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It has been reported that preconditioning is effective in reducing myocardial infarct size in the
chronic period. In the present study, the effect of preconditioning in the chronic period was inves-
tigated by analysis of high energy phosphate (HEP) in ischemic myocardium.

Twenty six adult mongrel dogs weighing 8 to 15kg were used, and were divided into the following
3 groups. Group C consisted of 11 dogs as controls, group NP included 8 dogs that underwent 7 days
reperfusion after 60 min. occlusion of the circumflex of the left coronary artery, and group P
consisted of 7dogs that underwent the same maneuver as the group NP dogs after 4 repeated
preconditioning sessions. A preconditioning session consisted of 5 min. occlusion, followed by a 10
min. reperfusion period. After these maneuvers, the heart was isolated and was rapidly placed cold
(0°C) KCI solution. Specimens were obtained from the ischemic area of the left ventricle, and were
divided into the follwing three portions, posterior papillary muscle, inner and outer layer of the
posterior wall. From these specimens, HEP (ATP, ADP, AMP) were measured and analyzed. The
total adenine nucleotides (TAN) were calculated by the formula ATP+ADP+AMP.

In group P, HEP were lower than in group C; In group NP, HEP were significantly lower than
in group C; and in group P, HEP were significantly higher than in group NP only except for value
of ADP in both groups in the outer layer of the posterior wall. This experiment shows that
preconditioning is very effective in improving the metabolism of ischemic myocardium. Precon-
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ditioning may be beneficial to the myocardium by washing out catabolites that have accumulated

during ischemia, thereby increasing ischemic tolerance. Various mechanisms have been suggested

but no conclusion has yet been reached.
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7 L 25 mg/kg 12 & BEIRREEZFEL, BRI
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PP) O | O ®o) 0C KCI(11g KCI/1000ml H,O)
L 2
PP, PI, PO
1
3.6% PCA(1.5ml)
SE 1 P 1
R ;Elﬁmbﬁﬁx Weighing Samples
. . 3
?O ;ggg;zggj Homogenized (0":) by Polytron
PP EIN%ESE Td 3 %I ED 2,000rpm (0C, 30min)
= N oA 37 L = ‘
2 LER ORI 2R LT B, pH 5.0~6.0(Adjusted by KOH/K,COs)
4
A REERDN—T%FT 3 Occluder %% L 10,000rpm ‘<°°°' Smin)
TRPREIR D f52k 72 & VIS HEROBRIEER T - 72, HPLC
%7, KEEBIRE D57 —7 Ve BA LBIIRE S5 / l
gL, DERREINFE>T =5 —L, TRER
TEERFFICLENLE ST EF 250720 Y OREFER ATP [ ! ADP l AMP l
BIRAHIR U IEGNEBRI L 72, BEMER A % BAkE ([ TAN | ~ATP-+ADP-+AWP)
> i XTI in-
T30, L 5 H 30 B Ei 5\%F1uoresce1n Na 1 3 L AL S
ml/kg 2FEL ., HH L 0EIZT 200 0°C
DFRZ KCLBERICANTSEE L 128, HLER ) REHLUC.
FrELELE 2GS NGRS » 7T CRIME & & .

FEEMELEEE, K2R I, EIMESTH
BERFATG (LUT PP LR T), ASEHEEERE M.
PIERIES (AT PL EBES), B & ORESHERIR (L
T PO LBET) O3 HFTLD, &4#1100mg DL
R 2B L7z, B L 72 0@ HEP Th 3
ATP, ADP, AMP OHIEHE#K 3 1R L Tw5,
Jizbb, FOLHRF%, 1.5ml @ 3.6%perchloric
acid (PCA) BT ANEBHIES, polytron %
HwiTkrkEYFA4 X L, 0°C, 2,000 rpm T 30 5+
=R L7z, 20 LEE % KOH/K, CO, ¥A¥% T pH
5.0~6.0 %R, & 512 0°C, 10,000 rpm T 5 45>
MREE L, 20O LRERAEICHL ., BECE, 5
EHMERRE s e~ 757 4 — (HPLC) LC-6
A %fEHL, Anderson&Murphy ZDZ5E:%
7o, BT AidEEHE CLC-ODS T, B 40°C, %
Hik 1ml/min & U, BEHEICIZBREICT pH %
2A40 WERHEE L /2 0.5% N F LT S VB R B
WV, ¥R 254 nm TZORNEE TR LUHEE L 72,
LN ATP, ADP, AMP, D& FEIF, SiEHERE
L ORDIMERE S L CHERXE BV CHE
(umol/g wet weight) L, Zh s 3 D0OMBAITESR
1% Total Adenine Nucleotides (LI F TAN &%

I: BEICHITD0HA ATP SEEROEE)

BRCBT 20BN, bbb, EMERTH 2
BIEG (PP) k2% % B M AE B0 P9 B 5
(PD) ® X URSMEMEI (PO) Ao ATP &K &
(mean £SD) %% L7z bD2E 1 (umol/g wet
weight) IZ/RLTWwW3, 72, FhoDEEEHDLL
BEM4IWZRLTWS,

1) #%AHES (PP) o805 ATP 8B & 1x, CE
TIX4.29+0.69, P E£Ti32.88+1.21, NP BT
130.61£0.29 TH o7z, H4 DEANCTT X 3512,
P B ATP {EH1F C BEICIE LT P<0.01 & iEt
FHCEBEEEEZRLTWS, FfEC NPETY
C BRI L T P<0.0001 & fEtEMICEEICE
EERLT WS, X510 P BETIE NP BACHE L
T P<0.001 L HEEF¥MICERBICEELY2 T L TW
3., PLEDEGHE L, B ALEER (PP) A BT, NP
BT % & P O AOETERNCEE Y ATP
DJBFENENDH 2 Z L 2RLT VS,

2) FEIMAEELOPEEEIRS (PD) e % ATP &4
B, CETIZ3.7420.48, PEETIZ 2.84+1.42,
NPETIZ 1.00£0.51 TH o7z, 4 OhsficRd
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ko, PEEO ATP iz C B HLE L TR/
CEEERRDOBZVHDDEWEAETRLTWS,
NP #13 C FECHER L T P<0.0001 &#irtEaic
BECEERZRLTCWS, PEIE NP FICHKRL T
P<0.01 LFEHFHCERCEEERLTWS, T
N DORGE S BALEY (PP) LR, PEIIEM

xR 1 BRHCBD 5, BRILTEM & MM PBRIE
B OLAERHENO ATP &6/ (pmol/g
wet weight) #/R~7,

ATP
B s om | wamm | Ao oW |4 B W
Dog No.™ B
c 780 364 376
2 c 3.06 355 352
3 c 350 373 3.60
4 c 440 332 435
5 c 47 4.46 412
6 c 4 423 368
7 c 459 3.06 3.02
8 c 455 389 367
9 c 358 2.99 3.34
10 c 413 4.06 352
1" c 5.52 419 353
mean £ SD 429+069 | 3.74+048 | 3.68+039
2 B 405 416 358
13 P 0.85 0.76 130
14 P 228 248 3.00
5 P 2.05 2.07 182
16 P 339 221 234
17 P 421 3.19 4.02
18 P 3.32 5.02 495
ean = 5D 7884121 | 284+142 | 3.02+1.29
19 NP 0.41 071 164
2 NP 062 113 198
2 NP 117 2.01 267
2 NP 0.41 0.38 178
P2 NP 0.46 136 155
2 NP 058 0.69 173
2 NP 0.90 1.01 179
2% NP 0.29 0.70 212
mean + SD 0614029 | 1.00+£051 | 1.01+036
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SEILLABEEIES (PI) IcBWT, HErEicEER
ATP OBGFEIREZZBD T 5,

3) REIMAEELOAMEEIEE (PO) wikiF% ATP &
BEIF, CHTI33.68+0.39, P B TI33.02+
1.29, NPEETIE, 1.91+0.36 ThHotz, M4DA
Ry LS512, PEEDO ATP{EIZ CEECEB L T
METHENCEEEZ 2RO 2V b DDEWEAE 2R L
Tw5, NP Bz C BRlcH® L ¢ P<0.0001 &
SHEERNICEEICEER R L T A, PRI NP B
H# LT P<0.05 LHiEFFERCERICHEER R L
TWw3, ZhsDfESd PP < PI & [E#EIZ, Precon-
ditioning EEEED AMBEIMLLFHAND ATP DR
MEIFTCHAHIERERLTVS,

II: £EFICH T 2.0 ADP EBENES)

BRI BT BLEA, Thabb, BOERTH S
BAE (PP) & 72 % R EERE I F8H 800 P9 BE A5
(PD B X UFEISERG (PO) WD ADP &F &
(mean + SD) 2% &/ bDEFE2 (umol/g wet
weight) I RL T3, £/, o OKRFROLL
AR5 IR TW5,

1) %3S (PP) ok % ADP &F&I13, CH
T3 1.8940.22, P T3 1.59+0.60, NP BT
1£0.39+£0.21 TH o7z, 5 DEENSRT LD,
P #® ADP fEix C B IR U THirrEIcE R 2
EREDZNDOD, T b IMIEEERL Tn5,
NP 3 C BEICEH L €T P<0.0001 & #aH2Eic
BRECEEEZRLTWS, PEII NP EICHEKRL T
P<0.001 L HEHFHCERCEEE2RLTWS, L
Lok, HBIAES (PP) Wiz WwTid, NP B
W % & P B AR ERCERE % ADP ©

EMmEOABRH (PO)
* 3k kK
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* 1P <0.05

*% 1P <0.01
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EBEOEEMIC BT S ATP §F & (umol/g wet weight) DI #7R7,
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BEMRND S EERLTNS,

2) MEMsEELCAERIE (PD w15 ADP &F
B3, CEETIZ2.04£0.23, PEETIZ1.76+0.75,
NP B T3 0.75+20.41 TH -7z, 5 OHFRITTT
ki, PED ADP fEi C BT ELE L THisTm
KEEERZRDRVHDD, I bFric{EEER
LTw%, NP BiZ C BRiCtig L T P<0.0001 &
METFHNCERIWCEEEZRL Tw5, PRI NP

R 2 BECBY D, BRILER L MR MEEL P BEE
B L OLABEEIESPIO ADP &H% (umol/g
wet weight) 27,

ADP
L E TR T AN S N
og No. ™~

1 C 2.17 2.06 222

2 e 1.66 2.08 2.01

3 G 1.67 2.07 2.19

4 (e 2.28 1.82 3.10

5 c 1.74 2.00 1.88

6 c 1.80 1.89 1.76

7 e 171 1.78 1.47

8 c 2.14 212 1.88

9 (¢} 1.80 1.78 2.10

10 Cc 1.92 2.46 247

11 c 1.92 2.38 1.96
mean + SD 1.89+0.22 2.04+0.23 2.09+0.42

12 P 247 242 291

13 P 0.52 0.60 1.08

14 P 1.40 157 2.03

15 P 1.38 1.66 172

16 P 2.00 1.66 1.86

17 P 1.74 143 1.91

18 P 1.66 297 3.20
mean +SD 1.59+0.60 1.76+£0.75 210+0.72

19 NP 0.24 0.44 1.17

20 NP 0.48 0.88 1.60

21 NP 0.70 1.30 1.58

22 NP 0.21 0.23 1:32

23 NP 0.24 0.91 222

24 NP 0.30 0.44 1.18

25 NP 0.69 131 1.42

26 NP 0.24 0.49 1.45
mean + SD 0.39+0.21 0.75+0.41 1.49+0.33

EMFEHTHRIEH (PP)

* %k sk ok
N.S * % %

EmFEH AR (PI)

50 & H 1S

WL T P<0.01 LREFERICE R ICEE AR
LTw3, ZhoOED HBILED (PP) &[EkRIZ,
P B3R MaEELOHERIE (PD 2BWwT, st
HICEE R ADP OBEFEHREZED TnD,

3) REMFEELOSMERIE (PO) WwiBlir% ADP &
FREIZ, CEHTIZ2.09+0.42, P # T3 2.10+
0.72, NPETI31.4940.33 ThH o7z, B 5 OEH
WWRT &5, PEO ADP {E1X C BRicHER L Tk
FHEERICEEE 2RO T, BIZRBEOEEZRL TW
%, NP B3 C FRCHHE L T P<0.01 &#atsny
KEBECEEZRL WS, PRI NP BICEE L
TEEERROTVLOOEEERLTWS, Ih
5 D RAE I, BEIMAEELOAMEEF (PO) 128w T,
Preconditioning st EE L ADP OEF
THREZED TN EERRLTWS,

Il : FEIZH T 208A TAN SFENEE)

BB U 20BN, $hbb, BMERTH 2
B (PP) & 7%t BE R I FE 100 P9 B A5
(PD) B L UHESMEMR (PO) WO TAN &FE
(mean £ SD) 2% &£ ®/zbDEFE 3 (umol/g wet
weight) WRL TWw3, iz, ThsOFZHMOML
K26 IZRLT WS,

1) #HLES (PP) 12135 TAN &F&iE, C
BTIX6.51+0.81, P T3 4.864+1.86, NP B
T3 1.17£0.56 TH o7z, M6 DEAITRT L3
iz, P #Eo TAN fHid C BictbB LT P<0.05 &
METFEMICAREICEERZRL TV S, FRRIC NP B
Ty C BICHEL T P<0.0001 LHEH¥EMICEE
WWIEREEZRLTWS, &5 P BT NP Bk
B LT P<0.001 EMErFHCERICEEE2RL T
w5, DLEORGEIL, I (PP) NiZBW»w T,
NP BficHET 2 & P BEOADFEIHNICERER

EmFEOHER (PO)

* o %k %k * %k

® ) o
§3 23 23
§2 g2 g2
00 o0
%01 31 §1 ﬂ
N g f E
C P NP [#] P NP C P NP

*% 1P <0.01
*3%% 1P <0.001
**k %% 1P <0.0001

5 BEHOZLMIZBITS ADP 5H & (umol/g wet weight) D #RY .
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TAN ORENERD S Z L 2RLTWS,

2) REMMEECOPEER (PD B2 TAN &
HEZ, CETIZ6.2240.63, P BT 5.23+
2.53, NP#ETI32.02+0.93 TH o7z, K6 Ok

%= 3 BEICBT B, HRILEEM & MR IMAE P
B L OLHERIEEAO TAN 88 (umol/g
wet weight) Z7R7,

RT3z, P RO TAN fEiX C Backiig L <
A ECEREZ 2RO Z 0D ODEWER 2R L
Twa, NP Bz C Bz LT P<0.0001 &t
EMCEREICEEERL WS, PRI NP B
LT P<0.01 tHEHFNCERCEERZRL
Twd, ZhsORHE S HBAES (PP) LR, P
B RE MBSO BRI (P 2B WT, Hats
WHEZ TAN OBRGFEHRZED TS,

TAN 3) FEIMAEECLAMEREE (PO) w12 TAN &
Do o s m | enEms Ao oW A R W BEIF, CEETIX6.19£20.78, P B T3 5.80+
1 C 7.36 6.09 6.70 2.37, NPEETIZ3.9110.51 TH -7z, K6 DA
: S o oo ZRY £ 51C, PEO TAN 13 C BIcHBL <
g ¢ ég? 2% ggf} HETFRICEBEZZRED VL H OO L TFHITEWE
C X ¥ '
6 c 6.53 6.46 578 mERL T2, NP B3 C gk L T P<
: i 23 oo 0.0001 & #EFFEINICARIZEMERL T2, PR
9 c ggg ;gg 22? X NP BRICHER L T P<0.05 EHisrEmicEE I
10 C 1 J 5 = .
n c 778 7.05 593 BEXZTRLTWS, IROORED PP % PIL L[
mean£5b 1631 iogm 62’4; i]g-fﬁ 6~1ﬁ;§g-78 Bz, Preconditioning FEMERED J5H3RE ML P O
13 P 157 1.70 2.79 TAN OBEEVRIFTH L Z 2R T3,
14 P 402 442 556
15 P 3.82 423 417
16 P 581 4.40 499 = s
17 P 6.34 5.00 6.37 . ) R R
18 P 5.37 9.68 10.13 FENROMIT A2 B 2 % &, OSSN L
meer 10 | ABOLLED | D2 SEERY 7 High Energy Phosphate (HEP) +74bb,
20 NP ;?g §§§ 3(153 ATP, ADP, AMP % E DRz &2k L,
21 NP . . 3 s S o >
22 NP 0.70 0.70 365 15~20 3 LA MATHER2ME & e g, mEin
z e o o ol SEIR RS IBESE & Vs o 1 R ALMER BRI R B = &
25 NP 1.84 293 3.95 L 208 2B S I DT, £ IOEBE DR R
2 073 1.40 4.05 - — .
mtss 1117505 | 7024053 | 391 2051 BT 5 HNT, BOEERESAHEEEZ 502
RIBEE T H 2H%IEG (PP) R EE CRER (PI) B OHER (PO)
% %k %k %k 3k %k %k %k & ok sk ok
* * % ok * % N.S *
9_ | S il | aiicaiia ) 9 [ I e— 9_ | | —
8l s[ 8
571 &7y 27
s 6f 2 6F §D 6k
% 5k % 5} % 5
Ea af E" nt - 4t
g 3 [ E 3 u >o 3 |-
X 2l = ol g al
1r 1F 1F
¢ c p NP YT B WP 0Tt 5 P
* 1P <0.05
*3% 1P <0.0]

kkk 1P <0.001
sk sk ok %k P <0.0001

6 FBEEOEZIALCBIT S TAN 84 (umol/g wet weight) D 27~ 7,
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15 53 LA 0 @R B R K 18745 %= (Preconditioning) FEEINTW»3ED,

EERE T L, LG HEP 3 2R & & 7%
W EREE LMY, KIFETIE, 4[EO Precon-
ditioning #* [T ICEREINR % 60 7ML, %
D% 7 HEOFEER % EM L 72 B Las % R L
7o, FERRES N BILOATD 3 AT (BRFLEEAD & REIM
SEEOIEEIE B L CRDOIMEEIE) & 0 LEiA
FEEYL, ATP, ADP, AMP %#l/E, &o12Iis
DO#FICcERE NS TAN 2EHH L Z DRGEEE %Ik
5f L7z & Z %, Preconditioning Efif Tid HEP ©
RIFRBEmshmnEoniz, 20X 5% Precon-
ditioning O.LESERESIROBF E LT, LTD L >
RENEZOND,

1. BEIRGE SR LD, BILOAHRNCEL
Toxic % ¥'8 (H*, NH,, Lactate, Free-Radical
EVPEEE N DOO, HERODI: U Z &1 wash-
out ENDBDTIFR i EHERIE 591,

2. WEIIRKERR T X 5 OB ERE & LT, L
FRMMIZMEIG L7z DEEEDE T2 & 23 2 L0315
NTHY (Stunned myocardium), O, B L ATP
HEEDET, ABEE DB, lon homeostasis D
HERF, MOFEPN pH O#ERE & OFREELME 10,

3. Preconditioning fE{TH#IZ 1%, Free-Radical ®
EANKES A7 912, Radical IHERDFHES
S UBRIE LM E S 5 ATREMED B 512,

4. DESREINEBEER T % &£, Caoverload (Na-K
Ry FOREEE X DSEIC Na-Ca R 7@, #lg
A Na 23t ~H % & & b2 Cat AT ) 28
AUHMlREERFI S0, 3 2b b, MianE
Bt Ca*® O¥INE, 707 7 —X - mA KRV A—ER
EREEL T, MlEREOREESI ha vy N T
2B L BILHBER{LREDE K & & 72 9. Precon-
ditioning X & @ Ca overload Z{TZ&»O/ERH T
FHIL T LHEEEND 5.,

5. LFREIMETEAER T % &, Creatine Phosphate
(CP) ZEMAER EE->RER & ITHR
(overshoot phenomenon) 23E.5>h %, Zd CP ¥
> T ATP ELEMBE SN2 TREENH
6 4)14).

6. ATP MM —CHFET 2D TiEk <,
WL DO XREZSTHNT WS (compartmenta-
tion). FEIM T Cid & 3 HHfaE OFEFEE ATP 234 D
BREAT 3, Lich->1T, —@&EOREITIE,
PR e HNEGE - BEBERDO ATP 2R

<

7. DESHIBEIZ R MFRAY 10 BEREATE: & 0 PR ERE
HEED D, FRERIIEER LIS L 0,7,'0, 2 &
D& S17: Free-Radical % F 3 519719, Precon-
ditioning & & OEFHRERIENE & f1E > O /EF THIH]
STV L AREMD D B,

73, Free-Radical 12B L Ti&, Preconditioning
DLBHHEEDR L IEERTHI LORELE
W Fhbb Iy N EMEHLZEBRTIE, Free-
Radical WHZEHITHS SOD (super oxide dis-
mutase), CAT (catalase) %2 EDfERHIC L >TH %
OFRFIMFIESNDE Z L F R o120, &5, RD
Khfsbd s, ATP BEYTHL ERFY >
FrBLUOTY i, HEGRRO O, & Xanthine
Oxidase ODAFED b & Kt LT Free-Radical %
%35, £ZAT, Z® Xanthine Oxidase X7 v
ke A XOOERNCIEFET 225, 89 b« AD
DEFIC I3 sz, Lizdi-> T, Precondition-
ing DLHERERE DS Free-Radical EEAMNHC X
5bDrdHE, 7V A XTiE Preconditioning
FhHEZRD LM, ZJEw b« ATERED SN W
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