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We examined the effects of a new stable prostacydin analogue,
OP-2501, on myocardial function and metabolism in the ischemic
working rat heart preparation. The hearts were perfused with Krebs
Henseleit bicarbonate (KHB) buffer, and whole heart ischemia was
induced by one-way aortic valve for 15 min follows by reperfusion for
30 min. In the treated hearts, OP-2501, 20 ng·ml- 1 , was administered
to KHB buffer from the beginning to the end of experiment. During
ischemia, coronary flow in the OP-2501 group increased significantly
more than that in the control group. The mechanical performance of
both groups was impaired after ischemia. However, the recovery of
coronary flow, cardiac output, peak systolic pressure and LV dP jdTm ax

was significantly higher in the treated group than in the control group.
The incidence of ventricular fibrillation during reperfusion was 100%
and 25% in the control and the OP-2501 groups, respectively. My
ocardial ATP content was significantly higher in the treated hearts
than that in the control hearts. These results indicate that this sta
ble prostacyclin analogue is beneficial in myocardial ischemia, even
without its well known action of preventing platelet aggregation. (Key
words: myocardial ischemia, myocardial metabolism, prostacyclin ana
logue OP-2501, working rat heart preparation)

(Oguchi T, Kashimoto S, Nakamura T, et al.: Effects of prostacy
din analogue, OP-2501, on function and metabolism in the ischemic
working rat heart. J Anesth 6: 446-454, 1992)

Prostacyclin has several biologi
cal activities that include preven
tion of platelet aggregatton-v , coronary
vasodilation--", stabilization of lysoso
mal membranes'v", and inhibition of
thromboxane gener-at.ion". There has
been much interest in prostaglandins
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and thromboxanes as mediators of un
stable angina pectoris and acute my
ocardial infarction/v'. In animal ex
periments, prostacyclin was shown to
reduce myocardial damage against is
chemia and reperfusionvd-!". But the
instability of prostacyclin limits its
clinical application during long is
chemic period.

Recently, a stable prostacyclin
analogue, OP-2507 [15-cis-(4-propyl
cyclohexyl)-16,17,18,19,20-pentanor-9
deoxy-9o:, 6-nitrilo-PGF1 Methyl Es-
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F'ig. 1. Chemical structure of OP-2507.

terJ (chemical structure shown in fig
ure 1) , was demonstrated to have
several prostacyclin-mimetic activities,
both in vitro and in vivoU - 13 • The aim
of this study was to determine whether
this stable prostacyclin analogue, OP
2507, could reduce tissue injury oc
curring during myocardial ischemia in
isolated rat hearts.

Methods

These experiments were approved
by the Animal Ethical Committee of
the Yamanashi Medical College. Six
teen 3-month-old male Wistar rats
weighting 280-320g were used. The an
imals were anesthetized with sodium
pentobarbital 50 mg-kg"! b.w. in
traperitoneally. The heart was then
rapidly excised and put into ice-cold
saline, which stopped the heart activ
ity within seconds. The aorta was can
nulated distal to the aortic valve and
the heart was immediately perfused
retrogradely through the aorta. Non
recirculating modified Krebs-Henseleit
bicarbonate buffer was used as preper
fusate, The perfusate was maintained
at 37.0 ± 0.3°C and contained (mM):
NaCI 118, KCI 4.7, CaCh 3.0, MgS04

1.2, KH2P04 1.2, NaHC03 25, di
NaEDTA 0.5, and glucose 11. Dur
ing the retrograde perfusion, the left
atrium was connected via a pulmonary
vein to an angled steel cannula. The

remaining pulmonary vein were ligated
to avoid leakage. After this prelim
inary perfusion, the heart was con
verted to working preparation by per
fusing the left atrium and releasing
the aortic outflow for a stabilization
period of approximately 10 min. A
non-recirculation Krebs-Henseleit bi
carbonate buffer was used also during
working heart systems. In the treated
group, the perfusate contained OP
2507, 20 ng-ml-l, and was used to the
end of the experiment.

Left ventricular pressure (LVP) was
measured with a transducer (PI0EZ,
Gould, U.S.A.) connected to a thin
catheter (18G, Intramedicut Catheter,
Argyle, U.S.A.) inserted into the left
ventricle through the mitral valve
from angled steel cannula in the left
atrium. Rates of tension development
(LV dPjdtm ax ) were measured from the
derivatives of LVP obtained electroni
cally.

Aortic pressure was recorded via a
Gould PI0EZ transducer on a poly
graph (Nihonkohden, Japan). Aortic
outflow was recorded with an elec
tromagnetic blood flow meter (MFV
3200, Nihonkohden, Japan). Coronary
flow was measured by timed collec
tion of the pulmonary artery outflow
and surface runoff of the heart result
ing from coronary sinus and Thebesian
vessel drainage. Cardiac output was
considered as the sum of the aortic and
coronary outflows. At no time was the
coronary effluent recirculated.

The solution was equilibrated with
a gas mixture of 95% O 2 and 5%
CO2 , Aortic oxygen tension was esti
mated by sampling perfusate from the
atrial bubble trap on the left atrial
line with a gas-tight syringe. For mea
surement of oxygen tension of coronary
effluent, a catheter was placed in the
pulmonary artery, from which samples
were obtained with a gas-tight syringe.
The oxygen tension was measured in
an intermittently self-calibrating blood
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Fig. 2. Changes in coronary flow of control

(closed circles) and OP-2507 treated hearts

(open circles) as a function of time. The

X-axis represents perfusion time in min. At

zero time in the figure, ischemia was induced

by one-way aortic valve procedure. Perfusion

as an ischemic heart was continued for 15
min followed by reperfusion for 30 min. Each

point represents mean ± SD for 8 hearts. *P <
0.02, **P < 0.01 as compared with control.

gas analyzer system (Instrumentation
Laboratory Model 1306, U.S.A.). My
ocardial oxygen consumption, MV02

(mmoles.min-1·gram-1), was calculated
as follows:

MV02 = (P02L A -P02P A )

X coronary flow/gram heart

dry weight X b/22.4,

Where: P02 L A =Po2 in the perfusate
entering left atrium; P02P A =Po2 in
the venous coronary effluent; b = Bun
sen coefficient, 0.0239 ml Odml H 20 X
760 mmHg, which is the solubility of
oxygen at 37°C; and 22.4 = conversion
factor from ml O 2 to mmoles O 2 ,

Per f u S 1 0 n T i rn e (m in)

Fig. 3. Changes in cardiac output of con

trol (closed circles) and OP-2507 treated hearts

(open circles) as a function of time. The car

diac output was considered as the sum of the

aortic and coronary outflows. At zero time,

whole heart ischemia was induced for 15 min

followed by reperfusion for 30 min. Each point

represents mean ± SD for 8 hearts. *P < 0.02,

**P < 0.01 as compared with control.

Ten min after stabilization period,
whole heart ischemia was induced by
clamping one-way aortic valve bypass
for 15 min. The aortic cannula was
provided with sidearms both above
and below the one-way valve. These
sidearms were connected by a short
length of Tygon tubing, which pro
vided a bypass around the one-way
valve for control perfusions. The lower
sidearm was also connected to a pres
sure transducer and to the preperfu
sion reservoir. Ischemia was induced
in this preparation by simply clamp
ing the bypass tube. Since the largest
fraction of coronary flow occurs during
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Fig. 4. Changes in peak systolic pressure

of control (closed circles) and OP-2507 treated

hearts (open circles) as a function of time. At
zero time, whole heart ischemia was induced

for 15 min followed by reperfusion for 30

min. Each point represents mean ± SD for 8

hearts. *P < 0.02 as compared with control.

diastole, this one-way valve severely
restricted coronary perfusion, but did
not influence aortic output or ven
tricular afterload14. Reperfusion of the
hearts after this ischemic period of 15
min was performed by declamping the
one-way aortic valve bypass tube and
lasted for 30 min.

At the end of perfusion, hearts were
quickly frozen by clamping with a Wol
lenberger clamp cooled in liquid nitro
gen and freeze-dried for 6 days. An
aliquot was extracted with perchloric
acid and centrifuged at 3,000g. Con
centrations of ATP and lactate were
measured spectro-photometrically by
standard techniques '". Another piece
of freeze-dried sample was placed in

Perfusion Time (min)

Fig. 5. Changes in left ventricular dP/dT

max of control (closed circles) and OP-2507

treated hearts (open circles) as a function of
time. At zero time, whole heart ischemia was

induced for 15 min followed by reperfusion for

30 min. Each point represents mean ± SD for

8 hearts. *P < 0.05, **P < 0.02 as compared
with control.

30% potassium hydroxide and digested
at 100°C. Tissue glycogen was ex
tracted, hydrolyzed and assayed as
glucose equivalents!". The values were
expressed as p,mol per gram dry heart
weight.

The data are expressed as means
± SD. Statistical significances between
the groups were evaluated using non
paired Student's t-test. The incidence
of ventricular fibrillation (Vf) was an
alyzed by a chi-square test. A prob
ability of P < 0.05 was regarded as
statistically significant.

Results

Before ischemia, there were no sig
nificant differences in hemodynamic
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Fig. 7. Myocardial concentrations of ATP,

lactate, and glycogen (n=8 each group). *P <
0.05, **P < 0.01 as compared witih control.

differences in MV02 and myocardial
glycogen concentrations between the
two groups, myocardial ATP content
in the OP-2507 group was significantly
greater than that in the control group,
and lactate content in the OP-2507
group was significantly less than that
in the control group (table 1, fig. 7).

Discussion

In the present study, significant im
provement of cardiac function by OP
2507, a stable prostacyclin analogue
with a similar pharmacological pro
file to prostacyclin, was observed upon
reperfusion following 15 min of is
chemia. OP-2507 also increased my
ocardial ATP content and reduced my
ocardial lactate concentration. These
findings imply that prostacyclin ana
logue, OP-2507, could improve func-
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Fig. 6. Time of onset and duration of

ischemia and reperfusion-induced ventricular

fibrillation (Vf). The time of onset (closed

circles in left end of each line) and the duration
of Vf (distance between the left and right

closed circles) are illustrated for individual

heart. Open circles represent the individual

heart where Vf did not occur during either

ischemic or reperfused periods.

data between the treated and control
groups. During ischemia, coronary flow
in the treated group increased signif
icantly more than that in the control
group (fig. 2).

During reperfusion, there was no
significant difference in heart rate be
tween two groups (table 1). However,
coronary flow, cardiac output, peak
systolic pressure, rate pressure prod
ucts and LV dP/ d T max of the treated
hearts recovered more rapidly than
those of the control hearts (table 1, fig.
2-5). Upon reperfusion, Vfs were ob
served in all the control hearts. How
ever, only two of eight treated hearts
showed Vfs (fig. 6).

Although there were no significant
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Table L Heart rate (HR), myocardial oxygen consumption (MV02) , and rate pressure
products (RPP) in the working rat hearts

Time
Hschemia-1

Variables -10 0 20 30 45 min

HR (beats.min- I )

Control 318 ± 14(8) 316 ± 15(8) 131 ± 18(5) 303 ± 22(6) 303 ± 27(7)
OP-2507 311 ± 24(8) 300 ± 16(8) 182 ± 58(8) 284 ± 26(8) 277 ± 22(8)

RPP (x 102 mrnflg-rnin -1 )

Control 283 ± 23(8) 282 ± 21(8) 74 ± 9(5) 237 ± 8(6) 252 ± 18(7)
OP-2507 286 ± 20(8) 273 ± 15(8) 136 ± 63*(8) 241 ± 22(8) 253 ± 18(8)

MV02 (j1moles.min- 1.gram- I )

Control 39 ± 10(8) 38 ± 8(8) 22 ± 5(8) 30 ± 8(8) 33 ± 9(8)
OP-2507 38 ± 5(8) 40 ± 6(8) 25 ± 5(8) 34 ± 6(8) 36 ± 5(8)

Number of observations is shown in parentheses. Each value is the mean ± SD,
*p < 0.05 as compared with control.

tional recovery and that it metaboli
cally enhance the glycolytic high en
ergy phosphate generation after my
ocardial ischemia.

Although prostacyclin can pro
tect the heart against ischemia in
vivo by preventing platelets from
aggregation2 ,17 - 20 , the perfusate of our
preparation did not include platelets.
This indicates that the participation
of factors other than platelets may be
attributed to protection of the my
ocardium by OP-2507. There are sev
eral possible explanations for the pro
tective effects observed in our study.

First, in the present study, OP-2507
showed no significant effect on coro
nary flow at the dose employed dur
ing pre-ischemic control period. How
ever, during ischemia and reperfusion,
coronary flow was significantly higher
than in the untreated ischemic hearts.
Ribeiro et al.!" have reported that
the ratio of ischemic to normal my
ocardial blood flow was increased by
prostacyclin. Our results also indicate
that the prostacyclin analogue, OP
2507, produced coronary vasodilation
which might allow favorable redistribu
tion of coronary blood flow. Thus, it
seems likely that enhancement of tis-

sue perfusion is one of the factors in
the recovery observed in the treated
hearts.

Second, some investigators5 ,6 ,2 1- 24

have regarded this protective effect
against ischemia as a direct cytopro
tective effect, a membrane-stabilizing
activity, and/or prevention of cell in
tegrity. The precise molecular mech
anism of the cytoprotective effect of
prostacyclin is not completely under
stood at present. Cardiac lysosomes
include several acid hydrolases in
cluding proteases and phospholipases.
If these enzymes are released into
the cytoplasm, they may contribute
to the degradation of structural pro
teins and membrane phospholipids".
During ischemia, leakage of lysoso
mal enzymes is reported to occur
before the irreversible damage of
myocardium25 ,26 . It has been also re
ported that prostacyclin is a potent
stabilizer of lysosomes5 ,6 ,19 ,27 . There
fore, it is possible that the potent
stabilizing action of prostacyclin ana
logue, OP-2507, on lysosomes is an
other important aspect of the mecha
nism responsible for the cytoprotective
effect during ischemia in the present
study.
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Third, the administration of OP
2507 had also beneficial actions on
the arrhythmias induced by both coro
nary artery occlusion and reperfusion.
The beneficial effect of OP-2507 on
reperfusion-induced Vf is of consider
able interest. In other studies, prosta
cyclin has been reported to reduce the
incidence of Vf during coronary occlu
sion in dogs lO ,28 - 31 and rats", Coker
et al. 32 have demonstrated that da
zoxiben, a thromboxane synthetase in
hibitor, has similar effects in reduc
ing Vf following reperfusion of the
ischemic myocardium. This suggests
that the balance between thrombox
ane and prostacyclin in this situa
tion may be related to the occurrence
of arrhythmias. In addition, the an
tiarrhythmic effect of OP-2507 may
be resulted from its antiadrenergic
actions. It has been reported that
prostacyclin prevents ischemia-induced
increases in myocardial lactate and
cyclic AMp33 which increases imme
diately prior to Vf34 • There are other
reports that some of the actions of
prostacyclin and analogues are linked
to catecholamines28 ,35 - 37 .

In conclusion, a stable prostacy
clin analogue, OP-2507, seems to have
coronary vasodilator, cytoprotective,
and antiarrhythmic actions and to
counteract the deleterious effects, me
chanical, metabolic and electrophysio
logic effects, following reperfusion in
the ischemic heart independent of its
inhibitory effect on platelet aggrega
tion. These results may suggest that
OP-2507 could prove beneficial in the
early stages of acute myocardial infarc
tion.
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