Joumal of Korean Medical Science
Vol. 10, No. 2, 121-131 April 1995

Relation between Ischemic Preconditioning and
the Duration of Sustained Ischemia

Dae-Joong Kim, M.D.,* Hyun Kim, M.S.* Ji-In Park, MD,** Tae-Sub Shim, M.D.**
Bong-Jin Rah, MD.,* and Ho-Dirk Kim, M.D.*

Departments of Histology* and Pediatrics * *,
College of Medicine, Chung-Ang University, Seoul, Korea

It has been reported that repetitive brief periods of ischemia and reperfusion
(ischemic preconditioning, IP) cause a significant reduction in the extent of
myocardial necrosis or in the incidence of reperfusion arrhythmias in rat
heart. However, recent reports have stated that IP effect is diminished or lost
in the canine or bovine heart if ischemia (mostly regional) is sustained for 40
min or longer. The main objective of this study is to assess whether IP
provides myocardial protection in prolonged sustained ischemia under the
condition of global ischemia in isolated rabbit heart The hearts were
subjected to 10~60 min sustained ischemia (Sl) followed by 60 min
repertusion with (IP heart) or without IP (ISCH heart). IP was induced by 4
cycles of 5 min global ischemia and 5 min reperfusion. Left ventricular
function (LVF), extent of infarction (El) and ultrastructural changes were
examined. As a whole, the LVF began to recover on reperfusion but there
was no significant difference in the funtional parameters. However, ex-
tracellular Ca®" -concentration was lower in the ISCH hearts (p<0.05) and
the El was significantly different between the hearts which had received 60
min Sl (67% in the ISCH versus 32% in the IP heart, p<0.01). Ultrastructural
changes were homogeneous in the ISCH hearts and became irreversible in
accordance with increase of the duration of ischemia, while these changes
were heterogeneous and restricted in the IP heart. These results suggest that
IP does not attenuate the postischemic dysfunction in prolonged ischemia
but it can provide an infarct size-limiting effect and delay ultrastructural
changes. This cardioprotective effect may be related to calcium homeostasis.
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INTRODUCTION myocardial necrosis, one or more brief (2~5 min)
periods of ischemia followed by reperfusion (ischemic
preconditioning, IP) before a more prolonged period
of regional ischemia have protective effect on a more

prolonged period of ischemia. Murry and co-workers

Although myocardial ischemia is a main cause of
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(1986) employed four 5 min periods of ischemia and
reperfusion prior to 40 min coronary artery occlusion
in their first studies on canine hearts, which resulted in
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a significant reduction in the extent of myocardial
necrosis. Since then, the cardioprotective effect of IP
has been demonstrated in other laboratories and in
other species including the pigs, rabbits and rats
(Schott et al., 1990 ; lwamoto et al., 1991 ; Cave and
Hearse, 1992 ; Kim et al,, 1992). The protective effect
of IP is, however, diminished or lost if the reperfusion
period between the initial short period of ischemia and
the sustained prolonged ischemia is extended to 2 or
3 hours or if the duration of the prolonged period of
ischemia is 40 min or greater (Miura et al., 1990
Murry et al, 1990, 1991; Van Winkle et al, 1991).
Therefore, IP can be considered to have a time-li-
mited or transient protective effect which slows the
development of ischemic injury thus extending the
duration of ischemia that can be tolerated before
irreversible injury occurs (Cave and Hearse, 1992).

To date, most studies of IP have employed regional
ischemia and have used either infarct size or the
incidence of reperfusion-induced arrhythmias as end
points for the assessment of protection. Few have
investigated the ability of IP to enhance post-ischemic
recovery of contractile function (Omar et al, 1991 ;
Cave and Hearse, 1992 ; Kim et al,, 1992). If IP can
be induced under conditions of global ischemia and if
it can enhance the rate or extent of post-ischemic
recovery contractile function it might find a novel role
in cardiac surgery. In other words, IP can protect
against injury during the hypothermic ischemia as
used in surgically-induced ischemic arrest.

The main objective of this study was to test whether
IP can provide myocardial protection in global ische-
mia in isolated rabbit heart. Another objective was to
assess whether IP’s effect is related to Ca2t.

MATERIALS AND METHODS

Materials

New Zealand White rabbits of either sex (1.5~2.0
kg bw; n=53) were used in this study. They were
kept in a constant condion and given balanced
Purina animal chow and water ad libitum. Animal
chow was restricted from 24 hours before sacrifice. All
experiments were conducted in accordance with the
guidelines for experimental and laboratory animal use
from the American Physiological Society.

All chemicals except Ca®* standard (Junsei Che-
mical, Japan) and Epon (Polyscience, USA) used in
this study were purchased from Sigma Chemical (St
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Louis, USA).

Heart preparation

The animal was stunned by a blow to the neck 30
min after intraperitoneal injection of heparin (300 U/
Kg), the heart rapidly excised from the thorax and
attched to Langendorff apparatus (Size 5, Hugo
Sachs Elektronik, Germnay) to be perfused with an
oxygen-saturated modified Tyrode solution (containing
in mM: NaCl 140.0, KCI 4.4, CaCl, 1.5, MgCl, 1.0,
HEPES 3.0, and glucose 10.0; pH 7.4, 37°C) by
non-recirculating Langendorff technique as previously
described (Kim and Rah, 1988). Perfusion pressure
and volume were maintained constantly 55~60
mmHg and 30~35 ml/min, respectively.

Experimental protocol

After stabilization of baseline hemodynamics, each
experiment was performed as in the protocols (Fig. 1).
In IP experiments, hearts were randomly selected and
subjected to IP followed by sustained ischemia for 10
(IP+ISCH10, n=6), 20 (IPHISCH20, n=5), 30 (IP+
ISCH30, n=>5) or 60 min (IP4-ISCH60, n=7) and 60
min reperfusion. IP was induced by 4 cycles of 5 min
global ischemia and 5 min reperfusion. Global ische-
mia was induced by interruption of retrograde aortic
flow and reperfusion was done by release of the
interruption of aortic flow. In control experiments,
hearts were treated in the same way as in the IP
experiments without IP(ISCH10, n=6; ISCH20, n=5;
ISCHE0, n=9). To determine the effect of IP itself on
the heart, experiments were stopped after IP prior to
sustained ischemina (IP-only, n=5).

ISCH(10-60 min)
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ISCH heart
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Fig. 1. Schematic illustration of the experimental protocol.
Arrows indicate points of comparison of the left ventricular
function between the control(ISCH heart) and the IP(IP+
ISCH heart) hearts; arrowheads indicate points of the
extracellular fluid collection. B, baseline ; IP, ischemic pre-
conditioning ; ISCH, global ischemia; REP, reperfusion.
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Measurement of the left ventricular function

After stabilization of baseline hemodynamics, a
latex balloon-tipped cannula was inserted into the left
ventricle via the left atrium and connected to a
pressure transducer (Harvard Apparatus, Edenbridge,
UK) to measure left ventricular developed pressure
(LVDP, peak systolic pressure minus end-distolic
pressure). The balloon was filed with saline using a
screw-driven syringe until the left ventricular end-dias-
tolic pressure (LVEDP) was 8~10 mmHg. Left ven-
tricular systolic and diastolic pressures and surface
electrocardiogram were continuously recorded on a
4-channel curviinear polygraph (Harvard Apparatus,
Edenbridge, UK). Left ventricular dP/dt (LV dP/dt)
was also' simultaneously recorded by electronic dif-
ferentiation of the pressure pulse. Al baseline
measurements of each functional parameter from all
experiments were collected and used to calculate the
mean of baseline measurement.

Measurement of extracellular pH, Ca?" concentra-
tion, and creatine kinase (CK) leakage

A small polyethylene catheter was inserted into the
coronary sinus, connected to an air-tight sealed
bottle, and extracellular fluid was timely collected for
determination of pH and Ca?* concentration. pH was
measured with a pH electrode (Corning, USA) and
Ca?* was measured by inductively coupled plasma
spectrometry (Jovin Yvon JY24, France; emission
wave length, 393.366 nm; power, 1.0 kw; sample
uptake rate, 1.2 ml/min ; argon flow rate, sheath gas,
0.3 I/min, cooling gas, 12.0 I/min, and carrier gas,
0.3 I/min). Calcium standard solution was used for
atomic absoprtion. CK leakage was determined by
measurement of its activity in the timely collected
coronary effluent with a dignostic kit.

Determination of the extent of infarction

At the end of each experiment, hearts were cut
transversely 2~3 mm in thickness. The lower second
and third slices which had been proved to show
pronounced infarction were immersed in  1.5%
triphenyltetrazolium chloride (in phosphate buffer) for
20 min at room temperature and ovemight in 10%
neutral buffered formalin to determine the extent of
infarction (pale area). It has been proved that tetrazo-
lium salt stains normal or viable cardiac myocytes
(bright red) whereas infarcts are not stained (Klein et
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al, 1981). Heart slices were photographed on
Ektachrome film (ISO 100), projected onto a screen
and the outlines of the left ventricular cross sectional
area (LVA) and infarct area (IA) were traced with a
digitizer (Pias, Osaka, Japan). Extent of infarction was
determined by image analysis system(Pias LA-555,
Osaka, Japan) and expressed as % IA/LVA.

Electron microscopy

At the end of each experiment, a small piece of
tissue was excised from the lateral free wall of the left
ventricle and minced with a sharp clean razor blade.
These tissue blocks were fixed in 3% glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4, 4°C for 6~8 hours
and washed in veronal acetate buffer. After post-fixa-
tion in 1% osmium tetroxide, dehydration in graded
ethanols and infiltration in propylene oxide, they were
embedded in Epon 812. Thin sections were cut at 2
um and stained with toluidine blue for light micros-
copy. Gold to silver sections were, then, cut and
stained with aqueous uranyl acetate and lead citrate.
Sections were examined with a transmission electron
microscope (Philiops EM300, Eindhoven, The Nather-
lands or Jeol 200CX, Tokyo, Japan) at 60~80 kV.

Statistics

Data were expressed as meantSEM. Differences
between hearts were determined by use of two-way
analysis of variance (ANOVA) and Turkey's multtiple
comparison and differences within the heart which
received the same period of sustained ischemia were

determined by t-test. A p value less than 0.05 was
considered to be significant.

RESULTS

Left ventricular function

All hearts except for the ISCHB0 heart recovered
from sustained ischemia within 2 to 3 min on reperfu-
sion. Two out of nine (22.2%) ISCHG0 hearts did not
recover by reperfusion. Functional data obtained dur-
ing reperfusion from these two hearts were excluded
for statistical analysis but the specimens were in-
cluded for histological and electron microscopic ex-
amination.

The baseline LVDP, LV+dp/dt, LVEDP, and the
heart rate (HIR) were 97.3+5.84 mmHg, 1649+161.1
mmHg/sec, 9.8+£1.08 mmHg, and 111%£65 bpm
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Fig. 2. Recovery rate of the left ventricular developed press-
ure(LVDP) during reperfusion. Data are expressed as mean
+SEM. Dotted lines indicate preischemic baseline. *p<
0.05, control(ISCH) vs IP(IP4-ISCH) hearts.

(beats per minute), respectively. % baseline LVDP, %
baseline LV+dp/dt, and HR were slightly higher on
reperfusion in the ISCH heart than in the IP heart but
there was no significant difference between hearts
which received 10~30 min sustained ischemia (Fig.
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Fig. 3. Recovery rate of the left ventricular(LV) +dPgt dur-
ing reperfusion. Data are expressed as mean®SEM. Dotted
lines indicate preischemic baseline.

2, 3, and 4). IP hearts which received 10 min
sustanined ischemia showed significantly depressed
% baseline LVDP (Fig. 2). This result indicate that IP
can cause myocardial stunning. However, when the
heart was subjected to 60 min sustained ischemia,
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Fig. 4. Changes in the heart rate during reperfusion. Data
are expressed as mean+SEM. Dotted lines indicate preis-
chemic baseline.

the IP (IP+ISCH60) heart showed a tendency of
higher % baseline LVDP and HR on reperfusion than
in the ISCH (ISCH60) heart (Fig. 2 and 4). The LVEDP
was not changed in 10 or 20 min sustained ischemia
with or without IP. After 30 min sustained ischemia,
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Fig. 5. Changes in the left ventricular end-diastolic press-
ure(LVEDP) during reperfusion. Data are expressed as mean
+SEM. Dotted lines indicate preischemic baseline. *p<
0.05, **p<0.01, control(ISCH) vs IP(IP+ISCH) hearts.

LVEDP increased on reperfusion in the IP heart but
there was no significant difference between the ISCH
and the IP hearts. After 60 min sustained ischemia,
LVEDP in the ISCH heart was significantly elevated on
reperfusion but changed only slightly in the IP heart
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(Fig. 5, p<0.01 at 5 min, p<0.05, after 5 min, on
reperfusion).

Extracellular pH, Ca?t concentraton, and CK
leakage

Baseline pH, Ca®" concentration, and CK leakage
was 7.2410.01,6394+234 mg/|, and 1.03+0.13 U/
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Fig. 6. Changes in the extracellular Ca?* concentration
during reperfusion. Data are expressed as meantSEM.
Dotted lines indicate preischemic baseline. *p<0.05, **p
<0.01, control(ISCH) vs IP(IP+ISCH) hearts.
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|, respectively. After 10 or 20 min sustained ischemia,
Ca?* concentration significantly increased on reperfu-
sion in the IP hearts (p<0.05), while Ca?* concentra-
tion was not changed on reperfusion after 30 or 60
min sustained ischemia. However, it was significantly
lower in the ISCH heart than in the IP heart (Fig. 6, p
<0.01). pH abruptly dropped during sustained ische-
mia but it reached to the baseline on reperfusion
(data are not shown). CK leakage was nearly at the
baseline on reperfusion except the 60 min sustained
ischemic hearts, however, there was no significant
difference (deta are not shown). These results indicate
that pH and CK leakage do not correlate with IP
effect. Therefore, pH and CK leakage wil not be
discussed further in this study.

Extent of infarction (macroscopic findings)

Infarction was small and confined to the posterior or
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IP+ISCH10
ISCH10

r p<0.01
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Fig. 7. Upper: The extent of infarction reconstructed by
image analyzer. Widespread infarction(pale area) is found in
the antero-lateral and posterior area of the left ventricular free
wall in the control(ISCHB0) while the IP(IP+ISCH60) heart
shows infarction limited to the lateral area. Lower: Compari-
son of the extent of infarction(infarct area/left ventricular
area, LA/LVA) between the controls(ISCH) and the IP(IP+
ISCH) hearts.



Ischemic preconditioning and ischemia

antero-lateral free wall of the left ventricle. Extent of
infarction (IA/LVA) increased nearly 2-fold after 30
min sustained ischemia with or without IP. However,
there was no significant difference between the ISCH
and the IP hearts. The infarction was more pro-
nounced and extended to the posterior and the
antero-lateral free wall of the left ventricle after 60 min
sustained ischemia. IA/LVA was almost 67.3% in the
ISCH60 heart. In contrast, IA/LVA was only 32.3% (p
<001) and the infarction was stil confined to the
antero-lateral free wall in the IP4ISCHB0 heart (Fig.
7).

Ultrastructure of the cardiac myocyte

Cardiac myocytes showed slight but reversible
ultrastructural changes after ischemic preconditioning
(IP-only) (Fig. 8). After 10 or 20 min sustained
ischemia, both ISCH and IP hearts showed heter-
ogeneous ultrastructural changes of slight to moderate

Fig. 8. Cardiac myocyte after IP. Ultrastructures are relatively
intact. Nuclear chromatins are clumped(arrows) but not
marginated ; in place, mitochondria are slightly swollen and
show cleared matrices(arrowheads). Scale bar=2.4 ym.
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degree of reversible injury. After 30 min sustained
ischemia, the ISCH heart showed homogeneous
ultrastructural changes of severe to irreversible de-
grees (Fig. 9A). In contrast, the IP (IP4ISCH30)
hearts showed moderate to severe degrees of ultras-
tructual changes which were heteregeneous and re-
versible (Fig. 9B). After 60 min sustained ischemia,
the ISCH hearts showed more pronounced ultrastruc-
trural changes of irreversible injury (Fig. 10A). Sar-
colemma was separated from its attachment at the Z
lines. Sarcomeres were severely contracted (to result
in contraction bands) and myofibrilar damage was

by

Fig. 9. (A) Cardiac myocyte after 30 min sustained ischemia
and 60 min reperfusion without IP(ISCH30). Hypercontraction
of sarcomeres results contracture bands(CB) and separation
of cell junctions(CJ). Scale bar=16um. (B) Cardiac
myocyte after 30 min sustained ischemia and 60 min
reperfusion with IP(IP4-ISCH30). There is some evidence of
intracellular fluid accumulation(asterisks), however, mitochon-
dria, nucleus and sarcomeres are relatively well preserved ;
sarcolemma is scalloped but tightly apposed with the basal
lamina(arrow). Scale bar=1.6 um.
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Fig. 10. (A) Cardiac myocyte after 60 min sustained ische-
mia and 60 min reperfusion without IP(ISCH60). Contracture
band(CB), separation of cell junction(CJ), myofibrillar destruc-
tion(arrows) and intracellular fluid accumulation(asterisk) are
evident. Scale bar=1.6um. (B) Cardiac myocyte after 60
min sustained ischemia and 60 min reperfusion with IP(IP+
ISCH60). Sarcomeres are contracted but relatively intact, M,
mitochondria; N, nucleus. Scale bar=1.0pm.

frequently found. Mitochondria were swollen and
showed broken cristae. They contained amorphous
matrix granules. Cell junctions were severely sepa-
rated by hypercontraction of neighboring sarcomeres.
In contrast, the IP (IP4ISCHB0) hearts showed pro-
nounced but heterogeneous ultrastructural changes.
Numbers of cardiac myocytes exhibited irreversible
ischemic injury but in places, the ultrastructure was
relatively well preserved (Fig. 10B). They exhibited
contraction bands but the ultrastructure of sarcomeres
was relatively intact and myofibrillar damage was less
pronounced compared to the ISCHB0 hearts.
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DISCUSSION

Effect of IP on the postischemic left ventricular
function

In this study, the left ventricular function progres-
sively recovered on reperfusion both in the ISCH and
the IP hearts. Functional parameters including %
baseline LVDP, % baseline +dp/dt, and HR in the
ISCH hearts were slightly higher than in the IP hearts
when the heart received 10~30 min of sustained
ischemia but they tended to be reversed after 60 min
of sustained ischemia. However, there were not any
significant differences. These results mean that the
effect of IP might be concealed by stunning because
our protocol for IP, 4 cycles of 5 min ischemia and 5
min reperfusion (IP), may cause stunning and/or that
the time window of sustained ischemia to see the
effect of IP may be longer than 30 min. Our results
are not consistent with those of Cave and Hearse
(1992) who demonstrated that IP enhances coronary
flow after longer periods of sustained ischemia (45~
160 min) in isolated rat heart. They used one cycle of
5 min ischemia and 5 min reperfusion. However, it
remains unclear whether a single brief period of
ischemia can cause IP and reduce infarct size after a
prolonged period of sustained ischemia. Because the
threshold for IP is higher in rats than rabbits or dogs
(Liu and Downey, 1992) and one cycle ot 5 min
ischemia and 5 min reperfusion is not sufficient to
manifest the entire schema of myocardial stunning
(Rah et al., 1994), one cycle of 5 min ischemia is not
adequate to produce IP. Miyamae and co-workers
(1993) stated that IP does not attenuate myocardial
stunning from their study with pig hearts which had
received IP followed by 15 min ischemia and 120 min
reperfusion.

The LVEDP was elevated in 30 min of sustained
ischemia both in the IP and the ISCH hearts but there
was no significant difference between the two hearts
as a whole. However, when the duration of sustained
ischemia was 60 min, it was significantly elevated in
the ISCH hearts (p<0.05). Cardiac muscle has a
high resting tension at all lengths along its length-ten-
sion curve. The exact cause of the high diastolic
stiffness of cardiac muscle is still not clearly under-
stood, but some of the high resistance to stretch can
be attributed to the extracellular matrix, notably col-
lagen, that lies outside the myocardial cells (Weber,
1989). Cytoskeleton within the cells and cyclic interac-
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tions between the thick and thin filaments initiated by
cyclic release and uptake of calcium by the sarco-
plasmic reticulum (Lakatta et al., 1985) also appear to
contribute to the high diastolic stiffness of the myocar-
dium. Therfore, LVEDP may be elevated due to
ischemia in which extracellular matrix, cytoskeleton
and ventricular geometry could be altered, and in-
crease in ventricular wall thickness could occurr.
These changes may be derived from calcium over-
load or hyperosmotic pressure from lactate accumula-
tion within the cells. Contracture bands and subsar-
colemmal bleb-like structures shown in this study
support this suggestion.

Effect of IP on the infarct size and the ultrastructure
of cardiac myocyte

In this study, myocardium sampled just after IP was
indistinguishable from non-ischemic intact myocar-
dium. This means IP does not cause myocardial injury
as previously reported (Murry et al., 1990). The
ultrastructural findings of this study are consistent with
the previous reports (Murry et al, 1990; Kim et al,
1992), in that IP hearts developed ultrastructural injury
more slowly than ISCH hearts. Infarcton was small
and the ultrastructural changes were reversible in the
hearts which received 10 or 20 min sustained ische-
mia. However, in 30 min sustained ischemia, both IP
and ISCH hearts exhibited larger infarction which was
still confined to the posterior or antero-lateral free wall
of the left ventricle. Although both IP and ISCH hearts
began to exhibit irreversible ultrastructural changes
including intramitochondrial flocculent densities or con-
tracture bands of sarcomeres, the changes in ISCH
hearts were homogeneous while those in IP hearts
were heterogeneous. The ISCH hearts which received
60 min sustained ischemia showed widespred (ex-
tended) areas of infarction in the antero-lateral and
posterior free wall and more pronounced ultrastructu-
ral changes. In contrast, in the IP hearts of 60 min
sustained ischemia, the infarcted area was still con-
fined to the aforementioned region and the ultras-
tructural changes were qualitatively the same as in the
ISCH hearts. These findings suggest that IP can delay
ischemic cell death.

Possible mechanisms of the cardioprotective effect
of IP

It has been well established that ischemic myocar-
dial injuries are closely related with depletion of high
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energy phosphate (Reimer et al., 1981) and increased
intracellular Ca2 (Jennings et al, 1985; Tani and
Neely, 1988 ; Steenbergen et al., 1990). In case of
severe ischemia we could find a lot of contracture
band, elevation of LVEDP, and significant decrease in
extracellular Ca2t. We think that these changes were
derived from derangement of intracellular Ca?*. In
isolated hearts perfused with physiological solution, a
few structures (eg, endothelial cells, fibroblasts) in the
extracellular space in which Ca2* could be bound
are available. Therfore, decreased extracellular Ca?*
may reflect calcium overload. Murphy and co-workers
(1988) stated that increased intracellular -free Ca?*
activates Ca?t -dependent degenerative process to
result in irreversible changes. From this point of view,
cellular injury can be suppressed or delayed by
reduction of intracellular Ca2* (Kohmoto and Bary,
1989 ; Steenbergen et al, 1990) as seen in the IP
hearts in this study. Therefore, the infarct-limiting effect
of IP may be closely related to intracellular Ca?*
control, however, its precise mechanism is stil un-
clear. Volovsek and co-workers (1992) stated that the
rate of ATP depletion and intracellular lactate accu-
mulation were lowered by IP. It could be suspected
that slow ATP depletion lowers accumulation of lac-
tates, a byproduct of glycolysis, in the cardiac
myocytes. In fact, ischemic cells demand anaerobic
glycolysis to maintain adequate ATP amount but ATP
by anaerobic glycolysis is not sufficient for inhibition of
ATP depletion. Therefore, the cardioprotective effect of
IP may be derived rather from reduction of ATP
demand in the ischemic cells than from ATP pre-
servation (Swain et al., 1984). It is likely that the delay
in cell injury could be resulted from the cardiac
myocytes free from increased osmotic pressure by
reduction of lactate accumulation within the cells, but
the relation between glycogen depletion and the
effect of IP is still not well understood.

Uraizee and co-workers (1987) and Mumy and
co-workers (1988) found that free radical scavengers
such as SOD (superoxide dismutase) and catalase
abolish the effect of IP and they proposed that
oxygen radicals may play an important role in produc-
ing the effect of IP. In contrast, iwamoto and co-wor-
kers (1991) found that free radical scavengers do not
affect the extent of infarct size in rabbit hearts and
they suggested that free radicals are not an important
factor of IP. In addition, polymorphonuclear leukocyte
(PMN) (Donnelly et al., 1989), stress protein (Mehta et
al,, 1988) and adenosine (Liu et al., 1991 ; Thomton et
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al.,, 1992) have been proposed to explain the cardiop-
rotective mechanism of IP. Donnelly and co-workers
(1989) found that IP lowers the activity of myeloperox-
idase whose resource is PMN. It has been reported
that PMNs are closely related with the ischemic injury
(Engler and Covell, 1987 ; De Servi et al,, 1990 ; Kim
et al, 1993) However, PMN may not be a key factor
related to the effect of IP because there was no
difference in numerical density of PMN between IP
and non-IP pig hearts and PMN can be completely
washed out in isolated perfused heart preparations as
in this study.

It has been suspected that increased expression of
stress protein gene by IP can cause amplification of
the preventive mechanism against ischemia, thus, 1P
delays ischemic injury. However, the precise role of
stress protein on IP is still unclear. Recently, Liu and
co-workers (1991) and Thomton and co-workers
(1992) reported that A1 adenosine receptors mediate
the mechanism of IP in rabbit hearts. They could
block the cardioprotective effect of IP in in vivo
models by administration of adenosine receptor anta-
gonists and mimic IP in isolated hearts by injection of
either adenosine or an A1-selective adenosine recep-
tor agonist. In contrast, Li and co-workers (1993)
have found that adenosine agonist theophylline failed
to abolish the cardioprotective effects of IP and
intravenous adenosine was unable to protect the
hearts and they came to the conclusion that the
mechanism of IP is not mediated by adenosine
receptors in the rat model.

In conclusion, our isolated rabbit heart model indi-
cates that IP cannot attenuate postischemic dysfunc-
tion (stunning) in prolonged ischemia, but it has an
infarct-limiting effect and this cardioprotéctive effect
may be related in part to calcium homeostasis.
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