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Abstract. Subjects that respond more to a novel environ- 
ment show a greater locomotor response to drugs of 
abuse such as cocaine and amphetamine. The current 
study was performed to examine differences between high 
(HR) and low (LR) responding rats to a novel environ- 
ment following administration of amphetamine, a selec- 
tive dopamine uptake blocker (GBR-12909), a nonselec- 
tive dopamine agonist (apomorphine), and selective do- 
pamine D1 and D2/D 3 agonists. A behavioral checklist 
and a rating scale were used to determine the behavioral 
arousal caused by administration of amphetamine (0, 0.5, 
2.0, and 8.0mg/kg), GBR-12909 (0, 1.25, 5.0, and 
20.0 mg/kg), apomorphine (0, 0.1, 0.3, and 1 mg/kg), SKF 
38393 (0, 2.5, 10, and 40 mg/kg), or quinpirole (0, 0.05, 0.5, 
and 5.0 mg/kg). The five drugs produced behavioral acti- 
vation profiles distinct from each other. Following am- 
phetamine administration, both HR and LR subjects 
showed dose dependent increases in behavioral arousal. 
The behaviors primarily affected were sniffing, locomotor 
activity, rearing, and oral activity. HR rats showed a 
greater overall behavioral response to amphetamine ad- 
ministration compared with LR rats and there were dif- 
ferences in specific behaviors between the two groups. 
Following GBR-12909 administration, all subjects 
showed dose dependent increases in sniffing, locomotor 
activity, and rearing. Differences between HR and LR 
were observed in sniffing, locomotor activity, and rearing 
behaviors. HR and LR both showed dose dependent in- 
creases in behavior following apomorphine administra- 
tion. HR showed greater behavioral activation after apo- 
morphine than LR. SKF 38393 produced pronounced 
increases in the amount of sniffing, grooming, and intense 
grooming, in addition to increasing the overall behav- 
ioral rating of all subjects, while quinpirole produced in- 
creases in sniffing, locomotor activity, and oral move- 
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ments. However, the behavioral effects of SKF 38393 and 
quinpirole did not differ between HR and LR. These re- 
sults suggest that activation of the dopamine system but 
probably not only one type of dopamine receptor is suffi- 
cient to produce behavioral differences between high and 
low responding subjects. 
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Subjects that show a greater locomotor response to a 
novel environment (high responders; HR) acquire am- 
phetamine self-administration more readily (Piazza et al. 
1989), sensitize more readily to repeated amphetamine 
administration (Hooks et al. 1991a, 1992a, b), and show a 
greater locomotor response to acutely administered am- 
phetamine and cocaine (Hooks et al. 1991a,b, 1992a, b,c) 
than subjects that show less of a locomotor response to 
novelty (low responders; LR). Both amphetamine and 
cocaine exert their motor stimulant effects through the 
dopaminergic system (Kelly and Iversen 1976). Therefore, 
it is not surprising that HR show a greater dopaminergic 
response to amphetamine and cocaine administration 
than LR (Hooks et al. 1991b,c). In addition, there are 
basal differences in both tissue (Piazza et al. 1991) and 
extracetlular dopamine levels between HR and LR sub- 
jects (Hooks et al. 1992c). 

Recent evidence has suggested (Hooks et al. 1993) that 
variation in the population of dopamine receptors may 
contribute to the differences between HR and LR rats. 
HR have about 50% fewer dopamine D 2 receptors in the 
nucleus accumbens and striatum than LR. Differences in 
dopamine D I receptors also exist, but are smaller (only 
about 20%) and only in the nucleus accumbens. The dif- 
ferences between HR and LR may be analogous to those 
seen between drug-sensitized and naive subjects. Sensi- 
tized subjects, like HR, show a heightened behavioral 
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response  to a m p h e t a m i n e  and  cocaine  (Hooks  et al. 
1992a,c), In  add i t ion ,  r epea ted  a d m i n i s t r a t i o n  of cocaine  
or  a m p h e t a m i n e  has  been shown to a l te r  the n u m b e r  of  
d o p a m i n e  D 1 and  D 2 b ind ing  sites in the  s t r i a tum a n d  
nucleus  accumbens  (Nielsen et al. 1983; Goede r s  and  
K u h a r  1987; Kleven  et al. 1990; F a r m  et al. 1992), resul t -  
ing in differences be tween  sensi t ized a n d  na ive  rats  tha t  
are s imilar  to the differences obse rved  be tween  H R  and  
LR. 

Othe r  s tudies  have  shown tha t  c o m p a r e d  with  con t ro l  
subjects,  subjects  tha t  are  chron ica l ly  exposed  to stress or  
drugs  of  abuse  differ in thei r  behav io ra l  response  to  selec- 
tive d o p a m i n e  agonis t s  (Sharp  et al. 1990; Uj ike  et al. 
1990). F o r  example ,  subjects  tha t  are  exposed  to r epea ted  
e lec t roconvuls ive  shock  (ECS) show an increased  behav-  
iora l  response  to the DI agon is t  S K F  38393, bu t  no t  to 
the D2 agonis t  R U  24213 (Sharp  et al. 1990). In  cont ras t ,  
subjects  r epea ted ly  exposed  to  m e t h a m p h e t a m i n e  or  co-  
ca ine  show an  a u g m e n t e d  behav io ra l  response  to the D2/ 
D3 agonis ts  qu inp i ro le  and  R U  24213, bu t  no t  to the D 1 
agonis t  S K F  38393 (Uj ike  et al. 1990). This  indica tes  tha t  
e i ther  DI  o r  D2/D 3 recep to r  ac t iva t ion  m a y  be respons i -  
ble for differences in behav io ra l  ac t iva t ion  in sensit ized 
subjects.  

In o rde r  to invest igate  the  role tha t  d o p a m i n e  D~ o r  
D2/D 3 recep tors  might  have  in med ia t i ng  the differences 
tha t  exist be tween H R  and  LR,  the  presen t  s tudy  as- 
sessed the u n c o n d i t i o n e d  behav io ra l  effects induced  by  
the d o p a m i n e  re leaser  a m p h e t a m i n e ,  the selective do-  
pamine  up t ake  inh ib i to r  G B R  12909, the nonselect ive  
d o p a m i n e  agonis t  a p o m o r p h i n e ,  the  D~ agonis t  S K F -  
38393, and  the D2/D 3 agon is t  qu inp i ro le  using a behav-  
iora l  checklis t  t echn ique  and  behav io ra l  ra t ing  scale 
(F ray  et al. 1980; M o l l o y  and  W a d d i n g t o n  1987). 

Materials and methods 

Subjects. Eighty-four male Sprague Dawley rats (Harlan) aged 60- 
90 days old and weighing approximately 290--340 g at the start of 
the study were used. Animals were housed three per cage with free 
access to food and water under a 12-h light/dark cycle (lights on 
from 0700 to 1900 hours). Testing was performed between 0800 and 
1500 hours. Amphetamine, SKF 38393 and quinpirole drug treat- 
ment groups were composed of 20 subjects (HR, n = 10; LR, 
n = i0). The GBR-12909 and apomorphine drug treatment groups 
were composed of 12 subjects (HR, n = 6; LR, n = 6). 

Drugs. Amphetamine sulfate (Sigma Inc.), apomorphine (Research 
Biochemicals Inc.), and quinpirole hydrochloride (Research Bio- 
chemicals Inc.) were dissolved in saline and administered subcuta- 
neously in a volume of 1 ml/kg. SKF 38393 hydrochloride (Re- 
search Biochemicals Inc.) was dissolved in distilled sterile water and 
administered in a volume of 2 ml/kg subcutaneously. GBR-t2909 
dihydrochloride (Research Biochemicals Inc.) was dissolved in hot 
isotonic saline with 4 mg/ml tartaric acid and administered IP in a 
volume of 1 ml/kg. 

Response to novelty. Subjects were placed in individual photocell 
cages for a 1-h period and were divided into HR and LR based on 
whether their locomotor activity scores for the hour were in the 
upper half or lower half for the population screened (Hooks et at. 
1991a). This results in HR having about a 50% higher locomotor 
level in the novel environment compared with LR. 

Behavioral measurement. Behavioral responses induced by injection 
of amphetamine, GBR-12909, apomorphine, SKF 38393, and quin- 
pirole were assessed in individual rats. The behavioral rater was 
unaware of the subject's novelty response and dose of drug. 

Three days after subjects were screened for novelty response, 
they were placed in individual, clear, perspex cages and allowed to 
habituate for 3 h. Three days following the habituation session drug 
testing commenced. Subjects received one of five drugs, am- 
phetamine (vehicle, 0.5, 2.0, and 8.0 mg/kg), GBR-12909 (vehicle, 
1.25, 5.0, 20.0), apomorphine (vehicle, 0.1, 0.3, and 1 mg/kg), SKF 
38393 (vehicle, 2.5, 10.0, and 40.0 mg/kg), or quinpirole (vehicle, 
0.05, 0.5, and 5.0 mg/kg), in a Latin-square design. A 72-h period 
separated the administration of each dose similar to a previous 
experiment (Ujike et al. 1990). 

Subjects were allowed a 1.5-h period to habituate to the test 
cages prior to each drug challenge. Individual components of be- 
havior were assessed using a modification of the methods of Molloy 
and Waddington (1987) and Sharp et al. (1990). A rapid-time sam- 
pling behavioral checklist technique and rating scales were used to 
measure drug induced behavior. Subjects were scored immediately 
before and for a 1-h period after drug administration. For the be- 
havioral checklist technique, each rat was observed for a 10-s period 
at 5-rain intervals over the 1-h period following drug administra- 
tion. Subjects were scored for the presence or absence of six behav- 
iors (Fray et al. 1980; Sharp et al. 1990); sniffing (sniffing for at least 
3 s of the 10-s period), locomotor activity (all four limbs moved to 
a new position), rearing (both front feet off the cage floor), grooming 
(grooming of the snout with the forepaws), intense grooming 
(forepaw grooming of the snout followed by intense grooming of the 
hind flank with the snout), and oral (chewing, licking, and/or bit~ 
ing). For the 1 h after drug administration observation cycles were 
repeated at 5-min intervals for a total of 12 scoring periods. 

Overall behavior was rated on a 0 to 6 point scale for am- 
phetamine or 0 to 4 point scale for SKF 38393, quinpirole, apomor- 
phine, and GBR-12909 immediately after behavioral checklist scor- 
ing. These scales were different for all five drugs. For amphetamine 
the rating scale was as follows: 0, asleep/inactive; 1., intermittent 
locomotor activity; 2, continuous locomotor activity with stereo- 
typed sniffing and rearing; 3, stereotyped behavior maintained over 
a wide range of the cage; 4, continuous stereotypy in a restricted 
area of the cage; 5, continuous stereotyped behavior in a restricted 
location with licking at the walls or floor; 6, continuous stereotyped 
behavior in a restricted location with biting (Creese and Iversen 
1973). For GBR-12909 the rating scale was as follows: 0, asleep/in- 
active; t, sporadic locomotor activity with some sniffing; 2, inter- 
mittent locomotor activity; 3, continuous slow locomotor activity; 
4, continuous rapid locomotor activity. For apomorphine the rating 
scale was as follows: 0, asleep/inactive; 1, sporadic locomotor activ- 
ity with some sniffing; 2, intermittent locomotor activity with sniff- 
ing and rearing; 3, nnfocused stereotypic sniffing and/or oral activ- 
ity with some motor activity; 4, focused stereotypic sniffing and/or 
oral activity. For SKF 38393 the rating scale was as follows: 0, 
asleep/inactive; 1, occasional sniffing; 2, periodic locomotion with 
occasional sniffing or grooming; 3, frequent bursts of grooming of 
the snout and hindflank; 4, continuous on-the-spot grooming 
(Sharp et al. 1990). For quinpirole the rating scale was as follows: 0, 
asleep/inactive; 1, periodic sniffing or periodic oral movements; 2, 
repetitive sniffing with oral movements; 3, continuous sniffing with 
occasional locomotion or oral movements; 4, intense locomotion 
interspersed with prominent sniffing and grooming or continuous 
on the spot oral movements. Five distinct rating scales were used 
because of the differing behavioral arousal profiles of the five drugs. 

Data analysis. The checklist data were analyzed by arranging the 
data in contingency tables. For each response category, at each dose 
level, novelty group, and for each 5-min interval, the number of rats 
out of ten or six showing, as well as those not showing, a particular 
category were calculated. Thus each table consisted of eight rows 
and two columns. As has been previously described, each degree of 
heterogeneity in each contingency table was then calculated by a 
likelihood ratio method, the 'information statistic' (Kullback 1968; 



Robbins 1977; Fray et al. 1980). Each of the 12 time intervals for 
each behavioral score was analyzed separately. Groups were then 
analyzed as previously described (Kullback 1968; Robbins 1977; 
Fray et al. 1980). Groups were determined significantly different if 
they were at the 5% significance level. The behavioral rating data 
was analyzed similarly except an 8 x 7 or 8 x 5 matrix was used 
dependent on whether a 6- or 4-point rating scale was used. The 
median for the 12 observations was used for statistical and graphic 
purposes. 

Results  

Response to amphetamine 

For both H R  and LR rats amphetamine produced be- 
havioral activation at all doses tested (Fig. 1A). This acti- 
vation was highly dose dependent as the 8 mg/kg dose 
produced greater behavioral activation than any of the 
other doses tested. The 2 mg/kg dose also produced 
greater behavioral activation than vehicle or the 0.5 mg/ 
kg dose. Figure 2 shows that sniffing was increased by all 
doses tested. Locomotor  activity was also elevated by the 
0.5 and 2.0 mg/kg doses (Fig. 3). Figure 4 demonstrates 
that rearing was enhanced by all doses of amphetamine 
with the 2.0 mg/kg dose producing the most rearing. Oral 
activity was also enhanced by amphetamine but only fol- 
lowing the highest dose (Fig. 5). Grooming and intense 
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grooming were not  significantly altered by amphetamine 
(data not shown). 

When H R  and LR rats were compared, H R  had a 
greater level of behavioral activation than LR at all doses 
tested (Fig. 1A). H R also showed a greater occurrence of 
locomotor  activity compared with LR following both the 
0.5 and 2 mg/kg doses (Fig. 3). As can be seen in Fig. 3, 
this was primarily in the 40 min after amphetamine injec- 
tion. Rearing was greater in H R  in the 20 min after 
0.5 mg/kg amphetamine and lower in minutes 15-60 after 
8 mg/kg (Fig. 4) compared with LR. Oral activity was 
greater in H R  in minutes 25-60 compared with LR fol- 
lowing the 8 mg/kg dose (Fig. 5). There were no differ- 
ences between H R  and LR rats for the other observed 
behaviors. Vehicle treatment did not produce any differ- 
ences between H R  and LR in any of the activities moni- 
tored. 

Behavioral response to the selective dopamine uptake 
blocker GBR-12909 

When H R and LR were analyzed as one group, GBR- 
12909 produced dose-dependent behavioral activation at 
all doses tested (Fig. I). This is evident in the behavioral 
rating as all doses of GBR-12909 produced an increased 
behavioral rating score compared with vehicle treatment. 
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The 20 mg/kg dose produced greater behavioral activa- 
tion than any other treatments. The 5 mg/kg dose also 
produced greater behavioral activation than the 1.25 mg/ 
kg dose or vehicle. Sniffing (Fig. 2) was significantly in- 
creased at all doses tested. Similar to the behavioral rat- 
ing, the 20 mg/kg dose produced greater behavioral acti- 
vation than any other treatments. The 5 and 1.25 mg/kg 
doses also produced greater behavioral activation than 
the vehicle. Locomotor activity (Fig. 3) was also in- 
creased by GBR-12909 administration, while all doses 
tested significantly elevated locomotor activity compared 
with vehicle. The 20 mg/kg dose produced a significant 
increase in locomotor activity compared to the lower 
doses. Subjects exhibited a dose dependent increase in 
rearing behavior (Fig. 4). All doses tested elevated rearing 
compared with vehicle treatment, but the 20 mg/kg dose 
elevated rearing greater than any of the lower doses. 
None of the other behaviors was significantly altered by 
GBR-12909 treatment. 

When HR and LR were compared, LR had lower 
behavioral scores compared with HR for all doses tested 
(Fig. 1B). For the individual components of behavior 
there were differences between HR and LR in sniffing, 

locomotor activity, and rearing. Sniffing was enhanced in 
HR compared with LR across the entire test period fol- 
lowing both the 1.25 and 5.0 mg/kg doses (Fig 2). Loco- 
motor activity was enhanced in HR compared with LR 
following all doses (Fig. 3). This was over nearly the en- 
tire timecourse for all doses. Rearing was significantly 
decreased in HR compared with LR following the 20 mg/ 
kg dose in the middle portion of the time course. There 
were no differences between HR and LR rats for the 
other observed behaviors. Vehicle treatment did not pro- 
duce any differences between HR and LR in any of the 
activities monitored (data not shown). 

Behavioral response to the nonselective dopamine agonist 
apomorphine 

When HR and LR were analyzed as one group, apomor- 
phine produced dose dependent behavioral activation at 
the highest two doses tested (Fig. 1C). The 1.0mg/kg 
dose produced greater behavioral activation than any 
other treatments. The 0.3 mg/kg dose also produced 
greater behavioral activation than the 0.1 mg/kg dose or 
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Fig. 4. Percentage of rats displaying rearing fol- 
lowing amphetamine, GBR-12909, apomor- 
phine, SKF-38393, or quinpirole. The dose of 
drug expressed in mg/kg is in the upper right 
corner of each graph. ©, LR; A, HR 

hicle doses. Locomotor activity (Fig. 3) was not signifi- 
cantly increased by SKF 38393 administration. Subjects 
displayed increased rearing (Fig. 4) following all doses of 
SKF 38393 compared with vehicle treatment. Likewise, 
all doses of SKF 38393 tested produced increases in 
grooming (data not shown) and intense grooming (data 
not shown) compared with vehicle. However, increase in 
these behaviors were not dose dependent. There were no 
effects of SKF 38393 administration on oral activity 
(Fig. 5). 

There was a trend for HR to have a greater behavioral 
score (Fig. t) than LR for all doses tested (P < 0.10). No 
difference between HR and LR was observed in any of 
the individual behaviors monitored. 

Behavioral response to the selective Dz/D 3 agonist 
quinpiroIe 

Quinpirole produced a dose-dependent behavioral acti- 
vation at the two highest doses tested (Fig. 1E). This is 
evident in the behavioral rating as the two highest doses 
of quinpirole produced an increased behavioral rating 

score compared with vehicle and the 0.5 mg/kg treat- 
ment. For the individual components of behavior there 
were dose-dependent effects of quinpirole on sniffing, lo- 
comotor activity, and oral activity. Sniffing (Fig. 2) was 
significantly increased following all doses tested. The 5 
and 0.5 mg/kg doses elevated sniffing compared with the 
other two treatments. Locomotor activity (Fig. 3) and 
oral activity (Fig. 5) were also increased by the two 
highest doses of quinpirole tested. Quinpirole did not 
significantly alter the other behaviors. Differences be- 
tween HR and LR in the behavioral rating or for any of 
the specific behaviors monitored were not observed in 
response to quinpirole. 

Discussion 

Previous studies have shown that HR have a greater lo- 
comotor response to amphetamine than LR (Piazza et al. 
1989; Hooks et al. 1991a), and have fewer dopamine D z 
receptor binding sites and less D 2 m R N A  in the nucleus 
accumbens and striatum (Hooks et al. 1993). In the cur- 
rent experiment, HR exhibited an increased behavioral 
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Fig. 5. Percentage of rats displaying oral activity 
following amphetamine, GBR-12909, apomor- 
phine, SKF-38393, or quinpirole. The dose of 
drug expressed in mg/kg is in the upper right 
corner of each graph. C), LR; z~, HR 

response to amphetamine, GBR-12909, and apomor- 
phine administration compared with LR. There were no 
significant differences between HR and LR in their be- 
havioral response to administration of the selective D 1 
agonist SKF-38393 or the selective D2/D 3 agonist quin- 
pirole. These results indicate that while there may be dif- 
ferences in the number of specific dopamine receptors, 
selective activation of a single dopamine receptor sub- 
type is not sufficient to reveal significant behavioral dif- 
ferences between HR and LR using the current methods. 
This may be due to the greater amount of locomotor 
activity and stereotypic behavior (focused sniffing, licking 
and biting) produced by amphetamine, GBR-12909, and 
apomorphine compared with the selective agonist. 

In the current and past experiments (Piazza et al. 
1989; Hooks et al. 1991a, 1992a,c) amphetamine adminis- 
tered systemically produced a greater behavioral re- 
sponse in HR than LR. HR showed greater behavioral 
activation at all doses of amphetamine tested compared 
with LR. Compared with LR, HR have a greater level of 
gross behaviors, such as rearing and locomotor activity 
(Hooks et al. 1991a), following administration of low dos- 
es of amphetamine. Following higher doses of am- 

phetamine, HR exhibit more intense stereotypic behav- 
iors, such as licking and biting, compared with LR. From 
these data it appears that amphetamine produces an 
overall greater behavioral activation in HR compared 
with LR, shifting the dose-response curve to the left for 
several components of the behaviors observed following 
amphetamine. This may explain why a previous experi- 
ment (Hooks et al. 1992a) did not show differences be- 
tween HR and LR in locomotor activity following an 
intermediate dose of amphetamine (1.5 mg/kg). Compet- 
ing behaviors were probably occurring in HR, obscuring 
the differences between the groups. 

The results of recent studies have suggested that the 
differences between HR and LR in their level of behav- 
ioral activation may be due to differences in the do- 
paminergic system (Bradberry et al. 1991; Hooks et al. 
1992b). HR show a greater increase in extraceltular do- 
pamine following administration of either cocaine or am- 
. . . . . . . . .  compared with LR (Bradberry et al. 1991; 
Hooks et al. 1991b, 1992c). In addition, HR and LR differ 
in dopamine turnover following exposure to a novel envi- 
ronment (Piazza et al. 1991). The results with GBR-12909 
further support the role of dopamine in individual differ- 
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ences. GBR-12909, which is a specific dopamine uptake 
blocker (Heikkila and Manzino 1984), revealed profound 
differences between HR and LR in sniffing, locomotor 
activity, and rearing. While amphetamine, GBR-12909, 
apomorphine, and quinpirole all produced increases in 
locomotor activity, the intensity of the locomotor activity 
produced by GBR-12909, amphetamine, and apomor- 
phine was much greater than that produced by quin- 
pirole. GBR-12909, amphetamine, and apomorphine, in 
addition to producing a high degree of locomotor activi- 
ty, can also produce more focused stereotypies (i.e., fo- 
cused sniffing, licking and biting). High doses of am- 
phetamine administered acutely in the present and in 
past experiments (Segal 1975) produced focused stereo- 
typic behavior. Chronic treatment with a high dose of 
GBR-12909 (20 mg/kg) has also been shown to produce 
focused stereotypic behaviors (Kelley and Lang 1989). It 
may require activation of multiple dopamine receptor 
types to produce high levels of locomotor activity and 
intense stereotypic behaviors. As indicated by the apo- 
morphine, amphetamine, and GBR-12909 data, activa- 
tion of a combination of dopamine receptor types may 
also be necessary to produce individual differences as 
predicted by locomotor response to novelty. 

The present results support this hypothesis, as admin- 
istration of either dopamine D 1 or D2/D 3 agonists pro- 
duced increases in certain behaviors while producing no 
differences between HR and LR. The D 1 agonist SKF 
38393 caused large increases in the amount of sniffing, 
grooming, and intense grooming observed in subjects, 
while the D2/D 3 agonist quinpirole increased sniffing, lo- 
comotor activity, and oral activity in subjects. These re- 
sults were similar to the effects observed previously fol- 
lowing administration of D1 and D2/D 3 agonists (Sharp 
et al. 1990; Ujike et at. t990). These experiments also 
showed that SKF 38393 caused increases in the amount 
of sniffing, grooming, and intense grooming while not 
greatly changing locomotor activity and rearing, while 
quinpirole increased sniffing and locomotor activity and 
had no effect on grooming. While both D1 and D2/D 3 
agonists produced behavioral activation, neither pro- 
duced differences in overall behavioral activation be- 
tween HR and LR. This is in contrast to previous work 
that showed that prior exposure to electroconvulsive 
shock increased the behavioral response to administra- 
tion of selective D~ agonists but not D2/D 3 agonists 
(Sharp et al. t990), while prior repeated exposure to 
methamphetamine or cocaine increased the behavioral 
response to selective D2/D 3 agonists but not D 1 agonists 
(Ujike et al. 1990). This would suggest that the underlying 
differences between HR and LR are not identical to those 
between drug- or environment-sensitized and naive sub- 
jects. However, it is important to note that the behavioral 
profiles elicited by administration of either D~ or D2/D 3 
agonists do not match the behavioral profile of subjects 
following amphetamine, apomorphine or GBR-12909 
administration as previously stated. 

The fact that the behavioral profiles of subjects follow- 
ing selective dopamine agonists are different from those 
following amphetamine, apomorphine or GBR-12909 
leads to several possible reasons why HR and LR do not 

differ in their behavioral response to selective dopamine 
agonists. One is that the visual scoring of subjects is not 
sufficiently sensitive to detect differences between HR 
and LR. This does not seem to be the case, since visually 
scoring subjects allowed the determination of differences 
between HR and LR in response to amphetamine and 
GBR-12909 in the current experiment and between sub- 
jects exposed to ECS or chronic amphetamine or cocaine 
in previous experiments (Sharp et al. 1990; Ujike et al. 
1990). Another explanation for the lack of differences be- 
tween HR and LR following D~ and D2/D 3 agonists is 
that there are not only differences in the number of recep- 
tors between HR and LR, but also in the second messen- 
ger systems of receptors. There is recent evidence to sup- 
port this hypothesis. HR and LR differ in cAMP depen- 
dent protein kinase and tyrosine hydroxylase levels (Mis- 
erendino et al. 1992). It is possible that administration of 
direct agonists causes the difference in number of recep- 
tors and level of second messengers to cancel each other 
and level of behavioral activation to be equal between the 
groups. 

The current results strongly support the hypothesis 
that activation of a combination of dopamine receptor 
types are needed to produce behavioral differences in ac- 
tivation between HR and LR. Indirect activation of do- 
pamine receptors by increasing extracellular dopamine 
following amphetamine and GBR-12909 administration 
produces differences between HR and LR. It is possible 
that this finding is observed because administration of 
indirect agonists and exposure to the novel environment 
increase rapid locomotor activity. In addition, adminis- 
tration of a nonselective agonist, which also produces 
more robust locomotor activity, produced differences be- 
tween HR and LR rats. Response to novelty does not 
predict the behavioral response to selective and direct 
acting D 1 or D2/D 3 agonists. The reason for this may be 
that the selective direct agonists do not increase locomo- 
tor activity and focused stereotypic behaviors to a large 
extent. It seems likely that the increased behavioral acti- 
vation by the indirect agonists and nonspecific agonist 
are caused by the activation of all receptor subtypes 
simultaneously. This appears to be necessary to produce 
individual differences based on locomotor response to a 
novel environment. 
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