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SUMMARY

There is substantial evidence indicating that endogenous opioid peptides are involved
in the pathophysiology of myocardial tschemia and reperfusion. We measured the myo-
cardial and peripheral concentrations of f-ecndorphin before and following myocardial
ischemia and reperfusion during coronary angioplasty. The results indicate that in paticnts
with coronary artery discasc, there was an augmented myocardial concentration of -
endorphin. Morcover, there was an increased peripheral concentration of S-endorphin fol-
lowing myocardial ischemia and reper{usion. The data support the previous notion that
endogenous opioid peptides are involved in the pathophysiology of ischemic heart dis-
case. (Jpn Heart J 2004; 45: 365-371)
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The endogenous opioid system includes three major [amilics of peptides:
dynorphin (derived from pre-proenkephalin B), endorphins (derived from pre-
proopiomelanocortin), and cnkephalins (derived from pre-proenkephatin A).
Multiple forms of endogenous opioid peptides (EOP) are derived from these
major precursors and many of them possess potent cardiovascular properties.

Since the identification of EOP and opioid receptors in the heart,” it has
become clear that EOP subserve important roles in cardiovascular regulation and
are especially involved in various cardiovascular slress situations such as shock,?
heart failure,” and myocardial ischemia.®

In humans, it has been shown that opioid receptors are present in the heart
and that they play an important role in myocardial ischemia.” We have shown
that in patients with acutc myocardial infarction, there was an increased plasma
concentration ol S-endorphin.”” Mannheimer reported that there was a local myo-
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cardial relcase in the human heart of B-endorphin, leu-cnkephalin, met-enkepha-
lin, and dynorphin in patients undergoing pacing-induced angina pectoris.” On
the other hand, it has been shown that myocardial infarction patients werc associ-
ated with Tow yendorphin® or no change in f-endorphin levels.” Leu-enkephalin
was found to be decreased in the myocardium of rats subjected to myocardial inf-
arction.'”

It is therefore of interest to investigate further whether or not there is direct
release of B-endorphin in the human heart as well as concurrent increased plasma
B-endorphin levels following myocardial ischemia and reperlusion.

METHODS

Consecutive patients scheduled for percutaneous transluminal coronary
angioplasty (PTCA) with angiographically proven, functionally significant nar-
rowing in onc or more major coronary arteries were considercd for entry into the
study. After placement of the guiding catheter and performance of baseline coro-
nary angiography, the view with the best visualization ol the lesion was selected,
and the severity of the coronary artery stenosis was measured using the stenosis
diameter program included in the Philips DCI' S System. Significant stenosis was
detined as a reduction of > 70% of the lumen diameter. Informed consent was
obtained before the PTCA procedure. Patients were excluded if they had one of
the following: uncontrolled asthma or hypertension (blood pressure > 180/105
mmHg), acute myocardial infarction within 5 days, a left main artery stenosis ol
> 50%, or prior PTCA at the samc site.

Clinical information, angiographic asscssments. and intra- and postangio-
plasty complication data were recorded prospectively durmg hospualization.
PTCA was performed in the routine fashion. The choice ot balloon type. intlation
duration, and pressure were left to the operators. A SF catheter was positioned in
the coronary sinus before PTCA. The balloon was positionad across the stenosis
and inflated as many times as needed to produce an opuimal hemodynamic and
angiographic result. Angiographic success was defined as a reduction in stenosis
to < 30% residual narrowing after balloon dilatation associated with TIMI grade
3 flow. Blood samples were taken simultaneously tfrom the coronary sinus and
femoral artery through the coronary sinus catheter and a femoral arterial sheath,
respectively. The samples were drawn before and after PTCA, as well as 6, 12,
and 18 hours later. Dcterminations of scrum fS-endorphin, creatine kinasc,
CKMB, troponin, and lactate were performed. Blood samples were drawn into
polyethylenc syringes, placed immediatcly into iced test tubes containing EDTA
as an anticoagulant, and centrifuged at 0°C {or 15 minutes using 760 X g. Plasma
obtained from the centrifuge was immediately frozen and stored at -70°C until
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cxtraction and assay. For the extraction and determination ol S-endorphin, a com-
mercial radioimmunoassay kit was used.

All paticnts were taken to the intensive care unit after PTCA. 1f uneventlul,
the patients were transterred to an ordinary ward and subsequently discharged.

Data are expressed as the mean =+ standard error of mean. Student's 7 test was
used to test the differences in hemodynamic values, as well as in serum concen-
trations of creatine kinase and B-endorphin in the coronary sinus and femoral
artery before and after the angioplasty, respectively. Analysis ot variance (onc-
way ANOVA) was used (o test the dilferences in serum concentrations of CKMB,
troponin, and lactate before and after intervention. A P value less than 0.05 was
considered statistically significant.

RESULTS

A total ol 9 consecutive paticnts with coronary artery disease (7 men and 2
women ranging in age [rom 58 Lo 83 years with a mean age of 70 £ 3 years) were
studied. There were 4, 3, and 2 patients with one-vesscl, two-vesscl, and 3-vessel
discase, respectively. Coronary angioplasty was performed successtully in all
paticnts. All procedures were free of intra- and postangioplasty complications.
All paticnts were subsequently discharged in good condition.

Table | illustrates the hemodynamic values obtained before and alter the
intervention. There were no significant differences in heart rate, arterial blood
pressure, right atrial and pulmonary capillary wedge pressures, stroke volume, or
cardiac output before and afler angioplasty.

Figure 1 shows the plasma levels of CKMB, troponin, and lactate belore and
6, 12 and 18 hours after the PTCA procedure. Creatine kinase levels were 92 £ 24
and 209 £ 76 U/L beforc and after the intervention, respectively (P — 0.21). There
were no signilicant differences in the plasma levels of creatine kinase, CKMB,
troponin, and lactate belore and following angioplasty.

Table T shows the concentrations of S-endorphin in the coronary sinus and
femoral artery before and afler the PTCA procedure, respectively. Before angio-

Table 1. Hemodynamics Betore and After Coronary Angioplasty

Before angioplasty — After angioplasty

Icart rate (beats/min) 79.11 £4.99 76.00 1+ 3.79
Mean arterial pressure (mmHg) 106.30 + 5.86 102.41 4 4.94
Right atrial pressure (mmllg) 9.13£0.85 10.63 + 1.71
Pulmonary capillary wedge pressure (mmilg 19088+ 215 20.50+2.13
Cardiac output (L/min) 4.69£0.35 3.98+0.31

Stroke volume (ml./beat) 590.59£5.03 53.86 1 5.50
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Figure 1. Plasma concentrations of CKMB in U/L (@), troponin in gg/mi. (ll) and lactatc mn mmole/]
(W) before (B), immediately after {A). and 6, 17, and 18 hours {ollowing coronary angioplasty,

Table II. S-endorphin Concentrations in Coronary Sinus
and Femoral Ariery Belore and After PICA

Before PTCA Alter PTCA
Coronary sinus 7521 4 16.72% 32.72+£6.44
Femoral artery 15.19+3.75 4877 £ 9.74%

Values arc means (SEM) in pmole/L. * /7 < 0,05 coronary
sinus vs femoral artery; *P < 0.05 before vs after PTCA.

plasty, the mean S-endorphin levels were 75.21 + 16.72 and 15.19 + 3.75 pmolc/
L in the coronary sinus and femoral artery, respectively. Following the interven-
tion, however, the S-endorphin concentrations became 32.72 + 6.64 pmole/L in
the coronary sinus and 48.77 + 9.74 pmole/L in the femoral artery. There were no
changes in S-endorphin concentrations in the coronary sinus (£ = 0.35) but there
was a significant increase in S-endorphin level in the [emoral artery (P < 0.05)
following the PTCA procedure. Moreover, there was a significantly higher con-
centration of -endorphin in the coronary sinus than in the femoral artery before

the intervention (P < 0.05).
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DISCUSSION

FOP and opioid receptors are widely distributed throughout the body.'"
Since the identification of EOP and opioid receptors in the heart," it has become
¢ ear that EOP subserve important roles in various cardiovascular stress situa-
tions such as shock and myocardial ischemia, contributing to the respective dele-
terious cffects.>® There is substantial evidence that cardiac opioid rcceptors are
activated during myocardial ischemia and reperlusion, supporting the hypothesis
that EOP arc involved in the pathophysiology of ischemic heart discase.'” We
have shown that in patients with acute myocardial infarction, therc was an
increased plasma concentration of S-endorphin.”’ In this study, we have further
demonstrated (hat in patients with coronary artcry disease, there was an clevated
myocardial concentration ol B-endorphin, since there was a higher concentration
of -endorphin in the coronary sinus than in the femoral artery. The results are
compatible with those of Mannheimer” and Bagrov,™ but not with thosc of Dmi-
tricva,” Bernardi,'™ and Maslov.!" The discrepancy may be due to differcnces in
experimental protocols. However, whether or not there is any difference in -
endorphin levels between normal cases and coronary artery disease cascs war-
rants [urther studics.

In this study, therc were no significant diffcrences in hemodynamic values
or plasma levels of creatine kinase, CKMB, troponin, and lactate before and after
the PTCA procedure. This indicates that the coronary angioplasty was performed
smoothly and successfully without causing any myocardial damage in our
patients.

The widespread distribution and localization of opioids and reccptors
throughout the cardiovascular system suggest that the opioid system can be acti-
valed by the cardiovascular stress situation due to myocardial ischemia and rep-
erfusion locally or systematically.'” In this study, there were no changes in f3-
endorphin concentrations in the coronary sinus before and after PTCA. But there
was a significant increase in the f-endorphin level in the femoral artery after
PTCA. The results suggest that the cardiovascular stress situation due to myocar-
dial 1schemia and reperfusion following PTCA leads to an increased systemic
release of B-endorphin in the general circulation, but not a local myocardial
release in the heart. Thus, the myocardial and plasma contents of S-endorphin
may be differently controlled and originate from different sources. However,
since there is increased basal myocardial content of S-endorphin in patients with
ischemic heart disease, we must also consider the possibility that further myocar-
dial ischemia and reperfusion (by PTCA) may not further increase the local myo-
cardial relcase of B-endorphin in the adapted heart. Moreover, there may be an
exhaustion of the opioid system at the level of the myocardium in coronary artery
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discase paticnts with an augmenled endogenous opioid (one. Or the ischemic
stress situation may be alleviated locally following revascularization of the coro-
nary lesions. Further studies arc needed to clarily this. Nevertheless, the results
are compatible with the hypothesis that. during mvyocardial ischemia and reperfu-
sion, there is activation of the endogenous opioid system causing release of EOQP,
suggesting that EOP play an important role in ischemic heart discase.

There are several pieces of cvidence suggesting that LOP are involved in
myocardial ischemia. Firstly, isolated perfused hearts of rats chronically treated
with morphine exhibit tolerance to dynorphin or ischenua and repertusion m
induction of arrhythmias.'"” Secondly. the opioid antagonists naloxone.”" naltrex-
one,'” and MR2266'7 have been shown to attenuate arrhyvthmias during ischemia
and reperfusion in the isolated ral heart. Thirdly. the antiarrhy thmic effects of
naloxonc are stereospecific because (he (+) isomer of naloxone (withoul any opi-
ale antagonistic property) is not effective in reversing ischemia-induced arrhyvth-
mias, hypotension, or bradycardia in the rat.'" IFourthly, dynorphin and naloxonc
potentiated and attenuated, respectively, ischemia induced arrhythmias, bradycar-
dia, and cardiogenic shock in rats subjected to coronary artery ligation."’ The
above strongly indicate that EOP are involved in the pathophysiology ol myocar-
dial ischemia. Though there are limitations in this study population with a limited
number ol paticnts (this was due (o the trial design), the striking results of this ini-
tial study, however, clearly indicate that in patients with coronary artery discasc,
there were elevated levels of myocardial B-endorphin and increased peripheral
concentrations of B-endorphin following myocardial ischcmia and repcrfusion,
supporting the previous notion that EOP may be involved in the pathophysiology
of ischemic heart disease. Further investigation is needed to identify the types ol
EOP that arc released, and to clucidate the events that occur following myocar-
dial ischemia and reperfusion.
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