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An Electron Microscopic Study on the Effect of Calcium-free Reper-
fusion in Isolated Perfused Guinea Pig Heart after Global Ischemia
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Abstract

The effect of calcium-free reperfusion for 5, 10, and 15 minutes, respec-
tively, followed by continuous reperfusion with normal Tyrode solution con-
taining 1.0mM calcium chloride, after global ischemia in the isolated per-
fused guinea pig heart by Langendorff techniques was examined with trans-
mission electron microscope.

Compared to the nomal Tyrode solution-perfused control hearts, the 5 minute
calcium-free-reperfused hearts showed loss or thickening of Z lines, focal
sarcolemmal disruption, mitochondrial swelling, clumping of chroma-tin,
intracellular fluid accumulation, and some separation of cell junctions,
especially the fasciae adherentes. These changes became more severe in the
hearts of 10 minute calcium-free reperfusion. Subsarcolemmal larger bleb
and near complete separation of cell junctions were noticed. In the 15 mi-
nute calcium-free-reperfused hearts, irreversible ultrastructural changes
including contraction bands, biazrre mitochondria, and sarcolemmal destruc-
tion were widely distributed. The severity of myocardial changes were in
accordance with the duration of calcium-free reperfusion.

These changes indicate that calcium-free reperfusion regardless of its
duration could not salvage the post-ischemic myocardium probably due to

development of calcium paradox.
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1. dESE

ARG GAstelA 12417 -1241be]
o F71o) Wt =S AA BEAIES} S A
kglo] o] A}&3 {d7E 71U ¥ (guinea
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158 &< 27 ABHFH F Tyrode§-
dow ABRd A2 A dEEH
aHAT AR A ALE 208
st esre.

3-3. AAEn A HF

2 Agle B2 AF AR AWA £
o AMAA wEL ARAG F 4CHAA
25% glutaraldehyde(in 0.1M phosphate
buffer, pH 7.2)2 #AF 2 AFAH Kimz}t
Rah, 1987). AT e SAqY o] 1043
ol HAs T 1% osmium tetroxide® ¥+
A% & ethanold] &4 ¥ propylene oxide
AF AA S AX F4H 22 23t Epon
8120 Eufstgth 2pm FA S vrEHG w
E£0o] toluidine blue2 GM3le] B3+&nH
o2 Ba% ¥ YEHolebn 47sE block
& Aggte] 30-50nme] 2WAHAHEG TS0
uranyl acetate % lead citrate® o]&F &
Akl Jeol 200CX F#HAAHMA o2 #
a4 ch

2 o
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fd
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28 F559 HA 25 & /1A Q#Hy
(glycocalyx & cell coat)® ERo
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P AT AL A At A xpF A
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F2¢ 4 YUt 29y SdAAL
(sarcoplasmic reticulum)2 A5 # 25 A
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AHE #EY & AAR(Fig. 2).
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traction)dl] o3t A7 =3 (contraction
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ol 2 W% e o (Fig. 11) @34
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ZE AEES AF #2Y + AU

o &

Az BIY 5

AREL A& BF 71YY 4 A (isolated
perfused guinea pig heart)& o]&3}o 10
B Fte] AAF 3 d(global ischemia)F
208 F¢9 ABFRF 58, 108, 158
of MAF 270 #gol XFIHA F&(Ca?*
-free) #RNo0Z 47 AFIIA oA A
AF=(1.0mM)e] Zgol E@ddE IFFRe
2 #FFIS d AL ZAA dERUE
oAl 729 WEE 7|&std

Z(species)o] @2} Lo xole o}
Hl w2 @77t F<te] 3 ¥ (transient ische-
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F, A4 %Y gy, d9nyg 2 AW
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o Wzl fEEe fHMcCallisterE,
1979 ; Edoutes, 1981 ; Ganote®} Heide,
1987), 7] Y& (Chase &, 1978 ; KimE,, 1989a),
E7](HoelscherE, 1961), £& #Z%&7H(Shen
5} Jennings, 1972) ; Schapers, 1979)& oj
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dod Hd¥E T3 HuFH (AT W
3z glow olg} Ze mATRe WIlE
AZAEU Zg 59 ¢ dHST &
A7 &L F 4R Aok (Nayler b
Grinwald, 1981 ; MurphyE, 1985 ; Kim#}
Rah, 1988).

dYHoz IfFFTES UIAEIA 7t
HHQA mATRe WHIE YEd & e
P9 A& 7|79 Y, reversible period)
2 AFAe wet thazie] Aole gleont
W 15—208 A= 2 a3 A dF(Jennings,
1969 ; DeBoerE, 1980 ; JenningE, 1985).
a8y AT &4 AEe YEA]
g A% 712 vHdte AL olH
(SchaperE, 1985), s1@e9] A& 7|3te] 7}
dodd dtt A AZAEE ARFE
AEoE BT Z]Foliel FAT A
25 A (HeyndrickxE, 1975 ; WeinerE,
1976 ; EllisE, 1983) A ¥R vl A3t
n A Fze HEE YEd £ AH(KimE,
1989b)= 43F ZAdsol Bon olAF A
A7 &4 FEFEd JdojA Zgol FA
Al 9gg stgete Addd Ay AT
E Atolo] Az & Holx glth(Nayler,1981 ;
Ferrari®, 1982 ; NaylerE, 1988). &t
HIERSE T3t A3 ARFES APs
< By olgdde ¥ &4 WA H2A
x| 7S AP ATz WHIHE
qA3sl7] 93 WHe oFAAE gy
(Hearse, 1977). we}A] o] 43} 2 A BF
&£4& 017 Hste 24 d I A (calcium
antagonist)2 @& o 7t1A9 AGEE
o] A#‘FHoIY AEAFFA AF ALEHD
Qo 2 g distde =o] Bk

Zg APgAE FFA wd A& AdE
A2 zpol7t AR AAxEel A A E
2 fYHe g5S AFSAYHKimT Rah,
1988) AtHAGAN ZE F47F FUHEHEE
st (Vaghy s, 1982) &2 AxW Zg A
Fuz HE Axadze Wi A std
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(Sutton®} Morad, 1987) AlZM Eo o3}
o Zg FFE TolForA 4T HS
Zggol 2l Aog deA gld. olgd 3
o2 HY AAFA Tgol ETEHA F&
AFAE ALY AS A2AHTY dEy
oz Zrg AFse FA 47 WHEA &
& AFAE ALET A fAS ARE
714 4 Atk 2y olge dxFHo=
2 AfoMeE 4Fe 9ATze HIE
T2E + A F ZE 2Y #RdeR
25 AFFI F ASHNEGAE 3
o 93t fFdEHe Aoz 4EA o
72 o] wA e Waket A 2H9 Il
7} Folgt e HFFog Zio] LAHA

g slEHe) dglew =3 ATAYRE
woto] Basle] AN o9 2L Wk

4 AY dRAo2 AR £ ATt
ZoAAFE o HEHUT 108 F9
ABHFZ AZA LM Axgsior &
FEZAE ¥R B YA AEAE
5 53 2ade] Hert vEsion, 158
Fde ABFF ditdE 45 v(contrac-
tion band)9] %%, bizarred Fejo AR
HF H7tgHA et A N ExAEF-o
4d U8 B 5 dNUrh oA 2 A
SHAE &4 Ares g 49 FRJe
2 #FsAE JInd A9 vEsz Jdzn
AMEARE 9 B AAo WE
Z+ 4 paradox(@ksendalE, 1985 ; Daly
, 1984 s 2243 g% FAEE
At

fo o

Ao R

o

g xosld H¥EE doz A AR
A gde & AERS 5 dEY £ T
A9 dojd F gAY AdAE Aol &
AAD 5o AR B FF7F9 H9=2
T A ZE= W HY) g AIAX
< ZF 1@ A FolAl Hrlh o9 o
st Zrg AY BHYE ABRE A¢
AZAEE B o T 1gd wAA 5

off rlo mu Ju

m olgl & AHAAN ZEE AFASA
S AL o2 A3t HAG AHoR H
3 AHu R ZE nEE olv] 3ol
Aqd AEAFRI BEE dod|n ZAo]
A4 F& HIHIL FA 42 AExE7
Az #A=e Aoz FFHI}(Naylers,
1984 ; DalyE, 1987). o] €A A Eof X
FAQ) AAE AL R vRY TF
2y #FJez ATJHITE AL THE
paradox§ 7l5Ado] w$& E7) W 7)
ol @AGel MTFZF 53 zolde At
LM E ¥E Aoz Agdh

4 £

HE #F 7YY AARdA JEF 5 10,
2 158 5A TF AY Q902 47 @
F3n AZHA AN wx9 ZTES XIF
& gdoz AFFHYSE W HIZAE
H3lE ERAAEAos BEEH)

A4 Tyrodeggo 2 FFIAIE =T
o wsle 58 F<t g AW E£doz2 A
#AHstA 2 AZAZANE Z4Y 4248 F
2 HF, FAH AZ Az 3, AHEA
9 &, 94449 &, ASAZY =& 5
A, IZARYE 53] FAde] R Fol &
ZHRon ojge Wale ZE ZAY 49
o2 AAFIFE Aol LojAL£E A
Ak 108 Eo 2 AY £908 YBHF
g AIZAMEANE AT AEusid 2
Fxo YA AMEXAFFEY Es §%
FRsdgen 158 Fo g 2¥E &9
sz ABFIHAE AZATAHME &0
9] ¥4, bizarredt FEjo] ALHA, A2 A
Xutel B3 F A/ig QA dsist gEEHU
h
olgel Zuz wFo Zg AY 9o
2 ABFTFE AT/F 1T BAGe 7
¢ paradox L LY steAdol Wi
a7 W ¥ AZATE 248 F 9
£ oz AyEn.
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Figure Legends

Fig. 1. Tyrode solution-perfused control group. Ultrastructure are relatively well pre-

served. Arrow indicates nucleolus..M, mitochondria ; N, nucleus; g, glycogen

granules. Bar=1.17pym.
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2. Tyrode solution-perfused control group. Cell junction comprises desmosomes(D),
fasciae adherentes(FA), and nexuses(arrowheads). Bar=0.60pm.

3. 5 minute calcium-free reperfused group. A Z-line(arrow) is near completely
disappeared by hypercontraction of neighbouring sarcomeres. Z, Z-line. Bar=
1.17pm.

4. 5 minute calcium-free reperfused group. Z-lines(Z) are thickened and the cell
junction(arrowheads) is widened. Sarcolemma (SL) contains subsarcolemmal
blebs(asterisks). M, mitochondria. Bar=1.17um.

5. 5 minute calcium-free reperfused group. Sarcolemma(SL) is partially destruct-
ted. Nuclear matrix is cleared and chromatins are clumped and marginated(ar-
row). Fluid accumulation is seen in the bipolar regions of the nucleus(N). M,
mitochondria. Bar=1.17pum.

6. 5 minute calcium-free reperfused group. Swollen mitochondria(M) contain th-
inned lamellated or vesicular(arrowheads) cristae. Bar =0.60um.

7. 5 minute calcium-free reperfused group. Cell junction is widely separated in the
regions of fascia adherens(arrow) but the desmosomes(arrowheads) are rela-
tively intact. g, glycogen granules. Bar=0.60pm.

8. 10 minute calcium-free reperfused group. Large subsarcolemmal blebs(asterisks)
formed by separation of glycocalyx(arrows) from the sarcolemma are seen. Bar =
0.53pm.

9. 10 minute calcium-free reperfused group. Cell junction is completely separated
(arrowheads). M, mitochondria. Bar=1.15p¢m.

10. 15 minute calcium-free reperfused group. Contraction band(asterisks) resulted
from hypercontraction of sarcomeres and intracellular fluid accumulation are
obvious. Arrowheads indicate loosended myofibrils. Bar=1.48um.

11. 15 minute calcium-free reperfused group. Cell junction is severly separated

(arrows) and mitochondria(M) show bizarre morphology. Bar=1.17pm.
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