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Comparison of anti-arrhythmic activities of valproic acid derivatives

in animals
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ABSTRACT The anti-arrhythmic activi-
ties of valproic acid derivatives were com-
pared in animal models. The ig LD,, of
sodium valproate (SV), magnesium valpro-
ate (MV) and valpramide (Val) in mice
were 904, 966 and 438 mg/kg, respectively.

The efficacies of SV, MV and Val
against the arthythmia induced by iv
BaCl, in anesthetized rats at equitoxic doses
were 5/10, 5/10 and 8/10 by ig, and 5/10
7/10 anci 10/10 by ip respectively. When
the doses of ouabain necessary to induce
arrhythmia in anesthetized guinea pigs were
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increased, the electrical ventricular fibrilla-
tion thresholds in anesthetized rabbits were
raised and the functional refractory period
of isolated guinea pig left atria was pro-
longed, the effects of MV were all stronger
than those of SV,

The anti-arrhythmic activities of
magnesium sulfate were weaker than that
of SV and MYV,
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potency of naltrexone in isolated
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ABSTRACT The anti-arrhythmic properties of
naltrexone were evaluated by an anti-arrhythmic
screening test using the isolated ischaemic
perfused rat heart preparation. The maximal
anti-arrhythmic effect of naltrexone was attained
60 min after its administration and the potency
based on cardiac anti-arrhythmic protection
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(CAP)g, was 750 nmol/heart with 95% confi-
dence limits of 674-336 nmol/heart. The time
required to reach the maximal response and
the anti-arrhythmic potency were much longer
than and comparable to that of naloxone,
respectively.
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There is substantial evidence suggesting
that endogenous opioid peptides may be
involved in cardiac arrhythmogenesis¢?.It is
suggested therefore that opiate antagonists
may be used as anti-arrhythmic agents.
Naloxone, being the first pure opiate antago-
nist and most commonly used, was naturally
the first one to be considered. Its anti-
arrhythmic potency was determined with a
screening test using the isolated ischaemic
perfused rat heart preparation developed
by us‘®), It was found to be comparable
to those of the prototype anti-arrhythmic
agents, namely, lidocaine, quinidine and
propranolol¢®’, However, naloxone is short-
acting with a ty in human of about 1h¢*
and is easily degraded when administered
orally. Naltrexone, another pure opiate
antagonist with a much longer t; of 3.9-
10.3 h, is more resistant to enzymes in the
liver and is twice more potent than naloxone
in stopping the development of heroine
dependence in humans®’, It is therefore of
interest to determine the anti-arrhythmic
potency of naltrexone and compare it with
that of naloxone.

MATERIALS AND METHODS

The screening test using the Langen-
dorff techniques in the isolated rat heart
preparation described previously by us®was
employed. Female Sprague-Dawley rats of
210-230 g were used. The rat was decapi-
tated and the heart mounted within 3 min,
The heart was perfused with Krebs-Ringer
solution at pH 7.4. The perfusion pressure
and rate were about 13.3 kPa (10 mm Hg)
and 6-8 ml/min, respectively. The heart
was kept at 31-32°C. Electrocardiagrams
were monitored throughout the experiment
with a positive electrode hooked at the apex
of the heart and a negative electrode at the
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fusion. Previcus studies have showr that
ventricular fibrillation(VF) usually occurred
2-15 min after reperfusion®, Naltrexone
(DuPont) dissolved in Krebs-Ringer solution
was injected via an aorta cannula within 1
min after VF had occurred. The volume
and rate of injection were 20 ul and 1 min,
respectively. In the control group 20ul of
Krebs-Ringer solution was injected. The
doses of naltrexone were 529, 1587, 3175
and 4762 nmol/heart.

We have also employed the same
method in evaluation of the anti—arrhythmic
potency as described previosuly(®, It was
considered to have cardiac anti-arrhythmic
protection (CAP) if VF was converted into
sinus rhythm after drug administration. The
time course of changes of CAP of the
naltrexone at different doses were analysed
and the times of maximal CAP determined.
It was 60 min after medication(see Result).
A regression line showing the relationship
betwezn maximal CAP and doses was also
determined by the least square fit analysis
with each dose on regression point repre-
senting data from 10 hearts.

RESULTS

Figure 1 shows the time course of
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aorta. Fig 1. Time course of changes of conversion of
ventricular fibrillation to sinus rhythm after
administration of naltrexone to the isolated heart,
n =10 rat hearts for each dose,

Immediately after mounting, perfusion
was stopped for 10 min followed by reper-
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changes of CAP of naltrexone at different
doses. The CAP increased with time and
reached a plateau at 50 min after adminis-
tration of the drug. The response at 60 min
was considered as the maximal CAP and
used later in the analysis of dose-response
relationship.

Figure 2 shows the dose-response
(maximal CAP) relationship. The maximal
CAP of naltrexone at a dose 4762 nmol/
heart was 100%. The CAP,, with 95%
confidence limits was 750 (674-836) nmol/
heart.
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Fig 2. The dose-maximal cardiac anti-arrhythmic
protection relationship for naltrexone, n=1( rat

hearts for each dose,

DISCUSSION

The study on the time course of changes
of CAP showed that the maximal CAP of
naltrexone was attained 60 min after its
administration( Fig 1 ),whereas the maximal
response to naloxone was attained 25
min after its administration®®, The results
suggest that naltrexone requires a longer
time before it produces its maximal effects.
In addition to the difference in duration
of action bioavailability and resistance to
digestion, this is another difference between
naltrexone and naloxone and is important
when considering them for use as antj-
arrhythmic agents,

In this study, the anti-arrhythmic
potency of naltrexcne based on the CAP,,
values was found to be comparable to that
of naloxone of which, the CAP,, was 818
nmol/heart with 959% confidence limits
646-985 nmol/heart®, With receptor bind-
ing studies using rat brain membranes the
affinity of naltrexone to u and 8 receptors
were found to be much greater than that
of naloxone whereas the affinity to k sites
of both opiate antagonists were similar¢™,
In the guinea pig ileum naltrexone is 3.5
— 5 times more potent than naloxone in
antagonizing morphine, a u-agonist, but
they are equipotent in antagonizing ethyl-
ketazocine, a x-agonist®, The similar anti-
arrhythmic potency of these two antagonists
suggests that their anti-arrhythmic action
may be due mainly to the occupation of Kk
receptors.

ACKNOWLEDGMENTS We would like to
thank Dr C L Wong for helpful discussions, Dr
X D Huang for advice on the Chinese abstract,
Mrs Teresa Yuen for typing the manuscript
and Mr Steven Lam of the Medical Iltustration
Unit of the University of Hong Kong for the
drawings. The study was supported by a
Hong Kong University Grant and the Wing Lung
Bank Research Fund. Naltrexone was generously
supplied by DuPont Pharmaceutical Co.

REFERENCE

Wong T M, Lee AYS. Chronic morphine

treatment reduces the incidence of ventricular

arrhythmias in the isolated rat heart induced

by dynorphin,_,,; or myocardial ischaemia and

reperfusion. Neurosci Lett 1987; 77 : 61

2 Lee AYS, Zhan CY, Mok CP, Wong TM. A
cardiac antiarrhythmic screening test using the
isolated ischaemic perfused rat heart prepara-
tion. Arch Int Pharmacodyn Ther 1985; 277 :
217

3 Lee AYS, Wong TM. Antiarrhythmic potency
of naloxone determined by a screening test
using the isolated ischaemic perfused rat heart
preparation. Ibid 1987; 286 * 212

4 Ngai SH, Berkowitz BA, Yang JC, Hempstead

J, Spector S. Pharmacokinetics of naloxone ip

—

£ o g e

T

BT ERL T

£ IR




rats and in man: basis for its potency and
short duration of action. Anesthesiology 1976
44 1 398

5 Crabtree BL. Review of naltrexone, a
longacting opiate antagonist. Clin Pharmacol
1984; 3:273

6 Zhan ZY, Lee AYS, Wong TM. Naloxone
blocks the cardiac effects of myocardial ischae-
mia and reperfusion in the rat isolated heart,

#* * *

¥ B H52 F 4R

1988451 H; 9 (1) : 40-43

43

Clin Exp Pharmacol Physiol 1985; 12 : 373

7 Wood PL, Charleson SE, Lane D, Hudgin RL.
Multiple opiate teceptors: differential binding
of u, k and O agonists. Neuropharmacology
19815 20 : 1215

g8 Takemori AE, Portoghese PS. Comparative
antagonism by naltrexone and naloxone of y,
k and O agonists. Eur J Pharmacol 1984;
104 @ 101

24 B ER X S AR R I X BR D BE B DR R AT BEEDITEAS

e F. AR, 2R, Fih

RE HAZERM-FER KB OIS 98RO
REHERANRL. SRR, AERNRRAGOMRE
W TR 60 min A, BEFK FHFR(CAP;s)
73 750 nmol/.to, AR AR BT iRk TR TE R LR

T E B PR 19884 1 H; 9 (1)

1 43-48

(BHRFERR, FiD

RS IR , THECHL L Ak 1) S5 3 AT

X8E N NSE B0 DALERM,
FULHRE S
* * #*

8] Jé Z= #b T 5 8 3R b = X R ER A B0 ML B R RS

B, Fal, 25F. £6

RE MR % M Fm-Ni)3usg/ks iv & K 5K B R
SBP R HR IT%5 & 8 ZHTFNis), B#H1%3
ug/kg i (% DBP ff if, m-Nis 3 ug/kg & (& IMVO,
5% & Nis 47 £, m-Nis 1 & 3ug/kg #jn ABF,
Nis MFEHE % ;s m-Nis 1 ug/kg B TPR %5
B Nis5g, 1% 3ueg/ksil & CI Nis § 2%, m-NiS
PLEREES L VAR Nis 38, PR CAR X FAR g
Nis }gifF.

*RE EEERMT; BEAE: @ EIHNE 0%
B mARME DG BREMG Sk

1986 4E 6 3 26 BUkFy 1987 4E4 B 9 BEET

Gt EFRAREWE, BRE 050017)

JE& Z i1 F(nisoldipine, Nis) JgiLdE& iKY
“EMIERBETON, Ef A AEEMRLE
T Nis § 5k bk, ¥ MEREMNELE
bk 74 2E B (nifedipine, Nif)ag% 3-10 {3, Nis
WD AR, XNEBKRKNT EEMR, T2
BLRB eI O RE R I AR Z5 #¢?. {H Nis
MR, FTRESBRKE: BRABERT
P EHITE R RS E e &R /22590
JB & # JE(m-nisoldipine, m-Nis), #F SH¢H
HTARZL, EHNESE, FRIZRT

A IR 2 g



