2 > 7) T 1min
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Y720 300 [8] D UL AE o % 2 OB AT o T

AT EE & RIARIC, YT-146 1 Krebs-Henseleit #& K ICIAfME L, KERICELC 20 ==
— LB 0.3 uM THREM 10 /R 5 EMBAERKEE To 10 s O AEH S
7o, IEWHEFREETIX, EEBED/EFICT YT-146 A0 H D VIEHELOELMET 90 &
M O WE W 21T - 7= (normoxic group),

3.1.4 LHMEAN Na' EEOER

DI Na* & BIXBERICit > THIE L2 Y, i, F#RH D VI IE # R E T
TR KG LT

320 mM sucrose, 20 mM Tris-HCI (pH7.4) T4 1 v M#ERT 22 LT, MEN
ek X OV SE IR O BERIR A e Wik Lz, D2 DA LEEO —H 28I L, My
% . 120°C T 24 FEMMLME S W, EEE L JER., k% 60% HNO; IZ T 180°C T
WAk - AREEE S, B4 0.75N HNO; TR L. JR Wt St E 3 (AA-680,
Shimazu,Kyoto Japan) %z f W C.L#ie Nat & &2 E L7,

315 I Favy FUTOHMEYL Na' EEDOER

RE AT, B K NG O DR S A DEED — AR L., Kid L 7ok EiK
(180 mM KCI, 0.5% fatty acid-free BSA, 10 mM EDTA (pH 7.4)) i Tz, 77
BURETTAFT—THREY ST A XL, O AEY X — F% 2°C, 800xg T 10
SyfE L Lizth, 20 EiFE4 S 512 2°C, 8000xg T 10 4y O L7z, 15 5 a7z ok
% sucrose #EE % (320 mM sucrose, 0.25% BSA, 20 mM Tris-HCI (pH 6.8)) THi&E L .
S RN RUT WG ESR,

T b RYUTHESO Nat &% 3.14 B# o HIETHR AW LEFICTHE L
7o P RUTHEDHZ /N 7EEIL Lowry #ETHIE L 72,

3.1.6 LMk ATP RO LT F Y VBBOER

D fli > ATP K O% creatine phosphate (CrP) & &% B ICHE-> THIE L= 8, EH
FEFEL ., B TR 2 WVIXHERK TRIZ, LIkEZ SO COREKERETHA L
TNI=ZULT T TERHNET7 Y —X7 Z R THREICER Lz, WSR2
it L. 0.3NHCIO, & 0.25mM EDTA iRz Mz . AR Y hrrREYF A% — (model
RT 10-35, Kinematica, Littau, Switzerland) (2 CHE T F A4 X L7z, 4°C, 8000xg (T
T 15 SpELSM L7, EiE%E 25 M Ky,CO3 THRIL, A U7 KCIO, 2ERET 5
O BHERSEKMFICCELDEELE EFEZ LSV —U CBEEHREE L,

B O ATP (X HPLC ZH W CER L7z, HPLC IC X DI EICIZA A v 2K h 7
2 (100x7.6 mm. Asahipak ES-502N, Shoko Tsushou, Tokyo) # i L. B#E (21 250
mM KH,P0,+15% CH;CN (pH 6.5) % fl\ 7=, CrP ®lE X CrP % ATP [T #1% .
LFREAE ST ETHR ATP B2 E&E L, M1 ATP E2E L5 2 & THRIBL T,
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317 LI bPa R TBEHBEEOHE

S har RY TEEHEINEHEE (oxygen consumption rate, OCR) (/D% M Bk B2 A
(skinned fiber) % M, BEHICHE> THE L7z ®, EHEEHREZ, Eh&THD 5
TR HEVR A TR DLl B 2D E M O —EB 2 BREL L . Mcllwain Tissue Chopper (Mick
Lab. Engineering Co., NY) ZHWTHiG) L, & 0.3-0.4 mm, £ & 3-4 mm O/ %= 1E
WL, 2o/ 2K A (10 mM EGTA, 3 mM MgSO,, 20 mM taurine, 0.5 mM
dithiothreitol, 20 mM imidazole, 160 mM potassium MOPS, 5 mM ATP, and 15 mM CrP (pH
7.0), 4°C) T CWHF Lz, T D%, 75 pg/mL O saponin & 1mL O A T,
20 4y FE o Wi AL R A 47\, skinned fiber Z{EHRL U 7=, BiEALPESE . A Z AWK B
(medium A without ATP and CrP, but supplemented with 0.5% BSA. 4°C) H T 10 4y
DA VHFaX—hT5HZLICEY, saponin ZFREL -,

1 mL O B H o skinned fiber & & B & L. OCR (X Clark Y 3% 4t 2 H
WTCTHIE L7z (30°C), MIE#REHZ 5mM glutamate, 3 mM malate & U8 3 mM KH,PO,
ZWMULERICHESND OCR & Vo &Lz, &5, 1 mM ADP &' 7.5 mM
creatine Z IR L7ZHRFICHIE S5 OCR fEZ KK OCR  (Vpax) & L7 Vimax & Vo
DF#EZ%Z ADP v ATP A SN D= DI LB REFE R OCR  (Vapp) & L7-, BEE
T 2 o B ) GE #% 12 skinned fiber 2 0.5mL @ 2 N NaOH (60°C) 1T 30 4y [ Al 1k
L. 2o "7 8w flELTL,

Sodium lactate fZ/E F DL I F =22 KU 7 OCR OHIETIE, 0.3 uM YT-146 A&
B D WX R AL E O FE LR S /FERL L 72 skinned fiber & 6.25 75 50 mM @D
sodium lactate & {214 U F 2 _X— 9 LT,

3.1.8 Skinned fiber 1 ® Na" B E Ol E

Skinned fiber f1 > Na* JEEIZEEHRICHE > THIE L7 ¥, BE@EME Nat HRETH
% sodium-binding benzofuran isophthalate-acetoxymethyl ester (SBFI/AM) % 1mM &
2% X 9 DMSO \Z¥AfE L7, WIZ. 3ul @ 25% (w/v) Pluronic F-1277 & 3uL o 1
mM SBFI/AM OIEFI#IZ 200 pL DA > F =X — 3 3 U EME K (1.5 mM Tris-ATP,
PH7.4) Z Mz 7=, & 5HIZ 400 pL O A > F 2 _X— ¥ 3 VR HERICERE L 7= skinned
fiber (0.3 UM @ YT-146 H YV H D W I LIS CHEW L - 0o HER) LR L,
25°C T 30 A > % =2X— K L7, Skinned fiber WO I k=2 KU 72 SBFI/AM
ZEDAFH%, REHK A 25°C, 8000xg T5 yfflEL+ 522k, 2 hav
RUTICERYIAENR) o7 SBFIIAM ZRELL, ABKRITEHIC 6.25 7» 56 50
mM @ sodium lactate & L2 A U F a2 _X— 3 LT,

Skinned fiber H1 > Na® & E Ol E TiL.600 uL OREHEZ 1 mL O &/ A, i
Fa N A A >l E 2 & (CAF110, JASCO ##) # T, 340 & 380nm ok iz L 5
500 nm DA L7-, 6.25 25 50 mM @ sodium lactate O #MIC L D I b=~
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RU 7@ Na* O IAZ &L 2 RIS XD S S 407z R & b CREAl L 7=,

3.1.9 #FHEYT

R A R PR HERR 22 I TR L, MeHFRMATIZ EXSAS (CAC EXICARE
W) ZHNTITo e, AEAEDOKREIIT—ERE S BSHT (ANOVA) Z1T0, S
Jis U C Bonferroni £ 721X Dunnett ® £\ A H Wiz, BEIX 95% O 15 #HE
(p<0.05) Lo THEZLY LHELT,

Normoxia untreated
-30 10 0 30 90 (min)

Normoxia YT-146 treated
-30 -10 0 30 90 (min)

Ischemia/reperfusion untreated

-30 10 0 30 90 (min)

Ischemia/reperfusion YT-146 treated
-30 -10 0 30 90 (min)

DS T YRR

FFaVRUTEERIHEERE f f f
OENat s 8

IpOVEYF Na5E

Perfusion .Treatment

Fig. 29. Perfusion protocol of isolated rat hearts.
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3.2 R

321YT-146 LB DO ELERERE, ELERBERPERCEREICRITTHR

Fig. 30 |2 YT-146 RAE H 5 WXL E BEIZ BT 5 /55 3 5 R o /e 0 =38 & 1+
(LVDP, A), ZELEIEARYE (LVEDP, B) K OVEWIE (C) #7779, YT-146 A& #
B D HERKO LVDP BIEIIRABHOZNL LY b{EEI L (73.013.4 mmHg
vs. 33.0£2.5 mmHg), LVEDP MK OEWRIEIT YT-146 WLER CAHERIKME A R~ L,
YT-146 (2 X 5 LOREFEM PSR S iz,

isch rep

80 r

60

40 |

LVDP (mmHg)

20

0
200

160

120 |

80

LVEDP (mmHg)

40 |

160

120

80

40

0

Perfusion pressure {(mmHg)

-40 -30 -20 -10 0 10 20 30 40 50 60

Time after reperfusion (min)
Fig. 30. Time course of change in LVDP (A), LVEDP (B) and perfusion pressure (C) during
the 30-min ischemia (isch) / 60-min reperfusion (rep). Data are shown for hearts treated
with (O) and without 0.3 uM YT-146 (@). Each value represents the meantSEM (n=5).
*Significant difference from the group without YT-146 treatment (p<0.05).
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322YT-146 B DO LBHHMBE ATP R R LT F U ) VBREE~DOHE

YT-146 RALEH D WVITLERICK T 50 ATP X7 L7 F U 8 (CrP) &
B % Fig.31 [2/”"7T, YT-146 RAUBER O EIMAT ATP XY CP G &IX, T Th
23.6+0.5 % (% 34.0+1.3 umol/g dry tissue T -7z, EF#W (Nor) % 30 7»dH 5\ ik
90 WHIT-=REICBWVW T, 2L /T XX —VU VEOMEIX, BMATOZF 5 & Ak
DEE 720, EFEROHERKHICL 22 BITE)Lr-7, —F, BilOf  (Isch) @
ATP KO8 CrP G BIZEMATOZN TN 12% K 2% 2D L, BEREOZTN S
DEIZZNZEN 33% LD 30% OEIEICHE -7, —FH., YT-146 WEREOE M AE T
KFD ATP KON CrP B EIIRABHOZNO ER ULV E THA LN, BHERE
DENDLEBEIZEIMATO 76% KO 66% * THIHE LT,

30 ¢
k=
I R—
Q{
S 2 B .
*
& 2 20 t+
e
< 5
2 9
5 e 10} , #
=1
g = #
= i
u L L L 1 1 1
E 40 ¢
g T
L]
o 30 ¢
T o # %
s 2
8 & 20t
L =
O
2 3 :
= = 10}
— #
o I #
E u M u_._l_L‘-
E Veh YT Veh YT Veh YT Veh YT Veh YT
(%]
9 Pre Isch Ner Rep MNor
=
30 min 90 min

Fig. 31. Myocardial ATP (upper panel) and creatine phosphate (lower panel) contents at the
ends of preischemia (Pre), ischemia (Isch), reperfusion (Rep), and normoxic perfusion (Nor)
from hearts treated without (vehicle treated, Veh; closed columns) or with 0.3 pyM YT-146
(YT; open columns). Each value represents the mean£SEM (n=5). *Significant difference
from the corresponding vehicle treated ischemic or ischemic/reperfused hearts group
(p<0.05). #Significant difference from the corresponding normoxic group (p<0.05).
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323YT-146 LBEDI Fa v NI TBRRHEHEEE~OHR

YT-146 KRAE H 2 W I ERE O FEGR 02 6 /FR L7 skinned fiber (Z351F 2 i if 7l
et K OFEREZEOI bary RY 7EBEMEEFHE (OCR) % Fig.32 2/ ¥, i
AT OCR % 52.6+1.2 nano-atomO/min/mg protein T& > 7=, YT-146 RALE I T
LZEMmM%EDOI v KUY 7 OCR I, EMATEODK 45% (2K F L. FH#ER% CIIE
MATEDOK 30% &, S LI TN LA, —F., YT-146 LER OE M& TR X O E
WA TREO I b2 U7 OCR 1T, RAEHOZNLY bEMICKIENATEY ., £
NZNBMATHEOK 80% LT 85% THo7-, k., EFERLTIZ, WTIhokF
RTH YT-146 RWE R NLEREMTOI Fa FY 7 OCR IZAEITEL | 4RI
LT CTORERBFMEDNEDLEIZI P2 KU 7 OCR IZEELAZWVWI ERREIN
7=
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Fig. 32. Mitochondrial oxygen consumption rate (OCR) of left ventricular skinned fibers
prepared following presichemia (Pre), ischemia (Isch), reperfusion (Rep), and normoxic
perfusion (Nor) from hearts without (vehicle treated, Veh; closed columns) or with 0.3 uM
YT-146 treatment (YT; open columns). Each value represents the meantSEM (n=5).
*Significant difference from the corresponding vehicle treated ischemic or
ischemic/reperfused hearts group (p<0.05). #Significant difference from the corresponding
normoxic group (p<0.05).
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3.24YT-146 WBE D LFHN Na” FE~DOHE

YT-146 RAEH 5 VITABEREIC BT 2 EMAT, #iMm% &k OHEFEREZEOLH Na© &
&% Fig.33 2/ ¥, BMmaToLfl Na© & & OfEIL 54.57+0.68 pmol/g dry tissue T&H
S72, YT-146 RAERICEB W T, EM% OO/ Na© & 8I3ELATEOK 2 128
MU, FEBEZICESDICEMEE o7, YT-146 AERE CTIX, Mm% O LG Na© &
BEERLBEHOZNEFRBEOMICR 72, —J, H#EREZO L Na° & &1
67.11+£2.26 umol/g dry tissue & 72V | YT-146 & G D 129.99+6.43 pmol/g dry tissue
F0 IR E R o7c, EFEFERD T, ERKHEI X YT-146 LEIZEHDL S T .0/
Na* & EIZWVW9 b 55 umol/g dry tissue & 72 > 72,
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Fig. 33. Myocardial Na* content at the ends of preischemia (Pre), ischemia (Isch),
reperfusion (Rep), and normoxic perfusion (Nor) from hearts without (vehicle treated, Veh;
closed columns) or treated with 0.3 pM YT-146 (YT, open columns). Each value represents
the meantSEM (n=5). *Significant difference from the corresponding vehicle treated
ischemic or ischemic/reperfused hearts group (p<0.05). #Significantly different from the
corresponding normoxic group (p<0.05)..
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325 YT- 46 BDOI b= FUTHNa" 8E~DOHE

YT-146 RALE & 2 WIFAERICH T 2B MAT, &%k OH#EREZOOH I k=
Y RUTHESGO Na© &8E% Fig.34 233, BMaToLHI b= KU 7 HE O Na’
G &% 35.04+2.79 umol/g dry tissue TH o 72, YT-146 RAEBHICB TSI b K
U TS D Na*t S EIIEMHELXOCHERZICELENEMAEOK 25 FERO 2.1
MLz, —J, YT-146 WERETIX, BM#E LK OFEREZO Na* S&1FEn2
U 64.05+3.29 F (N 43.44+3.74 umol/g dry tissue & 720 | EMATHEOK 1.8 FL O 1.2
L7, YT-146 RAEHOZNL LB LTV INBEEE>7-, DF D, YT-146
VERED LR CIE, BIMEFEO I har FYU T To Na°t RSB IND Z &R S
iz, IEEREW DT, YT-146 RALE K CLEICEDLLF I bar Y 7HE4S O Na'
HEIE., WTh b EMATE & REOME L o7,
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Fig. 34. Mitochondrial Na* content at the ends of preischemia (Pre), ischemia (Isch),
reperfusion (Rep), and normoxic perfusion (Nor) from hearts without (vehicle treated, Veh;
closed columns) or treated with 0.3 uM YT-146 (YT, open columns). Each value represents
the meantSEM (n=5). *Significant difference from the corresponding vehicle treated
ischemic or ischemic/reperfused hearts group (p<0.05). #Significantly different from the
corresponding normoxic group (p<0.05).
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3.2.6 YT-146 #L& @ Skinned fiber §1 Na* ¥ B o FE4f

YT-146 KRAGE & 2 WXL E FE O FE RO IE 2 5 FR L7z skinned fiber 1> I h =2
FU 7o SBFI ¥ 7 F /24 % Fig.35 (253, Skinned fiber Z 4 % 72 #2 &£ © sodium
lactate (6.25~50 mM) 7FfE FCTA > F 2X— k L7=fEE. sodium lactate o 2 (2K
fFLT SBFI 27 F LsgEEN EH Lic, —F ., YT-146 WEREO LN O /ER L 72
skinned fiber T, sodium lactate {f£7E F CT® SBFl ¥ 7 F Vi E O b 5F E AV D38
STz, DFV YT-146 ALERE OO CTld. sodium lactate ([ X B I har KU TR
O Na" EEP/BBEIND Z ENRENT, 728, sodium lactate JBE D EHIZ X 52
FIEZEALD SBFI & 7 FVREICE 2 2B A a4 2 72 skinned fiber % £k % 72
B @ choline chloride &2 4 % 2 _X— kL7, % DOfE R choline chloride % SFBI
VIFTNEBASER P oTEIEND . REEEMICEID V7T ~D BT HE W L
Ezbivl,

1.0 |
0.8 [
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SBFI fluorescence ratio

047

0 6.25 12.5 25 50
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0

Fig. 35. Sodium lactate-induced increase in fluorescence ratio of sodium-binding
benzofuran isophthalate (SBFI) -loaded skinned fibers. Skinned fibers prepared from
perfused hearts treated with (@) and without 0.3 uM YT-146 (O) were incubated with
SBFI-AM, a membrane-permeable Na* indicator. After removing unloaded indicator into
cardiac mitochondria, the skinned fibers were incubated in 6.25 mM to 50 mM sodium
lactate. Each value represents the mean £+ SEM of 5 experiments. *Significant difference

from the group without YT-146 treatment (p<0.05).
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3.2.7 Sodium lactate FETICEB TSI P2y N 7THREHBEREICRITT YT-146
DB FR

T b RYUT O ATP EARE~D Na°' OEREZRFT 2720, EWEROR? S
E#L L 7= skinned fiber OEEFE W & EHE (OCR) % . sodium lactate 777 F & 5\ ILIE
fEE FCTHIE L7# 4% Fig.36 (2777, Skinned fiber % 6.25 7>5 50 mM @ sodium
lactate TA »F a2~ — kL7 & A, OCR flIL sodium lactate J& & E A 1LV A
L7-,YT-146 ALE L 7= D2y & ESL L 7= skinned fiber TRIBO B G 2iTo72 & 2 A,
sodium lactate JR/E EAIZ LS5 OCR IR TFTOEAWITRB I N, DF V. YT-146 L
& &E OO LTI sodium lactate (& K D = RV X —BEAERRIK T ~OMMEN4AE L T
HITENWRINT,
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Fig. 36. Sodium lactate-induced decrease in the mitochondrial oxygen consumption rate
(OCR) of skinned fibers prepared from the left ventricular muscles. Skinned fibers were
prepared from perfused hearts treated without (left-side chart; vehicle) and with 0.3 uM
YT-146 (right-side chart; YT-146) and incubated in 6.25 to 50 mM sodium lactate. Each
value represents the meantSEM (n=5). *Significant difference from the corresponding
vehicle treated ischemic or ischemic/reperfused hearts group (p<0.05). #Significant
difference from the corresponding normoxic group (p<0.05).
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3.3 %8

W2EOMHER DR E A WIZFE TOYT-146 OLHEEERZ T T 2 v AL %
EHRHBZM L TCREIRDIES 2D, —FH., 7y P EHLEZ EJE T
Langendorff #EFi+2 &, YT-146 B EIC L D27 F /22 Apm ZBEZN L= E# Ik
JEEER CHBIIREREIZEZICHEM L, 77/ vy A TRET VX2 T =X b
DK E T, YT-146 O BERK O LM NIEE S DTN TIEH D DO S
LM LBEI N, 2FE D, YT-146 OLMHEENREREOHFLE LT, 7T/ ¥
v oAon ZREKRREEREICERATE R o, T TAETIE, 7y MEHLIKE
E it 8 @ Langendorff W AT o 72, £ ORFR, EREERRBRICBWV TS YT-146 1
HERBOLIMEERERELZENSERZZ 00, BN/HERESICAST D YT-146
DLHRENRICT 7 7 v Apn ZEREBRNERZ T 558l &8 KO % 513 T
hEWnWEZEZ bR,

ARBBITE VT, YT-146 L& BE O FE OGN < Ix . FREE % oL ILHERE O 8118 72
T, DML - vREEORE bREES N, T 6O/ FEIX, &l
HTOI R R TOZRX AR —EAROREEZ /B L, Bl OHICE VT Na
F ¥ 1KY Na'/H" exchanger (NHE) # /" L7z ffifl@ 4t s83k (extracellular space) 7>
SN~ Na* OBERBAICE > THEHEIND Na© #@AHMIE, I b2 KT
DT F VX —PEARN ZIEMHFITHD SED LR RENTNS 8 ULy
5. ARBICEB W CEMK TRICOMMMD Na* SEZHE L E A, YT-146 AL
EREDO L Na' S EIIRLEFHOZNEFHBEOL XL ETHRLTEY, YT-146 H
D To Na© AWM ZRB I8 NIFE L7, TZTRMLHTOI b=
RU T~ YT-146 OERIC DWW THRF Lz, & TREOLF I b= KU 7 HE 45y
® Na" F&EiF, BLgifEoOZo 2 oL EiC#E KL, DMk Z T <L b
a2y U7 TH Na AN ELTWDLIZEE2RHLE, —JH, YT-146 AL@ER OO
MO I Far R THESO Nat F8I1E, RAEHOZNEY BIKMHEE 27,
IOZEE, BMIZEDZOLMI Far KU T ToO Na' @AM YT-146 12 LV #il &
N5 EERBTIHEOTHD, DFE V., YT-146 (LE IO ~D Na* A%
PHl LA, I har R 7 To Na' #HAWMEHINGH T2 2 &1LV, BIMLEED
Fay RYU T x VX —EARNDERFET D B2 b7,

EHIC, YT-146 (LD bar FU 7 ~® Na' @EAMMEINF LT XT DO RV
F—EERICKETHRIZOWVTHRF Lz, YT-146 ALiE L 72 EH BT O %17 > 712
D7 & skinned fiber Z{E#L L 7=, Z @ skinned fiber ZE M O CERBT 28K M
Rt & L CHE L7 sodium lactate fF7E FCTA v FaxX— ML, ZORRE Na* &
RIETH D SBFI IR E A EH L, sodium lactate 283 h = KU 7N O Na“
Exrx RIS L%E2R L, EMLEEXHC, Bl L/ TIXMRs» 5o Na* i
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AZE Y, LDFHMENO Nat GE28 KT 5, RO/ TE, T har KU 706
DERNF—MAGEILT 50T HKWMERNILET 5, 2 OBKMRBIZ LY
A EMEIND, B LHARANT, FMEINTZAMmEMALZ Na° 5 sodium
lactate B SN DH EFEZ 2 biLbH, [FAERIC, skinned fiber Z V. sodium lactate 77
ETFTIPary RITEBEBIBHEEREZME L, A FaX—2a VKT O sodium
lactate R EHICHEWI Far RUTBIBMEHEEE XK T LA, 2F 0, EMofT
O Na" BAMMIEII b2 RYUT~0 Na* AZFERL, TO/BREI P2 R T7T0
TRV —FEEZRTIED B2, — . YT-146 WEROLH»HER L
7= skinned fiber T, sodium lactate fF7E F D I b2 > KU 75O SBFI # 58 E O
2N S uf=, Sodium lactate F/E FO I ha vy FUTBREFEEEHEEOKT b
BWEhi,

BOET,YT-146 137 7 /7 v v AL Z ARG & PKC &ML & 4t L C i i O ) O 7
EFRHZRET I 2R LE, AECTHERSNZELLHI har R 7~0 Na*
AL N OEFZNLTWDEZ ERHERIS N, BlLFTO PKC OfFEML
Z. ISP RUT Karp F¥XAEFHOIED 2 ENBESHTNDS B8 I o
YRUT Kap FY¥RAOBOEI hay FY 7THEMEZRSBESES %, 203 b
Ay RUT7~hY v A~ K HAICEDI bary RYUTHBEORS®BIZI b=
YRUTHNA~D Na* 2 G0 FAyfiiANeRBbEEr s D, oF0,
YT-146 |X PKC {EMALICE DI ha > FU T Kap T XA EZNMLTI b
KU 7 Na' AmEZBET 28R Ex oz, Mx T, BiLFHIZBIT 5 PKC iE
M4k 1X mitochondrial permeability transition pore (MPTP) OB 0 Z il +5 Z & b5
NTWbH, 20O MPTP o m#ndlix, LMz kiET 2REERIZZIONLTND
D, MPTP IZ A P L ARKICISEUCBHAOL, S har FITHTAbbv I v 2
LR DFA L ERASEL D ¥ T hary FU T~ Na* AR, 2o
MPTP BHOICE VR I B 26N D, 7 v NHAEFEEEOHMIEEZ B 72 KR
T, 77 /v AT E =2 M3 PKC TEMEA L & U TR EE 35 11 T ke > MPTP BA 1 %
M2 2 LRWESHTWD M, Z o MPTP B A #1123 1.0 /5 T YT-146 12 &
ZIbharRU T Na' BEAMBBICHES LZaREER’D D,

INHORRENG, YT-146 1L Na" BAMICH @ moffMiacol v Ky
T~O Na" WAZBWLAER EMLOHTOI hay R 7T x X —FEAREDNR
FFE, HERREO ATP BAEEZN L CONM IRIE X2 REI T IHFERE 2O
77,

J
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1.

7w MO, YT-146 OEMATHR 5 T, HERE OO EEMEE S T,
AREFRHFEZEREFER 2O T, DIHMABICHG S 2 EmKREIL., EEARIC
Moo —ETHHr b, YT-146 [ XA EMLAHHEEDR~OTF ) v
PAopa TREDOFH IS NWEEZEZ BN,

YT-146 LERETIE, BERKFOLHET XL F—V VBEEORENMEEI T,
Mz C. L2 b ER S U7z skinned fiber 2 W72 B 5, YT-146 ALiE IC
X0, BIEEOLHEI Fary N TBABAMEHERENRF I ENRINT,
INHLORERNG, YT-146 WEICEIVEMLHI b2 R 7= x)L¥ —pEARE
DR EISNTZZ EBNRB IRz,

YT-146 ML{E %, BMm.OfF ToO Na' @BamEZImf LARgro7z, £O—F T, Kl
WTHEOLH I b= RY 7HESTO Nat Z4MEl L7, Skinned fiber %
W72 32k T . sodium lactate FE FTH I P FU 7KW Nat BEO L%
YT-146 (X#& L 7=, [A L <. sodium lactate {77 F T skinned fiber ® I k=2 >
U TEERAEEHREKRTS YT-146 A& (T8 L 72,
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ARKBFZETIE, DHEM/EEREE»OLHHAKREZRETLIEELCOTT ) v
ZRIKT =2 K YT-146 O AREMHIC O W THHE L, U FTOMA &2 K7,

[ 1 %]

FRIFE T BAM A X > LAD F5ZRIC K 5 LW M /mRERESE T V&2 v, YT-146 O
BRI B¢ 502 K D i /7 R B A 2 R oW TR E L T,

%01 B TCIX, YT-146 & HEREANIC2EFHIRANKE G55 2 LI L 2 0% 1
R REFETHRICOVTHRFT LI, YT-146 (377 7 v Ay SRIEOTEMEALZ L T,
P B K A7 B9 S 5 8 i 1B 1% 0D U 5 KA M O B A N S L DA FEZE Y X &N LT,
O EY 4 ZOM/IOREZ, Bl LvarFsva=r ZHRICED2 0L RRE
EThHoT,

%02 BiTIX. YT-146 & MR ICEHIRNFSRKR S T2 2 LIk 2 LREMFEMIZO
WTRRET Lo, BREWE 15 Rlin D 75 M OFIRNFFfE & 512 & 0 | YT-146 (L7
E 1 1% O D 7 REL R I R B D BN LA D AR ZE Y 4 X &M/ U7, T E R EL AT 0 2OE
HARN G & HERROBIRNEEGE G2 MAGbE5 2 LT, L KEROMHRE
ERE&HDZENTE R,

[ 2 &]

Z v M LK O Langendorff EJEREMIE AR &2 W72, AT 7V CREM/FFHREN 2 1T
5 &, YT-146 OF M AT 5 T, 7 ik O LR EE 2 H &8 ANICRE ST,
CHT T )V URREY T AL TOT A I =A N ERAOCTEERT, YT-146 O L
REERIZT T /v PaZBERTERLTT /vy AV ZEREN L TRES N
52 LERLIE, BT, TT /vy A XRERDOEFERIZER TIRIZ, PKC EMELD
56 L7Tc,

[ 3 ®]

YT-146 OFMOLHOI ha v R 723X —EARICKIETHRICOW THRF
L7e 7 v MH DI~ YT-146 B2 L0 BIM/HEEREOLHEHZ R L —
VG BRIEMNMEE SN B O LG S ER L 7= skinned fiber ® X b= K
THEFREEREIT, YT-146 LWER CTHREFEINL T, —J7, YT-146 &R O L TR
M RE OO FLER T Na' ARl S e hoeRn, I v RU T TO Na' i
AL & L 72, Skinned fiber (2 sodium lactate %z B fif 9% invitro A Bk T.YT-146
WMEBEOLDH P OERMINTZEAT, T ha FRUTHNA~D Na* EEIABEE I N,
YT-146 ALERED LB HAERL X L= skinned fiber TlE sodium lactate 77 F T
Fary RUTBEEEBEOR TFTABBINZ, ZNOOMENSL, 7y MEHLICE
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W YT-146 X Na" @AMIREBICHDZEMLHO I Far KU 7 Nat #nz #H 4
HZETHNT AT O XX —FEAERZ MR L, B % oA D= IHE6E 18 2 12
SHELMFER R LT,

T, KRR TIET T/ V2R ET = 8 YT-146 O 0L % 5 1M /75 9 i b 25 12 %
TOLMRERLE L TORRMEICOWTHEEF L7, YT-146 (X in vivo A X .0 i i i/
BB EE T LT, EMEFO BT D OFAIRNE 5 O/ FEZE 4 X & fi/h S
B, EREBMICEL D OHEEET LT, ELATHIRANEEGIC XD FEREZ OO
T A XM/ SEDEMI LR E SN, BENREAZBET DL, KERS
2k a— LN EY R EE ISR D EELLND P, YT-146 X DK S DR
BT EmE L THRETE D,

WIZ, YT-146 X7 T /) V2R EY T XA TOT X T =R h& Vi 20
FiEEzHWLZEICE0, 7T /vy AL BRI L TRELLHRELZEES D Z
EEFIZICR LI, MAT, 2075 7y A ZRERIEEOMILANERIEECIT
PKC N5 T 22 ELbmLt, 20, 757/ vy AZEERIIEE X O PKC iEH
fbxH LT, BifLHREERZBET 28T 287 LI,

E BT, YT-146 REMOFHTHOI Far U 7O Na' BAmE®EB L, 2 b=
FUT7 DO Rx VX —PEARAMREFESE D2 L 2R Lin, BIL/FREREE S O 0%
I, DI b RYUTHEOREREE TCH D, ZOEMLHFOI ha R
THERECRFR Y HERF O LR EZFE I EL O DT XN F—DHBAEELZN LT
ODHEREZRESEZ LB 2N, 20 —HORBER LY | YT-146 O L HE
MizHiF5I b= FU T Na' BAMRBOMTFE LT, 77 /7 vy A ZEKH
WIPKC #EMALZ A L7 b FU T Kap ¥ XL MPTP OB O #I#I A% 2 5

ni- (Fig.37),

YT-146
Na*

Na* Na*

Activation’ dial \
of PKC Myocardia
Nat* overload

Attenuation of mitochondrial
Na* overload

&Preser\ration of mitochondrial function /

Fig. 37. Schematic illustration of the mechanism for preservation of mitochondrial
function by YT-146
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Phb, RIFRICED, 7F 7 v ZRIKT =2 b YT-146 1308 (/75 5 7 5 % 12 &
LCOMRECAE R REZ DO TE Y THD Z ENR I, FIFEIZ, YT-146 Z
L2777 vy A ZERRBES L CRM/FREGRK O I b2 R U T HREE & HE £
S D B 2R U T R OB A R OR LT,
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ARAFIEICHE L, KA EBER 2 HIEE L HEE, T OICARXOMEKMEZ®E L
TR KT MR R R B - EE O b0 OE %
#LET,

ARHFIEIT R UAMEAR E M B AWM E T L b—T = 3 — KRS N e
FEfATE L, BEGEHELICEELR L LT ET,

AWFFRICE L CHE A O I 2®8E £ Ln HEER KT oMk Hg=
OGRS HLR L BT £,

WERICTHBEELZEY £ LKA ERRFRPREFRR )R — 4
B IR FHRAEB IO ARBREAICHEILE L BT E9,

BN ARG SLDONERR ~DF OB & RITIEEH L £ 7,
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