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MATTINGLY, B. A., J. E. GOTSICK AND C. MARIN. Locomotor activity and stereotypy in rats following repeated
apomorphine treatments at {-, 3-, or 7-day intervals. PHARMACOL BIOCHEM BEHAYV 31(4) 871-875, 1988.—In two
experiments, the effects of repeated intermittent administration of a relatively high dose of apomorphine (5 mg/kg) on
locomotor activity and/or stereotypic behavior in rats was determined. In Experiment 1, male rats were given ten sub-
cutaneous (SC) injections of apomorphine or vehicle and tested for locomotor activity and stereotypy. The first nine
injection test sessions were given at 3-day intervals and the tenth injection test session was given 18 days following the
ninth session. In Experiment 2, male rats were tested for locomotor activity following ten SC injections of apomorphine or
vehicle with either a one- or seven-day interval between injections. Major findings were as follows: a) apomorphine
produced progressively greater increases in locomotor activity with each succeeding injection (i.e., sensitization); b)
sensitization to the locomotor activity stimulating effects of apomorphine developed with interinjection intervals of one,
three, and seven days; c) the sensitization effect was maintained over the 18-day drug-free break; and d) the effect of
apomorphine on stereotypic behavior did not significantly change with repeated injections. These findings indicate that
even a single dose of apomorphine induces relatively long-lasting neurobiological changes. Moreover, these findings are
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consistent with the view that separate neural pathways mediate locomotor activity and stereotypy in rats.

Apomorphine Dopamine Locomotor activity

Stereotypy

Sensitization Rats

REPEATED treatments of rats with dopamine antagonists
(e.g., haloperidol) produce a behavioral supersensitivity to
dopamine agonists (e.g., apomorphine) (3). This increased
sensitivity to dopamine agonists appears to be mediated, in
part, by an increase in the number of dopamine receptors (3,
6, 12). Paradoxically, repeated treatments with dopamine
agonists also result in a behavioral supersensitivity to
dopamine agonists. This enhanced sensitivity to dopamine
agonists with repeated exposure has been referred to as
‘‘reverse-tolerance,”’ ‘‘up-regulation,’”” and *‘sensitization,”’
and has been demonstrated using several agonists (2, 5, 7,
16, 18, 21).

Research in our laboratory has also revealed a very strong
sensitization effect in rats following repeated treatments with
the dopamine agonist apomorphine. Indeed, the second ad-
ministration of this drug in doses greater than 1.0 mg/kg often
produces twice the effect on locomotor activity as does the
first injection with a three-day interval between injections,
and this progressive increase in activity continues to grow
larger for up to 10-12 administrations of the drug (11). Unlike
the chronic antagonist-induced behavioral supersensitivity,
the neural mechanisms responsible for behavioral sensitiza-
tion following repeated agonist treatments are unknown. Al-
though an agonist-induced increase in receptor number or
sensitivity would appear likely, available evidence indicates
that striatal dopamine receptor sites either decrease in
number or do not change following repeated agonist treat-
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ments (4, 12, 13, 18). Thus, receptor supersensitivity would
not appear to account for the behavioral supersensitivity.

EXPERIMENT 1

Besides locomotor activity, acute injections of apomor-
phine also induce specific stereotypic behaviors in rats in-
cluding repetitive sniffing, licking, and chewing responses
(10). The main purpose of Experiment 1 was to determine
whether apomorphine-induced stereotypy, like locomotor
activity, would significantly change with repeated treatments
with apomorphine. For this reason, two groups of rats were
given nine injections of either apomorphine or vehicle with a
72-hr interval between injections. Following each injection,
all rats were tested for stereotypy and locomotor activity. In
addition, all rats were retested 18 days following the last
regular test session to determine the relative permanence of
the sensitization effect.

METHOD
Subjects

Eighteen male Wistar albino rats were experimentally
naive and approximately 90 days old at the beginning of test-
ing. All rats were housed individually and maintained on ad
lib food and water. All behavioral testing was conducted
during the light phase of the 12-hour light-dark cycle.
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Apparatus

Activity measures were taken in two open-top BRS-
Lehigh Valley cylindrical activity drums (Model 145-03).
Each drum was 60 cm in diameter, 43 cm high, and was
located in a separate experimental cubicle that was kept to-
tally dark throughout testing. The interior of the drums was
painted flat black and the floor was made of 4-cm diamond
wire mesh. Each drum was equipped with two banks of three
infrared photocells mounted on the outside of the drums.
The photocells were approximately 12 cm apart and 2.5 cm
above the drum floor. The photocell banks were connected
to electromechanical counters in an adjacent control
room by way of back-path eliminator diodes. Movement of
the rat through a photocell beam sent a single puise to the
counters. Simultaneous pulses (i.e., pulses spaced less than
0.05 sec apart) such as might occur when two beams are
broken near their intersection, were recorded as a single
count by this method. Thus, activity was operationalized as
the cumulative number of photobeam interruptions per unit
time. Informal observations of apomorphine-treated rats in
pilot studies indicate that nearly all photobeam interruptions
are due to horizontal locomotor activity. Moreover, it is dif-
ficult to remove rats sensitized to apomorphine from the
drums because of their extreme hyperactivity. It should be
noted, however, that photobeam interruptions due to head
bobbing and rearing cannot be distinguished from those re-
sulting from horizontal activity using this apparatus.

Design and Procedure

At the beginning of testing, the rats were randomly as-
signed in equal numbers, to either the apomorphine or
vehicle-control condition. Apomorphine hydrochloride (5
mg/kg) was dissolved in 0.001 N HCI and injected subcutane-
ously (SC) 15 minutes prior to activity testing. Control rats
were injected SC with an equivalent volume (0.5 ml/kg) of
the 0.001 N HCI vehicle.

On each test day, the rats were weighed, injected, and
then returned to their homecage. Stereotypy ratings were
made 10 minutes following the injection during a 15-sec ob-
servation of each rat in its homecage. The stereotypy rating
scale (15) was as follows: 0, normal activity, no repetitive
movements; 1, predominant repetitive sniffing; 2, predomi-
nant repetitive licking; 3, predominant repetitive chewing.
Using this system an animal exhibiting approximately equal
amounts licking and chewing would be given a score of 2.5.

Locomotor activity measures began 15 minutes after the
injection. The rats were placed individually into the activity
drums and activity counts were recorded at ten-minute
intervals for a total of 30 minutes. All rats were tested in this
manner for nine sessions with a 72-hour interval between
sessions. An identical tenth test session was conducted 18
days following the ninth session. During this 18-day rest
period the animals remained undisturbed in their homecages.

RESULTS
Locomotor Activity

Figure 1 (left panel) presents the mean activity counts for
the groups during the 10-test sessions. These data were
analyzed using two separate mixed-factor analyses of vari-
ance (ANOVA). The first ANOVA compared the groups’
activity across the first nine activity sessions and the second
ANOVA compared the groups’ activity before and after the
18-day break (i.e., session 9 vs. session 10). As may be seen
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FIG. 1. (Left panel) Mean activity counts per 30-min session for the
apomorphine (APO) and vehicle (VEH) groups. An 18-day drug-free
rest interval was given between sessions 9 and 10. (Right panel)
Mean activity counts per 30-min session for the APO and VEH
groups tested at either daily or weekly intervals.

in Fig. 1 (left panel), the activity of the apomorphine and
vehicle groups was comparable on the first session but signif-
icant group differences emerged with repeated testing. In-
deed, the apomorphine group’s activity progressively in-
creased across the nine activity sessions, whereas the con-
trol group’s activity slightly decreased over these sessions.
As expected, the ANOVA performed on these data revealed
a significant drug effect, F(1,16)=14.25, p<0.01; session ef-
fect, F(8,128)=12.54, p<0.001; and Drug x Session interac-
tion, F(8,128)=27.72, p <0.0001.

Following the 18-day rest interval (session 10), the
apomorphine-treated rats were still significantly more active
than the vehicle-control rats, drug effect, F(1,16)=24.52,
p<0.001. However, the effectiveness of apomorphine in
stimulating locomotor activity did slightly decrease over the
18-day rest interval, session effect, F(1,16)=15.78, p<0.01;
the Drug x Session interaction, F(1,16)=22.54, p<0.001.

In summary, apomorphine (5 mg/kg) produced a progres-
sively greater effect on locomotor activity with each suc-
ceeding injection with a three-day interval between injec-
tions. More important, this behavioral sensitization to
apomorphine was maintained for 18 days following the last
injection.

Stereotypy Ratings

Since stereotypy rating data did not meet ANOVA re-
quirements, nonparametric analyses were used. Specifically,
Mann-Whitney U-tests were used for between-groups com-
parisons and Wilcoxon Sign-Ranks tests were used for re-
peated measure comparisons. The median stereotypy rating
scores for the two groups across the ten test days are pre-
sented in Table 1. As may be seen in this table, there was
little change in stereotypy scores for the apomorphine-
treated rats across the 10 test days. Of the nine
apomorphine-treated rats, stereotypy scores did not change
from session 1 to session 9 for four rats, the scores of three
rats decreased by only 0.5, and the scores of the remaining
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TABLE 1
MEDIAN STEREOTYPY RATING SCORES

Session
Drug 1 2 3 4 5 6 7 8 9 10*

APOT 15 1.0 1.5 1.0 10 1.0 1.0 1.0 1.0 1.0
VEH 0 0 0 0 0 0 0 0 0 0

*An 18-day drug-free rest interval was given between session 9
and 10.

1The stereotypy rating scores of the apomorphine and vehicle
groups differed significantly on each test session.

two rats decreased by 1.5. Mann-Whitney U-tests indicated
that the two groups’ stereotypy scores differed significantly
on each of the ten test sessions, all Us=0, all ps<0.01. To
determine whether the groups’ stereotypy scores signifi-
cantly changed with repeated testing, separate Wilcoxon
tests were performed comparing each group’s stereotypy
scores on the first and ninth test sessions, and also compar-
ing the groups’ scores on the ninth and tenth session. None
of these comparisons revealed a significant change in
stereotypy scores (all 1s>10, all ps>0.1). Thus, although
apomorphine induced a significant degree of stereotypic be-
havior, unlike apomorphine-induced changes in locomotor
activity, the level of stereotypy did not significantly increase
or decrease with repeated apomorphine treatments.
Moreover, changes in locomotor activity among the
apomorphine-treated rats from session 1 to session 9 were
not correlated with changes in stereotypy scores, Spearman
Rho, r=.01, p>0.05.

EXPERIMENT 2

In Experiment 1 and in our previous studies (11), we have
observed significant sensitization to apomorphine using in-
terinjection intervals of 24 and 72 hours. Similarly, Castro et
al. (5), using locomotor activity as a behavioral measure,
reported sensitization to apomorphine in rats using a 48-hour
interinjection interval. In contrast, sensitization was not
found by these researchers when a 2-hour interinjection
interval was used (5). These authors concluded that a drug-
free period between successive injections was necessary for
the induction of sensitization (5). Although their data indi-
cate that some minimal time interval between injections is
necessary for the induction of sensitization, whether sensiti-
zation to apomorphine will develop when apomorphine is
administered at relatively long intervals is unknown. The
results of Experiment 1 indicate that once the sensitization
effect is established, it is relatively long-lasting. The purpose
of Experiment 2, therefore, was to determine whether sen-
sitization to apomorphine would develop with a 7-day in-
terinjection interval. As in Experiment 1, two groups of rats
were tested for locomotor activity following an injection of
either apomorphine or vehicle. One-half of the rats in each
drug condition were injected and tested daily and the re-
mainder were tested at weekly intervals. Since stereotypy
ratings did not significantly change with repeated testing in
Experiment 1, only activity counts were recorded in Exper-
iment 2.
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METHOD
Subjects, Apparatus, and Procedure

Thirty male Wistar albino rats were experimentally naive
and approximately 90 days old at the beginning of testing.
Fifteen rats were randomly assigned to the apomorphine
treatment condition and the remainder served as vehicle con-
trol rats. Eight of the 15 rats in each drug condition were
injected (SC, 0 or 5.0 mg/kg apomorphine) and tested for loco-
motor activity daily for ten days and the remaining seven rats in
each drug condition were injected and tested at weekly
intervals for 10 weeks. In an attempt to minimize the con-
founding of test interval with age, one-half of the rats in the
daily group were tested before the weekly group of rats and
the remainder were tested following the completion of
weekly group testing. Thus, in the daily test groups, eight
rats (4 APO; 4 VEH) were between 160 and 170 days old at
the beginning of testing. The apparatus and procedure was
the same as in Experiment 1 except stereotypy ratings were
not taken.

RESULTS

In order to determine whether the ten-week age differ-
ence affected the development of apomorphine sensitization,
an ANOVA comparing the activity of the daily groups tested
before and after the weekly groups was performed. Although
the younger rats tested daily with apomorphine were more
active overall than the older rats tested daily with apomor-
phine, this difference was not significant, F(1,6)=2.26, and
comparable sensitization was observed in both groups. Con-
sequently, the younger and older daily groups were com-
bined for subsequent analyses.

Figure 1 (right panel) presents the mean activity counts of
the four groups during the 10 activity sessions. As may be
seen in this figure, the activity of the rats injected with
apomorphine increased progressively across the 10 test ses-
sions, whereas the activity of the vehicle control groups did
not significantly change across sessions, drug effect,
F(1,27)=49.82, p<0.0001; session effect, F(9,233)=28.46,
p<0.001; Drug x Session interaction, F(9,233)=41.61,
p<0.0001. More important, repeated injections of apomor-
phine produced progressively greater activity increases in both
the daily- and weekly-injected groups, interval effect,
F(1,27)=0.04, and Drug x Interval interaction, ¥(1,27)=0.60.

GENERAL DISCUSSSION

Consistent with previous studies [e.g., (5,11)], the present
results indicate that repeated injections of apomorphine (5
mg/kg) produce behavioral sensitization. This sensitization
effect, however, is clearly behavior-dependent. That is, the
effect of apomorphine on locomotor activity significantly in-
creases with repeated treatments, but the effect of apomor-
phine on stereotypic behaviors does not significantly change
with repeated treatments. Of course, it may be argued that
we did not see any significant changes in stereotypy because
of the relative insensitivity of our stereotypy measure. For
example, the rating scale we used primarily detects qualita-
tive changes in behavior (e.g., sniffing vs. licking) rather
than quantitative changes in the intensity or duration of
stereotypic behaviors. Consistent with our results, however,
other researchers using more extensive rating scales sensitive
to both qualitative and quantitative changes in stereotypy have
not found any significant changes in stereotypy following re-
peated treatments of apomorphine in doses ranging from 1.0 to
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6.0 mg/kg (5,10). Thus, the absence of significant changes in
stereotypy in the present study is probably not due to the
insensitivity of the rating scale we used.

In contrast to the lack of change in the stereotypy in rats
following repeated high doses of apomorphine, repeated low
doses (<0.10 mg/kg) have been reported to produce signifi-
cant sensitization of stereotypy (10). This low dose sensiti-
zation effect has been attributed to the preferential effect of
low doses of apomorphine on striatal dopamine autorecep-
tors (10). Stimulation of dopamine autoreceptors has been
reported to produce a decrease in dopamine synthesis and
release. Consequently, Kinion, Merson and Kane (10) have
suggested that the effect of repeated low doses of apomor-
phine may be functionally equivalent to that of repeated
treatments with a dopamine antagonist. If so, then low doses
of apomorphine may induce behavioral sensitization as a re-
sult of a *‘disuse supersensitivity’” of dopamine postsynaptic
receptors. Repeated treatments of apomorphine in doses
high enough to stimulate dopamine postsynaptic receptors
would not be expected to produce either behavioral or recep-
tor supersensitivity. Although this explanation may account
for the ineffectiveness of repeated high doses of apomor-
phine in producing sensitization of stereotypy, it cannot
explain the development of sensitization observed using lo-
comotor activity as a behavioral measure.

The differential effect of repeated high doses of apomor-
phine on locomotor activity and stereotypy in the present
study supports the view that separate neural mechanisms
mediate locomotor activity and stereotypic behaviors in rats
(8, 9, 19, 20). Specifically, it has been suggested that
agonist-induced stereotypic behaviors result from striatal
dopaminergic receptor stimulation and that agonist-induced
changes in locomotor activity are mediated by the mesolim-
bic dopamine pathway [see (1,8) for reviews]. If this view is
accurate, then the present results suggest that striatal and
mesolimbic dopaminergic pathways are differentially af-
fected by repeated treatments with high doses of apomor-
phine. As mentioned previously, available evidence indi-
cates that striatal dopamine receptor binding is either de-

MATTINGLY, GOTSICK AND MARIN

creased or unaffected by repeated apomorphine treatments
(13,17). This finding is consistent with the absence of sensiti-
zation to apomorphine found in the present study using
stereotypy as the behavior measure. Unfortunately, the ef-
fect of repeated apomorphine treatments on dopamine recep-
tor binding in mesolimbic regions has apparently not been
determined.

The results of Experiment 1 also indicate that, once de-
veloped, sensitization to apomorphine is maintained for at
least 18 days following the last apomorphine injection. Simi-
larly, the results of Experiment 2 indicate that sensitization
to apomorphine develops with intervals as long as seven
days between injections. Together these findings indicate
that the neurobiological effect of a single dose of apomor-
phine is maintained for at least one week and that the
cumulative effect of repeated intermittent doses of apomor-
phine may be relatively permanent. Recent studies of behav-
ioral sensitization using the indirect dopamine agonists, co-
caine and amphetamine, have also observed relatively long
lasting neural and behavioral effects [e.g., (14)]. In contrast
to apomorphine, however, sensitization to the stereotypic
effects of these drugs is observed (18).

In summary, the present results indicate that the sensiti-
zation to high doses of apomorphine develops with respect to
locomotor activity, but not stereotypy. Moreover, the re-
sults indicate that sensitization to apomorphine is relatively
long lasting and develops with intervals of up to seven days
between treatments. Previous work in this laboratory (11)
indicated that the sensitization effect is not simply the result
of conditioned hyperactivity. Consequently, the present
findings suggest that apomorphine treatments produce
enduring neurobiological changes. At present the specific
nature of these changes is unknown.

ACKNOWLEDGEMENT

This research was supported by Faculty Research Grants from
Morehead State University.

REFERENCES

1. Arnt, J. Behavioral studies of dopamine receptors: Evidence for
regional selectivity and receptor multiplicity. In: Creese, I.;
Fraser, C. M., eds. Receptor biochemistry and methodology.
vol. 8, Dopamine receptors. New York: Alan R, Liss; 1987.

2. Baily, R. C.; Jackson, D. M.; Bracs, P. V. Long-term l-dopa
pretreatment of mice: Central receptor subsensitivity or super-
sensitivity. Psychopharmacology (Berlin) 66:55-61; 1979.

3. Baldessarini, R. J.; Tarsy, D. Dopamine and the pathophysiol-
ogy of dyskinesias induced by antipsychotic drugs. Annu. Rev.
Neurosci. 3:23-41; 1980.

4. Bevan, P. Repeated apomorphine treatment causes behavioral
supersensitivity and dopamine D2 receptor hyposensitivity.
Neurosci. Lett. 35:185-189; 1983.

S. Castro, R.; Abreu, P.; Calzadilla, C. H.; Rodriguez, M. In-
creased or decreased locomotor response in rats following re-
peated administration of apomorphine depends on dosage inter-
val. Psychopharmacology (Berlin) 85:333-339; 1985.

6. Creese, I.; Hamblin, M. W.; Leff, S. E.; Sibley, D. R. CNS
doamine receptors. In: Iversen, L. L.; Iversen, S. D.; Solomon,
S. H., eds. Handbook of psychopharmacology, vol. 17,
Biochemical studies of CNS receptors. New York: Plenum
Press; 1983.

7. Davis, R. E.; Sant, W. W.; Ellison, G. Continuous low-level
apomorphine administration induces motor abnormalities and
hallucinogen-like behavior. Psychopharmacology (Berlin)
91:254-256; 1985.

8. Kelly, P. H. Drug-induced motor behavior. In: Iversen, L. L.;
Iversen, S. D.; Solomon, S. H., eds. Handbook of psychophar-
macology, vol. 8, Drugs, neurotransmitters and behavior. New
York: Plenum Press; 1977.

9. Kelly, P. H.; Roberts, C. S. Effects of amphetamine and
apomorphine on locomotor activity after 6-OHDA and elec-
trolytic lesions of the nucleus accumbens septi. Pharmacol.
Biochem. Behav. 19:137-143; 1983.

10. Kinion, B. J.; Merson, D.; Kane, J. M. Effect of daily dose of
chronic haloperidol and chronic apomorphine on behavioral hy-
persensitivity in the rat. Psychopharmacology (Berlin) 84:347-
351; 1984.

11. Mattingly, B. A.; Gotsick, J. E.; Salamanca, K. Latent sensiti-
zation to apomorphine following repeated low doses. Behav.
Neurosci. 102:553-558; 1988.

12. Muller, P.; Seeman, P. Dopaminergic supersensitivity after
neuroleptics: Time-course and specificity. Psychopharmacol-
ogy (Berlin) 60:1-11; 1978.



SENSITIZATION TO APOMORPHINE

13.

14.

15.

16.

17.

Muller, P.; Seeman, P. Presynaptic subsensitivity as a possible
basis for sensitization by long-term dopamine mimetics. Eur. J.
Pharmacol. 55:149-158; 1979.

Peris, J.; Zahniser, N. R. One injection of cocaine produces a
long-lasting increase in [*H]-dopamine release. Pharmacol.
Biochem. Behav. 27:533-535; 1987.

Puech, A. J.; Chermat, R.; Poncelet, M.; Doaré, L.; Simon, P.
Antagonism of hypothermia and behavioral response to
apomorphine: A simple, rapid, and discriminating test for
screening antidepressants and neuroleptics. Psychopharmacol-
ogy (Berlin) 75:84-91; 1981.

Riffee, W. H.; Wilcox, R. E. Effects of multiple pretreatment
with apomorphine and amphetamine on amphetamine-induced
locomotor activity and its inhibition by apomorphine. Psycho-
pharmacology (Berlin) 85:97-101; 1985.

Riffee, W. H.; Wilcox, R. E.; Vaughn, D. M.; Smith, R. V.
Dopamine receptor sensitivity after chronic dopamine agonists:
Striatal 3H-spiroperidol binding in mice after chronic adminis-
tration of high doses of apomorphine and dextroamphetamine.
Psychopharmacology (Berlin) 77:146-149; 1982.

18.

19.

20.

21

875

Robinson, T. E.; Becker, J. B. Enduring changes in brain and
behavior produced by chronic amphetamine administration: A
review and evaluation of animal models of amphetamine psy-
chosis. Brain Res. Rev. 11:157-198; 1986.

Seeger, T. F.; Thal, L.; Gardner, F. L. Behavioral and biochem-
ical aspects of neuroleptic-induced dopaminergic supersensitiv-
ity: Studies with chronic clozapine and haloperidol. Psycho-
pharmacology (Berlin) 76:182-187; 1982.

Towell, A.; Willner, P.; Muscat, R. A novel procedure for dis-
sociating the anatomical bases of the behavioral effect of am-
phetamine. Pharmacol. Biochem. Behav. 28:423-426; 1987,
Wilcox, R. E.; Riffee, W. H.; Chen, P.; Hammett, S., IIl.;
Smith, R. V. Behavioral facilitation following chronic adminis-
tration of N-N-propylnorapomorphine. Psychopharmacology
(Berlin) 72:113-115; 1980.



