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Investigation of Experimental Acute Ischemic Myocardium with a
Microdialysis Apparatus

Sung Dal Park, M.D*, Song Myung Kim, M.D*

Protective effect of superoxide dismutase{(SOD) and substrates on acute ischemic and reperfused
myocardium was assessed by cardiac microdialysis. 30 Rabbits were divided into 4 groups;normal
control group (group I, n=5), ischemic group(group 11, n=5), SOD treated group (group III, n=10),
and substrates treated group (group IV, n=10).

After a microdialysis apparatus was implanted in rabbit myocardium, coronary artery was occul-
uded for 5 minutes and reperfusion was performed for 30 minutes.

Hemodynamic changes, CK-MB isoenzyme level and adenine ring compound level in effluent dial-
ysates{equilibrated with interstitial fluid), and ultrastructural changes of myocardial cell were anal-
ysed.

Systolic blood pressure at 10 and 30 minutes after reperfusion was higher in group I1I and IV than
in group II{p < .05). Also percent recovery of systolic blood pressure in group III(p < .01) and IV (p
< .02) was higher than in group II. CK-MB isoenzyme level in effluent dialysates was peaked at 10
minutes after reperfusion, thereafter decreased in group II, III and IV. At 30 minutes after reperfu-
sion, its level was lower in group III and IV than in group II(p < .05). Adenine ring compound level
in effluent dialysates increased till 10 minutes after reperfusion and progressively decreased. At 10 and
30 minutes after reperfusion, its level was lower in group III and IV than in group II without signifi-
cance. Degree of myocardial damage was estimated by scoring of mitochondrial injury. Group I was
within normal range and most severe injury was seen in group Il. And the score of mitochondrial in-
jury in group III and IV was lower than in group I1.

In conclusion, SOD and substrates (KMP solution) had protective effect on stunned myocardium.
The microdialysis appratus was a good device for studying stunned myocardium, and cardiac micro-
dialysis might be a unique technique for analysis of regional intramyocardial interstitial fluid.

(Korean J Thoracic Cardiovas Surg 1993;26:441-451)
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Table 1. Experimental groups Table 3. Substrates in KMP solution
Groups No. of cases Substrates gm/L mMol/L

I Normal Control Group 5 Histidine 27.94 180

11 lschemic Group 5 Glutamine 3.80 26

111 SOD Group 10 Tryptophane 0.408 2

v Subestrate Group 10 L-arginine 0.174 {

SOD ; superoxide dismutase

Table 2. Body weight of experimental animal

Group No. of Cases Body Weight (kg)
I 5 35021
11 5 31 049
I 10 2.4 £ 059
v 10 2.4+037
Total 30 2.7 £ 0.61
mean + SD
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Experimental protocol
SOD intake in —» Pre-experimental
group Il day
Weighing — « Anesthesia
Tracheostomy —
& ventilation « Femoral a. v L
cannuiation
LA cannulation —»
« insertion of
dialysis probe 0.D. 850 pum
« K-H sol. infusion 1.D. 650 um
Wall thickness 100 um
1st dialysate
sampling Fig. 2. Design of cardiac microdialysis probe. O.D:outer di-
7« KMP sol. infusion el LD.:; diamet
LAD occiusion — | in group IV ameler.  LL..mner diameter
Ischemic |
myocardium |
Reperfusion —r | .
| 2nd dialysate ]
| sampling
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20 min - -\
| 3rd dialysate >
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A scheme representing the whole time course of ex
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Fig. 1.
perimental procedures
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Table 4. Ultrastructural criteria for scoring of mitochondria

Score Ultrastructural features

0 Normal

I Mild enlargement  amorphous matrix densities scarce of
absent

2 Mild to moderate

enlargement

dicreased matix density disruption of

cristae few amorphous matrix

densities

3 Moderate to mark- decreased matrix density disruption of
ed enlargement cristae few amorphous matrix

densities

4 Megamitochondria loss of integrity of membranes many

amorphous matrix densities
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pm 77 2] vbd & wkEo] toluidine blue & o Y 3}o] %
g 7 slel A FAF F o xH E2E AdYs)e]
30~50 um FAe] ZwFAH-E THEo] uranyl acetate®}
lead citrate 2 o] % od43}e] F2}8 = AkEv] 7 (Hitachi
600)2 2 sl gtt

Zh ol A 2ute]e] RS AR B, FAH R
3, | EFEelo}, 2R, Sz Iy, 1, 24
Al =} (sarcoplasmic reticulum)e] {3} ‘_7&6} 1o,
R 24709 v EZ ol E ARG =, %
Z 33 EAro] 71 AZHA-S 4 Zape] £4)o) éE_—E—
2 el gl o) (Table 4).

7} SHXMZ|
EAASE o+ RFHAAE A L SAIA =
FH3pe] =2 739l SAS (version 6.02)F o] 83ttt §-2f

4 71%-& Duncan’s multiple range test 2} student’s t-test
2 3t en f9 52 p value 7} 0.05 01 8L 2 Shsich.

4 U
1)

gk
18
Job

Pt

dre £370, 7] @ 7 AGS AAskAA) AR
W, AR SEE A JF 108, 208, 30 %l 242t 545}
sivh 2t o) Ware A= ABA o]v] Yy 2T
A B8 4~8mmHg Y= okom, SAsAx) AWF F

o522
1993:26:441-451

130
©;Group i, 2 ;Group lIl, O ;Group IV

:g’ 120
S
E
o 110-
5 "
(7] *
[0 "
o
o 100
9
s}
o
@ gp

80 T L T T T 1

Basal Occ5m Rp 10Om Rp 20m  Rp 30m
Time

Fig. 4. Time course of change in systolic blood pressure du-
ring LAD occlusion and reperfusion (n:group Il =5, group III,
1V=10, mean£SE). *:p<.05, vs group II.
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Fig. 5. Time course of change in diastolic blood pressure
during LAD occlusion and reperfusion(n:group I1=5, group
I, IV=10, mean+SE).
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Fig. 6. Time course of change in mean blood pressure du-
ring LAD occlusion and reperfusion (n:group Il =35, group Ill.
V=10, mean +SE).
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Fig. 8. Time course of change in CK-MB isoenzyme levels
during LAD occlusion and reperfusion in effluent dialysate(n;
group 11 =35, group 111, IV=10, mean +SE). Dashed line indicates
levels of normal control group. *;p<.085, vs group 1I.
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Fig. 9. Time course of change in adenine ring compound le-
vel during LAD occlusion and reperfusion. Dashed line indic-
ates levels of normal control group (n:group I =35, groups III,
1V=10, mean+SE).
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Fig. 10. Electron microscopic findings in each roup. A. Group
I:Normal nonischemic myocardium demonstrating intact sarco-
lemma, abundant glycogen granules, and mitochondria with den-
sely packed cristae.

B. Group II:Severely injured myocardium showing edema of
interstitium menifested by widely spaced myofilaments, and lysis
of myofils. Sever swelling of mitochondria (megamitochondria)
and many electron-dense deposits in mitochondria.

C. Group III:Mitochondria are mildly enlarged and cristae are
disrupted. Matrix density is decreased and few amorphous elec-
tron-dense deposits are demonstrated.

D. Group IV:Slightly swollen mitochondria with cristae disrup-

tion are noted ; matrix density is decreased.
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Fig. 11. Electronmicroscopic assessment to mitochondrial

damage represented by score(n=48 in each group, mean *+
SE).

Stunned myocardium -2 0] 2 2] W3}lglo] 75 o] A
& 2% Fx glen, d2s Add 7% 3] Hpro-
longed myocardial dysfunction)-3 e} &= #] £ 9] /313‘“
AH& 231 Braunwald 52 myocardial stunning 25
AlAEE FHAlA zeada2 A x|l Al7)% 3 Ea e 2
gk ul7) eloh A 2l7)F A A e 2 fbg) stunned myocar-
dium ol A= Al £Arel %] 715l mitochondria &) &
AAEE HFRE A AHo s AR 3~44

ol o] 2= f=ato] T Hlg T 5o gt
B8k sh7bel 1M E Ak &, oA ogu 7 HoR
ATEAES AR E & Ak

o
AzEe] AYA Tl AR AlE wA] FA]7)
(myocardial microdialysis apparatus)= 19843 Sweden 2|
Ungerstedt™} A A12] So 4] A4 0% $de) ol 2
& A8 Sla Ag Bl 2F oo e o
s chepa whetol 4 A s)o] i,

Van Wylen 5 A7 o] 494 & Fo) 1A A
FHHFE SAE T AR 2 sigdon, A g2 AT
dabe] Aol wld £4171% Abgsideh A= Van
Wylen o] )4l $417) % el A TR 5 e ARZA
W3 q1gksted 2 ool AH8-3}¢d tHmolecular weight cut-
off : 5.000).

ulA] £ 7],‘:

i‘l
_,>:
i
N
2=
o
r
Jo
op
ﬁqu‘
o3l
24

o)A F417]2) membrane F-¢| 1h-&
o, AN Z e 255 R BEF A

— 447



of, AF AR F9] o)ste] ATl 9AF Hen A
2ot AT AHE FANEER sl AW el 71t
= 72 %"15—” Aol A o] B =2 3te] B39 4]
< WAL ezl ed s =5 st w3k vy 7] A
YAl A2 £ Azt Al F
< A7 A8 ALF o

Holl Bog FANE A3t
S ATRTE dxiHdoeg £ 7] 2 &
A7) A7)0 35l el BkE A, oS08 T ol
A Qlabst Z1de) BE, 23] AAdARY, fe) Aba]
(oxygen free radials)e] ¥ 3}, 412U e] pH W3}, vy 72

o] BE A E i),

& AA-e ddale) A4 W, o) &
2 EH3op Frell ) whgelule) FHazb
(immediate events), &7} -2 (carly events),
(late events) &2 & 4= ¢ir}. ZF234 uhg oz
o] & 3 ol F2Hproton)?] EHEo 2 43
27} Zef e, 3714 d71stel A AbS} Q14H8} (oxida-
tive phosphorylation)®}% 2.2 ATP Ale] Z7} wi= A
3= Wiyt vebdel 27 whgo g nER o}
o] WAz} ZHAska Abakel) ok wlel-Aka A 2(8-oxi-
dation pathway) & &3 o= dade] wiste 7ragh
o} A|HAE o] 8 ZF2Tt acetyl-CoA F=Ale) 48 #%
8L, cyclic AMP ol 9] &F A}k R-sl) 7} 241 3} =i},

Z7] "k-g(early events)A] o)l ¥z} olulld & 4Hadenine
nucleotides)®] B3 231s) Aakslm, HAd o g ofx}d
23k Ca’™ o] %3 TZE(sarcolemma)e} wislz} §3}bs)|
Ao} shedA HE S 7 B2 A7) Aol
7} F2m o] A7) streptokinase, urokinases 4 £
3 oFEFo], AuA FAATH FAE(PTCA), IAE™
$3S(CABG)F #2 A7 Ee] o]Fo] A, H|7tdH
A= AFHFE Aste] S A7 SAdo] 2"t
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de 2o Wt Hwol EHT] dfFof, A= FHYPR
7} A& BTl A 537ke] A Aztez Algel Hagh
FHYEA ATS IS T Ao
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AT o= Bolete A F alo»} 4 AR Rel=
Atelct, 1 o] f24 Alejut Bole B2 AF
2 Qs AHAFA] LA {2 AT 4A AAE A
stunning &35 A A W= wlE| Al etel = H 8o} Ao
3] ey FEY 2ol o dF FHFE At o]
7AAo] JHsH Aotz Hglo)7) wFolaty M

T Ao ojud = kA & Folsriele AdE A& T
ek

Kloner &-'V¢] Fabel] oj&hw ) fF A2 s
A7) A o Z9137F WA ko] £kl 7]al f?}‘:}'—'ﬂ— 3t
™ “No reflow” fA4toleti #-27| & s}t fre] Aka7]
o o1& A2 £ = A 2.2 1973+ Hearse %5
o] 20 W7o} A AbA: Abel ¥ ALAE AFFA] CK-MB ¥
E7b s ot 10087 0] AAkA A F AR E A)
FF3S weoll = CK-MB %7} 1] 2 A4gch= oo
A HIREQIL, 2ol F WAE ATl Abart &4 7
FA k= Al o] 8]l =] gl2 ™, “Oxygen paradox "2}l
B vt gldel A Aba BAke 283 ARE
ol Zof HOR W3lss AA oA, ¥ A2 U=
-] XkA~7](Superoxide anion, radical O:7)o] 472 4 glc}.
o5& et o g kA E 7] 8 F99 tE EAES
S8to] AakE Algutel kA stsl= B A 4F o
A, X Aoju N4 52 AT &AL FoTH AlX
716 S4A71 A At
1987 Puett 5'"& stunned myocardiumuje] =}-4+s}
-0} &(superoxide anion), 413} =4 (hydrogen peroxide)
o} 4247 (hydroxyl radical) E-o] Z7}5}o] A £ 2]
AE WA A7) 2HE BRaEo] o] 59 2Hi-of o3| v
A3t = B23} 29bAbE-2 peroxidationd oF7] 3o A
Fut SAdel 3 £ A MR A2 7159 &
g oty stk f8] Abar] dA e sheds)
R A2+ xanthine oxidase?] O3 3} NADP™" oxidase'”
I o]’ fejatar] Y-S WA e FAIRA Az}
7} AF2-% SOD ¢} Catalase 58 9A% 4 qlc}. A7 2
ol w2} Jolly 2", Ambrosio 5'¥& SOD 9] Al &
A9Z JAZ v Gallagher '8 1 72 A3}
sl = SOD ¢} Catalase 2] $&] $ol2 Hr}l £ A
< 2R3 AIE & 7 slddvia 24’ FRke g},

A7 APe Ads HE T, SODFAE, 7| A F ol
2ol A @i E4Fe) A=, SOD Foi ) 7]
AFolgol AFA £ AErt Aok AR 27
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# A}i= L-arginine, glutamine, histidine, tryptophan o]
E35 KMP £ & 7] A Fol] Folste] A1 M3 a5E
nlarslgiet. KMP & & AL8-3iAl" 2AZAE 85
AT 8] ATP ofo] Zhasta 1 23 QIAb2 A ofu|
A+3a} Kreb's cycle intermediates ¢ FX7} 7}43817] w] &
olghe AHd el 23kt

Gluconeogenesis @] 3ol 2]a 4] glutamine, arginine
S22 5-E A= glutamate = a-ketoglutarate o] 39 5
A7t =, 58 Y A{F A ZEA ) @ glutamate
9] B3 A= oln] Lazar 579 Aol galxglx,
=3} glutamate = &bl o) g A 2548 A7) 7] 3}
e A7 AM AMEE Y R sl ow, o]2d APl 3
AHE9 #hxle] Al Zo] glutamate & Wo] o] &8} 7 o
25 Hupa =@ 4= gl Batolr)g}, hypoxic rat heart
ol A= glutamate 2} Krebs cycle intermediates ®] $oj &
Aibaz 717 FF A7 so] A BE HER Fla, ol
2 7153 35S 1l A|7lcks Bl gle], B} 24
A FA7 AP,

Tryptophan -2 Kyurenine-anthranilate % 22 $3}o] F
2 nicotinic acid 2 #3152, H2]x o2 gA31% amine
& H A7) g} wrd) o)e]F At A o 4] ol 25
2] F-AHE(byproducts)o] gHEo] 2 =d],
glucose & A slo] ol 2| th Abel] o] 8- o, semialdehyde
= A3 xF o] a-ketoapitate & A8}, volr} glutaryl
CoA, acetoacetyl CoA & = o] A& AYA o] =] A}
(ketogenic energy metabolism)el] o] 45|22 B A3 o] 4]
+ olzl1g AHA & 2 A & tryptophan & AF&-3}g] v}

Histidine & myocardial acidosis & R Ax]|7] 1 &8 7]
ZH&<k glycogen o] lactate 2 ¥-af == A S =Ago R
ATP 9 A& A3 MAX| 2. 22 19873 Mon-
cada 57 9j8) <eixl & 2t8-E 2 (vasoactive pro-
duct)?l Nitric oxide(NO)& 3ol EDRF(Endo-
thelium-derived relaxing factor)2 &9 v}, o]+ L-ar-
ginine > 26| Ao 2= Ao 2 ghs o7

Nitric oxide ¥ 2= A A ¢ A2 %}501] w9 F23% o
& Fo= Aol A YL Bow Qo) Acet-
ylcholineo] &3 WA Eol] <l= "1\‘ A o} Ayt
EDRF £, Nitric oxide 7} 9+5-o] *|=, Nitric oxide = &
AR 247 HE B3l RS 28-S A sk, 4
M 2ot 3} WA 2] 9 Ak A E EANS whR) 8}
o F8 A4S HAE Al Aol E=F Acet-
ylcholine & choline ester, vagus transmitter 5 4] A} & A

2] muscarine myocardial receptor ¢l 243} M2 muscar-

o] &2 alanine &
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AR Z ol = AR & free adenosine ©] £ 3}#] ¢k 1
- Al E el FzbE]o] glewm A Euel A= Ht
A th gk #hg-o] gt SH- 3 ¥8-& Al adenosine F50] 3
o 72k ZobsbaL o2k fAbe] whg-A FE(reactive hy-
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compound)-3 ZAbsle] Al &4 Axe) HER Al43)
99t} Adenosine 5H5-& 7 AFgE -2 oli} adenosine %
e ring g 712 A9 3FEEL ATP 9] -3 4HEo|
FEE ol F1 AP 2 adenosine 5 Z AR} AU
T 9l Adenosine 2] H#2H8 3= Van Wylen 5ol
sl B2 o] el A glom AR Aol H7} A
224 Mo Al B3 a9} Z)diEe] gdate] o] &
=2 glet

A2 HEA] 27] 7t A2 k& A7k ol A
BPF Aoz 73 24 ‘?‘iﬂﬂ' A14:3] 3] 55}, o]
o vhall 3| d Al E£Aako] ARE Aol M A AF 2 Qe
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fr, SRl e e] 3, 7hAst kA whsarcoplasmic
reticulum)2] W3}& sl 424 ety )
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Fhol] ZA3Ee], A 2= SOD 9 KMP §ujo] 71| o
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