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SUMMARY

The antiarrhythmic properties of the optate antagonist naloxone have
been reported in a varicty of models of arrhythmia. To determine the
generality and the possible central involvement of its antiarrhythmic ac-
tivity, the effccts of naloxone were assessed against cardiac arrhythmias
induced by intravenous bolus injections of picrotoxin, Naloxone at doscs
of 0.33 and 1 mg/kg significantly rcduced the incidence and severity of
picrotoxin-induced arrhythmias in a dosc-related manner, without altera-
tion of blood pressure and heart rate.  ‘T'he results demonstrate the antiar-
rhythmic efficacy of naloxone in an additional animal model. They
further suggest that the antiarrhythmic actions of naloxone may be medi-
ated by the central nervous systein via both the autonomic and GABAergic
pathways.
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FY HERE is substantial evidence supporting the hypothesis that endogenous

F opioid peptides (FOP) are involved in cardiac arrhythmogenesis (for a
review, sce Refl ). The antiarrhythmic eflects of opiate antagonists have
been verilied in several experimental models of arrhythmias (for a review, sce
Ref. 2). The pure opiate antagonist naloxone has also been shown to inhibit
arrhythmias resulting [rom (1) coronary artery occlusion in rats® and dogs,?
(2) ouabain in guinea pigs,® ¥ (3) adrenaline™ or chloroform-hypoxia® in
rats and (4) ischemia-reperfusion in isolated rat hearts.”»19  These findings
indicate that naloxone possesses antiarchiythmic propertics. On the other
hand, Bergey and Bell' observed no antiarrhythmic action of naloxone in
the anesthetized pig subjected to coronary arterial ligation.  ‘This study tested
the antiarrhythmic activity of naloxone against picrotoxin-induced centro-
genic arrhythmias in the rat.
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MATERIALS AND METIIODS

Spraguc-Dawley rats of cither sex (350 to 400 gm) were ancsthetized
with pentobarbitone sodium (60 mg/kg) intraperitoneally.  They were tra-
cheotomized, intubated and artilicially ventilated with a respiratory rate syn-
chronized with that of the rat (60-80 stokes per minute, 1 ml/100 gm body
weight).  The animals were immobilized with pancuronium bromide, initially
0.08 mg/kg followed by 0.02 mg/kg intravenously every 20 40 min.  The fem-
oral artery and vein were cannulated for the measurement of blood pressure
and hcart rate with a Statham pressurc transducer and a Biotechnometer
(Gould), and for thc administration of drugs, respectively.  Electrocardio-
grams were recorded from lead 11 limb leads, using the Lifepak ECG Monitor
(Physio-Control Corp., USA).

Twenty-seven animals were divided equally into 3 groups. Group 1 re-
ceived saline prior to picrotoxin administration.  Groups Il and ITT received
naloxone at the doses of 0.33 and 1 mg/kg in 0.2 ml, respectively, adminis-
tered 10 min before the holus injection of picrotoxin. The doses of naloxone
werce sclected from previous studics and/or preliminary cxperiments.  Thesc
doses were sufficient to antagonize both opioid receptors in the central or pe-
ripheral tissues, particularly for direct actions on the heart.®),7,9),12),20)

Picrotoxin (Sigma Chemical Co., USA) was dissolved in 109, ethanol in
normal saline, and placed in a syringe wrapped with aluminium foil. 1t was
given as an intravenous bolus at a dose of 20 mg/kg to induce cardiac ar-
rhythmias. All lights in the room were turned off during the injection of
picrotoxin.

The rat was allowed to equilibrate for 15 min.  Afterwards, cither nal-
oxone (Sigma Chemical Co., USA) dissolved in normal saline, or salinc was
administered intravenously.  The blood pressure, heart rate and electrocar-
diogram were monitored beforc and after the bolus injection of picrotoxin
continuously throughout the experimental period.

To assess the incidence and severity of cardiac arrhythmias and to ¢nable
quantitative comparison, an arrhythmia scoring system (modified from Curtis
and Walker'®) was used. Each rat was given one score, representing the
most scvere type of arrhythmia observed during the entire experimental pe-
riod. The details of the scoring system wecre: scorc O=no arrhythmia; score
I =occasional ventricular prematurc contraction (VPC); scorc 2=frcquent
VPC when therc were 3 or more VPCs occurring within 1 min; score 3=
ventricular tachycardia (VT; 1-2 cpisodes); score 4=VT (3-5 episodcs);
score 5=VT (>) episodes); score 6=ventricular fibrillation (VI; 1-2 epi-
sodes); score 7=VF (3-5 episodes) and score 8=VF (>>5 cpisodes).
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The chi-square test was used to analyze the difference in the incidence
of arrhythmias between control and naloxone-pretrcated groups.  Student’s
t-test was used to test the difference in arrhythmia score and in onsct of ar-
rhythmia between control and treated groups. The differences in mean ar-
terial pressure and heart ratc before and after picrotoxin administration were
analyzed by pairecd comparisons. Analysis of variance for split-plot design
was used to compare the difference in time courses of changes in mean arterial
pressurc and heart rate between the groups treated with saline or with nal-

oxone. A p value of less than 0.05 was considered as statistically significant.

REesuLTs

Figure 1 and Table I show the representative electrocardiograms and
the cilects ol naloxone on picrotoxin-induced arrhythmias, respectively.  The
bolus injcction of picrotoxin invariably produced immediate atrioventricular
(AV) blocks, VPC andfor VI. The arrhythmia persisted throughout the
50 min experimental period. Of 9 rats in the control group, 9 showed
AV block and VPC and 5 showed VT, with onsct of arrhythmias at 1, 4 and
11.6 min, respectively.  The mean arrhythmia score was 3.56.  Pretreatment
with naloxonc significantly reduced the incidence and scverity of picrotoxin-
induced arrhythmias in a dose-vclated manner.  Thus, of 9 rats rccciving
0.33 mg/kg naloxone, 9 showed AV block and VPC and 3 showed VI, with
onsct of arrhythmias at 2.78, 9.56 and 11.67 min, respectively.  The mean
arrhythmia score was 2. Of 9 rats recciving 1 mg/kg naloxone, all 9 showed

TIME (min)

Fig. 1. Renresentative clectrocardiograms following administration of
picrotoxin in the ral. () Eflects of pretreatment with saline.  Alvioventric-
ulay block, ventricular premature confraction and ventricular tachycardia were
observed after 1.5 and 12 min, respectively.  (N) Eilects of pretreatment with
I mg/kg naloxonc.  Awtdoventricular block and ventricular premature con-

traction appearced alter 4 and 13 min, respectively.
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Table 1. Effects of Naloxone on Picrotoxin-Induced Arrhythimias in the Rat

Arrhythimia ; AV Block VPC vT
R e -
N Score ‘ n Onsct (min) | n Onset (min) n Onset (min)
Contro} 9 356405 |9 1 102 |9 4 2073 |5 116 4216
Naloxone 9 2 037 |9 2.781.0.55% |9 95600774 3 11.67+2.10
(0.33 mg/kg)
Naloxone 9  1.7840.32%% | 9 4.56+2.07 9 12.67+3.82% " 10
(1 mg/kg)

Values are mean+SEM; N and n are number of rats. AV Block=Atrioventricular block ;
VPC=ventricular premature contraction; VT =ventricular tachycardia.  **%%%% Significantly dif-
ferent to the corresponding control group at the levels p<0.05, 0.01 and 0.001 by Student’s t-
test, respeclively. # Significant difference to the corresponding control group at the level p<
0.05 by chi-square test.

AV block and VPC, and 1 showed VT, with onset of arrhythmias at 4.56,
12.67 and 10 min, respectively. The mean arrhythmia scorc was 1.78.
Figures 2 and 3 show the cflects ol naloxone on the changes in mean
arterial blood pressure (MAP) and heart rate (HR) [ollowing a bolus injec-
tion of picrotoxin. The bolus injection of picrotoxin caused a significant
increase in MAP and a decreasc in HR. The HR before and maximal
bradycardia (at 50 min) after picrotoxin administration were 360+4.57 and
244+4.20 beats per minute, respectively (p<0.001).  Hypertension lasted
for about 25 min and was superceded by a significant decrease in MAP.
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Fig. 2. Effects of naloxonc on the change in mcan arterial blood pressure
(AMAT) following administration of picrotoxin, Valucs are the mean and
s.eom, (vertical bars) for 9 animals, (O) saline; (@) naloxone 0.33 mg/kg;
(A ) naloxone 1 mg/kg. There is no statistical diflerence between the saline-
and naloxone-treated groups.



N ANTTARRHYTITMIC ACTION OF NALOXONE 369

50 r
Oe
L\ *
o]
&2 100 | AT T e
T | i | | ==
<1
-150 F
_200 1 t L S Y EE Y I ES— E—

Time (min)

Fig. 3. Ellccts of naloxone on the change in heart rate (4HR) in beats
per minute (bpm) following administration of picrotoxin, Values are the mean
and s.c.m. (vertical bars) for 9 animals. () saline; (@) naloxone 0.33 mg/
kg; (A) naloxone 1mg/kg. There is no statistical difference between the
saline- and naloxone-treated groups.

The MAP before, and maximal hypertension (at 10 min) and hypotension
(at 50 min) after picrotoxin administration were 120+3.24, 135-+5.29 (p<
0.05) and 88+10.31 mmHg (p<0.01), respectively. These cardiovascular
changes were unaffected by naloxone pretreatment.  Therefore, the antiar-
rhythmic doscs of naloxone had no significant cffects on the picrotoxin-in-
duced alteration of MAP or HR.

DIsGuUsSION

Picrotoxin has long been used as a tool to induce cardiac arrhythmias
by enhancing central sympathetic outflow to the heart and increasing release
of adrenal catecholamines. .15 In this study naloxone reduced the inc-
dence and scverity of picrotoxin-induced arrhythmias in the rat.  Naloxone
has previously been shown to block cardiac arrhythmias induced by myocar-
dial ischemia and reperfusion in the rat and dog, chlorolorm hypoxia in the
young ral, digitalis intoxication in the guinca pig and adrenaline administra-
tion in the rat.»-19  The results of the present study are consistent with
these previous (indings, suggesting the gencral cfficacy of naloxone as an an-
tiarrhythmic agent.  Since EOP can induce arrhythmias, ™17 these {indings
suggest a possible involvement of BOP in cardiac arrhythmogencsis due to
myocardial ischemia, respiratory arrest, digitalis intoxication, adrenaline or,

as shown in this study, picrotoxin. Thus, 1t is possible that the cffects of
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palosone relloo Dlockade of epate roecptors e the central nervnns wysrenn,

Howover, the possibility of oo dircer cliiecr of nadosone oo the et cannol e

cxclidod, TThe Bebuse of aalasone to el corenany -ho nioo oo by donia i
e e oy be due oo speoes diffesence, suche as Tess collateral ow n
tne e Phis species difference T o precedonts Bealey ot al™ observed
that duning coronany artery occlusion aned reperfusion, pravosie el -
preanobol Tind antiao el thintie effects in the dog, but nodin the pig.

Tee et al' roported that cardine arvhethonas mdneeedl by holis e
ton of prerotexan (4 mafkes conled lst e Ty 2 mans Tothie present study,
a 20 mskr dose of proratoan producerl consistent and prolongod arlivilnias,
whieh Tostedd Lo 4he entive experimental pered of 30 min i ali control cases.
Therefore, o spontwicous couserson to normal rhythm scems implauable.
Morcover, hoth decreased MADP and HIR and bradviareby thmms were oh-
served noall expertmental goups. These changes mas bave heen medined
primarily by il cardie vagus nerve DeMicco ef al® eported two plases
ol ettects abier 2 mpihe piootosin admiisnation. The carly phase consisted
el tvnsient Typotension hradveardia and Dradyarchvthming which was ve-
placed Ly an merease in MAP and HIC and tachyarrhiythmas, T s study,
we abserved Tivpotension, hiyperteusion, bradyeandiog Dreacbyvanthythmias aond
tachyarrhythmias [Howing piorotoxin adiinistation hut oot tachyeardia,
The discrepuney belween the two stodies wieht be due to dilferences i the
dhevses of prorotxdn eployed 20 medhe versos 2 mgike,

The antianbythinme effect of naloxene may result from the influence of
the central nervous system o the opiaid receptors, vasal veflew, as well s
Jrom the receptors located o the heat 3000 Byaee 20 T demonstrated that
naloxone imeressed both the cardiac aeton potential dination and the fune-
tiotal relractory peviod, thus cendering the ieast less vuloerable o cardiac
avchythmios He supeested that nalosone exerted a negative chronotropic
elfect due o the mhibition ol the tme-dependent membwane potasanm ont-
ward current. Others reported prolongation of the conductanee e ihe oy
nade of Raovier, ' and rat e, wloch sugeested imbhibiton of the inward
sodinm o cadonan cnrrents, Leoadeition, naloxone has a sgnidicant mfluence
on the clecirophysiologionl propertics of the proxamal part of the heart con-
duction system. 1 has heen reported o lengthen the sineanial, jntra-atriasl
andd ariovenivieonlar node conduction tiroes, and to prolong the alrial and
alvioventricutar node eifective relroiory periods 2

F this study, nalosxone prodoced an annarthyibimic offect without ai-
fecting MAT or HR, suggesting that the Dlocking offect of nalosone againsl
prcratosin-iondiced anhythmias s oot secondary 1o changes in MATP or TR,

Tt also suggests that antiarrhythmic doses of naloxone mav not alter hemo-
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dynamics. Since naloxonc is a rclatively innocuous and short-acting drug?®
with a similar antiarrhythmic potency as the prototype antiarrhythmic agents
such as propranolol, quinidine and lidocaine,?® 1t is a likely candidate for
clinical applications. JIurther studies are needed to dctermine the therapeu-

tic potential of naloxone for treatment of cardiac arrhythmias.
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