Protective Effects of Prostaglandin I2
Analogues on CPK Release in Rat’s
Heart-lung Preparation
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The effects of prostaglandin I analogues (PGlz-a: op-41483 and op-2507)
on oxygen toxicity during hyperoxic perfusion were evaluated in an experiment
on isolated rat heart lung preparation, with the release of creatine phosphoki-
nase (CPK) in the perfusate blood. There were no significant differences in heart
rate and right atrial pressure between PGIs-a treated and untreated hearts. The
CPK release from the heart with oxygen was significantly higher than that of
the air (P < 0.001). However, the CPK release from the PGIs-a treated hearts
was significantly less than that from the untreated hearts (P < 0.05). These
results indicate that PGIla-a may prevent cell damage which was induced by hy-
peroxia. (Key words: creatine phosphokinase, heart lung preparation, hyperoxia,

prostaglandin I analogues)
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Prostacyclin (PGI,) and its analoque have
been shown to be beneficial in traumatic
shock!, cerebral ischemia®~* and myocardial
ischemia®~®. Their major effects are preven-
tion of platelet aggregation®!2 and coronary
vasodilation'® . However, Araki and Lefer!®
have indicated that PGIy might also protect
the isolated heart perfused with platelet-free
buffer solution at doses below those that
effect vessel tone. This protective effect of
PGI; in vitro might be related to a stabiliza-
tion of cell membranes.

We have previously reported that super-
oxide dismutase (SOD) revealed protective
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effects on hyperoxic perfused heart by re-
ducing the creatine phosphokinase (CPK)
release'®. It is, thus, important to exam-
ine the direct effects of the new stable
prostaglandin Iy analogues {PGls-a) on hy-
peroxic myocardial injury in an isolated
rat’s heart lung preparation where actions
of PGls-a on the coronary vasculature and
on platelet aggregation were eliminated.

Materials and Methods

The experiment was performed in ac-
cordance with Guidelines for Animal Ex-
periments, Yamanashi Medical College. The
techniques used were identical to those used
in our previous study'®. Briefly, 72 male
Wistar-Kyoto rats (300-330g) were anes-
thetized with 50 mg-kg™! of pentobarbital
intraperitoneally. A tracheostomy was per-
formed, and constant volume (1.5 ml) in-
termittent positive pressure ventilation was
instituted at a rate of 80 breaths-min~! with
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/L Fig. 1. The CPK release from the
50 [' hearts.
1. none (air group);
or * 2. saline (control);
3. op-41483, 3 ng-ml~L;
0 F 4. op-41483, 30 ng-ml™!;
5. op-41483, 300 ng-ml':
b 6. 0p-2507, 3 ng-ml™;
7. 0p-2507, 30 ng-ml '
0 8. 0p-2507. 300 ng-ml ™ :
9. op-2507, 3 ng;~ml'1-min‘1 to the
0 end of the experiment.

100% oxygen. The chest was opened and
flooded with ice-cold saline and the heart
was arrested during the preparation. Can-
nulae were inserted into the aorta and the
superior and inferior venae cavae. The can-
nula of the superior vena cava was used to
monitor right atrial pressure. A heart lung
preparation was perfused with the perfusate
(25 ml), containing red blood cells collected
from another rat, and Krebs Ringer bicar-
bonate buffer (with hematocrit; 25%, pH;
7.4). The concentrations (mM) of the buffer
constituents were as follows: NaCl 127, KC1
5.1, CaCly 2.2, KH;POy, 1.3, MgSO, 2.6,
NaHCO3; 15, and heparin. The perfusate
pumped from the aorta, passing through
a pneumatic resistance, was collected in a
reservoir, warmed at 37°C throughout the
experiment using a water jacket, and then
returned to the inferior vena cava. No other
organs except heart and lung were perfused.
The heart rate was recorded with a Ni-
honkohden’s bioelectric amplifier AB-621G
and the total blood flow rate was measured
with an electromagnetic blood flow meter
MFV-1200 (Nihonkohden Co. Ltd., Japan).
Arterial pressure and right atrial pressure
were measured with carrier amplifiers AP-
621G using transducer TP-101T and LPU-
0.1A (Nihonkohden Co. Ltd.), respectively.
All hearts were perfused at total blood
flow rate of 30 ml-min~! and a systolic
arterial pressure of 80 mmHg. Five min. after
the start of the perfusion, saline or PGls-a
(op-41483 or op-2507) was administered in

(Each group: n = 8) *P < 0.05 vs
control.

the reservoir in the following nine groups
(each group: n = 8): 1. none (air group);
2. saline (control); 3. op-41483, 3 ngml™*;
4. op-41483, 30 ng-ml~!: 5. op-41483, 300
ng-ml™Y; 6. op-2507, 3 ng-ml™'; 7. op-2507,
30 ng-ml™; 8. op-2507, 300 ng-ml~1; 9. op-
2507, 3 ng-ml ' min~! to the end of the
experiment.

Thirty min. after the start of perfusion,
blood gas analyses were made and the per-
fusate was collected and analyzed for cre-
atine phosphokinase (CPK) activity by the
tetrazolium method.

Statistical analysis was made by one way
analysis of variance followed by the Dunnett
test for comparing with the control values.
A probability of P < 0.05 was regarded as
statistically significant. The data are given as
means = SD.

Results

The mean values of Py, of the per-
fusate in all groups except the group 1
(air: 98 + 12 mmHg) ranged from 396 to
438 mmHg and revealed no significant differ-
ences. There were no significant differences in
heart rate (244 ~ 314 beats-min—') and right
atrial pressure (16 ~ 22 mm HyO) among all
groups. The CPK release from the heart with
oxygen (group 2) was significantly higher
than that of the air (group 1) (P < 0.001).
However, the CPK releases from the hearts
with op-48413, 300 ng-ml~! and all doses of
op-2507 were significantly less than those of
hearts in the control group (fig. 1).



Vol 5, No 4

Discussion

Findings of the present study confirmed
the evidence that hyperoxia induces cell
damage and results in CPK release. This
may be mediated in part by cytotoxic oxygen
metabolites since SOD decreases the CPK
release in the same preparation!®.

PGI5, a metabolite of arachidonic acid,
is produced primarily by the endothelial
cells of blood vessels and is biochemically
unstable. Thus, we used PGIly-a (op-41483
and op-2507)3411-12 Both op-41483 and op-
2507 are stable PGIy-a which have similar
f)roﬁles of action as the natural PGIl,. In
this study, op-41483, 300 ng-ml~! and all
doses of op-2507 decreased the CPK re-
lease from the hyperoxic perfused hearts.
The finding indicates that the participation
of factors other than platelets and coronary
vasodilation may be attributed to protec-
tion of the myocardium by PGIs-a. Some
investigators!:5:6:8:15:17 have regarded this ac-
tion as a membrane-stabilizing activity, a
direct cytoprotective effect, or prevention of
cell integrity. The membrane-stabilizing ef-
fect of op-2507 is more potent than that
of op-41483 (unpublished data). This may
be why even the minimum dose of op-2507
showed the protective effect on the hyperoxic
perfused heart.

There may be another reason that PGIs-a
has a free radical scavenging effect. However,
whether this protection is the result of a free
radical scavenging effect cannot be concluded
from this study.

The tolerance of oxygen toxicity in var-
ious species is different'®. Therefore, the
results obtained from the rats cannot be ex-
trapolated directly to humans. However, we
conclude that the administration of 100%
oxygen, even in a short time, may exert
a deleterious effect on the heart, and that
PGIy-a may have a protective effect against
it.
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