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Abstract

Straub-tail behavior was induced by subcutaneous injection of different doses (10—60 mg/kg) of morphine to mice. The maximum
response was obtained with 20—40 mg/kg of the drug. The response induced by morphine (40 mg/kg) was decreased by intraperitoneal
administration of different doses of clonidine (0.05—0.1 mg/kg). Pretreatment of animals with yohimbine (1-4 mg/kg ip) reversed the
inhibitory action of clonidine. Yohimbine did not elicit any response by itself. Administration of prazosin (0.25, 0.5, and 1 mg/kg) reduced
the morphine response. The combination of prazosin with yohimbine (1 mg/kg), but not with clonidine (0.05 mg/kg), caused a potentiated
inhibition of the morphine effect. Phenylephrine (2—6 mg/kg ip) did not elicit any effect by itself and also did not alter the response induced
by morphine or morphine plus clonidine. Dobutamine (2.5—-10 mg/kg ip), atenolol (2.5—10 mg/kg ip), salbutamol (2.5—-10 mg/kg ip), and
propranolol (2.5—-10 mg/kg ip) did not alter morphine-induced Straub-tail behavior in mice. In conclusion, activation of c,-adrenergic
pathways contributes to morphine-induced Straub tail, while «;- and {3,-adrenergic may not be involved in this phenomenon. © 2002

Published by Elsevier Science Inc.
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1. Introduction

Opioids elicit their responses through different opioid
receptor subtypes (Mann et al., 1988; Millan, 1990; Pleuvry,
1983; Traynor, 1989). Three opioid receptors, -, 0-, and,
k-opioid receptors, have been cloned (Chen et al., 1993;
Evans et al., 1992; Kieffer et al., 1992; Liang et al., 1995;
Yasuda et al., 1993). At least two p-receptor subtypes have
also been proposed, i.e., pi- and p,-receptors (Hahn et al.,
1982; Pasternak and Wood, 1986; Pasternak et al., 1980;
Wolozin and Pasternak, 1981).

Morphine, a prototype agonist for the opioid receptors,
produces different types of behavior. The drug induces
analgesia and catalepsy through ;-opioid receptors, while
po-opioid receptors are involved in respiratory depression,
physical dependence, gastrointestinal effects, and dopamine
turnover (Pasternak, 1988). In addition, morphine has a
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range of other effects such as hypothermia (Zarrindast et al.,
1994), nausea, vomiting, and constipation (Traynor, 1989).
It contracts the sacrococcygeus muscle in mice, which
results in erection of the tail (Straub tail) (Bilbey et al.,
1960). The behavior may be used as a main determinant in
the testing of opioid activity in mice (De Aceto et al., 1969),
therefore it is important to clarify its mechanism(s). Straub
tail, one of the classical effects of morphine, has been
proposed to be mediated through the central p,-opioid
receptor subtype (Nath et al., 1994). It has been suggested
that o-opioid receptors are not involved in the opioid
agonist-induced Straub-tail reaction (Murray and Cowan,
1990) and k-opioid receptor activation even reduces mor-
phine-induced Straub tail (Narita et al., 1994). However,
dopaminergic (Hasegawa et al,, 1990b; Zarrindast et al.,
1993), serotonergic (Adell et al.,, 1989; Hasegawa et al.,
1990a), and nicotinergic mechainsms have also been shown
to be involved in the behavior. The involvement of adre-
nergic system in the behavior has not been shown. There are
several reports indicating interactions between opioid
responses and adrenergic system (Gear et al., 1995; Ossipov
et al., 1990; Paul and Tran, 1995). Cross-tolerance between
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the p-opioid agonist morphine and adrenergic receptors has
been also demonstrated (Kalso et al., 1993; Paul and Tran,
1995). There are also several reports indicating interactions
between adrenoceptor mechanisms with opioid-induced
muscular rigidity (Jerussi et al., 1987; Weinger et al., 1995)
or opioid-induced Straub-tail behavior (Blumberg and Slo-
vak, 1982; Kameyama et al., 1978); the exact mechanism(s)
of interaction has not been evaluated. In the present study, an
attempt has been made to determine the possible involve-
ment of adrenoceptor mechanism(s) in the Straub-tail
response induced by morphine in mice.

2. Method
2.1. Animals

Male albino mice (20-25 g) were used in these
experiments. They were housed 10 per cage, in colony
room 12/12 h light/dark cycle at 2242 °C. The animals
had free access to food and tap water except during the
time of experiments. Each animal was used only once.
2.2. Straub-tail measurement

Mice were placed individually in a glass cylinder (30 cm
wide, 50 cm long) and allowed to habituate for 30 min

before drug injection. Immediately after drug administra-
tion, each animal was placed into the cylinder and the
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Fig. 1. Straub tail induced by morphine in mice. Animals were injected
subcutaneously either with saline (O; 10 ml/kg) or with different doses of
morphine 10 (H), 20 (V¥), 40 (A), and 60 (@) mg/kg. Total Straub-tail
scores were recorded every 15 min after morphine administration for a
period of 60 min. Each point is the mean=+S.E.M. of nine animals.

response was recorded by direct observation. The subject’s
behavior was sampled every 15 s and the total accumulated
scores over the 30-min period was used to assess the
response, except for Fig. 1, wherein the response of mor-
phine was recorded every 15 min for 60 min. The Straub tail
was graded according to modified numerical ratings
(Kameyama et al., 1978) as follows: 0=0° (no response),
1=1-45° 2=46-90° above the horizontal table. The test
was initiated immediately after drug administration. Data
are shown as the mean+ S.E.M. of at least nine mice.

2.3. Drugs

The following drugs were used: morphine sulfate (Mac-
Farlan, Smith England); propranolol (ICI, England); phenyl-
ephrine hydrochloride, prazosin hydrochloride, clonidine
hydrochloride, and yohimbine (Sigma, Poole, England);
dobutamine (Lilly, Germany); salbutamol and atenolol
(Darupakhsh, Iran). All drugs were obtained as powders
and were dissolved in 0.9% sterile physiological saline.
Morphine was given subcutaneously and the other drugs
were given intraperitoneally and in a volume of 10 mlkg
and were prepared immediately before use. The control
groups received saline. Morphine was injected 15 min after
the adrenoceptor agonists and 30 min after the antagonists.

2.4. Statistical analysis

Analysis of variance (ANOVA) followed by Tukey’s test
were used to evaluate significance of the results obtained.
Differences of P<.05 were considered significant.

3. Results
3.1. Effects of morphine on Straub tail in mice

Fig. 1 indicates the time-course effect of morphine.
Different doses of morphine (10, 20, 40, and 60 mg/kg)
were administered subcutaneously to mice, and Straub-tail
scores were recorded for periods of 15 min at 15, 30, 45,
and 60 min after the drug administration [Treatment:
F(4,40)=12.5, P<.001; Time: F(3,120)=50.5, P<.001;
Treatment x Time: F(12,120)=4.5, P<.001]. Analysis
showed that morphine induced Straub-tail behavior. The
maximum response was obtained with 20—40 mg/kg of
morphine at 30 min after the drug injection.

3.2. Effects of o-adrenoceptor agonists on morphine-
induced Straub tail

Administration of the «;-adrenoceptor agonist, phenyl-
ephrine (2, 4, and 6 mg/kg ip) or the o,-adrenoceptor
agonist, clonidine (0.075 mg/kg ip), 15 min prior to mor-
phine (40 mg/kg sc) altered the morphine response [one-
way ANOVA; F(4,40)=4.4, P<.01]. Further analysis
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Fig. 2. Effect of a-adrenoceptor agonists on morphine-induced Straub tail
in mice. Intraperitoneally, saline (10 ml/kg), clonidine (0.075 mg/kg),
phenylephrine (2, 4, and 6 mg/kg), or clonidine plus phenylephrine were
administered 15 min before morphine (40 mg/kg sc) injection. The
morphine response was recorded for 30 min. Each point is the mean+
S.E.M. of nine animals. * P<.05, different from saline control group.

showed that clonidine, but not phenylephrine, reduced
Straub tail induced by morphine. Combination of phenyl-
ephrine with clonidine did not alter the clonidine response
[one-way ANOVA; F(3,32)=0.32, P>.05] (Fig. 2).

3.3. Effects of a-adrenoceptor antagonists with or without
clonidine on morphine-induced Straub tail

Two-way ANOVA showed that the combination of
the «,-adrenoceptor antagonist, prazosin (0.25, 0.5, and
1 mg/kg) [F(3,64)=38.4, P<.0001] with yohimbine
(1 mg/kg) [F(1,64)=15.5, P<.001] elicited interaction
[F(3,64)=5.3, P<.01]. Further analysis indicates that the
combinations of two drugs induced a higher inhibitory
effect on Straub tail induced by morphine. Prazosin
alone also decreased the morphine effect. The analysis
showed that the same doses of prazosin [F(3,64)=12.8,
P<.0001] in the combination with clonidine (0.01 mg/kg)
[F(1,64)=34.1, P<.0001] did not show interaction
[F(3,64)=0.43, P>.05] (Fig. 3).

It should be considered that the response of clonidine
(0.1 mg/kg) was decreased by different doses of the
y-adrenoceptor antagonist, yohimbine (1, 2, and 4 mg/kg)
[one-way ANOVA; F(3,32)=7.6, P<.001]. These doses
of yohimbine (1, 2, and 4 mg/kg ip) did not alter the
morphine effect [one-way ANOVA; F(3,32)=3.1, P>.05]
(data not shown).

3.4. Effects of a-adrenoceptor agonists and antagonists on
morphine-induced Straub tail

One-way ANOVA showed that intraperitoneal adminis-
tration of different doses of the (3;-adrenoceptor agonist,
dobutamine (2.5, 5, and 10 mg/kg) [ F(3,32)=0.2, P>.05],
the B;-adrenoceptor antagonist, atenolol (2.5, 5, and 10 mg/
kg) [F(3,32)=2.4, P>0.05], the (,-adrenoceptor agonist,
salbutamol (2.5, 5, and 10 mg/kg) [ F(3,32)=1.5, P>.05], or
the nonselective (3-adrenoceptor antagonist, propranolol
(2.5, 5, and 10 mg/kg) [ F(3,32)=1.3, P>.05] 15 min before
morphine administration (40 mg/kg sc) did not alter the
morphine response (Fig. 4).

4. Discussion

In the present study, the effects of adrenoceptor ago-
nists and antagonists on morphine-induced Straub tail
have been studied.

The present data indicated that morphine induced a dose-
dependent Straub tail behavior, with a maximum response by
20—40 mg/kg 30 min after the drug injection. Adrenoceptor
mechanisms have been implicated in Straub tail induced by
morphine (Blumberg and Slovak, 1982; Kameyama et al.,
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Fig. 3. Effect of prazosin, prazosin plus yohimbine, or prazosin plus
clonidine on morphine-induced Straub tail. Saline (10 ml/kg ip), yohimbine
(1 mg/kg ip), prazosin (0.25, 0.5, and 1 mg/kg) were injected 30 min and
clonidine 15 min before morphine injection (40 mg/kg sc). Each point is
mean+S.E.M. of nine animals. * P<.05, ** P<.01 different from saline
control group. “P<.05, *"P<.01 different from respective yohimbine
control group.
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Fig. 4. Effect of 3-adrenoceptor agonists on morphine-induced Straub tail.
Animals were treated intraperitoneally either with saline or with different
doses of dobutamine (2.5 10 mg/kg), atenolol (2.5-10 mg/kg), salbutamol
(2.5—-10 mg/kg), or propranolol (2.5—10 mg/kg) 15 min prior to morphine
(40 mg/kg sc) injection. Straub-tail score was recorded for a period of
30 min. Each point is mean+S.E.M. of nine animals.

1978), but interaction of clonidine with morphine-induced
Straub tail has not been shown. The present results showed
that Straub-tail episodes induced by morphine was decreased
by the a,-adrenoceptor agonist, clonidine, which may indic-
ate involvement of adrenoceptor in the morphine-induced
Straub-tail response. These results may be in agreement
with others indicating an interaction between opioid recep-
tor mechanism(s) and the adrenergic receptor system (Gear
et al., 1995; Ossipov et al., 1990; Paul and Tran, 1995). The
ap-adrenoceptor antagonist, yohimbine, did not alter mor-
phine-induced Straub tail by itself. Since the response in-
duced by clonidine was decreased by yohimbine, but not by
the ay-adrenoceptor antagonist prazosin, it is concluded that
y-adrenoceptor mechanisms are involved in the inhibition
of morphine-induced Straub tail by clonidine. The drug has
been shown to reverse the rigidity induced by morphine.
Therefore, it is proposed that pharmacological reversal of
opioid-induced rigidity is accomplished by a reduction
of sympathetic tone which is selectively elicited by a,-ader-
-aderenoceptor activation (see Jerussi et al., 1987). There-
fore, the response of clonidine may be mediated through
presynaptic receptor activation, and in turn, inhibition of
noradrenaline release.

Our present data show that the a-adrenoceptor agonist,
phenylephrine (2—6 mg/kg ip), neither altered morphine-
induced Straub-tail response, nor altered the inhibition
induced by clonidine. The drug also did not elicit any
response by itself. However, prazosin (0.25—-1 mg/kg)
decreases the morphine effect. In regard to the ineffective-
ness of phenylephrine and the potentiation between prazosin
and yohimbine in blocking morphine effect, it may be
postulated that a,-adrenoceptors but not a;-adrenoceptors,
are involved in morphine-induced Straub tail. This can be
supported since the existence of prazosin-sensitive a,-adre-
noceptors has been postulated. Such receptors have been
characterized by molecular cloning studies and have been
designated ;B receptors (Harrison et al., 1991), but to date,
they have not been functionally defined. Furthermore, the
combination of yohimbine (1 mg/kg) with different doses of
prazosin (0.25—1 mg/kg) induced a potentiated inhibition of
the morphine response. One may conclude that either the
response of prazosin is induced through postsynaptic c,B
receptors and/or o -adrenoceptor mechanism(s).

There are also reports indicating that both SHT, and o
receptors elicit a rise in Ca®" (Tani et al., 1992). Morphine
also elicits an increase in the intracellular free Ca** concen-
tration (Jin et al., 1994). One explanation may be that
increases in Ca’’ are involved in Straub tail and that
prazosin inhibits morphine-induced Straub tail through a
decrease in Ca®" levels.

In the present study, neither the 3-adrenoceptor agonists,
dobutamine and salbutamol, nor the 3-adrenoceptor antago-
nists, atenolol and propranolol, altered the morphine
response. Therefore, 3-adrenoceptor mechanisms are not
involved in the morphine-induced Straub tail. This is the
first study to explore the possible Straub tail. Furthermore,
our data support the activation of a,-adrenoceptors but not
ay-adrenoceptors as the probable mechanism involved in this
effect, elucidating receptor mechanisms through which the
adrenergic system contributes to the Straub-tail phenomenon.
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