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Abstract

Antinociceptive and antitussive effects of morphine were studied in DA-bg/bg (Beige) rats. Intraperitoneal administration of
morphine (10 mg/kg) produced a marked antinociceptive effect, in the tail-flick test, in Beige rats and DA rats, a progenitor strain rats.
There was no significant difference in the peak antinociceptive effect of morphine between Beige rats and DA rats. The antinociceptive
effect of morphine in both Beige rats and DA rats was significantly reduced following pretreatment with a low dose (0.3 mg/kg, i.p.) of
naloxone or naltrexonazine (1 mg/kg, s.c.), a selective u,-opioid receptor antagonist. Morphine suppressed coughs dose dependently at
doses between 0.3-3 mg/kg, i.p., in Beige rats and between 0.1-1.0 mg/kg, i.p., in DA rats. The antitussive potency of morphine in
Beige rats was less than that in DA rats. The antitussive effect of morphine was significantly antagonized by pretreatment with naloxone
(0.3 mg/kg, i.p.) in both Beige rats and DA rats. However, pretreatment with naltrexonazine (1 mg/kg, s.c.), a selective u,-opioid
receptor antagonist, had no effect on the antitussive effect of morphine. These results suggest that Beige rats are hyporesponsive to the

J,-opioid receptor-mediated antitussive effect, but not to the pu,-opioid receptor-mediated antinociceptive effect.
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1. Introduction

Recently, at least two p-opioid receptor subtypes have
been proposed, i.e., u,- and w,-opioid receptors (Paster-
nak et al., 1980; Pasternak and Wood, 1986). In recent
experiments, naloxonazine (Ling et al., 1986) and naltrex-
onazine (Kamei et al, 1995; Yokoyama et al., 1992),
another type of selective u,-opioid receptor antagonist,
had no significant effect on u-opioid receptor-mediated
antitussive effects in ICR mice (Kamei et al., 1993a) or
w,-opioid receptor-deficient CXBK mice (Kamei et al.,
1993c¢). Furthermore, there was no significant difference in
the antitussive effect of morphine between ICR and CXBK
mice. Based on these results, we previously suggested that
u,-opioid receptors, but not w,-opioid receptors, are in-
volved in the antitussive effects of morphine (Kamei et al.,
1993a, ¢).
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C57BL/6J-bg’ /bg’ (Beige-J) mice are known to be an
animal model of Chediak-Higashi syndrome, an autosomal
recessive genetic disease (Gallin et al., 1974; Lutzner et
al., 1967). Raffa et al. (1993) proposed that Beige-J mice
are considerably less sensitive than their normal littermates
to the antinociceptive effects of wu-opioid receptor ago-
nists. Recently, Nishimura et al. (1989) found an autoso-
mal recessive mutant rat (DA-bg/bg rat) in an inbred
colony of the DA strain rat. The pathological features of
these DA-bg/bg (Beige) rats are comparable to those of
human Chediak-Higashi syndrome patients and Beige-J
mice (Nishimura et al., 1989). Thus, it is reasonable to
speculate that Beige rats are less sensitive to u-opioid
agonist than DA rats, a progenitor strain rat, as are Beige-J
mice. However, little information is available regarding the
changes in u-opioid receptor function in Beige rats. In the
present study, therefore, we examined the antinociceptive
and antitussive effects of morphine in Beige rats, as com-
pared with those in DA rats, to investigate the possible
changes in the function of w-opioid receptors, especially
wo-opioid receptors, in Beige rats.
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2. Materials and methods
2.1. Animals

Inbred male and female DA-bg/bg (Beige) and DA rats
were purchased from the Institute of Experimental Ani-
mals, Hamamatsu University School of Medicine,
Shizuoka, Japan, and were maintained in our university.
Male and female rats weighing 300-350 g were used. The
rats were housed under a 12-h light-dark cycle, at a
temperature of 22 + 1°C. Food and water were given ad
libitum. These studies were carried out in accordance with
the Declaration of Helsinki and/or with the guide for the
care and use of laboratory animals as adopted by the
committee on care and use of laboratory animals of Hoshi
University, which is accredited by the Ministry of Educa-
tion, Science, Sports and Culture.

2.2. Antinociceptive assay

The antinociceptive effect was evaluated by recording
the latency in the tail-flick test using radiant heat as a
stimulus. The intensity of the thermal stimulus was ad-
justed so that the animal flicked its tail in 4-5 s. A cut-off
latency of 15 s was used to prevent injury to the tail.
Animals which did not respond within 15 s were removed
and assigned a score of 15 s. Percent antinociception was
calculated for each animal by using the formula: 100 X
(post-drug latency — pre-drug latency) /(15 — pre-drug la-
tency).

2.3. Antitussive assay

The cough reflex was induced by a previously described
technique (Kamei et al., 1990). Animals were exposed to a
nebulized solution of capsaicin (30 wmol /1) under con-
scious and identical conditions using a body plethysmo-
graph. The coughs produced during a 5-min exposure
period were counted. Capsaicin was dissolved to a concen-
tration of 30 mg/ml in a 10% ethanol and 10% Tween 80
saline solution. The solution was diluted with saline. The
rats were exposed for 5 min to capsaicin 30 min before
injection of drugs to determine the frequency of control
coughs. The animals were exposed to capsaicin aerosol
again for 5 min at 30, 60 and 120 min after morphine
injection. The number of coughs after morphine injection
(Ct) was compared to the number of control coughs (Cc).
The antitussive effect was expressed as the percent inhibi-
tion of the number of control coughs ((Cc — Ct)/Cc X
100).

2.4. Drugs
Naltrexonazine was synthesized by Dr. H. Nagase

(Toray Industries, Kamakura, Japan). Morphine hydrochlo-
ride and naloxone hydrochloride were purchased from

Sankyo Co., Tokyo, Japan and Sigma Chemical Co., St.
Louis, MO, USA, respectively. Naloxone (0.3 mg/kg,
i.p.) was injected 15 min before injection of morphine.
Naltrexonazine (1 mg/kg, s.c.) was injected 3 h before
injection of morphine, as previously described (Kamei et
al., 1995; Yokoyama et al., 1992).

2.5. Statistics

Data are expressed as the means + S.E. The statistical
significance of differences was assessed with the Dunnett’s
test for the antinociceptive effect and with the Mann-Whit-
ney U-test for the antitussive effect. A probability of 0.05
or less was considered significant.

3. Results
3.1. Antinociceptive effect

Fig. 1A shows the time course of the antinociception
produced by morphine in both Beige rats and DA rats.
Morphine at a dose of 10 mg/kg, i.p., significantly in-
creased the tail-flick latency. This effect reached its peak
at 30 min after the administration of morphine and then
gradually decreased.

The effects of naloxone and naltrexonazine on the
antinociceptive effect of morphine in both Beige rats and
DA rats are summarized in Table 1. Pretreatment with a
low dose of naloxone (0.3 mg/kg, i.p.) reduced the
antinociceptive effect of morphine (10 mg/kg, i.p.) in
both Beige rats and DA rats. Pretreatment with naltrexona-
zine, a selective u,-opioid receptor antagonist, also re-
duced the antinociceptive effect of morphine (10 mg/kg,
i.p.) in both Beige rats and DA rats.

3.2. Antitussive effect

A 5-min exposure to capsaicin induced 17.9 + 1.6
coughs (n = 27) in Beige rats and 13.7 + 0.8 coughs (n =
27) in DA rats. Lp. injection of saline had no significant
effect on the stability or reproducibility of coughs in either
Beige rats or DA rats (Fig. 1B).

The time course of the effects of i.p. injection of
morphine, at a dose of 1 mg/kg, on the number of coughs
is shown in Fig. 1B. The cough-depressant effects reached
a peak 30 min after the administration of morphine in both
Beige and DA rats. At 120 min, the number of coughs had
returned to the level in rats that had received saline. Thus,
a time interval of 30 min after injection was chosen for
experiments designed to quantify the effects of morphine
on the cough reflex. As shown in Fig. 1C, morphine
suppressed coughs dose dependently at doses between
0.3-3 mg/kg, i.p.. in Beige rats and 0.1-1.0 mg/kg, i.p.,
in DA rats. The antitussive potency of morphine in Beige
rats was less than that in DA rats. Indeed, the EDy, (95%
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confidence limits) of morphine for the inhibition of cap-
saicin-induced coughs in Beige rats (1.1 (0.8~1.5) mg/kg)
was significantly higher than that in DA rats (0.2 (0.1-0.4)
mg/kg).

The effects of naloxone and naltrexonazine on the
antitussive effects of morphine in both Beige rats and DA
rats are summarized in Table 1. These opioid antagonists,
by themselves, had no significant effects on the number of
coughs (data not shown). When naloxone (0.3 mg/kg,
i.p.) was injected 15 min before injection of morphine, the
antitussive effect of morphine 30 min after i.p. injection
was significantly reduced in both Beige rats and DA rats
(Table 1). However, naltrexonazine had no significant
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Fig. 1. Time course of the antinociceptive (A) and the antitussive (B)
effect of morphine in Beige rats (circle) and DA rats (square). The
antinociceptive effect of morphine (10 mg/kg, i.p.) was measured in the
tail-flick test 0.5, 1, 1.5 and 2 h after injection. The antitussive effect of
morphine (1 mg/kg, i.p.) was measured 0.5, | and 2 h after injection.
Each point represents the mean + S.E. from 5 rats for the antinociceptive
effect and from 6-7 rats for the antitussive effect in each group. = P < 0.05
versus the respective saline-treated group (open symbols). * P <005
versus the values for DA rats. (C) Dose-response curves for the antitus-
sive effect of 1.p. administered morphine in Beige (closed circle) and DA
(open circle) rats. Each point represents the mean + S.E. for 7 animals in
each group.

Table |
Effects of naloxone and naltrexonazine on the antinociceptive and the
antitussive effect of morphine in DA and Beige rats

(a) Antinoci-
ceptive effect

% Antinociception (n)

Saline Naloxone Naltrexonazine
DA rats 86.3+8.5(5) 53.9+7.2(6)* 37.4+13.0(6)°
Beige rats 79.5+88(5)  498+93(D* 366+13.2(6)°
(b) Antitus % Inhibition of the number of coughs (n)
sive effect Saline Naloxone Naltrexonazine
DA rats 872+63(7)  456+8.1(89)* 768+ 59(8)
Beige rats 542+45(6)° 233+73(6)° 542+120(D°

The antinociceptive and antitussive effects were evaluated 30 min after
i.p. administration of morphine. Naloxone (0.3 mg/kg, i.p.) was injected
5 min before administration of morphine. Naltrexonazine (1 mg/kg, s.c.)
was administered 3 h before testing. Data represent means + S.E. * Sig-
nificantly different from vehicle (saline)-treated group. b Significant dif-
ference from the respective value of DA rats.

effect on the antitussive effect of morphine in both Beige
rats and DA rats.

4. Discussion

The results of the present study demonstrated that i.p.
administration of morphine produced a marked antinoci-
ceptive effect in both Beige rats and DA rats. Furthermore,
the antinociceptive effect of morphine in Beige rats was
identical to that in DA rats. The antinociceptive effects of
morphine in both Beige rats and DA rats were antagonized
by pretreatment with a low dose (0.3 mg/kg, i.p.) of
naloxone or naltrexonazine, a selective w,-opioid receptor
antagonist. Naloxone acts as an antagonist at u-, 8- and
k-opioid receptors, but a higher dose of naloxone is re-
quired to antagonize the effects of §- and «-opioid recep-
tor agonists than is required to antagonize the effects of
w-opioid receptor agonists (Gilbert and Martin, 1976;
Kosterlitz et al., 1981). Thus, it appears possible that the
antitussive action of morphine in both Beige rats and DA
rats is mediated mainly via stimulation of w-opioid recep-
tors, especially w,-opioid receptors. It is, therefore, sug-
gested from our results that Beige rats are normally re-
sponsive to the p ( u,)-opioid receptor-mediated antinoci-
ceptive effect of morphine.

In the present study, we also found that the antitussive
potency of morphine in Beige rats was significantly less
than that in DA rats. The antitussive effect of morphine in
DA rats was identical to that in Sprague-Dawley rats
(Kamei et al., 1990). Furthermore, the antitussive effects
of morphine in both Beige rats and DA rats were antago-
nized by a low dose (0.3 mg/kg, i.p.) of naloxone,
whereas naltrexonazine, a selective w,-opioid receptor an-
tagonist, had no effect on the antitussive effect of mor-
phine in either Beige rats or DA rats. We previously
reported that the antitussive effects of morphine in rats or
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mice are antagonized by wu-opioid receptor antagonists,
such as naloxone and B-funaltrexamine (Kamei et al.,
1990, 1993a, c). We also reported that -opioid receptors
were not involved in the antitussive effects of opioids
(Kamei et al., 1993b). Indeed, [D-Pen’ Jenkephalin, a se-
lective S-opioid agonist, had no effect on capsaicin-in-
duced coughs in rats or mice (Kamei et al., 1993b).
Moreover, we demonstrated that naltrindole, a selective
S-opioid receptor antagonist, had no significant effect on
the antitussive effects of morphine (Kamei et al., 1993c).
We also demonstrated that x-opioid receptors were not
involved in the antitussive effects of morphine, since the
antitussive effects of morphine were not antagonized by
nor-binaltorphimine, a selective k-opioid receptor antago-
nist (Kamei et al., 1990). In view of these findings, it is
possible that the antitussive effect of morphine is mediated
mainly by the activation of u-opioid receptors, but not of
8- or x-opioid receptors. We recently suggested that -
opioid receptors were not involved in u-opioid receptor-
mediated antitussive effects, since the antitussive effects of
u-opioid receptor agonists, such as morphine and DAMGO,
were not antagonized by either naloxonazine or naltrexona-
zine, a selective u,-opioid receptor antagonist (Kamei et
al., 1993a, ¢). Thus, it seems likely that the antitussive
effects of morphine in Beige rats and DA rats may be
primarily mediated by u,-opioid receptors. Therefore, the
results of the present study suggest that Beige rats are
hyporesponsive to the u,-opioid receptor-mediated antitus-
sive effects of morphine. The attenuation of the antitussive
effect of morphine in Beige rats compared to that in DA
rats might not involve a pharmacokinetic consideration,
since attenuation of several pharmacological effects of
morphine in Beige-J mice was observed when morphine
was administered directly into the brain (Raffa et al.,
1993). However, further studies are necessary before this
possibility can be established with greater certainty.

In summary, the present results indicate that Beige rats
are hyporesponsive to the u ( u,)-opioid receptor-media-
ted antitussive effect, but not to the p ( u,)-opioid recep-
tor-mediated antinociceptive effect. Although the impor-
tance of u-opioid receptors in the development of Che-
diak-Higashi syndrome is unclear, the present results sug-
gest that Beige rat may be suitable for the study of
u-opioid receptor functions.
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