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=Abstract=
Superiority of Modified University of Wisconsin Solution in
the Prolonged Preservation of Isolated Rat Heart

Jae Seong Lee, M.D.*, Song Myung Kim, M.D.*, Kyu Tae Kim, M.D.**

The paucity of donor hearts for transplantation can be remedied by distant heart procurement. Pro-
longing donor heart preservation is essential for successful clinical cardiac transplantation. Thirty-two
isolated rat hearts were perfused with Krebs-Henseleit buffer solution for 15 minutes, arrested and
preserved at 4 for 4 hours, and then reperfused for 25 minutes. The following three groups were
prepared and hemodynamic changes. creatine kinase-MB isoenzyme levels and ultrastructural changes °
of the myocardium were analysed before and after cardiac arrest. : Group I : the heart was arrested
with the cardioplegic solution (Plegisol, potassium : 16 mM. sodium : 120 mM) and then stored in a
solution with ionic compositions of the extracellular fluid (Hartman, potassium : 4mM. sodium : 130
mM) ; Group 11 : the heart was arrested with the cardioplegic solution and stored in a solution with
ionic compositions of the intracellular fluid (Modified Euro-Collins. potassium : 108 mM, sodium : 10
mM) ; Group [II : the heart was arrested with the cardioplegic solution containing adenosine 20 uM,
and then stored in a solution with ionic compositions of the intracellular fluid (Modified University of
Wisconsin solution, potassium @ 119 mM, sodium : 23 mM).

Left ventricular developed pressure at 20 minutes of the reperfusion was significantly higher in
group HI (64.3 £ 3.12mmHg, p < 0.01) and group 11 (58.3 = 1.55mmHg, p < 0.05) as compared with
group I (51.4 + 2.78 mmHg).

The time to induce cardiac arrest after infusion of cardioplegic solution with adenosine 20uM (5.3
+ 0.30 second, p < 0.005) was significantly shorter than without adenosine (10.6 % 0.55 second).

Coronary flow at 20 minutes of the reperfusion was augmented significantly in group III (9.6 £ 0.50
ml/min, p<0.05, p<0.05) as compared with group I (8.0 + 0.41 ml/min) and group II (8.1 % 0.51
ml/min).

Percentage recovery of left ventricular developed pressure at 20 minutes of the reperfusion was sig-
nificantly higher in group II (94.6 + 2.51 %. p < 0.005) as compared with group I1 and in group II
(83.1 £1.22%, p < 0.005) as compared with group 1 (69.9 &+ 1.73 %), and also percentage recovery of
coronary flow at 20 minutes of the reperfusion was significantly higher in group I11 (82.3 + 3.86%. p
< 0.05) as compared with group 11 (71.4 + 3.46 %) but there was no significant difference between
group I and group IL

Measured level of creatine kinase-MB isoenzyme at 15 minutes of the reperfusion was significantly
lower in group II1 (1.23 + 0.16 ng/ml, p < 0.025) and group II (1.42 +0.10ng/ml, p < 0.05) as com-
pared with group I (1.79 = 0.14 ng/m]).

In the semiquantitative evaluation of the ultrastructural changes of the myocardium, mitochondrial
score was lower in group III (0.7 £ 0.21) than in group 1 (3.1 £+ 0.28) and group II (1.7 £+ 0.19), and
also the other structural score was lower in group III (2.7 # 0.99) than in group 1 (7.9 £+ 0.89) and
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group 11 (5.0 + 1.22).
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In conclusion, the solution with ionic compositions of the intracellutar fluid is appropriate for pro-
longed cardiac preservation, and it appears to be better preserving method for distant procurement
when the donor heart is rapidly arrested with cardioplegic solution containing adenosine 20 uM, and
then stored with Modified University of Wisconsin solution.
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(Modified Euro-Collins 494, )3} MEC £-<) % Univer-
sity of Wisconsin =% 49 (Modified University of Wisco-

nsin &4, o]3} MUW &o¥)o 2 zbz} el b & 7}
ol A7l % AT vl R HEE gaste] A4
Zh kg Algn Ede gt AR E A9l o) dE S

SEEECE

EHAL S

o] Alglel A% FEE AYEIA A n]slo] oF
oFo] A A vl ERA AE]lel o ALSE, A F
250~300 gm ] Sprague-Dowley (3 : Rattus norvegicus)
A =7 8 A5 ArE-3telch

Ay FES 3T R TR, Al 172 A 28] =
A& o] Hartman A4S, A 1S Al Eo 2AI8oZ
4] magnesium & i?{}ﬂ MEC &8 a3 A T2
A Fjed 2413 o 2 &) adenosine ‘;—! antioxidant £} syn-
thetic colloid o] 3% MUW £
o2 3t Al R o g ] A 1, 11 -2 Plegisol 242
Al 1172 Plegisol &Y ol adenosine 20uM S # 7}3}o]
AH8-3FA T} (Table 1 & 2).

247} Al AR

o ]7} 100emH:0 0] 4F2] 3+3-& =
=4 6}-37_ Az Yol 7] 28 A3} carboxan (95 %
oqs%aaqlﬂﬂWOEQ%ﬂ%7£ﬂaﬁq
o} 5o 2 (16-gauge Jelco®oll 4] w7 Abgk gkl o) 7}
2 B AnE Ah Bore] oF 500mmHg o] A), o] Aks}ek
A #9FE 35~45mmHg 2 = A3k pHE 7.35~7.40 W
9] ol = H 2 Al A}
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Table 1. Expermental groups

Group No. of cases Cardioplegic solution - Storage solution
I 9 Plegisol Hartman's
11 13 Plegisol Modified Euro-Collins’
I11 10 Plegisol + Ado* Modified UW *
* . adenosine 20uM. ¢ : University of Wisconsin

Table 2. Composition of the solutions

Component Hartman MEC? MUWP Plegisol K-H Buffer®
Sodium (mM) 130 10 23 120.0 141.7
Potassium (mM) 4 108 119 16.0 5.9
Chloride (mM) 111 15 - 160 127
Calcium (mM) - - - 1.2 1.25
Magnesium (mM) - 5 5 16 1.2
Sulphate (mM) - - 5 - 1.2
Phosphate (mM) - 60 25 - 1.2
Bicarbonate (mM) - 10 - 10 25
Mannitol (mM) - 180 - - -
Glucose(g/L) - - -~ 7.8 1.98
Lactobionate (mM) - - 100 - -
Raffinose (mM) - - 30 - -
Adenosine (mM) - - 5 - -
Glutathione (mM) - - 3 - -
Allopurinol (mM) - - 1 - -
Dexamethasone (mg/L) - - 16 - -
HES (g/L)d - - 50 - -
Osmolality (mosm/Kg) 220 340 320 280 320

pH 74(R.T) 7264C)  T4RT)’ 78(4¢) 7.4(R.T.)

a1 Modified Euro-Collins’ solution. b : Modified University of Wiscons solution : Insulin, bactrim were omitted from the orlgmdl uUw
solution. ¢ : Krebs-Henseleit buffer solution. d: Hydroxyethyl starch:it was supplied by Sigma chemical Co. (USA). :The pH is
adjusted by the addition of NaOH to pH = 7.4 (at room temperature).

7233} o 5o @ Afoloi= o Whr]E A}Lsla, &  NaHCOw 23.7mM, CaCh 2H:0, 1.25mM ¢} A &5 2o}

Zoll= VWR AL9] A -2-4-3}17] (constant temperature im- 23} 2led 7}e3}o] o 3}x) (Whatmar® membrane filters,
mersion circulator, VWR scientitific 1120)& A}-8-3}o] A pore size 0.2um, 47mm Dlameter, WCN type)ol] o3&
g A A Fel 37y x5 A FAAFH oA, slo] Al T A Q1S 53] Al ABIA
A HexE Al shatel] Adx)slar @ wghr| e} AR A2 A e z,ﬂ_ #ZE 2.5% sodium pentobarbital
wal odZdste] o Fo el Fabgl A4 AAES B2} 100mg/kg & H7hH F9isled A4l vhA & Az ew, A
Ak (Fig 1). 3 A 53 2F o] AAd AL #dd F
B Aol 2143 PFH-2 Krebs-Henscleit 2H3 "F%FH of mA sl AR S Anpstal FA] JHFsksict 9
oRolodt}. Krebs-Henseleit £+3=8-& =t57] 98 deion- Z9] AlAS A ZEslo] v 4 9] Krebs-Henseleit <+
ized redistilled water] NaCl 118mM, KCl 4.7mM, "Cﬁi o 27)d o] A E}EO] AAlE™, ZA] Lan-
MgSOs 7TH-0O 1.2mM, KH:POs 1.2 mM, Glucose 11.0mM, gendorff A3 2.3 o] o] 5 gto] 31 9] o5& H3ts}
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Buffer Cold storage |( 4 hours )

solution 7 Time(min)
bottle 0 5 10 15 1/€ 10 15 20 25

Liquilibrium Reperfusion I

‘ |
Heart rate n |
LVDP (%] o

A A

B
wire ‘ Jlow ' j

>oE--
>oo--
P OG-

Platinum Coronary

Constant tempe CK-MB CKMB  CKMB  CK-MR
circulator Cardioplegic solution —d Stimutator Q 1’ M)
Stimulator
Aortic cannula Fig. 2. Experimental protocol. LVDP:left ventricular devel-
Latex balloon oped pressure, CK-MB:creatine kinase-MB. E.M.:electron mic-
.......... roscope

Isolated

Water bath "atheart

Fig. 1. Experimental model (pulse stimulator, Model SD 9, GRASS Instruments Co.)
o 2143l & | FH-MN-S Krebs-Henseleit k3 o 2 3}
o] Al X5 37T/ A} 7FEE A 257 At

31 Krebs-Henseleit $FZo8-8& Fqlsladct. A& 2] Abele FAlF e, olu A AA o] glow Al uhE 7] 2 A4
A Z2x] 3 o] Alale] ZA|F ubZo] 3| EEW, AlAl) EA|7) 3 Al ubESE 2 A e}

3abel Aupzdold 298 zz}% AAshn sapge Aol Adeieh Eael AR oz, Bl AR
%3ko] Latex balloon & #4140e] Atalsto] olskzl spel  Al7lol A wRESn #4IAaE 2 B5eF(coronary flow).
o] 10mmHg=|A 3 FA12 5. 3+ ##h7] (Statham mod- creatine kinase-MB (0]} CK-MB) 5| £48 72+ &4
el P231D, Gould Inc.)ol| <72 &}e] polygraphs(Model 7 ser- 3lod v #aksle] ovd, Alslo] it A1 AHS Langendor
ies, GRASS Instruments, Quincy. Mass., U.S.A)E 53l AF Ao A Halsla AA FHqA P7dste] Ale
a1 e] b (left ventricular developing pressure)< 71 A2} o)Aty v|d) Fre] HIE v BFegc)
2 it (Fig. 2).

& Aol oA Al Fe] v 3 F 10vte]e] S o o3tx] &4 i’tu‘ atsget Al ¥ 3 RS
A %8}o], #3438 (constant pressure)?] Langendorff 43 & A e o] A= S [0 15 o), ) THFA] 7|0 5B
3ol dA3taL e e protocol o] wFEE7HE gl s}l 10+ 155, 25 —Efoﬂ ZAske] o, ) IHF 20 Foll A 9] 3
= BEE Yy 158 N Wt 7hzk gA]sl] v

4 protocol: &4 & A LS Ldngendorff 5% ® Mol # AR ARee] E9 FEF
2ol AZHAIA 153 PN S FA7F F olo] 3t (ml/min)& FA 5L A/F 5k} A vt 7He
FAE 2wsta 4¢ 9 AA A Y (cold Cdrdlopleglc sol- gk 7y o] HEAe 1539 Al ubEel v s Bl
ution, Plegisol)S 7ml/min & 1 57} A F3}o] AlutE-g- A E AAulgrl g 2Aste] 4] uberR Qg 3 R
AAH e, AR 3 F]9] A4S Langendorff 2] of 4] W3E 2428} sholch G Abe] 1585 A A T4

A7) 4] Al AR EH ] g A2 AR S o] & AR A7 A Al A7 AR A Yol adenosine & A7}
atod 421 7kg-qF A Akt gt 3 Ar)skA] b 2 Rkl Akt

A A% Langendorff FH-F-AFx] 2] o F 3o 31 F 9] of Creatine kinase-MB 9|84 24 A3 o A4S £
T A A A AL A A4 A s 3§ CK-MB $13191 qeF B &= 3
Mol wh-F41(99.95% platinum  wire)Z A 2dk] 300 PN Fy Ao A= 1580, ABFFNE= 5E IS
beat/min, S-milisecond duration, 2-3 voltage (x} #+7-A] 4 B 25 o) ztz} A Fshe] 73 A} 8ked 2.1, Abott Laborat-
A 3| B e} Mzt ¢ olS)E wE AR ‘?}%7] oriesAt2] IMx® CK-MB assay & AF-2-3}ed 3 CK-MB ot
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Table 3. Criteria for mitochondrial score

0 — normal with well preserved mitochondrial granules

I — normal structure of crest and matrix, but absence of granular deposits

2 — loss of matrix granules, clarification of matix, without breaking of crests
3 — disruption of crests, clarification of matix

4 — loss of mlegrlty of mltochondnal mcmbranes dlsrupllon of crests

In each micrograph, 20 mitochondria were selected randomly for semiquantitative evaluation.

Table 4. Criteria for other structural score

Nucleus margination & clumping of chromatin
no change ; 0, mild 1, marked : 2.
Myofibril contraction bands, blurred Z line
no change ; 0, mild to moderate . I,
moderate to severe | 2, severe to lysis [ 3.
S.R* junctional SR & T-tubule abnormality
mild 1, mild to moderate . 1, moderate to severe | 2.
Intracellular edema mild 0, mild 1o moderate 1,

maoderate to severe ; 2, severe . 3.

* . sarcoplasmic reticulum

ol 28 FAE o] 4 mAjlA} A4 WY A (mic- Az} 71 2] &} A3} (clarification)= 9l 2t AP Al 52 &
roparticle enzyme immunoassay, MEIA)Y 2.2 &}l Al A% 24, A Ao whelel 7] #gle] 24 F

A A TE wE B A e A o] Byt F A A3} ol AL 33, A ASe g3 AR A 2]
Al ZANA Avk A 23 FRG 470, 2.5% gluataral- &Alo] 9l AL 4 o7 stol o, g e BRA F
dehyde (in 0.1 M phosphate buffer, pH 7.4)ell A A]7]3 2ol g g 20709 AFHA S A A A RS
2 A1 7F o] Ak FAAEE & | % osmium tetroxide & F 1A 3} &+el o} (Table 3, Fig. 3).

ook mAE AE-E &3-S 1A Epon 8120 £l 3} & FrEe] Has zhzte] £4ke A kel aet, 89
3, lum 549 2bd A uk5o] 1% Methylene blue 2 W o] 238} (margination)a} o A =l o) &3] -9 wizlr} gle
A sto] et dn|A o g paker F A EA £EFS A W0, debd 13, Astd 2402, TR 75 o
g 8ko] 80 nm F-7 8] & wbA -8 w5 uranyl acetate 2} ol zAe) Warl glow 04, Aehd 14, 255H 24
lead citrate 2 o] 34 3}o] § 28 d =} &w]7 (Hitachi A eHA Eakslo] ez} glom 3w, F3A A
600 microscope)->- 2 &3}t T3te] w3} So] Ashd 0%, T5xd 14, Alstd 24
7+ Frol| A Al 24ke] A 2 & Flameng”, Davtyan” -9l og MEEZo] Al 04, ALK FEET 1, =
ol &l Abg-¥l 7158 tha WEste], S A BF Skl = WiR Alskd 2%, o5 AlshH 3 o® slo, 3
vl qlzhal ApglAle] B A o2 Skl o 10de2 7z F#e) 55 A 285 4] sl vh(Table
2 F2E (3, 945 (myofibril), +31 2 A7 (sarcoplas- 4).
mic reticulum))®] £AF 2 A Y B2 Fprog #at 2A 82 2al 7t Fol| AEH g HAE + T503
slolom g A2 & Abghel wWe] 23] 3Atel] 2 2 EAIE 3, BAISHH F41S 918k Duncan’s mul-
A2 o) A v o B4 st} tiple range test 2} unpaired Student t-test & ©]-8-3}1 2,
AgAle] EAEEE 047 R HFE A A4S0 pgte]l 0.050]3kal A5 FAA folAde] e HAer
A, AV A % (mitochondrial crest)®} 7] A (matrix)2 A4} 2] 2] s}l o}

ojvi 714 #Hgle] Azte] gle AL 14, 71A A7 &
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Fig. 3. Representative electron micrographs of mitochondrial
reaction following ischemic injury (mitochondrial score). A.
score 0 :normal structure with well preserved mitochondrial gran-
ules, score I : normal structure but granules absent (X 25,000). B.

i}

2R A AR AR BENe) 24S AR A 5
W AL AR 447 ARFE A

0715 2 vl g WshE wa B4s)]
thew e 44 E It

A B AgAke 1588 AMFERE Al 124

score 2 :swollen milochondria with clarification of matrix (X 25,
000). C. score 3:disruption of milochondrial crests with clarifi-
cation (X 30,000). D. score 4: disruption of crests and loss of in-
tegrity of the mitochondrial membranes (X 17,000).

256 £ 11.6 3] /5, A N3 261 +543)/%, ] 1
250 £ 5.4 3]/ ol ow, 4|7+ A=
wi o] Alubs- o 55 AA Al s 2
o, AAAE F AAR Aabgo] Bold 799} thA]
Algol ol Al Al F AlutEo] Fol2 AL B thefat
A #AE A}

A FFA 2 #HAIA o (LVDP)e] w3} : Al 174 7
BH SHe 503 +£2.86mmHg & FA1A gtdo] ohE
o vl 7}RF vl A HBF 15 Hoff 53.3 £ 246 mmHg 2
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® Group | & Group 1l  Group li
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LVDP(mmHg)
[o)]
O
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“E15 RS R10 Ri5 R20 R25
Time(min)

Fig. 4. Changes of left ventricular developed pressure in each
group (mean = S.E.). LVDP; left ventricular developed pressure

23 3B Ak S AL fA] XA A AR 20 Eol
51.4+2.78mmHg & A2 Doz om, A 172 AT
5o} 53.7 +2.26mmHg & Al 17 2ebe= vha 54 ¢4
Aol F-AE ] ANT/F 15Fel 56.7 £ 1 46mmHg A 2t
B 209 58.3 + 1.55mmHg & A48 3 2=¢lx, A I

& A TF 58 57.6 + 2.12mmHg o) A A FF{- 15 F-o
65.0 £3.03mmHg 2 & 3|55 A AF 20500 64.3 +
312mmHg 2 Al L [Tl vlsle] &2 o8 S48 774
shoich. =&k AAFF 15 ol Ao A kS A T
o] 65.0 = 3.03mmHg(p < 0.025) % xﬂ 1179 56.7 + 1.46
mmHgel) vl&te] FoslAl 2 ¢HE veplial o, A
BH 20 Hol A= A 1To) 64.3 + 3.12mmHg(p< 0.01)
2,4 115%0] 583 + 1.55mmHg(p < oos)i A 15-9] 51.
4 £2.78mmHgel| v]ste] bzt f-oj3lA] 2 4y &
el ol o} (Fig. 4).

AR Fof F A A AI7E: YA 15E F AA
x|y Fojx] Al A x| 74x] H )= A]Zke] adenosine 20uM
< A7IEE Al 79 A-$-7F 5.3 £0.302(p <0.005)=
Aol X2 A L 79 10.6 £ 0.55 %] n]sle] {2
&l whE A A 27} f 25 Ao} (Fig. 5 & 6).

ABFA] F AFEEe) Wt FYF o} APFA] B
FFeko] Ftastd o Al [ AAF 5F 74+
0.80ml/min 2 7} =A| ZHAastdez) A AH 15 Fell 8.2
+ 0.68ml/min 2 chi 355} AJF 202l 8.0 + 041
Z Zasia, A HTol s AaRF 53l

r1.1_1

ml/min &

with adenosine

cardioplegia onset

'

without adenosine

1 i 1 1
0

T > time (sec.)

Fig. 5. Trace of left ventricular contraction after infusion of
cardioplegic solution with and without adenosine 20 uM.

Time (sec.)
127

10

with Ado.

without Ado.

Fig. 6. The length of time to develop cardiac arrest after in-
fusion of cardioplegic solution with and without adenosine (mean
+S.D.). Ado. ; adenosine

10.1 + 0.67ml/min 2 A 17l ¥l &) & ¢-& 2ot
ANF 20 8ol 8.1 +0.51 ml/min 2 AL F}astgdc). A)
HIFell A A 1, [l vlale] §-2J3F o] & o F=
d], Al AF 532 9.8 +0.54ml/min & A F}A-5}%) ¢
A A 20 ) 9.6 + 0.50ml/min (p < 0.05)2 §-=]3}e] A
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Fig. 7. Changes of coronary flow in each group (mean = S.E.}
%
100

80

60

40

20 - Group It

Group Il
0 . r Group |
LvDP Coronary flow

Fig. 8. Percentage recovery of cardiac fuction at 20 minutes

of the reperfusion in each group(mean + S.E.) LVDP : lefl ven-
tricular developed pressure

L II# BA st 0 2 o8t 2to] & Byt (Fig. 7).
AN F5F 20 2ol A o] A7) F B 58 HAdE 15l o)

b ARF 20 2o A7) HEES wal Al 17 A
= Al MEESTE 91,9 +2.37%, HAIAL qFES 69.9 + 1.73

%, T TFEF- 70.5 £ 3.83% AL, A [Tl A& Alts
7} 95.3 £ 1.35%, FA1A ot o] 83.1 +£1.22%. 3+ 35

o] 71.4 + 3.46% Qo] Al B o] o2 MUW 8- &
*}ﬁf& A Mol A2 Al7]1%5 3880 Al w27} 96.9
+ 1.19%, A4 gFEe] 94.69 + 2.51 % (p < 0.005), 3

o $-21 %)
1993:26:427-440

191
"

£
14"
2
m
=
X ]
509

0.44:! it HEE

E15 RS R15 R25
Time (min)

Fig. 9. Changes of creatine kinase-MB level in each group
(mean = S.E.)

)

gto] epnllAl Eokeh Al 173} A 11T Afo)
z}/\]/l_c] oLa:]_g] §].§L°o] 321124 o7 .n__,]k]o] o]oJ
(p <0.005), 3+ FFake] 3-8 TAHOZ Fo
ko) = gladeh(Fig. 8).

2Fo] 82.3 + 3.86 % (p < 0.05) &2 A 1, 1122 A 71%
ol w

Lorr JI’E 3

Nt

2o 2

2. 122 creatine kinase-MB S| A X|2| H3}

Al T3toll A 3 Ae] 1582 CK-MB £4:2]7} 0.52 +
0.07ng/mle] sl Zlo] 4 A7k A 2E AFF 5ol 098 +
0.16 ng/ml & Z7}sle] A H 155 1.79 £ 0.14ng/ml =
Al Zrhskel om, Al ol Ae FalAbel 1530 0.63
+ 0.04ng/mlo] AHFF 5o 0.96 £ 0.04ng/ml, ) TF
1520 1.42 +0.10 ng/ml & Z=7}3bichrb 2 5 25 5ol
0.94 + 0.10 ng/mt 2 7F2abed a1, ] 1ol A= 2 3 Abed
53l 0.47 +0.09 ng/mlo] A gHF 5ol 0.80 £0.14ng
fml, A FF 15356 1,23 + 0.16ng/ml & Z7bshit 4 1, 11
Tl vlsto] zubd o g wbAl 2= it AABF 15 Fol
A A o] 1.23 + 0.16 ng/ml(p < 0.025), A 11 7o) 1.42
+ 0.10ng/ml(p < 0.05)2 A 17-2] 1.79 + 0.14 ng/mi ol ]
slod §-95A P& CK-MB 238 Bologx, A&
A S A ool Bobs Aol A abal-Su A2 &4
o] Aelwd 7l 2 2 viephgel(Fig. 9).

3. A OjMlTxel Hist

o] vl TS F3E A dvldes fag
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Fig. 10. Utrastructural findings of group I. The mitochondria
show severe damage, and there are swollen mitochondria with dis-
rupted cristae. The matrix show clearing and condensation. Sev-
eral mitochondria are destroyed with disruption of inner and outer
membranes. The myofibrils show moderate to severe contraction
bands and lysis occasionally. There are also moderate to severe
abnormalities of the sarcoplasmic reticulum (X 8,000).

Az, A 1ol A R Al A R EAHETE A
om, AR A 7} FAE o] oAV AP A 5] 3h] 3 AR
A W HYo] Ao £AH 4738 ol 7hE Al A 9
Ui, @] e] mto] 2AlY wzid A ]l Wstx B 4 9l
o} ZRAFE F5E A o] Bekal ZAlo] vl $y
of glowm Ao MR 925 Hol= Xk 7}
4 =] ok (Fig 10). Al 1ol A= g7l AR A2 A
e A HEge] gl AHE AT stafe} 7] 2|l o
A3} Fo] FaA=E gl TR FE2 v T

AsAY 552 M3E Holil oA Alato] <kzt
=3 Eo] glor 25X AEd ¥ES E 5 gy
(Fig 11). A HIFN A= v A4 28] v Fx7}
a HEso] olgloem A Abglal e} Azpglo] Akl A}
A o] A F Abolel o] FAE T YA Re
5 Axe) A Ae] Wl Arlstd i Al E W
25 225 o|slgdth(Fig 12). & ztFell 4] Al A 9
24 AEE FHFH R A% A A 130] 31 +
028, A 117o] 1.7+0.19%, A IIIFe] 0.7 +0.21 Ho]
A, gEFRE S HEE AR AT HAe A |
70l 7.9 £ 089, Al HHEe] 5.0+ 1.224, A 1l 7] 2.9

o

ML b W
e
)
ol

vk

Fig. 11. Ultrastructural findings of group Il. The myofibrils
are intact but the sarcoplasmic reticulums are moderatly swollen
and dilated. Some mitochondria are almost normal while others
exhibit matrix clearing with or without disruption of cristae, but
loss of integrity of mitochondrial membranes is seen infrequently
(< 20,000).

Fig. 12. Utrastructural findings of group Ili. The mitochondria
are well preserved and increased in number but granules are ab-

sent. There are mild intracellular edema, and almost normal myof-
ibrils (X 12,000).

-

+099H o2 A 17| 71 A g & o
of A 1Folv). 7h4 A& EAbs Bel A IITo] 4417
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Mitochondrial score

Other structure score

Group |

Group Il Group Il

Fig. 13. Mitochondrial score in each group{mean £+ S.E.)

Al B3 337} ol AR A FHATH(Fig. 13 & 14).

=4

d|

A}

AE AR AL et dle d A2 A
o A& ARl e, o] F AR AR AN S
3] Flste] gr] AR A E e H, AL AR
Edo A T2 AT oA HAHE FA A7
A Q7S Fole Wi AR AW e] 3] AH4E L
o} 22y 0c el A AAE ATt = YAk A EE AL
AlZ A EZE 2317 7 2] A= o{HE] &
& ¥ glohe}l A2 A Ao qlste] Al £ thApztgo|
A =3 g 7px] o] & whg-Eo] AedE| o] 2.3]8 A E
£ JIA|2 £ vk B4 0] 2=, g4 8
=4 (anaerobic glycolysis)ol] H 83+ & F 49l glycogen
phosphorylase, glyceraldehyde-3-phosphate dehydrogenase,
pyruvate carboxylase 5-¢] 5843} 5|3, ADP& A 2A
A A AFH A R o] FA]F) = H &S 3= FA4:2l adenosine
diphosphate translocase 7} £843} Fo24 A EA o
Folgli ADP = ATP 29| glAks}7} = A 3L purine 2]
©]3} (anabolism)7d 25 X £l tHAHE o] v} =3
e A2 A Ao AT AEe L2 AT A X
H-Fo] kAl L U Al 2R integrity & ##] 3}
4] 223 sodium pump(Na-K ATPase)7} ATP 7;A-<}

Group | Group Il Group Il

Fig. 14. Other structural score in each group (mean + S.E.)

2o 15C olalr} Hd a2 &5 o] AL A= o] AE
Wele) Al AR Ed3e] za=w, A 22| pot-
assium, magnesiumo] A ¥E ¥oz AAE I sodium,
chloride 7} A} ZU) & 591 =)= A water, calcium 5°] %3
oz g,

olzigt F8 HAuESo £AF A LoE QR A X ¥
5 FHUZ Eol7] 8 AHEEHE AREEN L RE A
Al 3le] 2F T potassium 2} TEE sodium = -
sl Al E ) A SAF T potassium &} 2§
% sodium 2] A EUeY FAo] L-Qo] gl=d], 1 T4
-0 sjolel whel BE A7t BEL] Al HE w3
Al = sleh

AASo] 2T o2 A4t Al EL 2A3¥ | Har-
tman £-9-& sodium 130 mM, potassium 4mM 2], 4| L
o8 B3 o] 29 o] 5o QI A EXFS AT gl
B A7) BENY F70] Ho=]o] glovt &R} A4
B 278 A8l A8-shsct.

AEU) Ao A7) BEHL 19691 Collins 579
s 2 =31l o, A == T AP T
A RS A AAolA] A AR BES
g0 2 go] AL =R 1 g} Sacks 5 LFEe]
potassium, glucose 52 ©|-43 A SA45 AP AHE-
Fogix Azag E93E o] o] &S At AE
Y 75S A 23 5 ddoia 3492w, Toledo-Per-
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eyra TV NUAE A XY 24Y] YFREY R
24 A7k A2 A Agrel] gloja] niA (silica gel fraction ; ]
3} SGF)-&-Hd wfell Al £2]o) A3 ] J4 Ringer 84
oA 4] B} o] A F- & o] Fghow AEWY =8 ¥
Edo = 1 AHFste] A SGF 74 &4 & 2483 7
§- A A Sacks &R} 48417 BEF o] 4] *E E&o] o
Fskeha 2 mslsic

A 2pEo] A [Tl A Al 48] HAagadoz
A}-4-8F MEC -84 sodium 10mM, potassium 108 mM &
4, Euro-Collins £ -& =4 slo] A&-3l¢ict 2719 Col-
lins <& A £l A 2] o] 2243} 2A|5}7] 9] 8 potass-
ium, magnesium, phosphate, sulphate % glucose 9 =&
A8t AlztEl e 2 g, =8 F X2 magnesium phos-
phate 7} A &35l z) ot v FHzlo] A7|E 7|&Hl F-4
2} - F X2 glucose B 2l ) Al E2E &3 Fo7}F glucose
7V #4714 sl AA & ApFste] 220 oS A stE =
o] slsith. 1Al ARk ol & Hakahrl slstol lu-
cose tH4] maninitol 2 ©f )8} 3, magnesium -3 5mM 2]
FTEZ @3o] A AAS y|sle] 843 & ole
AallzFs S7H71= 35 92 24] magnesium o]2-©]
ATP ¢} B3Hal 5 A sle] AT F574 olghe] o] 851
o= 2] o] uh-g-3} 413} #H8- 2 §HAdof| cofactor & 2}
3t g G 8 A ste] A st

olo} o] A AE A Ef 2 HA AIFHE
Q! MEC &8 7)) 11 Foll 4] A48 A3, Al 2ol =
& 2] Hartman £ Xt} A 3FA)e] AAgle] znb3
L2 A FA=EAR, AR 20w FHAge] 831
+1.22%E A 1Y 699+ 1.73% o vl3] F2lsH4] =
2 3 EgS By zela AfF 159 CK-MB &4
2% A -] 1.42 £ 0.10ng/ml 2 A 179 1.79 +0.14
ng/miel Bl&) ofm]glA] vh& £AE Hof Azl =4
3] MEC §o] Br} & AE Eodoth v A2
W #4313 e] 892 75 % potassium &2 13 FH5
o] A8 F7le} Ay o) &4 5ol dl4ggt} Kohon 5
£ 7 A1A-S potassium 20 mM, sodium 87 mM £ Al £
o ZAFe] AAdxN g AAHRAE WA AL potass-
ium 117mM, sodium 10mM 2] 4] ZHH #4383 2] Collins
f-ollof] 4 X7} 2 ARE A7}, 5% potassium 2] A Euf
A 2432 Colling §N o2 AA =] A7 A AR 75
o} 4715 3 5o] Fobohar dlel e, & Ao BE
o og il Al Eolol EAFHO Al Ao 2] AlA
A A7) 3 2 gl A2 2AdEHe] H e o A
< AR A Ao} gefa shedct MAEY HSE AR AE

4

AL
_‘

f
ok 12
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A]1717] 9l = 37 B potassium 16 mM, sodium 120.
0mM o] AlE2jN A& Plegisol A& x-S A1-&3F
A& g9} 72 o] ZA el A6 7]slsdr) 1 ohiell
r}“o]’»‘f'—i"“ oz /‘ﬂ."ﬁbﬂ"-ﬂ igaﬁé/] MEC Jg__1_oﬂ A]-—g«
g Al 1ol Mo 2 ghFeke) WMEE ¥H, AdF 27
ofl Al 1ol il 3 #FaFe] vl Sk Aokt 2kE 7
aughe] A TF 2079 F FHAFe] 3 EEo] 714+ 3.46
% 2 Al agte g, A LI 2k $A2Q onl=
v Aoz el o] Toshima '] 7 A&
potassium 20 mM, sodium 87mM 2] Al & x]ef 0 2 A] A 2]
Al 7] 2L potassium 117 mM, sodium 20mM 2] Collins £-<§
2.2 3A17F A A, A 2059 R 35
Eo] 638:+6.4%HArirt Azbo] HAFtel| whel LFE
potassium 2 & FE= 23} Z7PFef o A A A3 3] 5
o] AT 30 8ol 69.2 + 7.4% 2 2n|elA 3)E= s}
e v zpo]F Byt

>.

>~

FEol M= dA
A 2 € 2a7hAREN A Sl
oo} JFH el A4S Q& = ok 2T, Wahlberg 5
of o3 At UW g4 A F55 B 37 fal
raffinose, lactobionate, pentastarch 5-& o] &3} i1, AHA]
Zke] A7) BFEel 9-Fate] 2HY, AR, HAY Fo) )
HEA o2 ] 218531 gjt} o] E Fel raffinose (594
molecular weight)&= ¥] e AFAd AYsHF- (trisaccharide)®] &
F34 2A 24, glucose, mannitol, sucrose ¥t} F-F vt
Z] A3}7} =9, lactobionate (358 molecular weight)2-o]-
2. chloride €¢]-& Al AMg-x] <)L, phosphate 2} raffin-
ose o} & BRI A PA AHgEH A2og o
A ZRES AR o2 AT 4 )t} 22| 7 pentas-
tach += diafiltered hydroxyethyl starch 2] d &2 2 wal At
& FREHA xS AAE YRR, FF
ol & HAAWS g A BEN A4 A2
AHg-E]o] gtovt GA|ZF A7) BEA = 7}, Al
o]]b HAA o7 B3l AL ol A AlAe A
H| 2 oAzt dx|epe o]2igt A Ao F 5}‘451
ST MEC 8919 4 AR FEE UW 845}
H] &3kt o)) 3t B /‘3 EA0] glermz Ax ezt
o] g0 AAFRQl BEE FAF 57} glo] A2 A=A
of o3t A7 BEA] UW Sl vl A E F-F& A3}
= &7 4] E3het
UW 8-of-2 pH 7} 7.4 24 phosphate buffero] 2, 8 7]
A diabe} dldztgo 2 Qg AlE 43S 9] el
hydrogen ion buffer &1 KH:POa7} H7}=]g] iz, ) 3-FA

X o |
g



ol A4 %
%] Aol RAIZH HE 2U0iM Uw $E B2 P44

G2l A4 7] (free radical oxygen)el]l 2] &AM ub#]3}7|

2}3 xanthine oxidase 23& A ]) allopurinol & # 7}slaich.
e 5t glutathione 2
#] AA7] E9| cytotoxic oxidants & FHUAI7] antiox-
idants o1, adenosine-2 salvage pathway 5 %+ ATP 4
Aé o] 14:]L 2 i‘fﬂ XH —vL Eo‘l‘ ATP 9} XH ﬁ}xé .%
itk 1 2lel 2 UW 494 of] == magnesium, steroid 5-°] %
ghejo] o} AEE3} E3bq o g Abg AH8-g o) Led-
ingham 58 7 A4S 4C UW £ 7} St. Thomas Ho-
spital A1 A Y 22 AlH A A7) R
A7k A akgt A3 UW & o gk 74571 o 5
stat @ BFeke] 5 8-80] 90.6 £ 1.0%. 87.5 £ 3.5% ©]
¢l i St. Thomas Hospital 8- 2] 73%—‘5 83.1 + 1.2%.
658 + 3.6% & UpEhf o] A7 88 & A7) 3] Ewo)
UW gdo 4 o] $Fatsdrtar shalem. Yeh & 4
A1 212~ St. Thomas Hospital £ 22 A1 A=A £ 0C
A AR 6417 AR A5, AskFA] G A
ato] 68 + §mmHg & A A Holl ulal 45 % yloll 3| 5%
oo wim UW 4o o2 A&z A7) 2 Agh A-$-& )
54 B3t Al ske] 101 £ TmmHg 2 Aol v s
71 % & 3| E5o] UW 4-do] £33 Al B8 877} gl
c}ar s}gich

A AVE-2] A 7)) UW £ ol A} insulin, antibiotics
S Al2d MUW £-9-& 2183 A el A 2 20
Foll 29} FAlAlqte] 64.3 + 3.12mmHgo] ., #AA
T BFFe| 3] B8] 94.6+£2.51%, 82.3 +3.86% & 1}
el A L 1) vls) A7 Bk A B Ba
o] 7raglel A A=t w3 CK-MBA %= A I, 13
o wla) ojwglA yrgkal, Al wlAlFEEe] A HER
7397} ol AAE o7 Wol MUW &) A7 A]
Z AR Yo &S whA sl AL o E AR BE
Yol wla) -slche B A5t

el A T A= A=A d ol adenosine 20uM &
2 7}sbed =1, adenosine < potassium & 5358 714
A wZ A2 S Feshd, de 8ol AA g
7385k AT Pk ggao]w ) 3y Aol = salvage pat-
hway & %3+ ATP A4S 7heAste] ARFA A7s
3| B3} 31 oA QlAF HEof] & 77} 9lvh Schubert 52
Rl o13hH, AlA A Mol potassium 20mM Z} aden-
osine 10mM & §HA| & 71&k 7 ol = AR A 7EA] ] A7)
o] 19+02%2 7I ®ekon, potassium 20mM T}
adenosine 1 mM & & 7}8lS wol&= 9.0 £ 5.0%, 18X
potassium 20 mM & w5 A 7)) 520+ 5.0

hydrogen peroxide, lipid peroxidase.
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22 A" Aol adenosine > H7Fgro Z a4 whE A1A #|
2 g5 5 olacki shednk B AR o] & el
sho] A 11 2o) A A2F(20uM)e] adenosine & A A *| A
off A7pat Aah, Al A 7R 8] AlZko] 53 +£0.30 2% A
7}atA] ok Al L 11572 10.6 £ 0.55 Zel W] shed whE 4l
E Zl a9 shelst 4 olgdeh zeivt Al el A XHA

<

00 ol Ao 2 FFeke) ) E-go] Al 1 1ol vl 9
u|glAl Z7hEl A8 Al xjoofl 2 7bxl ABFe] adenosine
Ay} Bl MUW 29 W8] adenosine SmM 2] 3 83}

4 wER A Bol Babdel L4k a8 Ao &

=1 13} 1 -
A xlct.

58 Alito] I FHFrglo] g e QAR AR
AT HHF A AFA = 618 kg o] s ¢ gl
or o)e]§t W FHF b At Felo R feiki)
0., H:0: OH #ao] Z7hstar, o Qlgh vix et &
2}, 2 ‘no-reflow @ Akoll 7] Qlshel, Al o) A A 2=t
o A A ol thal AEEHA LS vhepfe] Al 2o
sbx) B et 4 gk 2 Al e ARF S
& £ gov MUW & o2 44 498 A3 &
Ao g RE] o) AL B E7} Ew o) Fe Akiv]e) A
7 ﬂ (scavenger)el allopurinol. glutathione Gol &< e

%o} ol 7] wi-o|ct.

FAl7be] A7) BEel] glof A Al Eue 243 MUW
o] o2 Mo uls) $5Ade) IR shAt
} REol o gale] Aol diel ofH T =te] o]
7b glept s ape ah AlA)k Seoll wlal) 2] o 4] ool

7rpA o] @A 8| 7] wfitel AF 5k pot-
assium 0. 91§+ &3 d o] slow calcium channel &
& #4341 A calcium
influx 2 Zalalo] Ala BEo) ot 7R gt Ay
%)) & % glvkar oY, Okouchi 52 A 2 n] &4k

] S-0]20] gl7] wf el AlA| & A3}l A potassium
efflux 2 ¥} sodium influx 2] ©] Bopi] A2 7FF&
Zallghcl 1 813, sodium # potassium 2} FXE 2FZE 120
mM, 30mM 2 w}ire] FAZ UW S o2 A&t
BEo o F Ao sieivh g ¥ e AR
el A Fe) ATP 3HA A& Abstahs el S-nucle-
otidase &] #Eo] E3l5lo] gl o m @ AMP | A adenosine
ool Bafr} 3 5% kol AMP 7L Hel A s o] glof.
5 " Aloll = ATP N3-S 913 A x4 7] o] adenosine
Brl= AMP7} 32 o] &5t webr] UW &y
adenosine ©] ATP | §FAdx] o] &% %] &3 hypoxanine,
canthine ©.2 W Abs]o] el ©38)8 8l Arirlel g

2 o>“ nTL
o

o> op
N

O:

A23} AL sodium-calcium A& 7143

~
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A5 =4 W 4 slvhar 3led, adenosine £ aden-
osine deamine inhibitor \} nucleoside transport blocker 2}
e o2 dAs)eof doke FAE ook

A2 7, vl 2B g BA 71ES Flam-
eng”3} Davtyan”9] S-S W8 A3stel =), Al 53
EAkel vl w2 WslE Vel AR A FERES
Z HaA Ao slo] g oz BAslgden, o &
oA FrEe &4 BYL Fpden B vlaslsch
AT 8 EAdell 23 AR A Y 7]5 A Wt} A T2
B wWishe M2 9 AL glon, o) x| A
calcium & 508 F4s = AR A e a7+
3ol 713 o] =UA 44 Fo 2L HE A3l
ol upe} 1 wislr) A stelel. Al 2o w7kl
off chgh A &gk x| L= ¢l v} Jennings 57 A A 52
b=, AR A LHQ]‘#—/] A& &4 % T, ol A2 A&
AMA &A & vrtdel 4ol wE adow B

o

gl

o

o5

>

X

R

&

Shalch & A A 4209 42 AR5t AL )
2 7 7ke) ] PB4 AEg vastr] 9

x«]]i;s)]J’ }%;{] /\]ZL RS
#ist2 graste] 242 A8 A3}, adenosine & H7Heh
AN o g whE AR E FESIL MUW §Hef
R = s

28 A A H 11]3‘1‘5_7}11 T o

[

RNz 7 AL Aatd Langendorff A3 23of 23]
& %, Ansole] 2ol uhel 4 xS 2492 Har
tman g (] 1 :9vta]), Al 2o 343 2] MEC 8
(A T 13eke]) 3 MUW £ (] 1113 107}1e]) 22
o] g A AR 443t A F ARE s
Suff, 2 2] Al7)%5 W3}, creatine kinase-MB &% &4
9 A ) elnl g sl o) el st
v F-Asted o3 22 A A-E Al

AN FAle] #HA1AL oFE (LVDP)9] Wt Ay S
o] % & 3| Eo] Ho, Al Il A= ANBF 153l 53.3
+ 2.46mmHg, | 1Tl A+ 2 FF 2032l 583 £ 1.55
mmHg, A 174 A 3F 158l 650 +£3.03mmHg
2 7h7t FHIAE ‘/}E]r"ﬂ A, a2 AL N #HAA
aejo] ghashi ol Al NIES 22 fAshgow,
A 25 20 Heof] 21 2] JMJAQ gFedo] A I 64.3 +3.12
mmHg(p < 0.01), A 1172 58.3 + 1.55mmHg(p < 0.05)
Z A 179 51.4 +£2.78mmHgel ¥]3}e] F2J3hA] &2

#E F41S vebli ot

A=A F9F AAH A7 ] A 7doe] adenosine-% e
718 4971 5.3 £0.30 % (p < 0.005)8 H7lshx] & 7
Lo 212] 10.6 + 0.55 % B} F28hA] 414 2]7}4) 9] 47&
o] &atct.

NAFAS F BFEe W= AL Tl A%
FolFE & ztastd ot Al NITS 2A) sk o
31 ) B2 20 F-)) 9.6 + 0.50ml/min (p < 0.05)F F2] 5}
A 179 8.0 + 0.4l ml/min, A 1172 8.1 £ 0.51 ml/min
o u]}o] frolqt Ao & Haich.

a3l 15 ol hE ARF 20 2] F44 e
250 a2 HITo) 94.6 +2.51% (p<0.005Z Al 110
ulalod, A [1Te] 831 +1.22% (p<0.005)F A 172
69.9 + 1.73% o] B)3}e] §-93A Egrow, T FFE
3 E-go A [17o) 82.3 +3.86% (p<0.05)% | 1172
71.4 + 3.46 % ol B]3to] F-o)8hAl Eghork, A 1T A
13 Abo]ol = ol & 2ho] 7} glsieh.

ATE 153 A creatine kinase-MB F$] &£42]+= A
11%e] 1.23 + 0.16 ng/ml(p < 0.025), | 11 o] 1.42+0.
10ng/ml(p < 0.05)2 A 172] 1.79 + 0.14ng/ml o] ¥]3}o]
wolatA A FHPoEM, HE ALE AEH K}
= A ER el A Su) AT Eako] Hdd Aoz v
Epytrt.

A w)A) FrEe) Wste AFE A Har) Al 1] 3
+0283, A 117°] 1.720.194, A HIT°] 0.7+ 0.21
ol 3, t}& vlH FxEL HA HeE Al 1T0) 719+
0.897, A 11%0] 5.0 + 1.22%, & 111°] 2.9 £ 0.99%
Z oA HIFe] A 1, 1T B} P& H5E Bodogxy 2
A|7F ok & AlAy W EHel 71 o A Z}=] ot o}

j5d g5

Az oz ALl zAe| AgrEeo] Aol &
o) Aguz wof A7 AR L] A g, A

=
2ko] adenosine & H7}3ted whE AAHAE F 2
o xAde] MUW 8-Ho sl HAEE
o] 538 A - o2 Frsirct
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