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Rapid communication 

Dopaminergic D-1 receptors: 
essential role in morphine-induced hypermotility 
R. Longoni, L. Spina, and G. Di Chiara 
Institute of Experimental Pharmacology and Toxicology, University of Cagliari, Viale A. Diaz 182, 
1-09100 Cagliari, Italy 

Abstract. Administration of morphine HC1 (20 mg/kg SC) 
to male C57BI/6 mice evoked hypermotility. Pretreatment 
with low doses of the specific D-1 antagonist SCH 23390 
(0.006, 0.012, 0.025 mg/kg SC) dose-dependently inhibited 
morphine-evoked hypermotility. The results suggest that 
dopamine is the essential mediator of opiate hypermotility 
and indicate that D-1 receptors play an important role in 
this effect. 
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An important property of morphine and related narcotic 
analgesics is the ability to stimulate motor activity (Oliverio 
and Castellano 1974), an effect hypothesized to depend on 
brain dopamine (DA) (Carroll and Sharp 1972; Di Chiara 
et al. 1977). Recently, however, this hypothesis has been 
challenged and alternative mechanisms have been proposed 
(Vaccarino et al. 1986). 

In order to provide a further test of the DA hypothesis 
of the stimulant effects of morphine, we have used a potent 
and specific antagonist of D-I  DA receptors, the benzaze- 
pine derivative SCH 23390 (Hyttel 1983). We report the 
effect of SCH 23390 on morphine-induced hypermofility 
in C57B1/6 mice, an inbred strain known to be particularly 
sensitive to the motor stimulant effects of morphine (Oli- 
verio and Castellano 1974). 

Materials and methods 

Male C57B1/6 mice (Charles River, Calco, Italy) weighing 
20~25 g were used. The mice were housed in cages of 20 
for at least 3 days upon arrival in controlled conditions 
of temperature (21 __ 1 ° C), relative humidity (60-65%) and 
light/dark cycle (lights from 7 a.m. to 7 p.m.). 

The day of the experiment mice were placed in the motil- 
ity cages (4 x cage) for 2 h and than injected subcutaneously 
with two injections of saline or drug 30 min apart. Motility 
counts were taken for 2 h before as well as after saline 
or drug administration. 

Motility was measured with photocell motility meters 
(M/P4o Fc, Motron Products, Stockholm, Sweden) kept 
in sound and light proof boxes. 
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Morphine HC1 and SCH 23390 (Essex-Schering, Mi- 
lano, Italy) were dissolved in saline and given subcutaneous- 
ly in a volume of 1 ml/100 g. Statistical significance of the 
cumulated counts was evaluated by Dunnett 's t-test. 

Results 

Figure 1 shows the time-course of motor activity in C57B1/6 
mice administered with morphine (20 mg/kg SC) and 
30 rain later with different doses of SCH 23390 (0.006, 
0.012, 0.025 mg/kg SC). SCH 23390 dose-dependently re- 
duced morphine-induced motor stimulation, with a signifi- 
cant effect even at the lowest dose tested (0.006 mg/kg SC). 
A dose of 0.025 mg/kg SC of SCH 23390 was effective in 
completely blocking the stimulation of motor activity in- 
duced by morphine. Under the present test conditions these 
doses of SCH 23390 failed to significantly influence sponta- 
neous motor activity (saline, 17550+_2300; SCH 23390 
0.025 mg/kg SC, 12800+1900, total counts in 120rain, 
means_+SEM of results obtained in four groups of four 
mice each). Metergoline, a potent antagonist of 5HT1 and 
5HT2 receptors, failed to affect morphine-induced hyper- 
motility (saline :18 320 ___ 2600 ; morphine 20mg/kg SC: 
98 340+ 11300; metergoline 0.12 mg/kg SC 30 min before 
morphine: 16 450 -+ 1900; metergoline + morphine: 
99 450_+ 12 500; means +_ SEM of activity counts cumulated 
for 120 min after morphine in four groups of four mice 
each). 

Discussion 

The present results demonstrate the extraordinary potency 
and efficacy of SCH 23390 in reducing the hypermotility 
induced by morphine in C57B1/6 mice: a dose as low as 
0.006 mg/kg SC reduced the effect of morphine by about 
50% while 0.025 mg/kg SC blocked it completely. 

The receptors for which SCH 23390 has the greater af- 
finity are the D-I  DA-receptors (Hyttel 1984). Although 
SCH 23390 has moderately high affinity for 5HT receptors 
(Hyttel 1983) these are unlikely to play a role in the effects 
of SCH 23390 reported here, especially in view of the inef- 
fectiveness of doses of metergoline about 5 times higher 
than the EDso for antagonism of 5HT-mediated head 
shakes (Arnt et al. 1984), on morphine-induced hypermoti- 
lity (see Results). An action via other receptor types (nor- 
adrenergic, histaminergic, opioid etc. etc.) is excluded by 
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Fig. 1. Effect of increasing doses of SCH 
23390 on the hypermotility induced by 
morphine (20 mg/kg SC) in C57B]/6 mice. 
SCH 23390 was given 30 rain after 
morphine. Count accumulation was 
restarted after the second administration of 
drug (saline or SCH 23390). Results are 
means___ SEM of the counts obtained in four 
groups of four mice. *P<0.05; **P<0.001 
as compared to morphine + vehicle 

the low affinity of  SCH 23390 for these receptors (Hyttel  
1983; Billard et al. 1984). On the other hand, non-specific 
effects seem to be excluded by the fact that  up to the highest 
dose used (0.025 mg/kg SC) SCH 23390 failed to reduce 
spontaneous activity in control  mice. 

Our  results therefore provide evidence for an essential 
role of  D-I  receptors in the mo to r  st imulant  actions of  
morphine.  Since neuroleptics with preferential  activity to- 
wards D-2 receptors also block morphine- induced hyper- 
motil i ty (Carroll  and Sharp 1972), it appears  that  both  D-J 
and D-2 receptors are essential for the expression of  the 
morphine  st imulant  effects; this in turn is in keeping with 
the recent proposa l  that  D-1 receptors exert a permissive- 
facil i tatory role in the behavioural  expression of  D-2 me- 
diated responses (Longoni et al. 1987). 

We have recently repor ted that  systemically admin-  
istered morphine-l ike opiates preferentially stimulate DA-  
release in the limbic system at doses which induce behav- 
ioural  s t imulat ion in rats (Di Chiara  et al. 1986). These 
results, together with the present observat ion that  b lockade 
of  D-1 receptors by SCH 23390 antagonizes the behavioural  
s t imulat ion induced by systemic morphine  are in keeping 
with the hypothesis that  the motor  st imulant  propert ies  of  
systemic opiates are related to a preferential s t imulat ion 
of  the activity of  a limbic subpopula t ion  of  D A  neurons. 
Such mechanism might also apply  to the rewarding effects 
of  morphine,  which are also antagonized by SCH 23390 
(Leone and Di  Chiara  1987). 

Our  results therefore indirectly contradict  the suggestion 
that  D A  does not  p lay a pr imary  role in the opiate- induced 
st imulation of  locomot ion (Vaccarino et al. 1986). Our  re- 
sults also suggest that,  a l though opiates can evoke DA-  
independent  hypermoti l i ty  from certain brain areas such 
as the n. accumbens (Pert and Sivit 1977), this mechanism 
does not  account for the hypomoti l i ty  elicited by their sys- 
temic administrat ion,  which, in contras t  with that  elicited 
from the accumbens (Pert and Sivit 1977) is strictly D A  
dependent.  
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