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THE EFFECT OF cx-ADRENOCEPTOR ANTAGONISTS AND METIAMIDE
ON CLONIDINE-INDUCED LOCOMOTOR STIMULATION IN THE

INFANT RAT

Y. NOMURA & T. SEGAWA
Department of Pharmacology. Institute of Pharmaceutical Sciences,
Hiroshima University,School of Medicine, Kasumi 1-2-3, Hiroshima 734, Japan

I Subcutaneous injections of clonidine (3.9 x 10 mol/kg to 3.9 x 10-6 mol/kg) produced forward
locomotion and wall climbing in 7-day-old rats in a dose-dependent manner.
2 The effect was reduced significantly by a preceding intraperitoneal injection of phentolamine
(7.9 x 10-6rniol/kg), phenoxybenzamine (7.4 x 10-6mol/kg), yohimbine (1.3 x 10-6mol/kg) or
piperoxan (7.4 x 10-6 mol/lkg).
3 The pA2-values of the antagonists to the clonidine-induced locomotor hyperactivity were: 5.1
(phenoxybenzamine), 5.2 (phentolamine), 6.4 (yohimbine) and 6.0 (piperoxan).
4 Metiamide (2.5 x 10-4 mol/kg, 5.0 x 10 4 mol/kg and 1.0 x 10 3mol/kg), a histamine H2-recep-
tor blocker, did not affect the clonidine-induced locomotor stimulation.
5 It is suggested that the receptors which mediate clonidine-induced locomotor stimulation could
be x-adrenoceptors but not histamine H2-receptors in the central nervous system of the infant rat.

Introduction

Clonidine-induced sedation in chicks and mice is pre-
sumed to be mediated via ot-adrenoceptors in the cen-
tral nervous system (Delbarre & Schmitt, 1971, 1973)
as is clonidine-induced hypotension in cats and rats
(Schmitt, Schmitt & Fenard, 1971, 1973; Finch, 1974).
Drew, Gower & Marriott (1977) demonstrated that
o-adrenoceptors which mediate clonidine-induced
sedation in the adult rat more closely resemble the
peripheral presynaptic c-adrenoceptors than the post-
synaptic ones. On the other hand, inhibitory effects
of iontophoretically applied clonidine on the firing
rate of cortical cells of the rat were prevented by
metiamide, a histamine H2-receptor antagonist
(Sastry & Phillis, 1977). Furthermore, several studies
have suggested that hypotensive effects of clonidine
in the rat may be due to stimulation of histamine
receptors of the H2-type (Karppanen, Paakkari,
Paakkari, Huotari & Orma, 1976; Paakkari, Paak-
kari & Karppanen, 1976; Karppanen, Paakkari &
Paakkari, 1977; Finch, Harvey, Hicks & Owen, 1978)
although it has been demonstrated that clonidine-
induced sleep in young chicks was not prevented by
histamine H2-receptor blocking agents (Vogt, 1977).

It has been shown that clonidine produces locomo-
tor hyperactivity in the infant rat aged 7 to 14 days
(Reinstein & Isaacson, 1977) and 1 to 7 days (Kellog
& Lundborg, 1972; Nomura, Oki & Segawa, unpub-
lished observations). To elucidate which type of recep-
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tors mediate the locomotor stimulating action of
clonidine in the infant rat, we investigated the effects
of pretreatment with phentolamine, phenoxybenza-
mine, yohimbine, piperoxan and metiamide on cloni-
dine-induced locomotor stimulation.

Methods

Seven-day-old Wistar rats of either sex were used.
Each rat was placed in a plastic cage (24 x 18 cm)
and locomotor activity was measured with an
ANIMEX activity meter (Type S, LKB Instrument)
The recording began 10 min after the subcutaneous
injection of clonidine (3.9 x 10-8 mol/kg, 2.0 x 10-'
mol/kg, 7.8 x 10' mol/kg or 3.9 x 10-6 mol/kg).
Locomotor activity was measured for 10 min every
20 min for a period of 90 min and expressed as
counts/50 min.

In order to examine the interactions between cloni-
dine and antagonists, all animals were injected subcu-
taneously (0.1 ml/10 g of body weight) with clonidine
(7.8 x 10-' mol/kg) at the following intervals after an
intraperitoneal injection of the various antagonists:
phentolamine (30 min); phenoxybenzamine (120 min);
yohimbine (60 min); piperoxan (30 min); metiamide
(20 min). These intervals were chosen after consider-
ing both the onset and the duration of action of the
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Figure I The effects of phentolamine and phenoxybenzamine on clonidine-induced locomotor stimulation in
7-day-old rats. Animals were injected subcutaneousfy with clonidine (7.8 x 1i-' mol/kg) at the following intervals
after intraperitoneal injections of antagonists: phentolamine (60min); phenoxybenzamine (120min). The results
are the mean effects on locomotor activity (counts/SOmin); vertical bars show s.e. mean. Hatched columns are
clonidine-treated groups and open columns are saline-treated groups. *P < 0.05; **P < 0.01 vs. clonidine alone.

antagonists. Clonidine, phentolamine, phenoxybenz-
amine, piperoxan and yohimbine were dissolved
in 0.9% w/v NaCI solution (saline). Metiamide
(l.O x 10i3mol) was dissolved in 0.1 ml N HC1,
0.02 ml N NaOH added, and the mixture made up
with water to 1 ml (pH of this solution was approxi-
mately 6). Preliminary experiments showed that the
metiamide vehicle did not affect spontaneous activity
or the clonidine-induced locomotor stimulation in the
infant rat.
The pA2-values of the antagonists were calculated

from the shift of the dose-response curve of clonidine
in the presence of the antagonists according to the
equation pA2 = pA, + log(x - 1) proposed by Schild
(1949). Student's t test was used for statistical analysis.

Clonidine hydrochloride was generously provided
by C. H. Boeringer Zohn; phentolamine hydrochlo-
ride by Ciba-Geigy Co. Ltd.; metiamide by Smith
Kline & Fujisawa K. K. Piperoxan hydrochloride was
kindly donated by Dr R.D. Robson of the Pharma-
ceutical Division of the Ciba-Geigy Corporation.
Phenoxybenzamine hydrochloride was purchased
from Tokyo Kasei Ind. Co. Ltd. and yohimbine
hydrochloride from Nakarai Chemicals Ltd.

increased in a dose-dependent manner (Table 1) and
the stimulation lasted for approximately 3 h.

c-Adrenioceptor an1tagon1ists o01 cloInidin1e-in1duced loco-
inotor stimulation

Phentolamine (1.6 x 10' mol/kg) did not produce
loss of the righting reflex but completely blocked the
clonidine- (7.8 x 10- 7 mol/kg) induced forward loco-
motion, paddling, wall climbing and consequently the
locomotor stimulation. The inhibitory effect of phen-
tolamine on clonidine-induced hyperactivity was
dose-dependent in the range 3.1 x 10-6 mol/kg to
1.6 x 10-5mol/kg (Figure 1). Phenoxybenzamine
produced loss of the righting reflex at

Table I Clonidir--induced
7 day old rats

Treatmietmt

locomotor stimulation in

Locompiotor actiz'iti'
(counts/S5 m1i)

Results

Clonidinie-iniduced locomiiotor stimulationi

Clonidine in doses ranging from 3.9 x 10-8 mol/kg
to 3.9 x 10-6mol/kg elicited forward locomotion,
paddling and wall climbing in the 7-day-old rat.
Locomotor activity of the rat treated with clonidine

Saline
Clonidine 3.9 x 10-8 mol/kg
Clonidine 2.0 x 10 7 mol/kg
Clonidine 7.8 x 10 7mol/kg
Clonidine 3.9 x 10o- 6 mol/kg

94 + 26 (17)
187 + 68 (8)*
337 + 57 (7)**
470 +± (18)**
602 + 173 (8)**

The results are expressed as the mean + s.e. The
number of experiments is shown in parentheses.
* P < 0.05. **P < 0.01 when compared with the con-
trol.
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Figure 2 The effects of yohimbine and piperoxan on
clonidine-induced locomotor stimulation in 7-day-old
rats. Animals were injected subcutaneously with cloni-
dine (7.8 x 10' mol/kg) at the following intervals after
intraperitoneal injections of antagonists: yohimbine
(60 min); piperoxan (30 min). The results are the mean
effects on locomotor activity (counts/50min); vertical
bars show s.e. mean. Hatched columns are clonidine-
treated groups and open columns are saline-treated
groups. *P < 0.05; **P < 0.01 vs. clonidine alone.
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Figure 3 The effect of 2-adrenoceptor antagonists on
the dose-response curve for clonidine-induced locomo-
tor stimulation. Animals were injected subcutaneously
with clonidine in a dose range of 3.9 x 108 mol/kg
to 3.9 x 106 mol/kg after the following intervals and
doses of antagonists: phentolamine (7.9 x 106 mol/kg,
60 min); phenoxybenzamine (7.4 x 10-6 mol/kg,
120min); yohimbine (5.1 x 10-6mol/kg, 60min);
piperoxan (7.4 x 10-6 mol/kg, 30 min). The results are

expressed as the mean values for locomotor activity
(counts/50min). pA2-values were calculated from the
shift of the dose-response curve of clonidine in the pres-
ence of antagonists according to the equation
pA2 = pA, + log(x - 1) proposed by Schild (1949).
(0). Control; (A), phentolamine (pA2 = 5.2); (0).
phenoxybenzamine (pA2 = 5.1); (A). yohimbine
(pA, = 6.4): (U). piperoxan (pA2 = 6.0).

Metiamide

Figure 4 The effects of metiamide on clonidine-
induced locomotor stimulation in the 7-day-old rats.
Animals were injected subcutaneously with clonidine
(7.8 x I0-7 mol/kg) 20 min after an intraperitoneal in-
jection of metiamide. The results are the mean effects
on locomotor activity (counts/50 min); vertical bars
show s.e. mean. Hatched columns are clonidine-treated
groups and open columns are saline-treated groups.

1.5 x 10-5mol/kg but not at 2.9 x 10-6mol/kg or
at 7.4 x 10-6mol/kg. Pretreatment with phenoxy-
benzamine (1.5 x I0-'rmol/kg) completely blocked
the drug-induced forward locomotion, paddling
and wall climbing. The inhibitory effect of the an-
tagonist on the locomotor hyperactivity induced by
a subcutaneous injection of clonidine (7.8 x 10-'
mol/kg) was dose-dependent (Figure 1). Yohimbine
(1.3 x 10-6 mol/kg and 5.1 x 10-6 mol/kg) and
piperoxan (7.4 x 106 mol/kg and 1.9 x 10-'
mol/kg) each produced a significant decrease
(P < 0.01 and P < 0.05) in clonidine-induced locomo-
tor stimulation (Figure 2). Righting reflex and spon-
taneous activity were not affected with these doses
of the antagonists.

Figure 3 shows the effect of increasing concen-
trations of clonidine on the locomotor stimulation in
the infant in combination with phentolamine (7.9 x

10-6 mol/kg), phenoxybenzamine (7.4 x 106
mol/kg), yohimbine (5.1 x 10 mol/kg) or piperoxan
(7.4 x 10-6 mol/kg). From these results, pA2-values
were calculated as follows: 5.2 (phentolamine); 5.1
(phenoxybenzamine); 6.4 (yohimbine); 6.0 (piperoxan).

Metiamide on clonidine-induced locomotor stimulation

Metiamide (2.5 x 10-4 mol/kg, 5.0 x 10-4 mol/kg
and 1.0 x 10-3 mol/kg) produced neither catalepsy
nor loss of the righting reflex. In addition, neither
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forward locomotion nor wall climbing induced by
clonidine (7.8 x 10-7mol/kg) was affected by pre-
treatment with metiamide at these doses. The stimu-
lation of locomotor activity by clonidine
(7.8 x 10-7mol/kg) was not altered by an intraperi-
toneal injection of metiamide (Figure 4).

Discussion

Clonidine produced intense forward crawling in the
7-day-old rat, which suggests that, at this interval
after birth, there is already a functional noradrenergic
system that controls behaviour. From the fact that
functional noradrenergic neurones are present in the
cortex and brain stem but not in the diencephalon
by 4 days of age, Kellog & Wennerstrom (1974) have
suggested that the locomotor hyperactivity induced by
clonidine could be initiated through these regions in
the infant rat. The present results demonstrate that
the systemic administration of phentolamine, phen-
oxybenzamine, yohimbine or piperoxan significantly
reduce the clonidine-induced hyperactivity, indicating
that the ffect is mediated by central a-adrenoceptors
in the infant rat.

*Since phentolamine and phenoxybenzamine have
been found to be more active on postsynaptic
x-adrenoceptors in the isolated cat spleen (Cubeddu,
Barnes, Langer & Weiner, 1974), significant inhibition
of the locomotor activity by these antagonists in the
present experiments, suggests the interaction of cloni-
dine with postsynaptic a-adrenoceptors in the infant
rat. However, yohimbine and piperoxan had higher
pA2-values than phentolamine and phenoxybenza-
mine against the clonidine-induced hyperactivity.
Furthermore, yohimbine and piperoxan possess a
higher affinity for presynaptic a-adrenoceptors than
for postsynaptic ones and inhibit the effect of cloni-
dine on presynaptic 2-adrenoceptors (Cubbedu et al.,

1974; Starke, -Borowski & Endo, 1975; Anden, Gra-
bowska & Strombom, 1976; Lassen, 1978; Robson,
Antonaccio, Saelens & Liebman, 1978). Both phento-
lamine and phenoxybenzamine in concentrations of
10 and 15 gM respectively can block presynaptic
a-adrenoceptors in the mouse vas deferens (Marshall,
Nasmyth & Shepperson, 1977). Since higher doses of
these antagonists than of yohimbine or piperoxan
were required to produce comparable inhibition of
locomotor activity induced by clonidine, it is possible
that all the drugs were acting via ox2-adrenoceptors
(presynaptic type). However, because of the variables
in the in vivo experiment, which cannot be eliminated,
the actual concentrations of the cx-adrenoceptor an-
tagonists achieved in the CNS is unknown and an
action on al-adrenoceptors (postsynaptic type) cannot
be eliminated.

It is known that metiamide is a strongly ionized
compound that does not easily penetrate into the
brain (Cross, 1973). Since the blood-brain barrier de-
rived from astroglial cells and endothelial cells, is not
fully functional at birth and reaches maturity at
around 10 days to 2 weeks after birth in the rat,
metiamide probably could pass the barrier in the
7-day-old rat. However, pretreatment with metiamide
(2.5 x 104 mol/kg to 1.0 x 103 mol/kg, i.p.) did not
affect the clonidine-induced hyperactivity (Figure 4).
The present results are consistent with those of Vogt
(1977) who found that metiamide had no effect on
clonidine-induced sleep in newly-hatched chicks. It
seems probable that histamine receptors of the
H2-type are not involved in clonidine-induced hyper-
activity. It is also possible that H2-receptors are not
functional by the 7th day after birth. Thus, the loco-
motor effects of clonidine in the present experiments
are mediated via 2-adrenoceptors, rather than
H2-type histamine receptors.

The authors are grateful to Dr R.D. Robson, Ciba-Geigy
Corporation, U.S.A.. for his generous supply of piperoxan.
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