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Abstract

Effects of adenosine receptor agonists and antagonists on morphine-induced catalepsy in mice were investigated. The adenosine
agonists, NECA (5-N-ethylcarboxamidoadenosine) and S-PIA (S(+)-N8-(2-phenylisopropyl)adenosine) in doses which did not induce
any response, increased the cataleptogenic effect produced by morphine. However, the morphine response was decreased and increased
by the lower and higher doses of the adenosine receptor agonist, CHA (N S-cyclohexyladenosine), respectively. The adenosine receptor
antagonist, theophylline, decreased, but 8-phenyltheophylline increased, the response induced by morphine. Naloxone inhibited the
catalepsy induced by morphine or morphine + NECA but not that induced by NECA alone. It is concluded that adenosine A , receptor
activation increases, while adenosine A ; receptor stimulation decreases, the morphine catal eptogenic response. The response to morphine

may be mediated through opioid and adenosine receptor mechanisms. © 1997 Elsevier Science B.V.
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1. Introduction

Many drugs, including dopamine receptor antagonists
(Carlsson and Lindquist, 1963; Van Rossum, 1966) and
morphine (Beecham and Handley, 1974; Ariyanayagam
and Handley, 1975; Muley et a., 1982), have been shown
to induce catalepsy, an abnormal motor state in which
animals maintain bizarre postures when so positioned by
an experimenter (Munkvad et al., 1968). Administration of
morphine peripherally (Vanderwende and Spoerlein, 1979)
or injection of the drug into the nucleus accumbens
(Winkler et al., 1982), the striatum (Costall et al., 1978;
Havemann et a., 1980), the reticular formation (Dunstan et
al., 1981) or the periagueductal (Pert, 1977) of rodents
induces catalepsy.

Administration of morphine has been reported to in-
crease the release of purines in a variety of experimental
preparations including the cortical cup (Phillis et al., 1979,
1980; Jiang et al., 1980) cortica slice (Fredholm and
Vernet, 1978; Stone, 1981) and cortical prism (Wu et al.,
1982).

" Corresponding author.

0014-2999 /97 /$17.00 © 1997 Elsevier Science BV All riahts reserved

Release of adenosine from the spinal cord in vivo, using
an intrathecal perfusion system, has been demonstrated
following injection of antinociceptive doses of morphine
into the lateral ventricle (Sweeney et al., 1989). Release of
adenosine from the spinal cord may mediate a significant
component of the spinal antinociceptive action of mor-
phine (Sawynok et al., 1989, 1991). The adenosine recep-
tor antagonists, theophylline (Daly, 1982; Bruns et al.,
1986) and 8-phenyltheophylline (Smellie et al., 1979b;
Jacobson et a., 1985), have been shown to decrease
morphine antinociception. In our previous study, we found
that adenosine A, receptor stimulation could induce
catalepsy (Zarrindast et a., 1993). In the present study, the
effects of adenosine receptor agonists and antagonists on
morphine-induced catalepsy were tested.

2. Materials and methods
2.1. Subjects
Male abino mice, weighing between 20-25 g were

used in these experiments. The animals were housed in
plastic cages in groups of up to 10 in aroom maintained at
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22 4+ 2°C on a 12 h light—dark cycle. Food and water were
freely available except during the experiments. Each ani-
mal was used once.

2.2. Assessment of catalepsy

Catalepsy was measured by the ‘ bar test’. The forepaws
of the mice were gently placed on a bar 0.3 cm in diameter
and 20 cm long, which was fixed at a height of 5.5 cm
above the working surface.

The length of time that the animals maintained this
position was scored and recorded. Animals maintaining the
cataleptic posture from 0 to 10 s were scored as 0; 10 to
150 s=1; 151 to 300 s = 2; 301 to 600 s= 3; 601 to 1200
s=4 and over 1200 s= 5.

Catalepsy scores were recorded at 15, 30, 45 and 60
min after drug injection.

2.3. Drugs

The following drugs were used: morphine HCI (Mac-
Farlane Smith, UK); naloxone HCI (Dupont, Germany);
NECA (5-N-ethylcarboxamidoadenosing); S-PIA (S(+)-
N -(2-phenylisopropyl)adenosine); CHA (N °®-cyclohe-
xyladenosine); theophylline (1,3-dimethylxanthine) and 8-
phenyltheophylline (Sigma, UK). The drugs were dis-
solved in normal saline except for 8-phenytheophylline
which was dissolved in a drop of ethylenediamine then
diluted with saline. All drugs were injected intraperi-
toneally (i.p.) except for morphine which was given subcu-
taneoudly (s.c.).

2.4. Satistical analysis

Analysis of variance (ANOVA) followed by the New-
man—Keuls test was performed. P < 0.05 was considered
significant.

3. Results
3.1. Catalepsy induced by morphine in mice

Subcutaneous (s.c.) injection of different doses of mor-
phine (20, 30 and 40 mg/kg) to mice induced a dose-de-
pendent cataleptogenic response (F(12,104) = 74.69, P <
0.01). The maximum effect was achieved 45 min after
drug administration and with 40 mg/kg of the drug (Fig.
1.

3.2. The effect of adenosine receptor agonists on mor-
phine-induced catalepsy

Intraperitoneal (i.p.) injection of different doses of
NECA (0.025, 0.05 and 0.075 mg/kg) to mice, 15 min
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Fig. 1. Dose—response and time course of catalepsy after subcutaneous
(s.c.) injection of morphine in mice. Groups of animals were given saline
(w), or morphine (O) 20, (O0) 30 and (v) 40 mg/kg. Each point is the
mean+ S.E.M. of catalepsy in 9 mice. Catalepsy was recorded 15, 30, 45
and 60 min after drug administration. P < 0.01 different from saline
control group.

prior to morphine (20, 30 and 40 mg/kg, s.c.) caused an
increase in the catalepsy induced by morphine (F(11,96)
=621, P<0.01) (Fig. 2).

Administration of different doses of S-PIA (0.075, 0.15
and 0.3 mg/kg, i.p.) to mice, 15 min prior to morphine
(20, 30 and 40 mg/kg, s.c.) increased the catalepsy pro-
duced by morphine (F(11,96) = 74.63, P < 0.01) (Fig. 3).

Treatment of the animals with low doses of CHA (0.02,
0.04 and 0.06 mg/kg, i.p.) 15 min before morphine ad-
ministration, decreased, while high doses of CHA (0.3 and
0.4 mg/kg, 15 min, i.p.) increased the morphine response
(F(17,144) = 76.47, P < 0.01) (Fig. 4).
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Fig. 2. Effects of NECA on morphine-induced catalepsy. Animals were
injected with different doses of morphine (4 ; 20, 30 and 40 mg/kg; s.c.)
alone, or with NECA (@) 0.025, (m) 0.05 and () 0.075 mg/kg; i.p.,
15 min prior to morphine administration. Each point is the mean+ S.E.M.
of catalepsy in 9 mice. Catalepsy was recorded 45 min after morphine
injection. ®P < 0.05, PP < 0.01 different from morphine control groups.
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Fig. 3. Effects of S-PIA on morphine-induced catalepsy. Animals were
injected with different doses of morphine (4 ; 20, 30 and 40 mg/kg; s.c.)
alone, or with S-PIA (@) 0.075, (m) 0.15 and (4 ) 0.3 mg/kg; i.p., 15
min prior to morphine administration. Each points is the mean+ S.E.M.
of catalepsy in 9 experiments. Catalepsy was recorded 45 min after
morphine injection. P < 0.05, PP < 0.01 different from morphine control
groups.

3.3. The effect of adenosine receptor antagonists on mor-
phine-induced catalepsy

When the animals were treated with different doses of
theophylline (0.5, 1 and 2.5 mg/kg, i.p.) 30 min prior to
morphine, the catalepsy induced by morphine was de-
creased (F(11,96) = 104.98, P < 0.01). However, when
the animals were treated with different doses of 8-phenyl-
theophylline (0.5, 1 and 2 mg/kg, i.p.) 30 min before
morphine, the catalepsy was increased by the drug
(F(11,96) = 71.14, P < 0.01) (Fig. 5).
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Fig. 4. Effects of CHA on morphine-induced catalepsy. Animals were
injected with different doses of morphine (4 ; 20, 30 and 40 mg/kg; s.c.)
aone, or with CHA (@) 0.02, (m) 0.04, (a) 0.06, (v) 0.3 and () 0.4
mg/kg; 10, 15 min prior to morphine administration. Each point is the
mean+ SEE.M. of catalepsy in 9 mice. Catalepsy was recorded 45 min
after morphine injection. *P < 0.05, PP < 0.01 different from morphine
control groups.
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Fig. 5. Effects of adenosine receptor antagonists on morphine-induced
catalepsy. Animals were injected with different doses of morphine (a;
20, 30 and 40 mg/kg; s.c.) done, or theophylline (@) 0.5, (m) 1 and
(a) 25 mg/kg; i.p., or 8-phenyltheophylline (O) 0.5, (O) 1 and (<) 2
mg/kg; i.p., 30 min prior to morphine administration. Each point is the
mean+ S.E.M. of catalepsy in 9 mice. Catalepsy was recorded 45 min
after morphine injection. *P < 0.05, PP < 0.01 different from morphine
control groups.

3.4. The effects of naloxone on catalepsy induced by
morphine or /and NECA

Pretreatment of animals with naloxone (5 and 10
mg,/kg, 1 min, i.p.) inhibited the cataleptogenic response
to different doses of morphine or morphine plus NECA,
but not that to NECA alone (F(16,136) = 13353, P <
0.01) (Table 1).

Table 1
Effects of naloxone on catalepsy induced by morphine or /and NECA in
mice

Treatment (mg,/kg) Catalepsy score
(mean+ SEM.)
Sdline 0.00+0.00
Morphine 20 0.89+0.11
Morphine 20+ Naloxone 5 0.00+0.00?
Morphine 20+ Naloxone 10 0.00+0.00?
Morphine 40 3.44+0.18
Morphine 40+ Naloxone 5 0.33+0.172
Morphine 40+ Naloxone 10 0.00+0.0?
NECA 0.5 1.44+0.18
NECA 0.5+ Naoxone 5 1.22+0.15
NECA 0.5+ Naloxone 10 1.56+0.18
NECA 0.05 0.00+0.00
NECA 0.05+ Morphine 20 2.56+0.18
NECA 0.05+ Morphine 20+ Naloxone 5 0.00+0.00?
NECA 0.05+ Morphine 20+ Naoxone 10 0.00+0.00?
NECA 0.05+ Morphine 40 4.00+0.00
NECA 0.05+ Morphine 40+ Naloxone 5 0.33+0.172
NECA 0.05+ Morphine 40+ Naloxone 10 0.00+0.00?

Naloxone was injected immediately and NECA 15 min before morphine
injection. Data represent the mean+ SE.M. of cataepsy of 9 mice.
Catalepsy was recorded 45 min after the morphine injection.

%P < 0.01 difference is statistically significant.
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4. Discussion

The inhibition of striatal dopamine receptor sites in-
duces catalepsy in rodents (Carlsson and Lindquist, 1963;
Van Rossum, 1966). However, it has been shown that,
morphine, unlike dopamine receptor antagonists, does not
induce catalepsy through the inhibition of postsynaptic
striatal dopamine receptors (Muley et al., 1982). The opi-
oid also does not change the basa activity of the
dopamine-sensitive adenylyl cyclase and also does not
antagonize the stimulation of the enzyme in striatal ho-
mogenates of mouse brain (Racagni et al., 1979).

The antinociceptive effect of morphine has been at-
tributed partly to the release of adenosine in both spinal
and supraspina sites (Sweeney et a., 1989; Sawynok et
al., 1991). We previously provided evidence for the in-
volvement of adenosine mechanisms in catalepsy (Zarrin-
dast et al., 1993) and effects of adenosine receptor activa-
tion on morphine antinociception (Zarrindast and Nikfar,
1993). The possibility may exist that morphine induces the
catalepsy through the adenosinergic system(s).

Adenosine functions through at least two sites which
have been termed adenosine A, and A, receptors. Adeno-
sine A, or A, receptors mediate decreases or increases in
the levels of CAMP, respectively (Van Calker et al., 1979;
Londos et al., 1980; Freissmuth et al., 1991). Our present
results indicate that adenosine receptor agonists, NECA
(Daly et al., 1986a) and S-PIA (Smellie et a., 1979a; Daly
et al., 1986b) increase the morphine response dose depen-
dently. The order of potency at the adenosine A, receptors
is PIA > NECA and at the adenosine A , receptors NECA
> SPIA (Bruns et al., 1986; Sawynok and Sweeney,
1989). Adenosine A, receptor stimulation has been shown
to induce catalepsy (Zarrindast et al., 1993; Kanda et al.,
1994) and causes antinociception (Delander and Hopkins,
1987). One can expect that the catalepsy response to
morphine is associated with an adenosine A, receptor
mechanism(s). The present data show that the adenosine
receptor agonist, CHA (Moos et al., 1985), with greater
affinity for adenosine A, receptors (Bruns et al., 1986) at
high doses increased, while at low doses it decreased the
morphine-induced catalepsy. The possibility that adenosine
A, receptor activation by low doses of CHA decreases the
morphine-induced catalepsy seems likely. There is a possi-
bility that adenosine A, receptor activation mediates the
response elicited by high doses of the adenosine receptor
agonist, CHA. Thisis further suggested by the fact that the
adenosine A, receptor antagonist, 8-phenyltheophylline
(Smellie et a., 1979b; Jacobson et a., 1985; Bruns et al.,
1986), increased the morphine response. This observation
appears consistent with those reported previously (Zarrin-
dast et a., 1993) that adenosine A, receptor activation
induces, while adenosine A, receptor stimulation de-
creases catalepsy. However, there are data indicating that
8-phenyltheophylline penetrates the brain poorly (Fred-
holm et al., 1983). Since our previous experiments showed

that 8-phenyltheophylline influences centrally mediated be-
haviour (Zarrindast and Nikfar, 1993; Zarrindast et al.,
1993, 1995), this could not be the case. Other possibilities
should also be considered. The adenosine A , receptors are
subdivided into two subtypes, A,, and A,; (Daly et a.,
1983; Bruns et al., 1986) and the adenosine A ,, receptor
mechanism has been implicated in the catalepsy (Kanda et
al., 1994). The existence of other subtypes of adenosine
receptors named A ; (Zhou et a., 1992) and A , (Cornfield
et a., 1992) has been proposed; therefore the possibility
should be considered of involvement of an as yet unknown
subtype of adenosine receptor, with different effects of
adenosine A ,, and A ,5 receptors and non-specific effects
shared by these agents or even pharmacokinetic interac-
tions by the drugs.

In the present work, the adenosine receptor antagonist,
theophylline (Daly, 1982; Daly et a., 1983; Bruns et d.,
1986), decreased the catalepsy induced by morphine in a
dose-dependent manner. It has been suggested that theo-
phylline reduces the catalepsy induced by dopamine recep-
tor antagonists (Duk et al., 1991). Moreover, methylxan-
thines have been shown to act as dopamine receptor
agonists (Watanabe et al., 1981; Ungerstedt et al., 1981;
Herrera-Marschitz et al., 1988; Casas et a., 1989; Ferre et
al., 1991). There is a possibility that theophylline induces
the present response through a dopaminergic mechanism.

Theophylline has been shown to reduce the catalepsy
induced by adenosine agonists (Zarrindast et al., 1993),
and also to decrease the morphine antinociception (Ho et
al., 1973; Zarrindast and Nikfar, 1993). The drug has been
shown to have both A; and A, antagonistic properties
(Daly et d., 1981; Schawbe et d., 1985), however there is
a report indicating the prevalence of an adenosine A,
receptor antagonistic effect for the drug (Ferre et al.,
1991). Blockade of the adenosine A ,, receptor subtype
has been suggested to antagonize catalepsy (Kanda et al.,
1994). To find whether theophylline induces its response
by such a mechanism(s) requires further experiments.

Our data showed that the catalepsy induced by mor-
phine was antagonized by the opioid receptor antagonist,
naloxone. The results may support other findings (Beecham
and Handley, 1974; Ariyanayagam and Handley, 1975;
Muley et al., 1982) that opioid receptor antagonists effec-
tively antagonized morphine catalepsy in the mouse.

We have found that naloxone failed to alter NECA-in-
duced catalepsy, suggesting that opioid mechanisms are
not involved in mediating adenosine-induced catalepsy.
However, the catalepsy induced by morphine plus NECA
was antagonized by naloxone, suggesting that the interac-
tion of morphine with the adenosine system may be medi-
ated through specific opioid receptors.

Overdl, it should be considered that adenosine receptor
agonists agents may produce cardiovascular effects, seda-
tion, myorelaxation or hypothermia which may influence
the catalepsy response. However, the adenosine receptor
agonists which act differently on catalepsy in the present
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study, all reduced mouse body temperature (Bowker and
Chapman, 1986; Zarrindast and Heidari, 1993).

To evaluate the exact effects of adenosine agents on
morphine-induced catalepsy may require more experi-
ments.
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