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well correlated in time with the locomotor stimulation, sniffing and gnawing. It 
seems, therefore, that quipazine may interact with dopamine receptors. 

Quipazine also counteracted reserpine-induced catalepsy (Fig. 1). This confirms 
the findings of Rodriguez & Pardo (1971) about the anti-reserpine action of quipazine. 

We would like to thank Dr. D. A. Stauffer (Miles Laboratories) for his generous 
gift of quipazine. 
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Daily susceptibility variations to the morphine-induced 
hyperactivity of rats 

Morphine-treated mice display quantitative variations of susceptibility to the 
analgesic response at different times of the day (Morris & Lutsch, 1969; Lutsch & 
Morris, 1972). Susceptibility to methadone has also been found to vary as a function 
of the time of administration in the rat (Lenox & Frazier, 1972). 

In an earlier investigation (Ayhan & Randrup, 1973a,b), we observed that behavi- 
oural excitant effects of morphine were less pronounced when the drug was injected in 
the morning. We have now investigated this phenomenon more rigorously. 

Male Wistar rats, 200-250 g, were kept in individual cages (21 x 27 x 16 cm) at 
21-24' in the dark except for a period of light from 08.30 to 18.30 h. Morphine 
(2 mg kg-l) was injected intraperitoneally after 5 h of light (13.30 h), at the end of the 
light period (18.30 h), after 5 h of darkness (23.30 h) and at the end of the darkness 
(08.30 h). 

Locomotion was 
assessed as the number of times the rat crossed the midline of the cage, and rearing 
by the number of the times the rat stood on its hindlegs. The data were analysed 
statistically by Student's t-test (Snedecor, 1956). 

As shown in Fig. 1 ,  there was a significant increase in the activity produced by 
morphine during the course of the day from 08.30 to 23.30 h. The mean locomotor 
and rearing activities were greatest at the middle of the dark period with the lowest 
point at the end of the darkness. 

The time-response relation of activities was different for morphine and saline. 
Fig. 2 shows that, after the injection at 08.30 h, morphine produced a significant 
depression during the first 30 min but thereafter an increase in the locomotor activity 
up to the 90 min, as did the injections of drug at 13.30, 18.30 and 23.30 h. The 
locomotor activity of saline-treated rats was the reverse. 

There is strong evidence that the central catecholamines, dopamine and noradren- 
aline, are involved in the control of motor activity in the rats (van Rossum, 1970; 
Svensson & Waldeck, 1970; Svensson, 1971). But available data indicate that the 

Control rats received saline at the same times. 
All rats were observed for 90 min following the injections. 
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Locomotion Rearing 

FIG. 1. Effect of morphine on the locomotor and rearing activity of rats at different times of the 
day. Open columns, saline 1 ml kg-l; hatched columns, morphine 2 mg kg-l n = 8 for each 
group. Vertical lines on the bars refer to s.e. of mean B. Injections 
at 18.30 h. 

A. Injections at 13.30 h. 
C. Injections at 23.30 h. D. Injections at 08.30 h. 

* P <0.01; ** P <0.0005 (compared with respective saline controls). 

Inj. time: 1330 1630 2330 08.30 

FIG. 2. The time-response relations of locomotor activity of rats induced by morphine. Open 
columns, saline 1 ml kg-l; hatched columns, morphine 2 mg kg-' n = 8 for each group. Vertical 
lines on the bars refer to s.e. of mean. B. 31-60 min after injections. 
C. 61-90 min after injections. * P <0.0125, P <0.01, P <0.0025, P <0.0005 (compared 
with respective saline controls). 

A. 1-30 min after injections. 

concentration of noradrenaline shows some variations over 24 h in certain parts of 
the rat brain (Manshardt & Wurtman, 1968 ; Friedman & Walker, 1968; Scheving, 
Harrison & others, 1968) and of cats (Reis & Wurtman, 1968). These regions include 
the upper portion of the cervical cord and especially certain regions of hypothalamus. 
In the rat hypothalamus two circadian rhythms of noradrenaline have been identified, 
one in the anterior hypothalamus, the other in the posterior hypothalamus ; both have 
a peak in the middle of the daily dark period (Manshardt & Wurtman, 1968). The 
increased concentration of noradrenaline during the dark period could be caused by 
enhanced synthesis, decreased release or a decreased metabolism (Wurtman, Axelrod 
& others, 1967; Zigmond & Wurtman, 1970). 

Since motor activity of rats also shows diurnal cycles, it is possible that cyclic 
changes in brain noradrenaline are involved in generating the rhythm of this function. 
In addition, such cyclic variations of noradrenaline have been shown to result in 
parallel alterations in the physiologic responses to drugs which act via interaction 
with catecholamines in the brain (Pauly & Scheving, 1964; Scheving & others, 1968). 
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The present results demonstrate that susceptibility to morphine as measured by the 
stimulation of motor activity changed significantly according to time of administra- 
tion. Previous studies have shown that stimulation of the behaviour of rats by 
small, acute doses of morphine is closely related to the brain catecholamines (Davis, 
Babbini & Khalsa, 1972; Ayhan & Randrup, 1973a) and that brain noradrenaline 
probably plays a more important role than dopamine in the mediation of this 
behavioural stimulation (Ayhan & Randrup, 1973a,b). Hence, it would seem possi- 
ble that the changes of the susceptibility to the behavioural stimulant action of 
morphine might be due to the rhythmic fluctuations of noradrenaline concentration 
in some regions of the rat brain. 

A significant correlation between the presence of a daily rhythm of noradrenaline 
in any region of the cat brain and the susceptibility of that region to the noradrenaline- 
depleting action of morphine was reported by Reis, Rifkin & Corvelli (1969). The 
response of the cat to morphine is behavioural excitation and this excitation is also 
probably mediated via catecholamines in the brain (Dhasmana, Dixit & others, 1972). 
It is, therefore, possible that the same relations might explain the morphine-induced 
behavioural excitation of rats. 

The 
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