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Naloxone Reduces Release of Creatine Kinase in the
Isolated ischemic Rat Heart (42089)

A.Y.S. LEE anD T. M. WONG!
Department of Physiology. University of Hong Kong, Hong Kong

Abstract. The sffects of naloxone, propranolol, or both on the release of creatine kinase (CK)
from the isolated ischemic rat heart were studied. Naloxone at concentrations of 1.1 and 3.6
mmole liter™' in the perfusate at a rate of 1-2 mi min™' reduced the refease of CX from the
isolated ischemic rat heart during myocardiai ischemia in a dose-dependenr manner. Propranotol
at 2 concentration of 7 umole liter™ in the pertusate also reduced the reiease of CK. Addition
of naloxone (1.t mmole liter™) 10 propranolol further reduced the release of*CX. The effect of

the joint administration of the two drugs seemed to be additive.

Biology and Medicine.

@ 1985 Sociery for Experimentai

Naloxone, an opiate antagonist, markedly
reduced both the incidence and severity of
g-endorphin-induced cardiac arrhythmias in
the isolated perfused rat heart (1). Naloxone
has also been shown to attenuate the cardiac
arrhythmias following myocardial ischemia
in anesthetized or conscious rats (2) and in
the isolated perfused rat heart (3). As the
incidence and seventy of cardiac arrhythmias
due 1o myocardial ischemia are known to be
related to the extent of myocardial infarction
(4), it is likely that the antiarrhythmic action
of naloxone may lead to protection from
myocardial infarction. In this study we made
use of the activity of creatine kinase (CK) as
an index of the extent of myocardial tissue
damage (S5) in the isolated rat heart prepara-
tion. Naloxone was found to have dose-
dependent effects on myocardial CK release.
When naloxone was used in conjunction
with propranolol, another drug which reduces
CK refease (6), the effects of the two drugs
appeared to be additive.

Materials and Methods. Perfusion of iso-
lated hear:. Female Sprague-Dawley rats of
210-230 g were killed by decapitation. The
heart was rapidly excised and mounted within
! min for perfusion by the Langendortf tech-
Mmque. The hearts were perfused retrogradely
through the aorta at 2 constant perfusion
Pressure of about (00 mm Hg at a flow rate
of 3-10 mi min~" with Kreb’s Ringer soluton
(DH 7.4) containing (mmol liter™') NaCl 118,
KCl 4.7, MgSO, 1.2, KH,PO, 1.1, NaHCO,

' To whom reprint requests should be addressed.

24, CaCl, 2.5, and glucose 10, held at 37°C,
and equilibrated with 95% 04:5%C0O; mix-
ture. A water jacket was also provided for
the entire system, maintaining the whole
isolated perfused heart at 32°C.

Drugs and treatments. The isolated rat
heart model of global (low flow) ischemia of
Manning and co-workers (§) was adopted
with slight modification. The isolated perfused
rat heart was allowed to equilibrate for 30
min. The amount of CK released during this
period was determined. Any heart showing
functional instability or releasing significant
amount of CK in this period was discarded.
At the start of the experiment naloxone
(DuPont Pharmaceutical Co.) and where in-
dicated propranolol (Imperial Chemical In-
dustries) were added to the perfusion fluids.
The heart was then made ischemic by reduc-
ing the perfusion rate to | to 2 mi min™
using a two-way flow stopper.

Assessment of tissue injury. Ischemic injury
was assessed by the leakage of creatine kinase
to the perfusate. Perfusate was collected every
30 min throughout the entire ischemic period.

Two samples from each hour were pooled

together for the determination. CK was mea-
sured by the method of Oliver (7) and was
assayed in an Abbot biochromatic analyzer
(Abbott Laboratories) using a standard uv
test kit (A-Gent CK-NAC kit, Abbott Labo-
ratones).

Statistical analysis. Analysis of variance
for split plot design was used to test differences
between groups, and Tukey's test was used
for pairwise comparison betwesn means.
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Results. Figure | shows the effect of ad-
ministration of naloxone on the release of
CK from the isolated perfused rat heart during
myocardial ischemia. In the control group,
the amount of CK released from the heart
increased gradually with time, indicating an
increase in the extent of myocardial ussue
damage. Naloxone at concentrations of l.!
and 3.6 mmole liter™' reduced the leakage of
CK in a dose-dependent manner. In the
group treated with 1.! mmole liter™" of nal-
oxone the leakage of CK during the first 3
hr was the same as that in the control group.
However, from the fourth hour onward. the
CK released was significantly lower compared

with the control. In the other group treated -

with a higher dose of naloxone the amount
of CK released was significantly lower from
the first hour of myocardial ischemia.
Figure 2 shows the effect of propranolol
alone or with naloxone on the leakage of CK
from the isolated rat heart during myocardial
ischemia. Propranolol at the concentration
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Fi1G. 1. Effects of naloxone on the reiease of creatine
kinase from the isolated heart dunng mvocardial ischemia
Values represent the mean = SEM of seven hearts in
each group. % and ww, Statistical difference to the
control group at the levels P < 0.05 and P < 0.01,
respectively. ## and # ##, Statistical difference to the
corresponding means of the control group at the levels
P < 0.01 and P < 0.001, respectively. ®, Control: a,
naloxone at a concentration of [.I mmole liter™!; O,
naioxone at a concentration of 3.6 mmole liter™.
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FIG. 2. Effects of propranoloi alone or with naloxone
on the release of creatine kinase from the isolated rat
heart dunng myocardial ischemia. Values represent the
mean = SEM of seven hearts in each group. = and ##
As given under Fig. 1. » and ==, Statistical difference w0
the corresponding means of the group treated with
propranoiol alone at the levels 2 < 0.05 and P < 0.0},
respectively. ®, Control; A, propranolol at a concentration
of 7 umole liter™": O, propranolol at a concentration of
7 umole liter™ and naloxone at the concentration [.I
mmole liter™',

of 7 umole liter™" produced an effect similar
to that of naloxone in that compared with
the control there was no difference in the
release of CK in the first 3 hr, but from the
fourth hour on the release was significandy
lowered. Addition of naloxone further re-
duced the release of CK.

Discussion. We found that naloxone re-
duced the leakage of CK from the ischemic
heart. indicating that, like propranolol. nal-
oxone possesses a protective effect against
myocardial ischemia. While the effect of nal-
oxone suggests that endogenous opioid pep-
tides may be released during myocardial isch-
emia, it is also possible that naloxone acts
via mechanisms unrelated to opiate antago-
nism. For example, naloxone has been shown
10 inhibit proteolysis and stabilize lysosomal
membrane in hemorrhagic shock in the cat

(8). It is not unlikely that naloxone also

produces similar effects in the isolated isch-
emic heart, thus preventing development of
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serious myocardial injury. The exact mech-
anism of naloxone in its protective action
awaits further study. Joint administraton of
poth naloxone and propranolol further re-
duced the leakage of CK and the eaffect
seemed to be additive. The results suggest
that different mechanisms may be employed
by these two drugs in producing this protec-
tive action.

We thank Dr. H. J. Lin for reading the manuscript,
Dr. S. F. Pang for advice on statistical analysis. and Mr.
C. P. Mok and Mr. M. C. Lae for technical assistance.
The study was supported by Hong Kong University
Research Grant 335/034/0008 and Wing Lung Medicai
‘Research Fund 311/030/8009/64. Naloxone and pro-
pranolol were kindly supplied by DuPont Pharmaceutical
and (mperial Chemical [ndustries, respecuvely.

I. Lee AYS, Zhan CY, Wong TM. Effects of' 3-endor-
phin on the contraction and electricad activity of the
isolated perfused rat heart. Int J Pept Protein Res
24:525-528, 1984.

. Fagbemi O, Lepran [, Parratt JR, Szekeres L. Nal-
oxone inhibits early arrhythmias resulting from acute
coronary ligation. Brit J Pharmacol 76:304-306,
1982,

2

221

3. Zhan CY, Le= AYS, Wong TM. Naloxone blocks
the cardiac effects of myocardial ischemia and re-
perfusion in the rat isolated heart. Clin Exp Phar-
macol Physiol. 1985. in press.

4, Robert R, Husain A, Ambos HD, Qliver GC, Cox
JR Jr, Sobel BE. Relation between infarct size and
ventricular arrnythmia. Brit Heart J 37:1169-1173,
1975.

5. Shell WE, Kjekshus JK. Sobel BE. Quantitative
assessment of the extent of mvocardial infarction in
‘the conscious dog by means of analvsis of seriai
changes in serum creatine phosphokinase acuvity. J
Clin Invest 30:2614=2625, 1971.

6. Manning AS, Keogh M, Hearse DJ, Coltart DJ.
Beta-biockade and ischemic injury: Effects of parual
agonist activity. Cardiovasc Res 14:619-623. 1980.

7. Oliver JA. Spectrophotometric method for the de-
termination of creatine phosphokinase and myoki-
nase. Biochem J 61:116-122, 1953,

8. Curus MT, Lefer AM. Protective actions of naloxone
in hemorrhagic shock. Amer J Physiol 239:Hd416~
H425. 1980.

Received December {4, 1984. PS.EB.M. 1985, Vol
179.

Accepted February 22, 1985,



