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TIRELLI, E. AND C. JODOGNE. Behavioral sensitization and tolerance to the D z agonist RU 24213: Dissociation be- 
tween several behavior patterns in mice. PHARMACOL BIOCHEM BEHAV 44(3) 627-632, 1993.- Previous studies have 
shown that different components of behavioral effects of indirect agonists given chronically to laboratory rodents can follow 
different courses during treatment. Whether repeated injections of a D2 agonist can lead to the same phenomenon was 
investigated in mice using the D 2 agonist N-n-propyl-N-phenylethyl-p-(3-hydroxy-phenyl)-ethylamine (RU 24213). Five mutu- 
ally exclusive behaviors were examined over seven intermittent administrations (every other day over 13 daily injections) of 
RU 24213 (2.5 mg/kg SC) in mice. Rapid tolerance to the dearest initial effect of RU 24213, stillness, was found. Suppression 
of grooming also showed tolerance later in the treatment regimen (from the fourth test). From the third test, parallel time 
courses of sensitization were obtained for ambulation and rearing. Sleeping position was strongly depressed throughout the 
chronic treatment. These results show that the development in time of the behavioral effects of RU 24213 injected chronically 
strongly depend upon the behavioral measure. This supports the use of multiple measures in the same animal in the behavioral 
analysis of chronically injected dopaminergic drugs. 

RU 24213 D 2 receptors Sensitization Tolerance Motor depression Ambulation 
Rearing Grooming Mice 

UNDER certain circumstances, intermittent administration of 
postsynaptic dopamine D2 receptor agonists can lead to the 
emergence and increment of specific behaviors in laboratory 
rodents. These include, for example, increases in forward 
walking and rearing in rats injected daily or every other day 
with quinpirole or (+)-4-propyl-9-hydroxynaphthoxazine 
(PHNO) and exposed repeatedly to the same test context 
(6,7,16,17,19,36). Also, rats with unilateral lesions of the ni- 
grostriatal pathway show sensitization to the contraversive cir- 
cling induced by intermittently injected bromocriptine, an- 
other D2 agonist (31). No licking, gnawing, or mouthing 
behaviors emerged in these experiments, as is often the case 
with amphetamine-like drugs and other psychomotor stimu- 
lants administered chronically [for a review, see (28)]. Some 
of the behavioral effects of the mixed D2/D1 agonist apomor- 
phine (intense ambulation in rats, gnawing and climbing in 
mice, and aggressive behaviors in both species) can develop 
sensitization and cross-sensitization either during a repeated- 
injection regimen or after chronic treatment with a postsyn- 
aptic dopamine agonist given in the home cages (2,4,8, 
18,27,32,39). There are also a few studies showing tolerance 

to the effects of postsynaptic dopamine agonists, in particular 
to hypokinesia induced by apomorphine, piribedil, and hro- 
mocriptine (3,32). Whether or not a given chronic treatment 
will lead to tolerance or sensitization, or to no change, de- 
pends upon whether administration is intermittent or continu- 
ous. Strong determinants include factors like interinjection 
interval, light-dark cycle, and the relative quietness of the 
testing room (2,16,17,18,28). Nevertheless, it is possible to 
obtain sensitization and cross-sensitization to behavioral ef- 
fects of D2 agonists during or after continuous administration 
(via osmotic pumps or stomachic infusion) in rats and mice 
(14,16,17,38,40,41). Another critical factor is the behavior 
pattern measured. Reports have described, in cats, rats, and 
mice chronically treated with amphetamine, cocaine, or fen- 
camfamine, different rates and time courses (increment, dec- 
rement, or no change) of distinct behavioral components of 
the stimulant effects of these drugs (1,5,25,26,30). 

In contrast to the large number of studies with chronic 
psychomotor stimulants, or with dopamine antagonists, little 
is known about the behavioral changes that occur during 
chronic administration of selective postsynaptic dopamine D2 
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agonists [for short reviews, see (9,28)]. Therefore, in this study 
we investigated the behavioral effects induced by the D2 ago- 
nist N-n-propyl-N-phenylethyl-p- ( 3-hydroxy-phenyl )-ethyl- 
amine (RU 24213) chronically injected in mice, a compound 
for which no data concerning chronic behavioral effects are 
available as yet. Our main question was whether intermittent 
treatment of  a 1)2 agonist can produce differential effects ac- 
cording to behavioral components. A number of  behavior pat- 
terns were included in this study: stillness (standing still), 
grooming, sleeping posture, ambulation, and rearing (includ- 
ing leaning on the wall). This behavioral categorization was 
devised such that the behaviors measured were mutually exclu- 
sive, so facilitating the identification of  possible dissociative 
changes. Note that sniffing, a behavior often examined in 
psychopharmacological studies of  the dopamine system, was 
not included because it is often combined with other ongoing 
behaviors such as ambulation, rearing, or standing still. 

METHOD 

Animals 

Fifty-six male outbred OF-I mice (40 in Experiment 1 and 
16 in Experiment 2) weighing 30-35 g born in our laboratory 
colony (from a stock purchased from IFFA-CREDO, Oncins, 
France) were used. Mice were housed in groups of eight in 
plastic cages with pine sawdust bedding and free access to 
food (standard chow pellets) and tapwater. Room temperature 
was maintained at 22-240C and humidity uncontrolled. Light- 
ing was on a 12 L : 12 D cycle with lights on at 0800 h. Mice 
were used only once. 

Apparatus 

In both experiments, mice were observed in eight individ- 
ual, adjacent chambers (clear acrylic, 27 x 14 × 30 cm). The 
acrylic floors were subdivided by yellow lines into three equal 
areas (9 x 14 cm). All experiments were carried out during 
the light phase of  the light cycle, 1230-1700 h, in a diffusely 
illuminated room maintained at 22-25 °C. 

Procedure 

RU 24213 was dissolved in saline (0.9070 NaCl) and pre- 
pared immediately before each injection. Mice received a con- 
stant volume of  drug (or saline for the controls) to 0.01 ml/g 
body weight. In Experiment 1, mice were injected with saline, 
2.5, 5, 10, or 20 mg/kg RU 24213) SC and immediately placed 
into the experimental chambers. In Experiment 2, for 13 daily 
sessions mice were injected with either 2.5 mg/kg RU 24213 
or saline SC and placed into the testing chambers. Test obser- 
vations were made every other day, beginning with the first 
injection (day one). Behavioral observations began 10 rain 
after injection using a mixed multiple-subject time-sampling 
procedure (35). Each mouse was observed in the l l th ,  21st, 
31st, and 41st min (after injection). Each animal was thus 
observed four times, separated by 9 min; hence, the total indi- 
vidual duration of behavioral observation during the 40-rain 
session was 1 min × 4 = 4 rain. During the 9-min intervals 
between observations of a given mouse, the other mice (7) 
were observed each in turn. The remaining minute of  each 
observational series served as a pause for the observer. The 
tests were organized into two sessions per day, with four mice 
from each treatment (drug or saline) in each session. Behav- 
ioral categories (described in Table 1) included the most fie- 

TABLE 1 
CATEGORIES OF BEHAVIOR PATTERNS ASSESSED 

Stillness 

Grooming 

Sleeping 

Ambulation 

Rearing 

Stationary, sitting posture, and opened eyes, with or 
without sniffing. 

Face and body washing strokes with the forepaws, 
scratching with hindlimhs, anogenital licking, tail nib- 
bling 

Sleeping posture, curled or nearly curled body while 
lying still and closed eyes 

Horizontal displacement of the body in the space; for- 
ward walking, with or without sniffing 

Body in a vertical or near-vertical plane with or with- 
out front paws against the wall, and with or without 
sniffing 

quently observed behavior patterns in our experimental condi- 
tions: stillness, grooming (all patterns), sleeping position, am- 
bulation, and rearing. Given that elicitation of licking and 
gnawing is a possible effect of dopamine agonists, two other 
categories were also included for recording these two oral be- 
haviors. Rearing bouts were simply counted over the four 
1-min observational samples. Ambulation was scored as the 
number of  times a mouse crossed from one of  the three floor 
areas to another. Stillness, grooming, and sleeping position 
were evaluated using a point-sampling schedule inserted into 
the l-min samples. Within each sample, an instantaneous 
check was made every 5 s and the behavior exhibited at that 
instant (grooming, standing still, or sleeping) was recorded. 
There was thus a maximum of 12 checks per l-rain period and 
the highest possible number of occurrences for one behavior 
was 12 × 4 = 48. The observer was unaware of  the pharma- 
cological treatment during observation. 

Data Analyses 

Data from Experiment 1 were analysed using a priori 
Dunnett's tests that provided, without the requirement of a 
one-way analysis of  variance (ANOVA), determination of  dif- 
ferences between the individual means and the control mean 
(13). Data from Experiment 2 were analyzed using a mixed 
two-way ANOVA on each behavior, where drug and day of  
testing were taken as a between-subject factor (two levels) and 
a within-subject factor (seven levels), respectively. To adjust 
for potential violations of  the assumptions of  compound sym- 
metry and sphericity, the Greenhouse-Geisser correction was 
also computed. Nevertheless, because all significant effects 
reported here remained robustly significant after correction 
for clarity the original degrees of freedom are given in the 
text. Differences between means were assessed with a posteri- 
ori Tukey's honest significant differences (HSD) tests, derived 
from the appropriate error mean squares given by significant 
day × drug interactions (13). Statistical significance was es- 
tablished at a p  level of 0.05. 

RESULTS 

Experiment 1 

As can be seen in Fig. 1, all doses of RU 24213 produced 
stillness, but there was no dose dependence (no significant 
differences between doses means). Interestingly, mice never 
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FIG. 1. Effects of the D e agonist N-n-propyl-N-phenylethyl-p-(3- 
hydroxy-phenyl)-ethylamine (RU 24213) on different individual be- 
haviors in mice. Injections were given SC 10 rain before visual obser- 
vation (time-sampling technique). Note that the maximal possible 
score was 48. Vertical brackets indicate SE. (S), significantly different 
as compared to the control mean (0 mg/kg), taken at a p level of 0.01 
(a priori Durmett's tests). 

displayed any adoption of  sleeping posture at all, suggesting 
that the stillness induced by the 1)2 agonist is not related to 
sleeping. Note that control mice always adopted sleeping posi- 
tion during the second part of  the session (not shown). Corre- 
lating with the predominant stillness induced by RU 24213, 
grooming was almost abolished at all doses. RU 24213 did 
not alter ambulation, even at a relatively high dose (20 mg/  
kg); on the other hand, rearing was strongly diminished at the 
three higher doses (5, 10, and 20 mg/kg) but not at all after 
2.5 mg/kg RU 24213. All these effects were significant by a 
priori Dunnett's tests (p < 0.01). It is important to note that 
no oral behaviors (ticking, gnawing, or other orofacial move- 
ment) were detected. 

Experiment 2 

Figure 2 shows separate profiles for stillness, grooming, 
sleeping position, ambulation, and rearing. The decline in 
stillness in the RU 24213-injected group contrasts with the 
absence of  changes over testing days in controls. This decline 
was rapid because the amount of  stillness seen after three 
injections (second test day) was significantly lower than that 
seen on the first test day. After five injections (third testing 
day), levels were half those on the first test. However, mice 

receiving RU 24213 showed significant stillness after 13 injec- 
tions (seventh test). This profile was supported by a significant 
interaction between drug and day of  testing, F(6, 84) = 14.98, 
p < 0.0001, and by aposteriori Tukey's HSD tests. 

In conjunction with the decrease in stillness scores, ambu- 
lation and rearing increased over the chronic treatment, reach- 
ing a plateau between the 9th and 13th days of  treatment. This 
increase was significant from test day 3 (after five injections). 
These similar profiles were statistically supported by signifi- 
cant drug x day interactions, F(6, 84) = 3.48, p < 0.0041; 
F(6, 84) = 3.03, p < 0.0098, respectively. 

Grooming, which was suppressed by RU 24213 after the 
first injection (first day), increased abruptly by test day 4, 
whereas control mice did not show any change in this behavior 
over the chronic treatment. Grooming levels of  RU 24213- 
treated mice almost reached control levels on test day 5 (ninth 
injection). A significant drug x day interaction supported 
these changes, F(6, 84) = 2.93,p < 0.0121. 

In contrast with the other behaviors under study, the 
amount of  time spent in a sleeping position, virtually sup- 
pressed by RU 24213, did not change over the chronic treat- 
ment. Control mice showed some variability in sleeping pos- 
ture from one test day to another, the last test yielding higher, 
but nonsignificant, levels of sleeping (when compared to the 
mean of  the first test day). This pattern was supported by a 
significant main effect of  drug, F(I,  1 4 ) =  33.53, p < 
0.0001, with no evidence for an interaction (F < 1). 

DISCUSSION 

In Experiment 1, mice receiving acute injection of  RU 
24213 showed considerable stillness and little sleeping posi- 
tion, grooming, and rearing. Ambulation, even at large doses 
(such as 10 or 20 mg/kg), did not seem altered by the dopa- 
mine agonist. These results reflect one of  the most consistent 
effects reported for D2 agonists in mice and rats: general 
motor depression (10,11,12,15,20,22,29,33,34,37). But, when 
looked at in detail our results differ from those reported by, 
for example, Starr and Starr (33,34) and Waddington and 
colleagues (20,29), who injected RU 24213 in mice and rats, 
respectively. In these studies, RU 24213 at 15-20 mg/kg in- 
duced intense ambulation coupled with sniffing directed to- 
ward the floor and stillness with reduced ambulation at several 
smaller doses. Nevertheless, our data fully agree with those of  
Mueller and colleagues (22), who used rats. The absence of  
impact of  RU 24213 on ambulation in our mice might be due 
to a lack of  sensitivity in the measurement scale. Also relevant 
in these discrepancies are species, strain, duration of  observa- 
tion, and the differing accuracies with which the behavior 
patterns were described. 

In Experiment 2, we found that rapid augmentation of 
ambulation and rearing to unusually high levels was preceded 
and accompanied by a recovery of  normal, or near normal, 
levels of  stillness and grooming. The former event resembles 
sensitization while the second resembles tolerance. A similar 
continuous tolerance to the hypokinetic action (depression of  
wheel running) of  the dopamine D 2 agonist bromocriptine in- 
jected six times every other day has been reported previously 
in mice (32). Zhou and colleagues (41) found that the continu- 
ous administration of  the D2 agonist quinpirole to mice (via 
osmotic implants) produced an augmentation followed by a 
clear diminution of  irritability and growing hyperlocomotion 
(almost absent at the beginning). 

It seems difficult to attribute, by virtue of the principle of  
mutual exclusion, the increment of  ambulation and rearing to 
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the decrement of  stillness. Rather, the converse relationship 
is more likely, stillness disappearing progressively with the 
emergence of  the stimulant effects of  RU 24213. Interestingly, 
during the fourth test day grooming reached a level signifi- 
cantly higher than the initial levels and lower than the control 
level. The fact that the levels of the four other behaviors did 
not change substantially as compared to the preceding test 
day (third test, where grooming was completely suppressed) 
suggests that the increment of  grooming on the fourth test 
day was not due to changes in some other behaviors. This 
means that grooming may have undergone tolerance. The rela- 
tive independence of grooming from the other behaviors is 
also sustained by the fact that there were sharp differences 
between the levels at the three first tests for stillness, ambula- 
tion, and rearing, whereas grooming was suppressed almost 
equally over the three first tests. Finally, on tests 5, 6, and 7 a 
stabilization of the effects of RU 24213 took place for all 
behavior patterns. The fact that grooming levels did not super- 
cede normal levels may reasonably be attributed to the high 
rates of  ambulation and rearing impeding the full expression 
of grooming. The constant suppression of sleeping posture 
over the 13-day treatment might also be indicative, at least in 
part, of an increase of wakefulness. This would be consistent 

with studies describing a decrease of rapid eye movement 
(REM) sleep in rats and rabbits after injection of  D: agonists 
(21,23,24). Another possibility, perhaps more likely, is that 
the prevalence of the other behaviors did not allow for sleep- 
ing position to be exhibited before the end of the testing ses- 
sion. 

Our data complement previous work showing that behav- 
ioral tolerance and sensitization should not be considered as 
a unitary, one-dimensional, phenomenon, that is, different 
components of  the behavioral changes induced by dopamine 
agonists injected intermittently repeatedly show differential 
development. Thus, for example, Castellani and colleagues (1) 
reported that repeated injections of cocaine in cats led to a 
tolerance to "preseizure" patterns (e.g., hypertonia and fore- 
limbs splaying) combined with a sensitization to dystonic pos- 
turing. Likewise, sensitization to sniffing induced by am- 
phetamine or fencamfamine is reportedly accompanied by tol- 
erance to licking or rearing in rats [(5,26), respectively]. Yet, 
during intermittent injections of methamphetamine in mice a 
slow increment in locomotor behaviors can develop collater- 
ally to a rapid increase, plateau, and decrease of oral behav- 
iors (25). 

In conclusion, the results indicate that, depending upon 
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the behavior pattern,  the same animal can develop tolerance, 
sensitization, and absence o f  behavioral  changes during inter- 
mittent administrat ion with a postsynaptic dopamine  agonist. 
Thus, the behavioral  changes that  occur during such treatment 
are not  unitary. This should be taken into account in selecting 
behavioral  responses for measurement  during chronic experi- 
ments using dopamine agonists. 
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