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— Abstract —

An Experimental Study on the Myocardial Protection Effects
of the Cardioplegic Solution.

Chong Kook Lee, M.D.*

{Director : Prof. Sung Haing Lee M.D,, Ph.D.)

The increasing use of cardioplegic solution for the reduction of ischemic. tissue injury requires that

-all cardiplegic solution be carefully assessed for any protective or damaging properties.

This study describes functional, enzymatic and structural assessment of the efficiency of three cardio-

plegic solutions (Young & GIK, Bretschneider, and K*-Albumin solution) in a Modified Isolated Rat

Heart Model of cardiopuimonary bypass and ischemic arrest.

Isolated rat heart were subjected to a 2-minute period of coronary infusion with a cold cardioplegic

or a noncardioplegic solution immediately before and also at the midpoint of a 60-minute period of

hypothermic (10%1.C) ischemic cardiac arrest.
The results of this study were as follow :

1. Spontaneous heart beat after ischemic arrest occured 16 seconds later after Langendorff reperfu-

sion in the Young & GIK group (n=6), and 40 second later in the Bretschneider group (n=6) and 6 minute

later in the K+‘Albumin group (n=6), and 16 minute later in the control group (non-cardioplegia).

A good recovery state of spontaneous heart beat was shown in the Young & GIK and Bretschneider

groups.

2. The percentage of recorveries of heart function at 30 minute after postischemic working heart
perfusion were: heart rate 91.6%3.1% (P<0.01), peak aortic pressure 83+3% (P<0.01), coronary flow
7048% (P<0.05) and aortic flow flow rate 39%9.3% (P<{0.05) in the Young & GIK group. This per-

centage of recoveries of the Young & GIK group was significantly greater than the control group.

In the Bretschneider group, the percentage of recoveries were: heart rate 87.817.5% (P<0.05), peak
aortic pressure 7112.3% (P<0.05) and gortic flow rate 33.226.6% (P<0.05). The percentage of recoveries

were significantly greater than in the control group.

+
In the K *Albumin group, recoveries of heart function were poor.

3. Total CPK leakage was 131.2%12.75 1U/30 min/gm. dry weight in the control group, 50.65%£12.75
1U in the Young & GIK group, 69.40%32.21 {U in Bretschneider group, and 103.65115.47 (U in the
K+‘Albumin group during the 30 minute postischemic Langendorff reperfusion. Total CPK leakage was

significantly less (P<0.001) in the Young & GIK group, than in the control group.
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4. Direct correlation between percentage recovery of aortic flow rate and total amount of CPK
leakage from Myocardium was noticed. {Correlation Coefficient r = 0.76, P<0.001).

5. Mild perivascular edema was the only finding of light microscopic study of myocardium after

60 minute ischemic arrest with cold cardioplegic solutions and hypothermia.
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O o8 BOw-S 3 2A BESINoH, o
A Bkl Hissivin 4 & WHL OREHE
A% WA BERZA GEA 7 v Byl BlZEshal
o}, o)2kzro] BAOMNY fEMtEe]l Al m KeHol &
obal FHoE o2 shx EFsF AAA ke A 104
W7 BEES BN BALKE Agste FR FH
delA olgAl st LT BERZTCE Y BB
28 B e HESE ddstey sk O
AERES dal e EIme FREHFE dorhes Dol
BE:S o] & a4 ABRE BHiste FTHEE H
HiY < 9] gl& ischemic arrest 8 FHEHE HE
B9 o] 20725,33,36~70,72), o uf (MEE BEFESL o U]
el ftiarhio R Qs BEES uA sHe Aolo. K
BIRS RIS Z@l sl JOBKel ischemic arrest
o Bt} ABNIRS EEikEA odeislA Hyo) frd
cardioplegic solution & TMHA7I= LEWRL
247k ks Offfe] LRE A UK HEL K
PEY MBS WEg A AR EHE O
ol BmBtisY + A ol solution& 4C A=z *
B AL AEARE e oY BES TREAA #F
HISHE HbAsE Bizkms] RIBE A g4
cardioplegic solution 8] FjAo| Fxt£al Bkt
Alasigdch, o]k A9 = E Aot LK RHFAKH
(surface cooling)e] #'¢=e LEFFEEBHReR T3
Al =l Ak, oleldte] #WA BAM A+ cardiople-
gic solution o TMMES HATWAES HRIs B
OFFel Substs OEASE dwstsa st ek 2
2o O BES Fre]l AH-83HE cardioplegic solution 9
MRS Jetel Yoo det chas, 2] apslel Ael
FRs oty TS dod4d 257 Rkshe e
OFE%ES 92 4 & cardioplegic solutiono] v}

sxugo] ok BBl AA ¥ A ¥o Arh

shalch, & B Hme €4 HAses BERAS
9l Young GIKZ#, Bretschneider 8 ¥ K*
Albumin /%% 3 i cardioplegic solution& .
HEES AL A5t CREEY 10CAFSA 3
g w, gt LR A vEld AddstE

st Aot X WA= A+ HHOE £H
3lel modified isolated working heart model?’
2 REstd v, o] A 2sl AMORY 2
biochemical model o] ¥ 4 2-& ¥ulohizl ca-
rdioplegic solution ¥ H-24o] LR o nln}
+ ZE desHE OB KRN, BEN 2 SiEne
fholl Y MRE FEY & v FEh) Ut 2232
o] model & HAM Ho)w, 1 &R BB £o)3n
kAl Zholl o} B WEKo] 7bE3tAE Sl

I. MEME R FE
A, REWHH

& WEel AT <5 Y7 (Sprague-Dawley St
rain)¢] FAl£ 190~ 320gme) A o=, MEABT 483/
A5 &A . A Ether A vla ko sl 4=
W2 Heparin 5mg& F4% ¥ AF MEFEH 43
O 541, 4C o el d ol w&To] [M¥8ho] &
Asm(f 2493 A3), Kreb- Hensleit Buffer Sol-
ution™?' oz 24 2o ABIRFBAES 349
A8kl % 3~5cm FE HEAH KBRS A 2 3n
& Langendorff ¢ o F¢3g M £ 100cm ¥
o](100cm H,0 )9 Aortic Reservoir 2 ¥ o
1598 AAstez24, RMEES Anoxia 24% 3%
Aziz AAd g 2 442 AAL T A
B Y et 9238 AAGD A LOEACN
EOBET ol #HEch. =] ol=ol LMEIM. B
X KEIR SOEHIR ¥ TEHEEEE o 59 pHALE
mﬂﬁﬂ 5}_8’\‘13.15'\ 18,31 )_

B. MWAE

1. MM (The Experimental Model)

x WEo) FAT 33 oM A2sd 2 La-
ngendorff 7o} 2ls] m < non-working Lang-
endorff perfusion System3 Neeleyl:2ls] 23
system& 54

non-working Langendorff

29t%l working heart perfusion
of -2t AAskart.
perfusion system< .8 t£7 100cm *°]¢ Ao-
rtic Reservoir o4 100cm H,0¢ KkKRgo 3 K@K
Az df+dsi+ 224 AFeRdd o3 TRIDIK
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Mme A5 wARAckE BLES BT O
o] 91222 non-working heart systemole} grh
o] HEL initial washout period(15%3) % is-
chemia # 3 %79 R 304 5 FANAN, LRES
B ¥ ischemic arrestB5e] BERZ A g 43
8 2e #x7A gr}l, %, working heart perfusion
system-& Neeley!2), Chain™ %ol 8] mckd A
o2 O EAH 20cm Eol4 Atrial bubble trapd&
=3 20cm H,ORo 2 AGER fER=+ left he-
art preperation-¥ Wol" ELEAE HAL BRK
€ E0%ES 5 MBS vhck 100cm HO Bl 3
5] xolo Aortic bubble trap e ¥% 20~
30ml« FAs =, o] BE AEY Aol KRR M
o]t} olef [ ##@hol+ electrical pacing & F{Mst
2] #¥ch, o] working heart perfusion-& ische-
miaxl 154 % ischemia ¥ Langendorff perfu-
sion & 303 4AE cfgol 300/ FASA is-

chemia RAF9 A% &AW E viasteol HESH

oldfoll = | 54 Aoz LHNBHEL BA KRR WORE
MR AR <8R MRS MESS) £ WEANA
AER AHEe ATPAA EHId ey TEHKREL
A Etol MASA 3tch
a. SRAISY BRAE
(1) Heart Chamber % Cannula assembly
Heart chamber 8 % F7%(male portion ) K&
REs £OBEE 2P Ao, ABREL F53K13
Gauge )o.& Fato] £ol3EE Fo| st low,
EOEEE 6Fr. o polyethylene & FIfdld =
A9 elgd4 g st ct. Heart chamber 8o
+ water jacket 2 4 % 3td Blanketrol Heat
Exchanger(Cincinnali, Ohio )& FJ/A, 40C A =2
Bo] 4357 stm24, Heart chamber B8 &5 &

Heol4o2 FAAAY P EHEFAE 22 ja-

cket & FIMA 3o, water jacket 94l ice jacket&
) 2] 4] 7] 24 chamber o BEE 20C o/ 87} =
=& siodcl. FHRRS MEER A4 ¥ REBLE
X& heart chamber H2 HHsl= A7 =mo}
TR BE W EEL RE FAEsIdc. HFA
= ORRTY BAWMARH 4T delddart 33 A
4 A 21 Gauge Needle & XEIRFAE +Holl 4+
Ao ARs(lead I) ¥ OHEE REL Al
AAE lead o} BHREMEt probe(Yellow spring
Instrument Co )& 42 24 stdct,
(2) Aortic Pressure Chamber (Elasticity
Chamber)
Heart Chamber & F 20cm Lo =3k, o]

aortic pressure chamber & oF 14 H 59 F7(ml)
7t #e] el Langendorff o dFc @+l 100cm H,
O MHERe] XBIERME $-3t515] A aortic pres-
sure chamber & 533 o2 4 WS do i3
o} 14:8.8) gsd, working heart systemol A& K
BEe 5 ZoER BAR Sd0) KBIRoZ MR
of 5 Roll 4 ke X Elel] oigh M-S A FIH, LEF
Wersgael HEMBAIE ¥ A4 T KBRS WS F
W o] EMErEY)E(dicrotic notch)gE Egdte A9
FapotE 4 Fobg & 4 UM st vl
o] Whifel 2%t o] Arjte H4 Wgou AMAEL
Zyegdet. E oo)w o KEIfR MHBE aortic pre-
ssure chamber & %3}t 100cm H,ORe) &l
8h+= =o]2] aortic bubble trapRZE $&=4A st
=)ql o pressure chamber F$lel+= water jac-
ket € 433l K ex 2o FAZAC

(3) Aortic Bubble Trap

Working heart systemoi4 20cm H,OR2o.Z %
CGER MNY ¢ 5% 0B £ 20cm ol 4
x)5o] gdow, Atrial roller
pump(Travenol blood pump)edl &8 37C S
ol dAY AL o2 FF= i, aortic reservoir
AA g ZE MMKE o1 ReZ RAHNES 245
o] adch, = 20cm H,OR o] 4ol | Afole HHEMK
e] atrial reservoir & ¥ 4+ UEE 32§ 4
Aoy, g4 dAY Bo 2 EOEA MR & %
£& 39 chb468) atrial bubble trap el MW
BEE H4 %27 s heat coil chamber & tr-
ap Mol 425l g, heart chamber & WAS
+ Tygon tube 3] 24 FHolx water jacket &
423l MHKY BERX A RAsAL,

(4) Atrial reservoir ¥ Aortic reservoir

reservoir 24¢

Aortic reservoir 8 atrial reservoirt Shil-
ey Blood Oxygenator ( Shiley Co. California) ¥
heat control chamber #3-& EAsIY A st e
o, & Wl Av ATE{EE(oxygenator)s} MK
28 (heat exchanger)@+4 ¥4 FIAsch A%
75 100cm <Fole] 4= 5o} g+ aortic reservoir
ol 4 Bft R 7} 37C9 Krebs-Hensdeit bu-
ffer solution & % inch Tygon tube & ==} ao-
rtic pressure chamber & AV ABRFAELE §
& e KEiiRo = M=l Tygon tube &Yo<
water jacket o] 4z slo] WHMS HEE #3412
v}, atrial reservoirol A+ 37C & Mikd $9&
roller pump & % aortic{reservoir 2 atrial

bubble trapAA& AL o ¢3¢ + UAEF e
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% 2¥3ld 2, aortic reservoir kel 54
HzHa2 (Constant Head Device)E Ffste A
% 4A KR(100ecm Hy0) S Fx Al ek,
(5) Self sealing injection cap
KEHAR bE el 224 A cardioplegic solution &
9] 4] FifAstel o=, Langendorff perfusion B 5Fi%
i ﬁ?@(air bubble)st WA+ AL ol
BB 7Ax 3 AUr}E
(6) 21 =
ABR LA A Y-#8L %38 pressure trand-
ucer (Benttey Trantec)E $4 KEiRBS HEs)
fd 2= aortic reservoir % atrial bubble trap
A A Lo T EHE 3E 74 20~404 pore
filter & A8l WA A AAE 230} (
1-a, 1-b)
2. TEWmSl Mk
Modified Krebs-Henseleit buffer solution of

o

Fig.I-a. Modified isolated working heart model.
{Chosun Univ. Hosp.)
The rat heart was cannulated via the left
atrium and aorta and maintained in a thermos-
tatically controlled chamber (Heart chamber).
In the working model, taps T, and T, were
open and perfusion fluid entered the heart via
the left atrium from an atrial bubble trap
located 20 cm. above the heart. The left
ventricle ejected perfusate via the aorta and an
clasticity chamber (Aortic pressure chamber)
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against a 100 cmH,0 hydrostatic pressure to
the aortic bubble trap. The overflow of the
aortic bubble trap is aortic flow rate. The per-
fusion fluid was reoxygenated in the thermosta-
tically maintained oxygenator (Atrial reservoir)
and returned via a roller pump to the atrial
bubble trap and aortic reservoir. The coronary
persate exited into the heart chamber and was
collected for enzyme study and measurement
of coronary flow rate. EKG and aortic pressure
were monitored by EKG lead and a pressure
tranducer.  Simulated bypass with ischemic
arrest was achieved by closing taps Ty, T, and
Ts- Infusion of cardioplegic solution was
achieved via injection cap above the aortic
cannula. In Langendorff perfusion, T3 was
opened and perfusion fluid entered the heart
via the aorta from the aortic reservoir located
100 cm above the heart. Aortic reservoir which
was the thermostatically maintained oxygena-
tor, carried out a perfusate to aorta at a pres-
sure of 100 cmH, O maintained with the use of
constant head device (CHD). The entire
apparatus was thermostatically maintained by
water jacketing and coil heat chamber at the
temperature requited for the studies.

Fig. I-b. Photograph of experimental model.



ARRTIC FLOV RATE

Glucose 11.1mM/L € H7FA1 HAQls) 95:59 v
&2 X449 wBAstEg EY Folst=ad,pH 74 F
PO, 500 mmHg LLES HAA7ln WK BE-}
ICHA ¢ F MAS X B A FIAS mo-
dified Krebs- Henseleit butter solution 1,000
ml MWel& NaCl 118mM, KC! 4.7mM, CaCl,-
2H,0 2.5mM, MgSO,-7H,0 1.2mM, KH,PO,
1.2mM, Na-EDTA 0.5mM % NaHCO; 7} 25 mM
s]A) st oo, Glucose 11.1 mMe] #7}s) 4l c}5:6:28
7,76 23l Rojo] pHE 7.42+0.04, PO, 500
mmHg Lt % PCO, 7t 32 +2mmHeg A=l (M
B M= S IL micro 13, IL Co.).
3. ‘Esol &5 EFE( Experimental Time
Course)

Bafasl o] S OIS MW o g, 4Cc Yl Ad
of g To] [H¥Ee] £4A8 F ABRHEES stq uiz
Langendorff perfusion-& 15458 443 dl(E 2,
A-B) olst = RN MBS AA ¥ WEHEA &
A 3 /AR HE =7t YA e, AoERE
BE o] Al7ld AAFA Arf. EF oo L HEIR,
BoK KBHR WREHARE, Rradiite] BHeEE 73k 2
% Langendorff perfusion & EBi(H 1. T; #&H)A
Az FAol FLE @#(T,, T, BA@)E A4 work-
ing heart preparation 2.2 At o] 1573 F

CONTROL  INFUSION  ISCHEMIC ARREST WASHoUT RECOVERY
B
B crp (] FWWRUWLT §
TIME
Fig. II.  Experimental time course.

Hearts were perfused in a Langendorff mode
between A and B (15 minutes), were converted
to a working preparation between B and C (15
minutes), were subjected to coronary infusion
of various cardioplegic solutions between
C and D, C' and D’ (each 2 minutes), and were
subjected to ischemia with hypothermia be-
tween D and E (60 minutes). Hearts were
reperfused at point E initially as Langendorff
preparation (37°C), and coronary effluent was
collected in 5 minute batches into a container
for 30 minutes. Hearts were converted at point
F to a working preparation for 30 minutes.

b BN, BA KBMR KRR, BN E, ABR 4
He EMEES JESId, & AE A= working
heart & A 103§ ischemiaf7°l #R{E(Con-
trol data)z FAd o working‘heart 15 7364
ELEE ¥ ABIREE A4(T,, T; M)A ¥+ &
REol 4 FERAY 4C Y cardioplegic solutiong65
emH,0R o2 oF 2 33(F 2,C-D) injection cap
& B8 FUPABS FAo 4T Yl AAFE O
Fimel HA sk OMEFBAES A heart
chamber 8 water jacket & ice jacket o8 o
AAA OFe BEZE 1021TE fA5A sk (10)
60 73R ischemic arrest & F4wA]7c}t, cardiop-
legic solution& R} F4 302 Az Fgck(Cr
-D7). 607f ischemic arrest # BHEE F3
sl 37C TEWMSe2 Langendorff perfusiong30
B A4S (E-F ) olal ol 55 422 4C v
o] Ao HMITES 2o} CPK BNBMEHRE HiEd
Ao, ol o HHKES BHEEANA wstch
non-working heart perfusion 304%#% Langen-
dorff perfusion & ERFSIT(T; d ) LOEMRE
A 4)stod (T, T, BA:E) working heart & u}Fof 30
SR ChgsEES] 3 BAel B FIESInR4 ischemia
® LEGRE YEE YoHted FASGHF-G).

4. Cardioplegic Solution & R

& W) £A% cardioplegic solution& 38
24 E1ITL Young A% 2 GIKBHE 3:7 9
v£2 FIAS AL Young A 1,000ml Aol & Po-
tassium Citrate 7} 8gm, MgSO04-7H,0 24 6gm,
NaCl 9gme] s Ax GIKA 1,000 ml R
+ Glucose 50gm, KC1 1.6 gm,NaHCO3 0,7gm,Na
Cl 0.03gm % regular insulino| 20 Unit &=
o] 2lep3h34F72) g2 32 Bretschneider B (No,
3)%) 0% Sondergaard®' %o o HEASUY A
2.8 1,000 ml He) NaCl 0.7gm, KC1 0.75gm, Mg
Cly-6H,0 0.41gm, procaine-HCl 2gm ¥ man-
nifol 43.50gm& 3tz A=t B3 FL Lactated
Ringer #o] K*o] 25mEq S|4, Albumin-& 12.50
gm/L #7561 2 Cardioplegic solution
o AHRetE mI1KS Brh ¥ X WHol 4 NEE
(control group)& modified Ringer’s solution
(NaCl 147.13mM/L, KCl 420mM/L, CaCl,
2.25mM/L)2o.2 Tl s cl1%2328) cardiopleg-
ic solution & 42 X#fR E£X9 injection cap
< 53 65cmH,0RE 273/ Fstdon vl
10~ 15ml o B#o| Fausldrl. A FU 30 7 el
7L HEeR HEASAH(E2, C-D).
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Table |. The composition of
solutions.

cardioplegic

gm/L.  mMol./L

[-Group
a. Young’s solution

KaC5H507 . Hzo 8.00 41.
MgSO0 4 24,60 98,
NaCl 9.00 154.

b. GIK solution

Glucose 50.00 277.
KCl 1.60  21.
NaHCO,3 0.70 8.
NaCl 0.03 0.

Regular Insulin 20 unit

I-Group
Bretschneider
solution No. 3 0
NaCl 0.70 12.
KCl 0.75  10.
MgCl, - 6H,0 0.41 2.
Procaine-HCl1 2.00 7.
Mannitol 43.50 239.
I-Group
K*: Albumin
solution
NaCl 6.12 104,
KC1 2.00 26.
CaCl,+2H,0 0.20 1.
NaHCOg4 12.50  23.

Sodium Lactate 2.42 26.

25% Albumin 50 12.50
ml.

3

.

pH 6.68

Osmorality
460mOsm/L

w

pH 7.56
Osmorality
334 mOsm/L

YW W

pH 6.60

Osmorality
320 mOsm/L

N w N W

pH 7.70

Osmorality
340 mOsm/L

The composition is expressed in both gram
per liter and millimoles per liter, degrees
of hydration are stated. The pH at 37T is

indicated, as is the osmorality measured by

a conventional depression of freezing point

method.

5. RSt o A
a. Bi#BHy F®E(Functional

BiEr BEd A= & B OHE. B X ABIR K
R, TR, KEIIR MHRS ischemiafl# non

Assessment)

-working heart ¥ working heart perfusion £
88 944 Az HEdSG & BEY JHFAE BHE
(M3,4,5,6 % %#2,3,4,5)] A wastec &
o] %45l M{E+ working heart perfusion HEH
24, HEBRAEW < working heart perfusion®
10 73f# 2} ischemia # working heart perfusion
30 7R84 3 BAHE HIEStY ZoIstgR, BI gL
2 Btel 38 veha Aok OEE 2 BKAK K
Bk WKREHIR-2 2 Channel Monitor(Spacelab)®
AR HEISIdon TMER % KEIR MHEL
LHERS T 343t ml/min./gram. dry weight
2 #4480k E X WA A ischemia #
working heart perfusion & 44139 < =, OGE
o ql# HEgol A FFHFAdAA Afelx non-
working heart perfusion 2 & #5317 %&o 24
% Biol M—3 ZA3lol A BIE, BEY + ASE 3
o =
b. Bty FM(Enzymatic Assessment)

Z WEl A ischemic arrest 60 3% 30 5rf8La-
ngendorff perfusion-& 4AAj%le o} 55 VAR
STl BE v o] FHol Tol Spectrophotometer(UVI
DEC- 40 DW- PF JASCO)E #IH, UVETF Mod-
ified Rosalki & ®&EESE CPK leakage & &
Eshel o}2832) CPK mfesR LS Internatio-
nal Unit/min/gram. dry weight & F 4]} .2w
3045f &% CPK #HES Rt ch

c. %R FE(Structural Assessment)

& R ohA Y A (F 2, G el LRE 2L )
H3lel 10% Formalin#ol 4 <171 & H- E(He-
matoxyline- Eosin) ®43led contracted Band
A ORI BEARA a3 LBmEAsn RBEE
A 2] 89 e},

d. ZHER JE

el ZH/ERET AES S sl OE sl A A
Agt ¥ w47 cbg, 105°C dry ovenel 4 12 8509
EBAA Vacuo el 4 BHADN F FAE HEA
b, =24 MEBRS Y53 BRREEY FE 5 4dd
Toll RE fRERT CREE grams HUE E4
314 o}

m @ ® & #

4°C cold cardioplegic solution §9} % 4CH4
el OlERE HAH g mEEd Ad LB
BEE 10 £1T=A FR3] 6043 ischemic
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arrest & 2447 34 & cardioplegic solution
So] MG H vlAE &l Bl X B AT
MEED, BOSEAY 2 M Ao 4 BEsld oA, olAR
2 3k cardioplegic solution -2 /EItAl7 #BEf=
sl @sted oh g3 P RS JAR. T B B H
MfE+< ischemic 81 working period # 10532
Aboko =, Student t-test & FIfste] HWHBEa 2
cardioplegic solution &2 AUKRE vl takslad o,

A. HEB(Y) ¥M(Functional Assessment)

1. BN
% Bi(n=6)MY ischemiadl ¥EE+ HIY =
7t g9 2w, 603 ischemic arrest# 37C re-
trograde Langendorff perfusion a7 4ls) HAR
BNV BA(spontaneous heart beat)y &1 %4l
Young B 3 GIKBHAA HF 16 2(10~202),
%2 79 Bretschneider B A & 40 £(30~60
%), 3% K*-Albumin B4 BF 6322
e}t & cardioplegic solution & A3 HWEE
< HF 16F(7T~337)eldes 2fld A A4
Fol A A= ol LBBEE o= T ch HEE
vl E1EF F2 TS BRNEERA sl 2l W
Belgdcel., 6043 ischemic arrest#% working
heart perfusion& AAPE o & B LWEEHME
HEg ¥ HEEte| 67,6 x5.1%,F 1 To] 916+
3.1%, 82 To] 87.8+7 5%, 83T 8.8+53%
24 HEB vid £1 72 BRI 22 BEEE
39ger(p0.01) &2, HEITE L& AERKE et

Wa AeH(pC0.05). (X2, B3).
2. BMK KBYR KFREGR

A#RS BA BAEHR(mmHg )& ZA sl e, &
el HEET FEY 7 dAdth HEE(n=6)2
ischemia ff 114 + 9mmHg ol 41 ischemia 60 73#
working heart perfusion & AAI{ & = HEEHE}
59 +10mmHg 24 51.5+8.3% 9 EERE ¥ol&
dpe, @1 7+ 100 + 6 mmHgel 4 83 £3mmHg 2
83 +3%,. 82L& 117 2 7mmHge] 4 79 +3mmHg
2 71.2+23%, 837 123 x8mmHga 4 74 %
5mmHg £ 60.2+4.2% ¢ EHEXES ndch o]+ H
Bt vl @t 1T FHE MERERE Rol=(p(
0.01),82TL ABY OHEL LgdH(p0.05). 2

300
§
1.
g 150 I\l/l/l
g 100 e Control
s Yomy b 4K
i oo
v %

TIME (min)
The effect of various cardioplegic solutions
with hypothermia (10£1°C) on heart rate.
Each point represents the mean for six hearts
and the bars represent the SEM.

Table [. Recovery of heart rate after 60 minutes of ischemia at 10+ 1T

¢ Control Postischemic Recovery Time

Infusate (beats/min.) 5 10 20 30

Control 223 + 28 145 + 13 144 + 09 148 +12 150 + 11
(65.1 -+ 6.0) (64.4 +4.1) (66.5 *+ 5.5) (67.0 £ 5.1)

Young & GIK 262 + 11 251 + 09 232 + 12 242 + 12 240 + 18
(95.8 + 3.6) (88.5 + 4.7) (92.4 + 4.6) (91.6 = 3.1)**

Bretschneider 270 + 19 224 + 23 227 + 24 233 + 20 276 + 20
(83.0 = 8.4) (84.1+9.1) (86.3 4 7.3) (87.8 + 7.5)*

K* - Albumin 274 + 16 238 + 25 237 + 26 235 + 14 235 + 11
(86.7 +9.0) (86.5 + 9.3) (85.8 + 5.3) (85.8 + 5.3)*

*p (0.05(from control group)

** 5 ¢ 0.01(from control group)

Hearts were subjected to 60 minutes of ischemic arrest with hypothermia(10+1°C).
Control data was obtained from 10 minutes value of preischemic working perfusion.
The postischemic recovery values were obtained 5, 10, 20 and 30 minutes after ter-

mination of postischemic Langendorff perfusion.
a percentage of recovery of the perischemic control value.

Value within parenthsis is meant
Values for all groups

are the mean of six hearts and the SEM is indicated.
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Table [. Recovery of aortic pressure after 60 minutes of ischemia at 10+1C

Postischemic Recovery Time

Infusate Control(mmHg.) e
5 10 20 30
Control 114 + 09 65 + 12 63 + 12 60 + 11 59 + 10
(56.8 + 10.2) (55.1 £ 10.3) (52.9 £ 9.5) (51.5 + 8.3)
Young & GIK 100 + 06 79 -+ 02 79 + 03 83+ 03 83 + 03
(79.0 £ 1.9) (79.0 % 2.6) (83.0 +2.9) (83.0 + 3.5)%*
Bretschneider 111 + 07 84 + 03 82 + 02 80 + 02 79 + 03
(75.7 £ 2.3) (73.9 + 1.8) (72.1 -+ 1.8) (71.2 +2.3)*
K*- Albumin 123 + 08 82 + 07 80 * 07 78 + 05 74 + 05
(65.9 + 6.0) (65.0 + 6.0) (63.4 + 4.3) (60.2 + 4.2)

*p < 0.05 (from control group)

**5 (0.01 (from control group)

Hearts were subjected to 60 minutes of ischemic arrest with hypothermia (10+1°C).
Control data was obtained from 10 minutes value of preischemic working perfusion.
The postischemic recovery values were obtained 5, 10, 20 and 30 minutes after term-
ination of postischemic Langendorff perfusion. Value within parenthsis is meant a
percentage of recovery of the preischemic control value. Values for all groups are

the mean of six hearts and the SEM is indicated.

elv F3FS HEY WEE vdFH LIAACHES,
[ 4).
3. WERE

HEMES 78 URES gramEo 2 ghakele ml
/min/gram. dry weight & F 4|3t on, & B8]
HEME 88 Z7 9k B2 HERe] 442
+56%¢ @EEHBLE vald vl 70 +8% 9 =HAE
g 3ol A (p0.05), 2, B3I LT Hidis
vl mated HEI EvF dAcH(E 4 B

4. KEWR MR

K@ik #HitiE o34 LHRER gramBEo R 3H4lsty
ml/min/gram. dry weight & ¥4|38lgl o, ische
mia 4 working heart perfusion#32l &% Bt A®BER
MHEE 29 F1 Tl 104.9X13.7ml, H2F)
103.2 8 4ml, /3 Te] 98.6+11.7ml oA HE
Bto] 87.6 =8.2ml 24 & B WELYN BEEE
Ak, g ischemia 604 # Langendorff per-
fusion ¥ 304 4+1% ¥ working heart perfus-

Table V. Recovery of coronary flow after 60 minutes of ischemia at 10+1°C

Control(ml/min. Postischemic Recovery Time
Infusate /
gm. dry wt) 5 10 20 30
Control 67.8 + 16.6 29.9 - 4.4 28.2 4.4 28.4 + 3.7 30.0 + 3.8
(44.1 +6.5) (41.6 + 6.5) (41.9 £ 5.5) (44.2 £ 5.6)
Young & GIK 80.2 + 9.7 58.3 +7.5 50.8 + 5.4 55.1 £ 6.4 56.1 *+ 6.4
(72.7 £9.3) (63.3 +£6.7) (68.7 + 8.0) (70.0 + 8.0)*
Bretschneider 66.7 + 5.2 40.8 + 3.7 33.5 + 3.3 36.6 + 3.8 35.2 + 3.3
(61.3 +5.6) (57.7 £ 4.9) (55.0 + 5.6} (52.8+4.9)
K*- Albumin 82.8 + 13.7 47.6 + 11.0 47.6 £ 11.5 48.5 +12.8 48.5 + 12.3
(57.4+13.3) (57.4 + 13.8) (58.5 + 15.4) (58.5 + 15.0)

*p < 0.05 (from control group)

Hearts were subjected to 60 minutes of ischemic arrest with hypothermia (10£1°C).
Control data was obtained from 10 minutes value of preischemic working perfusion.
The postischemic recovery values were obtained 5, 10, 20 and 30 minutes after term-
Value within parenthsis is meant a
Values for all groups are

ination of postischemic Langendorff perfusion.
percentage of recovery of the preischemic control value.
the mean of six hearts and the SEM is indicated.
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TIHE (min)
The effect of various cardioplegic solutions
with hypothermia (10+1°C) on aortic pressure
(peak systolic pressure, mmHg).
Each point represents the mean for six hearts
and the bars represent the SEM.

jon & 443l EEEE #TIAL W B 94
F5.1%e ¥la FH1TL 39.4 £9.3%, B\2EL 33.2
+6.6% 24 TR A w2 HEEE Bolr(p0.05)
B/ITE 25.9E7.9% = HEES ddH(&ES5 KW 6,
7).

B. EXm F®E

& BBl A= 60 3R
gendorff retrograde perfusion-& 30 539 A 4] 3}
o TEKRE ol 59 AR oA Told REE
B Ak Al A 5 M CPK @HES wal
$tMB¥o] 5.73 10,75 IU/min./gram. dry weight2
A F2 U B B2, BI3ITS AR 2,99 10.35,

ischemic arrest {& Lan-

Table V. Recovery of aortic flow rate

CORONARY FLOW RATE (ml/min /g dry vt )
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Fig. V. The effect of various cardioplegic solutions
with hypothermia (10£1°C) on coronary flow
rate.

Each point represents the mean for six hearts
and the bars represent the SEM.
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The effect of various cardioplegic solutions
with hypothermia (10+1°C) on aortic flow rate.

Fig. VL.

Each point represents the mean for six hearts
and the bars represent the SEM.

after 60 minutes of ischemia at 10+ 1°C

Control(mil/min.

Postischemic Recovery Time

Infusate

/gm. dry wt) 5 10 20 30
Control 87.6 + 8.2 10.4 + 4.5 8.7 + 4.8 8.5 + 4.7 8.2+ 4.5
(11.9 +5.1) (9.9 +5.4) (9.9 +5.4) (9.4 +5.1)
Young & GIK 104.9 +13.7 43.4 +9.4 41.8 +8.4 43.4 +10.0 41,2 + 9.8
(41.4 + 8.9) (39.8 + 8.0) (41.4 + 9.5) (39.4 4+ 9.3)*
Bretschneider 103.2 + 8.4 38.9+ 7.8 37.0 + 6.9 35.2 + 6.2 34,3+ 6.8
(37.7 + 7.6) (37.0 + 6.7) (34.1 £ 6.0) (33.2 + 6.6)*
K*- Albumin 98.6 -+ 11.7 28.6 + 4.8 29.0 + 4.8 28.2 + 7.1 25.6 £ 7.8
(29.0 + 4.9) (29.5 + 4.9) (28.6 + 7.2) (25.9 +7.9)

*p<0.05(from control group)

Hearts were subjected to 60 minutes of ischemic arrest with hypothermia (10+1C ).
Control data was obtained from 10 minutes value of preischemic working perfusion.
The postischemic recovery values were obtained 5, 10, 20 and 30 minutes after ter-

mination of postischemic Langendorff perfusion.

Value within parenthsis is meant

are the mean of six hearts and the SEM is indicated.
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Fig. VII. The percentage recovery of aortic flow rate.
The percentage recovery of aortic flow rate in
the isolated perfused working rat heart after a
60 minutes period of total ischemic arrest. Each
point represents the mean of six hearts and
the SEM is indicated.

CPK LENGAGE (IU/mi. /gu.dry k.)

TIME (min.)

Fig. VIII. Postischemic creatine phosphokinase teakage.
The histogram shows the creatine phosphokin-
ase leakage (IU/min./gm. dry wt.) of each 5
minutes collection period during the first 30
ninutes period of postischemic reperfusion.
Each group is the mean of 6 hearts: the SEM is
indicated.

3.18+1.44 ¥ 3,09+£0.31 & e Aek(F6,H8)
£ 3057 & CPK HHE-S HEBo] 137,204 127
U] ®la] &1 FL 50,65 +12.7510249 < 50%2
AAEE 2 (pd0,001). 2y 2, B3+ HE
Bol] w8 HEZ Z7F 9ddrh. @3 cardioplegic
solution & HFAT & B (n=6)9 Ax4Y & CPK#
HES KHR MHE EERY 4AdAE BRE
9ol FARwU. & AW FxxE AaAl4st o
=076 2% =% HFEYL 4345 7kx(p0.001)
Y =46.35—0.188 X9 Adwd & 3tz AUep, = 4
YA ze]4 CPK # ko] 30IULTFY A$+:
KENR MR EE R 0% LEoR 2o EEEL
2l 4, 30~ 901U 30~40% o ABIR MHE
BiEE. 901U LEL 30% LT AHEEES 2dFa

“ -+
> 3 + * Yoy &GIK
2 & Bretschneider
= —4 ®  K* Albumin
Q
=
g
=1
&
g
(=3
2
3
g
g
WG % m w2 M0
CPK Tl / X min/gm. dryut.
Fig. IX. The relationship between postischemic recovery

of heart function (as assessed by the percentage
recovery of aortic flow) and the total CPK
leakage from the myocardium during the 30
minute reperfusion period.

Each point represents only one heart of each
group (n=6). The horizontal bars represents the
standard error of the mean for enzyme leakage
and the vertical bars the standard error of the
mean for percentage recovery of aortic flow.

Table Vl. Postischemic Creatine Phosphokinase leakage (IU/min./gm. dry wt)

Postischemic Langendorff Perfusion

Infusate
0~5 5~ 10 10~ 15 15~ 20 20 ~ 25 25~ 30
Control 5.734+0.75 5.78 +0.49 5.07 £ 0.37 4.32 £ 0.45 3.72 +0.50 2.82 +£0.75
Young & GIK 2.99+0.35 2.10 +0.45 1.53+ 0.49 1.39 + 0.47 1.04 +0.39 1.04 -+ 0.40
Bretschneider 3.18+1.44 2.89 +1.30 2.52 4+ 1.13 2,12+ 1.04 1.73 +0.89 1.44 + 0.65
K*:- Albumin 3.09 +0.31 4.51+40.39 4.33 +0.57 3.65+0.92 2.88 + 0.45 2.27 + 0.46

The CPK leakage(IU/min./gm. dry weight) during each 5 minute collection period during the
first 30 minute period of postischemic reperfusion is indicated. Each group is the mean of 6

hearts: the SEM is indicated.
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Ak, olv KARHER MR EE B o AT LH
o) ke A& dehdFa A€ Aol ol 9).

C. migmn ¥

YA OERE 10% Formalin B8 2y A7
% H-E |44 contracted band HBEHE 2 OH
fmiael MiEm Wikl il XBEuMo R x AR
o wkx 42ke 3F LA veld ¥ B @5
DEHIRRZS AL dd=

D. EARE BERH

& WMol #FAY % B(n=6)4 33 HF FAe
8Ll 236 gm, O GHRERLS 21lmgold B
1F¢ 239gm3l 186 mg, 882 T 261gm3 213mg
|3 T 266gm3 227 mg o)A et

E. o5 BE @t

& Wl A= EOEE F EOER BEEE
probe & 4 3lm 24, cold cardioplegic solution
EAZ BERBHES A4 AHd4 HY BER
£ AEstd =, 36C AFY LHEESL 01T
2 sisted 4ASA FAS ] AR o 3T £8
=l om jschemia 60 93# 37C /MMKOoE Lang-
endorff perfusion-& AA1%g A%, 1017 Of
BE B0 A9 o] o 34HE Follv L BE
2 EfEstE A€ £ 4+ AdFL

w. # »

B OB kY BES ALK 23l S

-

to2z 3+ 5 &,

TIIE ( min.)

Change of myocardial temperature on cold
cardioplegic solution (4°C) and surface cooling
(4°C).
Cold cardioplegic solution infused fgr 2 min-
utes 65 cmH,; O pressure and 4°C cold saline
was dripped into the heart surface. Surroundly
water jacket of heart chamber was replaced by
ice jacket for 60 minutes of ischemic arrest.
Rewarming process also represents.

Fig. X.

Table V. Total creatine kinase leakage during

reperfusion
Creatine kinase leaka-
Infusate ge (1U/30min/gm. dry
wt.)
Control 137.20 £ 12.75
Young & GIK 50.65 + 12,75%%*
Bretschneider 69.40 + 32.21
K*-Albumin 103.65 + 15.47

*** P ( 0.001(from control group)

Total CPK leakage(IU/min./gm. dry weight)
during the 30 minute period of postischemic
reperfusion is indicated. The values for all
groups are the mean of six hearts and the
SEM is indicated.

F& RS Y3 J.or334.45:4652,53) o) &= BALKEF
EZBs = OHESE U] Hdtd #e HEEol
ZAFsle] 7] Wl Felc), 1956 4 Melrose ol 2l& Po-
tassium cardioplegia 7} aslgd.ev K 2% %
(250 ~ 400 mEq/L )olt 218} Ol Al g iBigay Hes
| sl o] FE AUk Gay % Ebertol
& BHASIAA KY¥=E 37mEq/L A 4+
25,33,68) g}3d, Young M= KV Mg*™ <kalg @
3t v oy F4¢ ik KRS membrane sta-
bilizer ¥ {RAMMFIFIZA FRdA —B EAIA 2,
1956 F 2 Alel & LT BEAZN 224 KB#E 0
FlAg + dete Mdol Hoisle] QoA KBIIR M
B§ffo] FRES ] A grp3dB 1% Shumway?H®)
o 28 J[F AP HE(Topical myocardial coo-
ling)e] Eafkel FlAAslm o4 ABMR EMFEHE 43
A ¥ 4 Addoy BEEHEeEE OB B
—& BHE ¢S + ddod, AwWetEdst 493
BEEs A7) BrBel Ut 2Fo Tyerst BH
= cardioplegic solution & TEIiRe] AL 2R
#Ee BEYS BAKRE dd 1AL ORI
BRI ¢ fle JAdctn vastg o3l i
ol TulZFel AE BALHE o 3E HHI cardio-
plegic solution 3} .S BT REe] BrAislel 4
Aslz Qox $elveld A5 e 2FHT Yo7zl
zey 2 el 2 Ydntel #EAS= cardioplegic
solution ® FA4AE3} 2o A7 o} AL oY
E g OMEER) VY REEC] AR ¢dthe
AL ogrltd FEASE Jdesta BEEe] &5 %
4% A dome EREE stV E ot 4
Holrh, 23 B XE 4 =ohas Wde] LEA
BRI The Rayne Institute)d] X 3§ 45810
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off &t 4 FAHFA oerbA| cardioplegic
solution & RISt 2 EEE vla A= =d, @
AlZbe] AR 23 B BEE ¢ 5 AT BEN
U OREN oA H A BmHOE ERE isol-
ated working heart mode & FH, & BmHEY =4
9 A2y GrAR OHRFEA RlXe 9L rapid
screening#®L 2 A& ¥ 3nddch X REe A% Ne-
eley?’, Hearse®9, Tyers® $o] FM3{ isolated
working rat heart mode & =u3le A FHHo
o] 3 2E 3aldldst. 2 dele Langendorffd re-
trograde non-working heart perfusion % Ne-
eley 8§ working heart perfusion & ¥4 FlHg
A o 2, Shiley 3] 42] Shiley blood oxygenatord
Y.E (A, oxygenator ¥ heat exchanger &
23l ok (1),

A BBl A o2 & FHO BIEBNY BB O
B, BoA ABbER REHIR X SEREAAE o E ¥
Puaus} vxdlda ABHR HHEe) 94 ¥ AF
B Fd o ol AL EAHdNNA o8 FF cardi-
oplegic solution & w3 AT HEo =2 o} & &
kel wim matel ooyt ek FAch OBRERR
ol gk FEHEoR W [HEEES ®d cardi-
ac index, [M¥E%, LVEDP (left ventricle end
diastolic pressure) ¥ LBES first time der-
ivative(dp/dt) &9 HIES ##% catecholamineff
Ay 9 A=z A3, 03 A3 A O B
FMER OHIEE o RS BE ol o, Bty
+ MmEEFEL FEel CPK ¥ CPK-MB isoenzy -
me, lactic dehydrogenase{LDH;, LDH,;) % GOT
%o HIES FASY BFEMSORE BB UK
Wit =% BRE HFEHA HA2 FHLLE FIA
st OMMmAEIHE WY 5 AU oH1950,54.55,57,58),
:D%PE%MI o g EFEM BERCE FASL = CP

K fi%& 53 CPK isoenzyme 3 7#4H MBE-E [
Mol A uk B Rite] E& AR o]RY HEL OHE

B st £ X x5, Engelman %2 CPK-
MB 7} ischemia B5f8x} wlaalA A5t it
=51, GOT, GPT ¥ LDH ##E& BBOKE LIRS
o A LT 4rldE BAR Aot AT, £
gl 1= cold cardioplegic solution HEAI B
s g RSy Ofe B%F 10E1C2 4
Fx 5122 ey ischemic arrest & FIATY [A—k
el A O ME, A AR KGR SR o
KR MRS fhistd o oERee s g
Azoh "4 4 A CPK #ERS 248ln24, &
cardioplegic solution o] [N B EA g A

T vz AT 5 Ak B, A HHOT MY
A¥ OEEHA o8 #HH=E CPKEL @3 CPK
-MB#3} Zrix & 4 Qo

OERE S FA =+ cold cardioplegic solu-
tion fEA el Corti®® %2 4T BAHKoE LTS
8°C 7t= s}z,qu 120 73f ischemic arrest® 4
IS RS 2o AL 4T e Ede
2 OEHBES 20C UTE #8224 ischemia
o g OEEEE 1R UE g & Adcta &
¢ t}21,30,39,48,51,52) Tyersll) % & 10~ 15°C card-
ioplegic solution-g W ®F /st LMHEEE 15
T A% = OERBEKES Flolvke Roe2d= o]s)
7L 278 A BE 20893712 ischemia 7} 7b5 38
detn sgch. = BEBOME 23~25C T 4
WLEE s o] AA sy + domg mﬁi%
Hell A LAl BARHEL F& Anoxiad 98 £
BE 0Ny BitmE AA 2 omeE H—-g
<535 74€ ¢48 cold cardioplegic solution& —
E AR BEASE Aol LHRIFKRE da F
o BEAS A% olA4A A4 L A2 EL AE
A% 209 RAo] Frpm dhy vp3072),

Cardioplegic solution MM S 2™ #3 A%
HYo] A= Mg*, procaine ¥ mannitol & F 2§
Bretschneider BE#el v Kirsh?AW & HEASIL A2
U EHZA A KPS 2 310] 18:45,47.49,51,53,68) 41
2o AARAE Yl albumin & F 5k Y ow48
50, gkl 5 WY GIKAHE F2 M At
33,360 & WEROl A BN A del @RS e
Young ¥ 7 GIKZE# S (Gm33~36.72) 9 Brets-
chneider ¥4, K*-Albumin 58 -& 3 cardiopl-
egic solution Ring ¥l vla A4 Asdrl »
Young ¥ GIKEW® BtAEtol 713 F& 0o REX
RE Jetyleh oo M3 ®/ cardioplegia BEf9e]
BRES ®E2 $rbd, Young % GIK/B#EM 3
34,35,72) K+*o] 73.9mEq/L, Mg* o] 199.7mEq/
L, GIKEBEB R K* o] 20mEq/L, Bretschneider
BH®MWY K* 9mEq/L, procaine 2gm/L4), K*.
Albumin BB# A K* 25mEq/L, lactate 7} 27m
Eq/L @fsie] Ak & cardioplegia B2l [GHF
Mol o E BHES ¥, Young BHE L Ko} Mgh
F2E FEta ol wlmA F&T oEERRY &F
mEEH 2 HBARE ¥ 5+ tEfol 229, memb-
rane stabilizer ¥ fRFHIHAIZol K7 Aclm
g 3038 & K+ Exsl 75mEq/L Lo =™
A OEEEE 2ugctn o KX REAE
M Young AL AT [MBILE Qo7 3 2
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Z el GIK i8S iEAslz24 2559 K*e|GIK

BHe AA ot CEEBE 29 5 2t 42

Glucose 7} GATRBBHE| xleddh 7l 2] &
FME (CHRABA 4 R A3 ol 2B o2 s, AT
Pase systemz} Na*-K*2|
systemol] 4 o] &8t K* iiitH& 2o} Natel K* o
HYXLE /A 470k =4 insulin 3t K*7h 4oty
A el PEM St MBI glucose 9F K 58T
& A MEE (Es- FEd B At &
93419.26.27,29.33,41,421. gk, Salerno 4! BRLCMITET 8
5ot GIK iG#-& 4™ 583 cardioplegic so
lutionol| glucose & 7471 2€+4 ischemic ar-
rest %ol [LTHEEA glycogenftist A Hdcln
stdeh, 2 v A W BAM (AT A o v
Fo24 glucose v /IEabe 2 FF3tm 2 cardio-
plegic solution o] A A4t %qtel ¥Fo] 2 HI A
Bhed of #kc}30) Hearsel®'s] w} 2w glucose 3 7r7t
mannitol H7p4 Bl 38 Fo| FujdE Fon, 2
o]+ mannitol & FRBPE PEO 2 wha] ARt
E H# Ha3d glucose s 45Uz oW o izt
24 B¢ HEE b2l 7] = Folet FhAcl. @A in-
sulins %% mas do= WAMKIO 9 @
Tl A MR FHY o2 Vel Ao Ju.
ngel2le) 9 6tm Bretschneider /K-S 37°C HEBTF
ischemia frit4l ol = OEFBERES Qoo 24L
e okl BMAESE Aoz S eh ok A AF MEIF
a3 Calcium o]-2¢] Bretschneider A& Mol =
gsle] QA %) Al Foll 7] 5H 3 HL Faizg A
2 ®w Ach, 23y mannitol & HrA R o 24 A
g 347mOsm =L Fx4A ischemiafhe &
FTHAL olua ok dd o, L3 gy H 3
A5 316 mOsmbL kolo] of gheta 3hgd cf 30,700,

Young %¥ % Bretschneider i5#M S Mg & me-
mbrane stabilizer o {RPMHRF2Z A A=,
anoxia jREEel A1 BREEVEA 3L lactate 34 wha)
st Trans-Sarcolemmal magnesium gradient®
T ALAA FFHUd Mgt E4 e Fdogd Vita]
enzyme cotactor ¢ active ATP moleculéil Lla
F¥o 2 fEMAA ¥ ¥ohzl ischemiaf3 Mg 4
SRl Ahed b Kot 2 Ca™ WAl 7t4s A xx
L2 dysrrhythmia o] 98 Wiciy stg o, 3

AL HBAA Mgttel 15mM/L Hxeh )
14)

membrane transfer

H

lo

procaine & membrane stabilizer 24 car-
dioplegic solution & wi& %52 jFAY o HAES
fom, ischemia 4 arrythmia ol ubof % 'ii(yjo} 32,30

o2t FAEF K*cardioplegic solution s} wj=

g HmEZ et 619 s425) K- cardioplegic solu-
tion & OIS @6 HE L HATE OSBRI 45
5155:7,11,18,24,30,45,46,48,49,51,53) o 1 W [+ o) o
~35mEq/L HH A4 4 CHEHAA FEHo a4
OT @S 200 LUUTFE 21414 60 Pl 4] 3 1 208
53300092 ischemia i A3 ¥o] s5etdctn 1y
cf. Hearse®’o] 2|¢l®l potassium chloride 7} po-
tassium citrate 2o} OIHRERE L $55ckn 5t
dev Todd2= Melrose cardioplegia 75#o| 2]
3 A4 el KYo]28r} citrated % o2
olel &} cf.

K*-cardioplegic solution 8 4%<t& 2 §3
k71 Ha o 4% A albumin € B¢l e
o 8,20,30,48,51,67,68), & HEERol A= K*.albumin ficd
2] cardioplegic solution & lactated Ringer so-
lution & FMA3 "o & lactate 7} 27 mEq/L 54
§=ie] vk, Hearse®’e] B e ¢3lwl lactates}
29mEq/L ¥¢ S+ cardioplegic solution & f{#
i A28 S ol (o 50% H4)E 2ulsided ol
aFX 4 lactateo] 93 pyruvate 7} lactate® =
#e= AE gaste Lol BIFAE X, o] A
o]l HAME RET AL % F98 o2 oA
BRI A2 E AlSA o ARE Y M Nic-
otinamide adenine dinucleotide ] ZJ¢ oz ¥
Mgt stedeh o] =) Fol & Bl 4 K*-Albumin
Brel miffe] B3¢ Aor FEsc, Telol g E
K*.cardioplegic solution ™4l cold potassium
blood cardioplegia § o] FIMAstm Yi=o] K*o
30~ 34 mEq %Al 33 blood cardioplegia HEE+=
16C UTFR ¥33 9+ A& 3o stx Ao o)
< cold agglutinin = Foleta &cp30, 234y
Laks®®, Cunningham5¥ @ Barner%’ %e 10~
15C blood cardioplegia & FIB, EifRel 4 2& f
HE ddvtba st c}

19} corticosteroid Al A 2l methylprednisolone
hydrocortisone % betamethasone %< cardio-
plegic solution el #H7}élo 24 membrane stabi-
lizer B H ol MIBMEIY LTS W3 HET oS
4 deh shog e} 83,6466

KEBEMEN RS S cardioplegic solution®
K¥s] 75 mEq/L Lkl 2% Oipiiiol Aty o
B ~30mEq/Lsl ZA$eli- A9 #ifiio] gArii®), 1
elul WIBT(37°C) 60 9 ischemia FHhsl iz A 4
+ 52 K*-cardioplegic solutionsl °lei4 & (A
B> e ool BFREISE, LRSI Rk, cross str-
iation ¥ pyknotic nuclei 8| &4, g W
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1 MR E& & ¢ QU020 B B AR £
22 A YJFHET AR Aol

$8t7& & cardioplegic solution HfEg F4}
U A8 a8 Romot X B R A o
2) 3k Agol, Young B ¢ GIK B¥L 6i8g
Bio] /A3 +43E & 4 A LHHFEEBRE R
ol BAWE BAWIS) HaAAe B HE BhHe) Ha
sSHAlo v B OImEERY BB g met B
o] glolv BMEY Tamme 7L Fak4ao] &

ARE: sk ol Fod, MlasiKe Ml ¥%

FHA 27 g or OHEEBEN 45 FLe
AH FAA OFEERF A4 LS OEE o)
A ARHAAF Y Abdsw Y L2244 HHLT 5
23 RHY 4 ook 317 :}14,16.17.20.29.40.72).

V. # L]

& WEl A+ modified isolated working heart

model™ g FMEt U HWHOT ALY <SPz .

ischemic arrest & ZFE®+17 o+ ischemic arre-
st ol o8 BAESE LHESS Uty Ha #ERAs
+ 498 FF9Y cardioplegic solution3} BB H
®B(4C)E 68 A 4sld & cardioplegic solution
Y OHREHEA v o ol sl FE cardi-
oplegic solution(Ringer’s solution)®] #$4 v
athe] I RALE MEEM. BRSRV 2 MEm Ml A
Hmsidon g3 2L /L I}k

1. B8 LABHEAL ischemic arrest 60534
Langendorff perfusion FHEF £1 ¥(Young Y
GIK )o] 3 16 %, 2 T (Bretschneider)e) 7
40 2,58 3 F(K*-Albumin)e] HF 6730 %
FBE(F cardioplegia) & HF 16 3224 &1, §2
o] ¥ F& EHEMRES 2Ach

2. [EE EIE®E-S ischemic arrest #2 wor-
king heart perfusion 44l 30 ${EE 7|Fo 2 3
o 81T EEEL CMBIE 91.6 +3.1%(p<0.0D)
BA ABIR KAEHIR 83 £3%(p<o0.01), MM 70
+8%(p<0.05) ¥ ABHIR MHB 39.3+9.3% (p<
0.05)24 MBI w8 o+ HEM EEEE o)
o, 82 Toll Al L NBIE 87.83+7 5%(p<0.05), &
K KEhIR WREHR 71.2 +2.3%(p(0.05) 3 KBHAR
WA 332 46.6%(p<0.05)d 4 HEBES} vl F
B EEEE 9oL E 3T L A L NEIRel 4
u BEY HEHEFE(85.8+5.3%, p{0.05)% 2L &,
MRS v a4 BEER BEA4 5FY =71 dAdct

3. Ischemia# 307/ # CPK #Hi#-& HEE

131.2+12,751U 1 ¥ 50.65+12.75]U, &2+
69.40 +£32.211U, 883 103.65+15.471U 24 51
T(Young ¥ GIK)uto] #3 HHY Z§ N33
2=t(p0.001).

4. 8 CPK #EHi#= ABR il GERs= 3
A e A}A(correlation coefficient r= 0.76,
p<0.001)7} Ao CPKEE RES= 24 LEE
#®B x5 YA o2 FEY 4+ AL FHolth

5. XBEMSN ARLORE & B A4 0%
#EEL R contracted band 9l E#L 2 4 g on
3 A $F4AT ebyte),
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