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iereospecific antiarrhythmic effects of naloxone against
yocardial ischaemia and reperfusion in the dog

- pesearch Laboratory, Department of Medical Research, Taichung Veterans General Hospital, Taichung, Taiwan

1 The effects of both the (—)- and (+)-stereoisomers of naloxone in anaesthetized dogs with arrhyth-
mias induced by acute coronary artery occlusion followed by reperfusion were investigated.

2 Following coronary artery occlusion and reperfusion, all dogs in the control group developed
ischaemia- and reperfusion-induced cardiac arrhythmias, bradycardia and hypotension.

3 The opiate antagonist (— )-naloxone prevented the arrhythmias, bradycardia and hypotension due to
4 The (+)-stereoisomer of naloxone, which is inactive as an opiate antagonist, was without beneficial
5 These results indicate a possible involvement of endogenous opioid peptides in the cardiac effects due

.. to myocardial ischaemia and reperfusion, mediated by opiate receptors through opiate antagonism.
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I;}froduction

' [t'has been shown that endogenous opioid peptides (EOP)
_4re involved in cardiac arrhythmogenesis (for a review, see
| Lee, 1990) and that the opiate antagonists naturally possess
antiarthythmic activity (for a review, see Lee, 1989). The
}jjpure opiatc antagonist, naloxone, has been found to inhibit
tardiac arrhythmias resulting from coronary artery occlusion
© i rats (Fagbemi er al, 1982; Lee et al., 1992) and dogs
{Huang et al., 1986), suggesting that EOP may bc rcleased
from the heart upon myocardial ischaemia thus causing arr-
kythmias, and naloxone, by virtue of its antagonistic action
“against opiates, rectifies this irregular cardiac rhythm. Fur-
ther studies demonstrated that the antiarrhythmic effects of
| opiate antagonists (Mr 1452 and WIN 44,441-3) against
myocardial ischaemia were stereospecific and thus mediated
“by opiate receptors since their (+)-isomers, which possess no
opiate antagonistic propertics, were less effective (Parratt &
Sitsapesan, 1986). On the other hand, it has also been
‘reported that both (—)- and (+)-stereoisomers of naloxonc
were antiarrhythmic in rats subjected to intracarotid adminis-
lraFions of adrenaline, suggesting that the antiarrhythmic
ation of naloxone was probably not mediated by opiate
feceptors (Sarne er al., 1988). To clarify the discrepancy
between the results obtained from the above two experimen-
“tal models (ischaemia- or adrenaline-induced arrhythmias),
't ad to provide morc compelling evidence that EOP ars
lndeed. involved in the pathophysiology of myocardial is-
Chaerma and reperfusion, the effects of both (—)- and (+)-
Stereoisomers of naloxone werc investigated in anaesthetized
qus. with arrhythmias induced by acute coronary artery
ligation followed by reperfusion.

MEthods

:follgrel dogs of either sex weighing between 10 to 20 kg
ere used. All experiments were conducted according to the
Budelines for animal experiments at Taichung Veterans
w:rr;er,a] Hospital Medical Research Centre. The animals
adm, d.naCSth'tlZCd with pentobarbitone sodium (25 mg kgf])
istered intravenously into the lateral saphenous vein.
ratzy_"”cre intubated and artificially ventilated. Respiratory
mirr\lN.dS synchronized with that of the dog (16-18 strokes
Were ¢ 300 ml kg=' min~'). The left femoral artery and vein
ang hiannulated for thg measurcment of blood pressure (BP)
“art rate (HR) with a Statham pressure transducer and

a Biotechnometer (Gould), and for the administration of
drugs, respectively. Electrocardiograms (ECG) were recorded
from lead Il limb leads, using the Lifepak ECG Monitor
(Physio-Control., USA).

A similar procedure for coronary artery ligation in the dog
to that described by Benfey et al. (1984) was adopted.
Median thoracotomy was performed. The heart was exposed
by cutting open the pericardium. The left anterior descending
coronary artery (LAD) was isolated for ligation. A silk
suture with a short polyethylene tube threaded around it was
placed under the LAD. The dog was then allowed to equili-
brate for 20 min. Afterwards, (—)-naloxone (with opiate
antagonistic properties), (+)-naloxone (withoul opiate antag-
onistic properties), or 0.9% NaCl solution (as control) were
infused into the femoral vein over a period of 10 min. At
2 min after the start of infusion, the LAD was occluded by
applying tension on the suture and clamping immediately
above the polyethylene tubing surrounding the artery. Occlu-
sion was maintained for 20 min followed by reperfusion by
simply releasing the clamp for 30 min.

Doses of (~)-naloxone used were 0.92 and 2.75 pmol kg~
and that of (+)-naloxone was 2.75 pmol kg™'. They were
dissolved in 5 ml of 0.9% NaCl solution. ECG, BP and HR
were continuously monitored throughout the experiment.
Arrhythmias were assessed by recording the incidence and
onset of ventricular premature contraction (VPC), ventricular
tachycardia (VT) and ventricular fibrillation (VF). A Chi-
squared test was used to analyse the difference in the
incidence of arrhythmias between control and drug-treated
groups. Student’s ¢ test was used to test the difference in the
onsct of arrhythmias between control and drug-treated
groups. Analysis of variance was used to compare the
difference in time course changes in mean arterial pressure
and heart rate between control and treated groups. A P value
of less than 0.05 was considered as statistically significant.
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Results

Effects of stereoisomers of naloxone on cardiac
arrhythmias

Table | sumumarizes the effects of the (—)- and (+)-
stereoisomers of naloxonc on cardiac rhythm following cor-
onary artery occlusion and reperfusion in the dog. Myocar-



Table 1
Occlusion (20 min)
|24 vr
onsel onset

N n (min) n (min) n
Control 8 8 1691042 4 630+384 3
{—)-Naloxone 8 7 3571072* 1 2.00 ]
(0.92 pmol kg™ ')
(= )-Naloxone 8 7 7.00+t243 o* 0
(2.75 pmol kg1
(+)-Naloxone 8 8 1131021 4 4251085 1

(2.75 pmol kg™")

N and » represent the number of animals; VPC — ventricular permature contraction; VT — ventricular tachycardia; VF - ventriey

fibrillation.

Statistical difference from the corresponding control values at the levels of *P<(0.05 by chi-squared test, and *P <<0.05 by Studep

test.

dial ischaemia and repeifusion invariably caused malignant
ventricular arrhythmias including VPC, VT and VF. In
agreement with previous findings (Penny & Sheridan, 1983;
Zhan et al., 1986), arrhythmias were more frequent and
severe during the reperfusion period. Of 8 dogs in the control
group, 8 showed VPC, 4 VT and 3 VF during ischaemia and
8 showed VPC, 4 VT and 5VF during the reperfusion
period. The onset of arrhythmias for VPC, VT and VF were
1.69, 6.50 and 9.00 min during ischaemia and 1.69, 1.13 and
1.20 min during the reperfusion periods, respectively. Pre-
treatment with (—)-naloxone significantly reduced the inci-
dence and delayed the onset of arrhythmias in both the
ischaemia and reperfusion periods in a dose-related manner.
Of 8 dogs receiving 0.92 pmol kg™! (—)-naloxone, 7 showed
VPC. 1 VT and 1 VF during ischaemia and 5 showed VPC,
1 VT and 2 VF during the reperfusion period. The onset of
arrhythmias for VPC, VT and VF werc 257, 2.00 and
4.00 min during ischaemia and 2.60, 1.00 and 3.00 min dur-
ing the reperfusion periods, respectively. Moreover, of 8 dogs
receiving 2.75 pmol kg™! (—)-naloxone, 7 showed VPC dur-
ing ischaemia and 6 showed VPC during the reperfusion
periods whilst no dog developed VT or VF. The onset of
arrhythmias for VPC were 7.00 min during ischacmia and
2.5 min during reperfusion, respectively. Pretreatment with
(+)-naloxone (2.75umolkg™!), however, was without
beneficial effects in preventing the ischaemia- ¢r reperfusion-
induced arrhytiuuias. Of 8 dogs, 8 showed VPC, 4 VT and
1 VF during ischaemia and 8 showed VPC, 3 VT and 3 VF
during the reperfusion periods. The onset of arrhythmias for
VPC, VT and VF were 1.13, 425 and 9.00 min during
ischaemia and 1.31, 1.33 and 1.88 min during reperfusion,
respectively. These differences were not statistically significant
compared to the control group.

Effects of stereoisomers of naloxone on blood pressure
and heart rate

In the doses used in this study, both stereoisomers of nalox-
one had no significant effects on BP or HR. The BPs in the
control group before and after injection of saline were 99 X 7
and 98 * 8 mmHg respectively. while the corresponding val-
ues in the groups treated with 2.7 pmol kg~' of (—)-naloxone
were 93+ 9 and 98 * 9 mmHg, and with (+)-naloxone were
99 £ 7 and 102 £ 6 mmHg. Similarly the HRs in the control
group before and after administration of saline were 189 + 12
and 188 * 13 beats min~! respectively, whereas the corres-
ponding values in the groups treated with 2.75 pmol kg™!
(—~)-naloxone were 189 %2 and 193 +9 beats min~', and
with (+)-naloxone were 186 =9 and 185 8 beats min~'.

The effects of the (—)- and {+)-stereoisomers of naloxone
on the BP and HR following coronary artery occlusion and
reperfusion in the dog are shown in Figures 1 and 2.
Myocardial ischaemia and reperfusion invariably caused a

Effects of stereoisomers of naloxone on cardiac arrhythmias during coronary occlusion and reperfusion

Reperfusion (30 min)

VE VrPC VT VF
onset onset onsct onsel
(min) n (min) n (min) n (min)
9.00+500 8 1691053 4 1.13+031 5 120X 044
4.00 5 260+081 1 1.00 2 3.00% 1.0
6 2.50F0.56 0O* 0*
9.00 8 1311033 3 133+033 3 1.88%105

marked decrease in both BP and HR. Pretreatmg
(—)-naloxone significantly prevented the reduction in
HR during both the ischaemia and reperfusion periog
dose-rclated manner. Pretreatment with (+)-naloxong:
ever, was without beneficial effects in reversing the isc
or reperfusion-induced hypotension and bradycardi
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Figure 2 Effects of the stereoisomers of naloxone on the @
heart rate (A HR) in beats min~' following coronary art
lusion and reperfusion in the dog. For key to symbols s¢©
Figure 1.



pisclls’“i‘]"
. well-known that coronary artery occlusion and repeor-
It ]Sn can lead (0 ardgente shocek, bradyeardia and arrhy-

{U?IIS% al) of which iy be fatal complications secondary to
[t}

t© myoacardid infarcbon. Sinular vbservations were made
?cu he present study 1n the dog in which coronary artery
i tu%ion and reperfusion svon led to a marked reduction in

ri;-] blood pressure, bradycardia and mubignant ven-
5rli€ lar arrhythmias  Simas bradyeardin commonly  occurs
mcﬁ-&; the t)ﬂ-l']} plizses of ucute myocardiul infarchon, seeon-
dort to bradyarrhythnuas or because of extensive damape to
the heart with destruction of the conduction puthway, 1he
ost-oeelnsion decreases 1n arltcrml blood pressure n conlr(l)]
and (+)-nnlnxmlc—trca_tcd _ammals_ WeIE VeTY mirked. 1his
may be due 1o extensive ischugmic injury of the hearl. as
plood pressurt and h{-;!rt rate {raiher h1l§rh) are within normal
ranges (Bulton. ]‘??F) m the prc—lncclmmr_! period. Morcover.
adequatt angesthesta wis muntgined during the entire exper-
imenta] period. usimng the same dose of pentobarbutone sod
m (25 my ke~! b} as used N previous stuches (Huang er
ai,, 1986; Suhamoto e af. 1989). In addition, the abwence of
pu;poseful Jmn-'mlnc‘m and no Itach__vcgrclm OF PrUssir res-
ponses 10 leg pinch or pinprick indicated that adequatce
anacsthesia was maintamed throughout the eaperiment.

In this study, (+ dnadoxone prevented the hypotension,
bradycardsa, ischacmic and reperfusion arrhvthmias duc to
coronary artery occlusion and reperfusion in the dog. These
results are in agreement with those obtmned nothe rat
{Fagbemi o1 al. 1982 Tee er af, 1992) and by Huang or af.
{1986} in the dop, subjected W myocardial rehaenna snd
reperfusion. 111 of interest to note that the doses of nalox-
one that produced antiarrhythmic effects in rats and dogs
were of 4 similar order of magnitude. We have proviously
shown that both f-endorphin (Lec e «f, 1984} and dvnor-
phin (Lec & Waonpg, 1087} arc arrhythmogenic in the rat
isofated heart. whach is the nes picer of evidence sugpesting
that EQP may be involved i cardine wrrhythmopenesis The
second prece of evidence n support of this suggestion s the
demonstration of an antiwrrhythme effect of nuloxoone both
i vivo (Fagberi e o, 1982, Lo ef afl, 1992} and 1 viiro
(IZhan er al, 1986; Sarnc o «f. 1988). lowever, the pos-
sibility that naloxone exerts its antiarrhythmic action via its
membrane stabilizing effect rather than by opiate antagonism
cannot be excluded. The finding jn the present study that
f‘_)-naloxo;'m s oantwrthythome whilse the somer lacking
Pl antagomistie aelinrls s ot provides mare competims,
evidence that COP sre ndeed uvolved m the pitthaphys
10logy of myocardiat 1schaemia and reperfusion and that the

Ofrr)latc aitaponism  is  responstble for the antian bythmig
etlect, ’
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STEREQSPECHTTC ANTIARRKRHY THMIC ACTION OF NAL OXONL 105y

The antiarrhvthmic effect of naloxone may result from the
mtlnenee of the central nervous svtem on the opiowd recep-
tors. vagul rellex, prevennon ol post-occlusion hypolension
with w consequend emprovenem i coronary blond flow, as
well an froin the receptors locsted o the heart (Ehrenpresis,
1976, Bergey & Bual, 1983; Liu ef wl. 1992), Brasch (1986)
has demonstrated that naloxone wnercased both the cardiac
action potential duration and the functional refractory per-
iodd, thus rendering the heart less vulnerable to cardiac atrhy-
thriuws He suggested  that naloxone exerted a  negative
chronotropie effect due (0 the inlbition of the time-
dependent membrane potasaum owlwurd  enrreni, Gihers
reparted prolonpation of tw conductance o the roy node of
Fanver (Caratu & Mitolo-Clueppa, 1982 and at heart
(Sarne er al, 1988}, which sugpested inhubition of the nwurd
sodium or calcium currents, In addition, nalosone has
stgmiticant influence on the electrophysiological properties of
the proximal part of the heart conduction svstem, It has been
reparicd o lengthen the sinoatrial, intra-atrial and atroven-
tricular node conduction times, and to prolong the atrial and
atrioventrweulr node effective relractory periods (Markiewics
eof al, 1991,

I'he present results can be explamed on the basie tha
blockade of opiowd receptors, perhaps m the myocacdium
itself, inhibits ischaemia- and reperfusion-imduced anhiyth-
mias by reducing the effects of COP released as g conse-
quence of the stress of myocardial ischacnua and reporfusion.
This is 1n apreement with the recont finding by Parratt &
Sitsapesan (1986} who found that two opate antagonists,
(= FMaulA452 amd {0 ) WIN 44.44] 3 are aniiarrhythmic while
their isomers, wiliout oplite antgonsiie properies, are not
They are not compatible, however, vath the Lodmg ol Same
et al (L988) that both stereosomers of naloxone (with and
withowt opiate antagonisuc propertios) reduced the mcidence
and severity of cardiac arrhythmias induced 10 rats by intra-
carolid adminjstration of adrenaline. This discrepancy may
sugpest that diferent mechanisms may he invelved 1 these
two events (schaemin and adeenaline-induced  archythmao-
penesis), Burther studies are necded 1o deline the extent of
nvebvement of FOP i wudow arrhythmogenesis amd o
clucidate both the mechanisms ol action of LOP 1 the
pathophysiology of myocardial wschavina aid reperfuson.
and the clectrophvsiological cffects of opiod 1ecceptor activa-
tion and blockade m cardiac muscle.
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