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 agonist quinpirole induces suppression of loco-
motor activity at low doses, and suppression followed by activation at high doses when given to rats of 30 days of age and
older that are immediately placed in activity monitors. The duration of suppression is longer and the level of activation is
lower at 60 than at 30 days of age, suggesting that the mechanism responsible for the suppression may play a role in the lesser
activation in the older rats. However, habituation limits the ability to measure the duration of locomotor suppression. There-
fore, 0, 0.2, or 0.2 mg/kg quinpirole was injected SC either 30, 60, or 120 min before placing male or female rats of 30 or 60
days of age in activity monitors for 30 min. At both ages, both doses of quinpirole suppressed activity when the animal was
placed in the monitor 30 or 60 min after injection; at 60 days the drug also suppressed activity at 120 min after injection. Pre-
viously, 0.2 mg/kg quinpirole elicited locomotor activity 60 min after injection in rats placed immediately in activity monitors
at both ages. Thus, not only time after injection but novelty of the environment are critical factors in the expression of loco-
motor suppression or activation in response to quinpirole. © 1997 Elsevier Science Inc.

 

Dopamine Locomotion Quinpirole Ontogeny  Rat

 

PREVIOUS research has shown that many dopamine ago-
nists have biphasic effects on locomotor activity related to
dose. For example, at low doses, dopamine agonists suppress
activity; at higher doses, dopamine agonists such as apomor-
phine (10,30) 3-PPP (4), 7-OH-DPAT (1,8), and quinpirole
(11,34) enhance activity. But even at high doses, apomorphine
(24), 7-OH DPAT (14), and quinpirole (11,34) have biphasic
effects over time, first suppressing and later increasing activ-
ity. The mechanism underlying the biphasic nature of these
effects, and in particular the suppression of activity, has been
the subject of vigorous debate. It was initially thought that the
suppression of activity, when the dose of drug reaching the brain
was low, could be ascribed to the drug effect at the dopamine
autoreceptor (10). According to this hypothesis, drug action at
the autoreceptor leads to a decrease in the synthesis and/or
release of dopamine at the synapse, reducing behavioral activ-
ity (the “autoreceptor hypothesis”) (28). Because selective de-
struction of forebrain DA terminals decreases locomotor ac-
tivity (13), a decrease in available dopamine would be expected
to have the same result. The later increase in dopamine ago-
nist-induced activity would then result from postsynaptic drug
effects.

This explanation seemed consistent with the effects of
dopamine agonists on developing animals. Until about 20–30
days of age, dopamine agonists elicit only activation, regard-
less of dose (4,20,26,27,35); in older animals, both suppression
and later activation can be elicited with an appropriate dose.
Early reports suggested that the dopamine autoreceptor was
not functional until the age when dopamine agonists suppress
activity (25,27).

Recently, however, it has been shown that first, the dopam-
ine autoreceptor in some brain regions is functional neuro-
chemically not only in the early postnatal period (2,15) but
even prenatally in the rat (9). Second, because the time course
and duration of the behavioral effects elicited by low doses of
dopamine agonists do not coincide with the decrease in extra-
cellular dopamine, there is doubt whether there is a causal con-
nection between the neurochemical and behavior effects (28).

Not only is there a change in the biphasic locomotor re-
sponse to a dopamine agonist between 20 and 30 days of age
in the rat, but there are further changes between 30 and 60
days of age. As illustrated in Fig. 1, the level of quinpirole-
induced activation is lower in 30 than 60 day olds (35); a finer
grain analysis has shown that the duration of drug-induced
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suppression of activity is longer in the 60 than 30 day olds
(35). It was previously suggested that these two changes might
be causally related; that is, that the onset and continued devel-
opment of the dopamine agonist-induced suppression might
contribute to the decrease in activation (4,29). To pursue this
hypothesis, the duration of the suppression must be known. In
the paradigm previously employed, the suppression induced
by a low dose of quinpirole was tested against the exploratory
activity elicited by placing the rat in a novel environment; af-
ter habituation of the controls, there was a floor effect beyond
which suppression could not be measured. To determine
whether the suppressive effects of quinpirole are of sufficient
duration to diminish its activating effects, rats were injected
with either a low or medium dose of quinpirole and intro-
duced into the activity chamber either 30, 60, or 120 min later.
The exploratory activity elicited by the novel environment at
these times was used to determine whether the suppressive ef-
fects of quinpirole were still detectable.

 

METHOD

 

Subjects

 

Sprague–Dawley dams and sires were obtained from
Charles River Farms, Wilmington, MA, and bred in this labo-
ratory. Pregnant females were housed in breeding cages in the
colony room on a 12 L:12 D cycle. Breeding cages were
checked for litters twice daily, and the time of birth was noted
within 12 h. Day of birth was recorded as day 0. Litters were
culled by day 3 to 10 pups with approximately equal numbers

of males and females. Pups were housed with their dams until
25 days when they were removed from their dams and group
housed with their same-sex littermates. A total of 216 rats
were used: at 30 days of age, 54 females (about 125 g) and 54
males (about 150 g); at 60 days of age, 54 females (about 240 g)
and 54 males (about 400 g).

 

Drugs

 

The dopamine D

 

2

 

/D

 

3

 

 agonist quinpirole (LY 171555; Re-
search Biochemicals International) was administered periph-
erally at doses of 0.02 and 0.2 mg/kg. The quinpirole was dis-
solved in distilled water that was used alone as the vehicle
control. Injections were administered subcutaneously (SC) in
either the right or left flank at a volume of 0.1 ml/40 g of body
weight.

 

Procedure

 

Following SC drug injection, pups were returned to their
homecages for either 30, 60, or 120 min. Each rat pup was
then placed in the center of an Omnitech Digiscan Animal
Activity Monitor and data were collected. Litters were tested
on either 30 or 60 days of age. Each animal was tested only
once. Animals from each age, dose, and delay group were
tested for 30 min with data collection at each 5 min interval.
Approximately equal numbers of males and females were
tested in each group, and 

 

n

 

 

 

5

 

 12 pups in each group.

 

Apparatus

 

The acrylic cage within the monitor measured 41.91 cm
wide 

 

3

 

 41.91 cm long 

 

3

 

 30.48 cm tall. The monitor rested on a
wire grid floor and was equipped with 16 beams 2.54 cm apart
from side to side and 16 beams from front to back, 3 cm above
the floor. The Digiscan analyzer converted the total numbers
of breakages of beams per time unit to a measure called hori-
zontal activity. This measure was chosen for analysis because
the purpose of the experiment was to determine the duration
of behavioral suppression, and this was the most sensitive
measure available. Both in this lab and others (11), in the dose
range used here, quinpirole elicits neither grooming nor ste-
reotyped behavior except for perseveration of travel along
fixed routes.

 

Statistics

 

For each of the two ages, 30 and 60 days of age, a four-way
ANOVA was carried out, with between-subjects factors of
sex (male and female), dose (0, 0.02, and 0.2 mg/kg quin-
pirole), delay (30,60 and 120 min), and the within-subjects fac-
tor of intervals (six 5-min intervals). When appropriate, this
ANOVA was followed up by lower level ANOVAs and pair-
wise comparisons using Duncan’s Multiple Range test.

 

RESULTS

 

Significant effects found in ANOVAs for the results for
rats at 30 and 60 days of age are presented in Table 1. Proba-
bility values expressed in the text but not identified by an ef-
fect are from the subsequent analyses.

 

30 Days

 

The highest dose of quinpirole elicited the greatest activity
(dose, 

 

p

 

 

 

,

 

 0.001), and activity was higher at the 30-min delay
than later (delay 

 

p

 

 

 

5

 

 0.005). At the 30-min delay (Fig. 2A),
rats given 0.02 mg/kg quinpirole had significantly less activity

FIG. 1. The effects of quinpirole on horizontal activity in rats of 30
(A) and 60 (B) days of age. Rats were injected with the drug and
placed immediately in activity monitors. Error bars are omitted for
clarity. Mean SEMs for A for 0.00, 0.02, and 0.2 mg/kg were 169, 107,
and 954, respectively. Mean SEMs for Panel B for 0.00. 0.02, and 0.20
mg/kg were 122, 59, and 285, respectively. n 5 10 per group. Relative
to controls (0.00 mg/kg), **p , 0.01. Figure prepared from data
collected by Van Hartesveldt et al. (35). Reprinted by permission of
the publisher from “Ontogeny of biphasic locomotor effects of quin-
pirole,” C. Van Hartesveldt, M. E. Meyer, and T. J. Potter, Pharma-
cology Biochemistry and Behavior, 48:781–786. © 1994 by Elsevier
Science Inc.
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than controls for the first five intervals (dose 

 

3

 

 delay and
dose 

 

3

 

 delay 

 

3

 

 intervals, 

 

p

 

 

 

,

 

 0.001; 

 

p

 

 

 

,

 

 0.01 for the first
three intervals, and 

 

p

 

 

 

,

 

 0.05 for the fourth and fifth). Rats
given 0.2 mg/kg quinpirole were significantly less active than
controls in the first interval (

 

p

 

 

 

,

 

 0.01), but significantly more
active for the last four intervals (

 

p

 

s 

 

,

 

 0.01). At the 60 min de-
lay (Fig. 2B), rats given either 0.02 or 0.2 mg/kg quinpirole
had significantly less activity during the first interval; rats
given 0.2 mg/kg were significantly more active than controls
only at the fifth interval (

 

p

 

 

 

,

 

 0.05). At the 120 min delay (Fig.
2C), rats given either dose of quinpirole had less activity than
controls, but not significantly less.

 

60 Days

 

Rats given either dose of quinpirole were less active than
those given the vehicle (dose, 

 

p

 

 

 

,

 

 0.001). However, the fe-
males were more active than the males (sex, 

 

p

 

 

 

,

 

 0.001) at ev-
ery drug level (sex 

 

3

 

 dose, 

 

p

 

 

 

5

 

 0.031). The disparity in the ac-
tivity levels of the sexes was greater at 0.2 mg/kg quinpirole
(

 

p

 

 

 

,

 

 0.01) than when given the vehicle (

 

p

 

 

 

,

 

 0.05) or 0.02 mg/
kg quinpirole (not significantly different). Separate analyses
of the within-session data were carried out for the 60-day-old
males and females (sex 

 

3

 

 intervals, 

 

p

 

 

 

,

 

 0.001) and the data
are presented in Figs. 3 and 4, respectively.

For each sex, at the 30-min delay both doses of quinpirole
significantly decreased activity for the first 5 min (

 

p

 

 

 

,

 

 0.01),
and 0.02 mg/kg continued to do so in the last 15 min (Figs. 3A
and 4A). The males, however, had a significant suppression
for the first 15 min at both drug doses (

 

p

 

 

 

,

 

 0.01), while the fe-
males initial suppression was for only 10 min, and only at the
0.02 mg/kg dose (

 

p

 

 

 

,

 

 0.01). The higher dose in the females
did not significantly suppress activity after the first 5 min, and
their scores rose to the level of the controls.

At the 60-min delay (Figs. 3B and 4B), both doses of quin-
pirole suppressed activity for the first 5 min in both sexes (

 

p

 

 

 

,

 

0.01). The lowest dose continued to suppress activity in the fe-
males up to 25 min (

 

p

 

 

 

,

 

 0.01, Fig 4B); this effect was not as
pronounced in the males (Fig. 3B).

At the 120-min delay there was a minimal drug effect in fe-
males (Fig. 4C), but in males the highest dose suppressed ac-
tivity significantly for 15 min (

 

p

 

 

 

,

 

 0.01; Fig. 3C).

 

DISCUSSION

 

The results of this experiment show that quinpirole can
suppress locomotor activity for up to 120 min, depending on
dose and age. The lowest dose of quinpirole (0.02 mg/kg), at
both 30 and 60 days of age, elicited a decrease in exploratory
activity lasting for at least an hour, long after a decrease could
be detected in the standard paradigm. In addition, at the 60-
and 120-min delays, the suppression of activity was of longer
duration (in a sex-dependent manner) in 60 than 30 day olds.
These findings are consistent with the hypothesis that quinpirole
alters locomotor activity by means of two separate processes,

TABLE 1

 

SIGNIFICANT EFFECTS FOUND IN ANOVAs FOR 30- AND
60-DAY-OLD RATS

Effect F

 

df p

 

30 days of age
Dose 13.9 2, 90

 

,

 

0.001
Delay 5.6 2, 90 0.005
Dose 

 

3

 

 delay 8.0 4, 0

 

,

 

0.001
Intervals 153.3 5, 450

 

,

 

0.001
Dose 

 

3

 

 intervals 18.0 10, 450

 

,

 

0.001
Delay 

 

3

 

 intervals 5.9 10, 450

 

,

 

0.001
Dose 

 

3

 

 delay 

 

3

 

 intervals 5.5 20, 450

 

,

 

0.001
60 days of age

Sex 21.6 1, 90

 

,

 

0.001
Dose 28.2 2, 90

 

,

 

0.001
Sex 

 

3

 

 dose 3.6 2, 90 0.031
Dose 

 

3

 

 delay 4.4 2, 90

 

,

 

0.003
Intervals 168.7 5, 450

 

,

 

0.001
Sex 

 

3

 

 intervals 5.3 5, 450

 

,

 

0.001
Dose 

 

3

 

 intervals 21.2 10, 450

 

,

 

0.001
Delay 

 

3

 

 intervals 4.8 10, 450

 

,

 

0.001

FIG. 2. The effects of quinpirole on horizontal activity in rats of 30
days of age when they were placed in the activity monitors at delays
of 30 (A), 60 (B), or 120 (C) min after drug injection. Mean SEMs for
Panels A, B, and C were 95, 75, and 72, respectively. Error bars are
omitted for clarity. n 5 12 per group. Relative to controls (0.00 mg/
kg), *p , 0.05; **p , 0.01.
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suppression and activation, and that an increase in the drug-
induced suppression across age may result in less activation.

The results for the higher dose of quinpirole, 0.2 mg/kg,
further emphasize the critical role of the novel environment in
the drug’s locomotor effects. Previous research had shown
that at 60 min after injection (and immediate placement in the
activity monitor), 0.2 mg/kg quinpirole elicited an increase in
locomotor activity in both 30- and 6-day-old rats [(35); see Fig.
1]. Yet in the present experiment, when rats given the same
dose of quinpirole were first introduced into the test chamber
60 min after injection, their activity decreased relative to con-
trols. This interesting result indicates that the capacity for
quinpirole to induce suppressive effects on locomotion appar-
ently coexists with the capacity to elicit increased activity. At
doses and times at which activation can be elicited, the sup-

pressive effect of the drug is revealed when the animal is
placed in a novel environment. These results are not readily
interpretable by the “autoreceptor hypothesis,” (28) but em-
phasize the critical role of the novel environment in altering
brain activity and shaping the behavioral response to a dopa-
mine agonist.

Novelty or stress increases DA release and/or turnover in
both the medial prefrontal cortex (12) and the nucleus accum-
bens (5,18). In addition, the behavioral effects of dopamine
injected directly into the nucleus accumbens differ not only as
a function of dose and time after injection, but also the famil-
iarity of the environment. For example, while intraaccumbal
dopamine usually elicits a brief increase in activity in a famil-
iar environment (7,19), in a novel environment it decreased
activity at low doses (6,31), and briefly decreased it before ac-

FIG. 3. The effects of quinpirole on horizontal activity in male rats
of 60 days of age when they were placed in the activity monitors at
delays of 30 (A), 60 (B), or 120 (C) min after drug injection. Error
bars are omitted for clarity. Mean SEMs for Panels A, B, and C were
84, 103, and 89, respectively. n 5 6 per group. Relative to controls
(0.00 mg/kg), *p , 0.05; **p , 0.01.

FIG. 4. The effects of quinpirole on horizontal activity in female rats
of 60 days of age when they were placed in the activity monitors at
delays of 30 (A), 60 (B), or 120 (C) min after drug injection. Mean
SEM’s for Panels A, B, and C were 108, 118, and 125, respectively.
Error bars are omitted for clarity. n 5 6 per group. Relative to
controls (0.00 mg/kg), *p , 0.05; **p , 0.01.
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tivation at high doses (31). Similarly, when quinpirole was in-
jected directly into the nucleus accumbens of a rat in a novel
environment with partitions to elicit a high level of locomotor
activity, the drug decreased locomotion (21,22); in a novel en-
vironment without partitions, in rats with a lower level of ac-
tivity, it increased locomotion (36).

Wu et al. hypothesize that quinpirole increases locomotion
by acting on postsynaptic dopamine receptors in the nucleus
accumbens, and decreases it by acting on presynaptic dopa-
mine receptors on the terminals of hippocampal—accumbens
axons to reduce their release of glutamate (36). Reduced
glutamate in the accumbens would decrease the amount of
DA released by mesolimbic DA terminals, decreasing loco-
motor activity. In addition, the effects of a dopamine agonist
on receptors in the medial prefrontal cortex or amygdala
might also ultimately affect the output of the nucleus accum-
bens (23) to the ventral pallidum (17) to the brainstem, and
alter locomotor activity.

Thus, exposure to a novel environment not only alters ac-
tivity in the meso-accumbens–dopamine system, according to
the hypothesis above, but also in limbic system structures that
interact with it. Therefore, the ontogenic appearance and
changes in dopamine agonist-induced behavioral suppression
may be related to the maturation of limbic–accumbens path-
ways. Interpreting the results of the present experiment in
light of this hypothesis, the suppressive effect of quinpirole
would not appear until these pathways were functional, and
would increase as they reached full maturity. Thus, at 30 days
of age, rats given 0.2 mg/kg quinpirole at the 30 min delay had
a significant increase in activity following the early suppres-

sion, while the 60 day olds did not; and the duration of sup-
pression was longer at 60 than 30 days of age. Because both
the hippocampus and medial prefrontal cortex are relatively
late maturing, the ontogenetic timetable for the onset of drug-
induced suppression would be consistent with these results.
Caution is in order concerning such a specific interpretation,
however, because in the present experiment quinpirole was
given systematically and could be acting at other brain sites.
For example, in adult rats, quinpirole injected directly into the
striatum has suppressive and activating effects quite similar to
those seen after systemic injection (34).

Whatever the mechanisms underlying the suppressive and
activating effects of dopamine agonists, they are somewhat
different in male and female rats. Consistent with most of the
literature (3), the postpubertal (60 day) females were more
active than the males. In the females but not the males, the
high dose of quinpirole increased activity after the early sup-
pression at the 30 and 60-min delays. Interactions between the
gonadal steroid hormones and both the mesostriatal (33) and
mesolimbic dopamine systems (16,32) have been docu-
mented. However, until the mechanisms underlying responses
to quinpirole are further identified, the nature of gender in-
teraction with them must remain a matter for speculation.

 

ACKNOWLEDGEMENTS

 

The author thanks Bonnie McLaurin, Thomas J. Potter, and Jon
Shults for their excellent technical assistance. This research was sup-
ported by a Whitehall Foundation grant to C. V. H.

 

REFERENCES

 

1. Ahlenius, S; Salmi, P.: Behavioral and biochemical effects of the
dopamine D3 receptor-selective ligand, 7-OH-DPAT, in the normal
and reserpine-treated rat. Eur. J. Pharmacol. 260:177–181; 1994.

2. Andersen, S.; Gazzara, R. A.: The development of D2 autorecep-
tor-mediated modulation of K

 

1

 

-evoked dopamine release in the
neostriatum. Dev. Brain Res. 78:123–130; 1994.

3. Archer, J.: Rodent sex differences in emotional and related
behavior. Behav. Biol. 14:451–479; 1975.

4. Arnt, J.: Differential behavioural effects of dopamine agonists in
developing rats: A study of 3-PPP enantiomers. Eur. J. Pharma-
col. 91:273–278; 1983.

5. Bradberry, C. W.; Gruen, R. J.; Berridge, C. W.; Roth, R. H.:
Individual differences in behavioral measures: Correlations with
nucleus accumbens dopamine measured by microdialysis. Pharm-
col. Biochem. Behav. 39:877–882; 1991.

6. Bradbury, A. J.; Costall, B.; Naylor, R. J.: Inhibition and facili-
tation of motor responding of the mouse by actions of dopa-
mine agonists in the forebrain. Neuropharmacology 23:1025–1031;
1984.

7. Cools, A. R.: Mesolimbic dopamine and its control of locomotor
activity in rats: Difference in pharmacology and light/dark peri-
odicity between the olfactory tubercle and the nucleus accum-
bens. Psychopharmacology (Berlin) 88:451–459; 1986.

8. Daly, S. A.; Waddington, J. L.: Behavioral effects of the putative
D-3 dopamine receptor agonist 7-OH-DPAT in relation to other
“D-2-like agonists”. Neuropharmacology 32:509–510; 1993.

9. De Vries, T. J.; Mulder, A. H.; Schoffelmeer A. N. M.: Differen-
tial ontogeny of functional dopamine and muscarinic receptors
mediating presynaptic inhibition of neurotransmitter release and
postsynaptic regulation of adenylate cyclase activity in rat stria-
tum. Dev. Brain Res. 61:91–96; 1992.

10. Di Chiara, G.; Corsini, G. U.; Mereu, G. P.; Tissari, A.; Gessa,
G. L.: Self-inhibitory dopamine receptors: Their role in the bio-
chemical and behavioral effects of low doses of apomorphine.
Adv. Biochem. Psychopharmacol. 19:275–292; 1978.

11. Eilem, D.; Szechtman, H.: Biphasic effect of D2 agonist quin-

pirole on locomotion and movements. Eur. J. Pharmacol. 161:
151–157; 1989.

12. Feenstra, M. G.; Botterblom, M. H.; van Uum, J. F.: Novelty-
induced increase in dopamine release in the rat prefrontal cortex
in vivo: Inhibition by diazepam. Neurosci. Lett. 189:81–84; 1995.

13. Fink, J. S.; Smith, G. P.: Decreased locomotor and investigatory
exploration after denervation of catecholamine terminal fields in
the forebrain of rats. J. Comp. Physio. Psychol. 93:34–65; 1979.

14. Frantz, K. J.; Babcock, D.; Van Hartesveldt, C.: The locomotor
effects of a putative dopamine D3 receptor agonist in developing
rats. Eur. J. Pharmacol. 302:1–6; 1996.

15. Gazzara, R. A.; Anderson, S. L.: The ontogeny of apomorphine-
induced alterations of neostriatal dopamine release: Effects on
potassium-evoked release. Neurochem. Res. 19:339–345; 1994.

16. Hernandez, L.; Gonzalez, L.; Murzi, E.; Paez, X.; Gottberg, E.;
Baptista, T.: Testosterone modulates mesolimbic dopaminergic
activity in male rats. Neurosci. Lett. 171:172–174; 1994.

17. Hooks, M. S.; Kalivas, P. W.: The role of mesoaccumbens-pallidal
circuitry in novelty-induced behavioral activation. Neuroscience
64:587–597; 1995.

18. Hooks, M. S.; Colvin, A. C.; Juncos, J. L.; Justice, J. B., Jr.: Indi-
vidual differences in basal and cocaine-stimulated extracellular
dopamine in the nucleus accumbens using quantitative microdial-
ysis. Brain Res. 587:306–312; 1992.

19. Kalivas, P. W.; Miller, J. S.: Dopamine microinjection into the
nucleus accumbens: Correlation between metabolism and behav-
ior. Biochem. Pharmacol. 34:284–286; 1985.

20. Lin, M.-Y.; Walters, D. E.: Dopamine D2 autoreceptors in rats
are behaviorally functional at 21 but not 10 days of age. Psycho-
pharmacology (Berlin) 114:262–268; 1994.

21. Mogenson, G. J.; Wu, M.: Effects of administration of dopamine D2
agonist quinpirole on exploratory locomotion. Brain Res. 551:216–
220; 1991.

22. Mogenson, G. J.; Wu, M.: Quinpirole to the accumbens reduces
exploratory and amphetamine-elicited locomotion. Brain Res. Bull.
27:743–746; 1991.



 

960 VAN HARTESVELDT

 

23. Mogenson, G. J.; Brudzynski, S. M.; Wu, M.; Yang, C. R.; Yim,
C. C. Y.: From motivation to action: A review of dopaminergic
regulation of limbic–nucleus accumbens–ventral pallidum–pedun-
culopontine nucleus circuitries involved in limbic–motor integra-
tion. In: Kalivas, P. W.; Branes, C. D., eds. Limbic motor circuits
and neuropsychiatry. Boca Raton: CRC Press; 1993:193–236.

24. Montanaro, N.; Vaccheri, A.; Dall’Olio, R.; Gandolfi, O.: Time
course of rat motility response to apomorphine: A simple model
for studying preferential blockade of brain dopamine receptors
mediating sedation. Psychopharmacology (Berlin) 81:214–219; 1983.

25. Shalaby, I. A.; Dendel, P. S.; Spear, L. P.: Differential functional
ontogeny of dopamine presynaptic receptor regulation. Dev.
Brain Res. 1:434–439; 1981.

26. Shalaby, I. A.; Spear, L. P.: Psychopharmacological effects of low
and high doses of apomorphine during ontogeny. Eur. J. Pharma-
col. 67:451–459; 1980.

27. Spear, L. P.; Brake, S. C.: Periadolescence: Age-dependent
behavior and psychopharmacological responsivity in rats. Dev.
Psychobiol. 16:83–109; 1983.

28. Stahle, L.: Do autoreceptors mediate dopamine agonist-induced
yawning and suppression of exploration? A critical review. Psy-
chopharmacology (Berlin) 106:1–13; 1992.

29. Starke, K.; Gothert, M.; Kilbinger, H.: Modulation of neurotrans-

mitter release by presynaptic autoreceptors. Physiol. Rev. 69:
864–989; 1989.

30. Strombom, U.: Catecholamine receptor agonists. Effects on
motor activity and rate of tyrosine hydroxylation in mouse brain.
Naunyn Schmiedebergs Arch. Pharmacol. 292:167–176; 1976.

31. Svensson, L.; Ahlenius, S.: Suppression of exploratory locomotor
activity by the local application of dopamine or 1-noradrenaline
to the nucleus accumbens of the rat. Pharmacol. Biochem. Behav.
19:693–699; 1983.

32. Thompson, T. L.; Moss, R. L.: Estrogen regulation of dopamine
release in the nucleus accumbens: Genomic and nongenomic-
mediated effects. J. Neurochem. 62:1750–1756; 1994.

33. Van Hartesveldt, C.; Joyce, J. N.: Effects of estrogen on the basal
ganglia. Neurosci. Biobehav. Rev. 10:1–14; 1986.

34. Van Hartesveldt, C.; Cottrell, G. A.; Potter, T.; Meyer, M. E.:
Effects of intracerebral quinpirole on locomotion in rats. Eur. J.
Pharmacol. 214:27–32; 1992.

35. Van Hartesveldt, C.; Meyer, M. E.; Potter, T. J.: Ontogeny of
biphasic locomotor effects of quinpirole. Pharmacol. Biochem.
Behav. 48:781–786; 1994.

36. Wu, M.; Brudzynski, S. M.; Mogenson, G. J.: Differential effects
of quinpirole in the nucleus accumbens depending on the initial
level of locomotor activity. Brain Res. Bull. 32:395–398; 1993.


