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HOOKS, M S , G H. JONES, A D SMITH, D B NEILL AND J. B JUSTICE, JR lndtvldual dtfferences m locomotor acttv- 
lty and senstnzanon PHARMACOL BIOCHEM BEHAV 38(2) 467-470, 1991.--Male rats were screened for locomotor activity m 
a novel environment and divided into high (HR) and low (LR) responders based on whether their locomotor activity score for the 
first hour was above or below the medmn locomotor act~vRy for the subject sample. Subsequently, the locomotor response to re- 
peated adnumstranon of either amphetamine (AMPH, 0 5 mg/kg), cocaine (10 mg/kg), scopolanune (0 5 mg/kg) or sahne was 
monitored m separate groups of HR. and LR rats HR rats had significantly h~gher overall acUvlty scores than LR rats for all 3 drugs. 
Both FIR and LR rats developed tolerance at the same rate to repeated scopolamine adnumstratlon. In contrast, only HR rats showed 
pronounced sensmzatmn to the locomotor stimulating properttes of AMPH and a &rect correlation was evldent between the loco- 
motor response to novelty and the magnitude of sensltlzat~on These results suggest that an individual's response to a novel environ- 
ment can, to a certain extent, predict drug-reduced locomotor actlv~ty and that mdtwdual differences m the response to novelty and 
sensitization to AMPH may result from m&vldual vanatmns m a common neural mechanism. 

Indlwdual differences Locomotor actlvlty Sensitization Tolerance Amphetarmne Cocaine 
Scopolarmne Novelty Rat 

THERE are noticeable differences in the amount of drug expo- 
sure required for individual antmals and humans to become ad- 
dxcted (11). Furthermore, the behavioral and neurochemtcal 
responses to drugs of abuse, such as cocaine and amphetamine 
(AMPH), show considerable variation between individual sub- 
jects (3). It has recently been shown that the rate at which rats 
acqutre AMPH self-admmistratlon and the level of locomotor ac- 
t~vlty reduced by the drug are related to an individual's locomo- 
tor response to a novel environment (3,13). Rats that show the 
higher response to novelty exhibit higher locomotor activity fol- 
lowing AMPH and acquire self-adnunistration more readily than 
rats with lower actiwty levels. High responding rats are also re- 
ported to show greater elevations m plasma cortlCOsterone than 
low responding rats on exposure to a novel environment (13), and 
although dtfferentlal responsiveness to stress may be an important 
component, the posstble factors underlying these lndiwdual dif- 
ferences are not fully understood. 

The current experiment was designed to examine whether the 
locomotor response to novel stimuli can predict the level of loco- 
motor acuvity mduced by AMPH and cocaine, which predomi- 
nantly act through dopammergic mechantsms, and scopolamme 
(SCOP), an anticholinergic drug. The locomotor hyperactivity 

produced by cocaine and AMPH is dependent on the functional 
mtegnty of the mesolimbic dopamine pathway (7,8). However, 
the increases in activity following SCOP are not mfluenced by 
disruption of nucleus accumbens dopamine (6). Therefore, the 
response to these drugs should provide additional information as 
to the possible neural basis for individual differences. 

Repeated administration of AMPH can result in pronounced 
sensitization to the behavioral effects of the drug, including in- 
creasmg levels of locomotor acuvity and more intense behavioral 
stereotypy (15). This phenomenon also shows large variations be- 
tween individuals and can apparently be predicted from the ini- 
tial response to the drug (17). Sensitization to psychomotor 
stimulants may play an important role m an individual's propen- 
sity to self-administer these drugs (13) Therefore, an additional 
a~m of this experiment was to determine the prethctabihty of in- 
dividual differences in sensitization (or tolerance) to these drugs 
from the locomotor response in a novel environment 

METHOD 

Subjects 

Male Wistar rats (SASCO, n = 64) weighing 290-350 g were 
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housed four per cage on a 12-h light-dark cycle (lights on from 
07 00-19.00 h) wtth free access to food and water. Subjects were 
handled for approximately 5 mm on two consecuttve days prior 
to thetr first exposure to the test cages. Testmg was conducted 
between 08.00-17 130 h. 

Apparatus 

Locomotor acttvtty was measured m Plextglas photocell cages 
(39 cm long × 25 cm wtde × 24 cm high). Each cage was 
equtpped wtth two parallel horizontal mfrared beams, 2 cm above 
the floor, spaced equally along the long axis of the cage. Inter- 
ruptlon of alternate beams resulted m a locomotor count that was 
regtstered by an IBM computer. Illummation was provided by a 
hght on the roof of each photocell cage. 

Drugs 

D-Amphetamine sulfate, cocaine hydrochlonde and scopola- 
mine hydrochlonde (Sigma Chemtcal Co., St. Louis, MO) were 
dtssolved in 0.9% saline and rejected IP m a volume of 0.1 ml/ 
100 g. 

Procedure 
Two days before the mtttal drug treatment, subjects were 

placed m indivtdual photocell cages for a 3-h period. Subjects 
were dtvided mto high (HR) and low (LR) responders based on 
whether thetr locomotor activity scores for the first hour were 
above or below the median locomotor acttvlty for the subject 
sample (13). Rats were randomly dtv~ded into four groups to re- 
cetve ettber d-amphetamine sulfate (0.5 mg/kg), cocaine hydro- 
chlonde (10 mg/kg), scopolamine hydrochloride (0.5 mg/kg) or 
salme (n = 16 for each drug; HR = 8 and LR = 8). Doses of drugs 
were chosen to produce stmilar locomotor activation on the first 
day of drug treatment. 

Subjects were not tested the day before the mlttal drug treat- 
ment On test days 1, 3, and 5, the rats were wexghed and placed 
m the test cages for a 90-nun habttuation penod prior to drug ad- 
mtmstratton. Locomotor acttv~ty was measured for a further 2 h 
after each mjectton. On test days 2 and 4 animals received the 
appropriate drug m the home cage. Drugs were administered by 
a researcher unaware of the expenmental  conditions. The order of 
testing each day was counterbalanced so that equal numbers of 
HR and LR rats were tested m each session. 

Locomotor act~vtty counts were subjected to analysis of van-  
ance (ANOVA) (18). Where appropriate, post hoc comparisons 
were made using Newman-Keuls analysis. A least-squares hnear 
regression analysts was conducted to examme the relattonshtp be- 
tween locomotor acttvity m a novel envtronment and drug-re- 
duced acuv~ty. 

RESULTS 

AS expected, on the day antmals were screened for thetr loco- 
motor response to the novel environment HR (mean counts = 
119 ± 4) and LR (mean counts = 72 ± 2) were s~gntficantly different 
dunng the first hour of exposure, F (1 ,56)=32 .89 ,  p < 0  0001. 
However, subjects dtd show habituauon to the test environment 
and on test day 1 HR and LR rats also dtd not differ m any drug 
group for the first hour in the photocell cages HR and LR rats 
also did not differ in acttwty scores for the 30 mmutes immedi- 
ately precedmg drug treatment on any test day, F(3 ,56)=  
0.42, n s. 

Differences between HR and LR rats were dependent upon 
drug adrmmstration as revealed by a stgmficant Group × Drug 
interaction, F(3 ,56)=  5.19, p<0 .004 .  ANOVA md~cated that HR 
and LR rats dtd not differ following sahne on any test day, 
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FIG 1 Locomotor activity following sahne admmlstrabon m HR and LR 
rats A, B, and C show the locomotor act]vtty scores on test days 1, 3, 
and 5, respectively D shows the total counts for each two-hour test pe- 
nod Error bars represent S E M There were no differences between HR 
and LR rats following sahne admm,strat~on 

F(1,14) =0 .002 ,  n.s. (Ftg 1). There was no correlation between 
a subject 's locomotor response to novelty and that followmg sa- 
hne ( r=  29). 

The results for locomotor acttvlty followmg AMPH, cocaine 
and SCOP are shown in F~gs 2-4.  The rats m the HR group that 
recetved AMPH had substantially greater activity scores than LR 
rats, F ( I , 1 4 ) =  10.99, p < 0  006. AMPH-treated subjects showed 
pronounced senstt~zatxon to the locomotor stimulating properties 
of the drug, when HR and LR were treated as a single group, 
F(2,28) = 7.38, p < 0  003. Post hoc comparisons indicate that am- 
phetamme-mduced locomotor activity was greater on day 5 than 
on both day 1 (p<0.01)  and day 3 (p<0,05) ,  

Stnkmgly different profiles were seen m the HR and LR rats 
with repeated AMPH injection, F(2 ,28)= 5 31, p < 0 . 0 2  (Fig. 2). 
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FIG 2 Locomotor acuvlty followmg AMPH (0 5 mg/kg) administration 
m HR and LR rats A, B, and C show locomotor activity scores on test 
days 1, 3, and 5, respectwely D shows the total counts for each two-hour 
test period Error bars represent S E M HR rats showed slgmficantly 
more AMPH-mduced locomotor acnwty than LR rats (p<0 006) and dif- 
ferentially sensmzed to the locomotor stimulating properties of the drug 
(p~0 02) **p<0 0l,  represents stgmficant difference between HR and 
LR rats 
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FIG 3 Locomotor activity following cocaine (I0 mg/kg) administration 
m HR and LR rats A, B, and C show locomotor activity scores on test 
days 1.3. and 5. respectively D shows the total counts for each two-hour 
test period Error bars represent S E M HR rats were significantly more 
active than LR rats following cocaine (,o<0003) *p<O05 and 
**p<0 01, represent significant differences between HR and LR rats 
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FIG 4 Locomotor activity following SCOP (0 5 mg/kg) administration 
in HR and LR rats A, B, and C show locomotor activity scores on test 
days 1, 3, and 5, respectively D shows the total counts for each two-hour 
test penod Error bars represent S E M HR rats were significantly more 
active than LR rats following SCOP (p<0 04j *p<0 05, represents slg- 
mficant difference between HR and LR rats 

Analysis of each subgroup separately revealed that only the HR 
group showed significant sensitization, F(2,14) = 9.09, p<0.003,  
with activity scores on day 5 exceeding those on both day 1 
(p<0 01) and day 3 (p<0.05),  whereas the LR group did not 
show any increase m locomotor activity with repeated AMPH, 
F(2,14)=0.89,  ns. As can be seen m Fig. 2C, the elevated loco- 
motor actlvtty m HR rats on day 5 occurred throughout the entire 
2-h test penod as indicated by a maln effect of Group, F(1,14)= 
15 03. p < 0  002, but no Group × Time interaction, F(I 1,154) = 
1.09, ns. Least-squares analysis revealed that the locomotor 
response following the initial exposure to AMPH did not corre- 
late with the response to novelty ( r= .24)  However, locomotor 
activity on test day 5 ( r=  .713, p=0 .002)  and the difference in 
acuvity counts between test days 5 and 1 ( r=  .56, p = 0 . 0 3 )  were 
related to the subject's response to novelty 

The results for cocaine show a similar profile to those for 
AMPH (Fig. 3). There were marked differences between HR and 
LR rats that were administered cocaine as indicated by a mare 
effect of group, F(I ,14)= 14.04. p<0.003,  and a significant 
Group × Time mteraction, F(I 1,154) = 7 14, p<0.O001 (Fig. 3). 
There was a tendency for rats to sensitize to the locomotor stim- 
ulating properties of cocaine, although this did not reach signifi- 
cance, F(2,28)=3 12, p < 0  06 While a significant correlation 
between the response to novelty and locomotor activity following 
initial exposure to cocaine was not apparent ( r=  .48, p = 0  06), 
locomotor activity following the fifth administration of cocaine 
did correlate with activity in the novel environment ( r=  .69, p =  
0.004) 

The HR and LR groups also responded differently to adminis- 
tration of SCOP (Fig 4) As with the two dopaminergtc drugs, 
HR rats showed significantly greater locomotor activity than LR 
rats, F(1,14) = 5.57, p<0.04.  However, in contrast to the AMPH 
and cocaine responses, SCOP-treated subjects developed a pro- 
nounced tolerance to the drug, F(2,28)= 6 23, p < 0  006, which 
did not differ between HR and LR rats, F(2,28)= 2.05, ns Post 
hoc comparisons indicated that SCOP-mduced locomotor activity 
was greater on day 1 than on day 3 (p<O 05) and day 5 (p<0.01) 
for both groups of animals There was no relationship between 
SCOP-induced locomotor activity on day 1 (r = 30) or day 5 (r = 

- 14) with the locomotor response to the novel environment 

HR rats in the cocaine group showed greater locomotor activ- 
ity than LR rats during the first hour of habituation on both day 
3, F(1,14)=13.96,  p<0.003,  and day 5, F(1,14)=8.49.  
p<O.02. This reinstated difference in activity on exposure to the 
photocell cages did not occur for any other drug treatment group. 

D I S C U S S I O N  

This experiment demonstrates several important findings. Lo- 
comotor actlvlty in a novel environment was predlctwe of loco- 
motor response to AMPH, cocaine and SCOP. Rats that &splayed 
higher levels of locomotor activity in the novel environment also 
showed the greater response to all three drugs. A direct correla- 
tion between the level of locomotor activity followmg cocaine 
and AMPH on day 5 and the locomotor response in the novel en- 
vironment has also been demonstrated. These results confirm and 
extend those of previous studies (3,13). The greater responses to 
both cocame and AMPH in HR rats are consistent with an m- 
volvement of mesocorticohmblc dopamme in the differences be- 
tween HR and LR rats (13) as the locomotor stimulating properties 
of AMPH and cocaine depend upon increased dopammerglc trans- 
mission m the nucleus accumbens (7,8). However, HR also showed 
more SCOP-mduced locomotor activity which is not affected by 
dopamxne-depletmg lesions of the nucleus accumbens (6), thereby 
implicating the possible involvement of nondopammerglc sub- 
strates in these individual differences. There were no differences 
between HR and LR rats m the response to sahne, indlcatmg that 
the differential drug response is not due to nonspeclfic effects of 
the rejection procedure 

In agreement with previous studtes, rats treated repeatedly with 
AMPH showed pronounced sensitization (15), whereas SCOP- 
treated animals developed tolerance to the drug (12). However, 
sensitization to AMPH only occurred in HR rats Large individ- 
ual variations in sensitization to repeated AMPH have been re- 
ported previously (17) and the present results indicate that 
sensltlZatlon to AMPH can, to a large extent, be predicted by the 
subject's locomotor response to novelty. These data would sug- 
gest that common neural mechanisms influence both AMPH sen- 
sitization and locomotor activity in a novel environment.  
Sensitization of the AMPH locomotor response is associated with 
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increased reactivity of  the mesol imbic dopamme pathway (2, 16, 
17) and as this projection has been strongly implicated in explor- 
atory behavior  (9) these results further support the view that do- 
pamme in the nucleus accumbens may play a role m these indivtdual 
differences.  

The lack o f  sensitization following repeated cocaine adnunis- 
tration is in agreement  with previous studies (14). However ,  al- 
though administrat ion of  10 mg/kg cocaine does not induce 
pharmacological  sensitization over  this time period, tt can result 
in environmental ly induced locomotor  activity (14). Evidence for 
cocaine-induced environment-specif ic  activity was also observed 
in the current exper iment  as activity scores in the inmal 1 hour 
of  habituation on test days 3 and 5 were higher for cocaine-treated 
rats than for saline-treated controls.  

The origins o f  these individual differences are not fully under- 
stood, and could involve genetic or environmental  factors or both.  
Exposure to stress is known to increase the locomotor  stimulat- 

mg properties of  A M P H  (4) and HR rats are reported to show a 
greater elevation m plasma cortlcosterone than LR rats after ex- 
posure to novelty (13) The social environment  during early de- 
velopment  can also influence the response to stress (1) and to 
psychomotor  stimulant drugs (5) Furthermore,  the enhancement  
of  the behavioral effects o f  psychomotor  stimulants by exposure 
to footshock stress is only present in subjects without environ- 
mental control  (10). Therefore,  differences in A M P H  sensitiza- 
tion may represent individual variations in the susceptlblhty to 
stress and could have important imphcations for the relationship 
between stress, sensmzat lon and the propensity for the self-ad- 
ministration of  psychomotor  stimulants. 

ACKNOWLEDGEMENTS 

This research was supported by NIDA grant DA-05827 and NSF grant 
BNS 88122768 

REFERENCES 

1. Blanc, G ,  Herve, D ,  Simon, H ,  Llsoprawslo, A ,  Glowmskl, J , 
Tassln, J P Response of mesocortlcal-frontal dopamlnergic neurons 
in rats after long-term isolation Nature 284 265-267, 1980 

2 Elchler, A J , Antleman, S M Sensitization to amphetamine and 
stress may involve nucleus accumbens and medial prefrontal cortex 
Brain Res 176.412-416, 1979 

3 Demimere, J. M , Piazza, P. V , Le Moal, M , Simon, H. Expert- 
mental approach to individual vulnerability to psychostimulant addic- 
tion Neuroscl Blobehav Rev 13 141-147, 1989 

4 Herman, J P ,  Stmus, L ,  Le Moal, M ,  Simon, H Repeated stress 
increases locomotor response to amphetamine Psychopharmacology 
(Berlin) 84 431-435, 1984 

5 Jones, G H ,  Marsden, C. A., Robbms, T W Increased sensitivity 
to amphetanune and reward-related stimuli following social isolation 
in rats possible disruption of dopamme-dependent mechanisms of 
the nucleus accumbens Psychopharmacology (Berlin) 102 364-372, 
1990 

6 Joyce, E M , Koob, G. F Amphetamine-, scopolamme-, and caf- 
feine-induced locomotor activity following 6-hydroxydoparmne le- 
sions of the mesolimbm dopamlne system Psychopharmacology 
(Berlin) 73 311-313, 1981 

7 Kelly, P H ,  Sevlour, P W ,  Iversen, S D Amphetamine and apo- 
morphine responses m the rat following 6-OHDA lesions of the nu- 
cleus accumbens septl and corpus stnatum Brain Res 94 507-522, 
1975 

8 Kelly, P H ,  Iversen, S. D Selective 6-OHDA-mduced destruction 
of mesohmbic dopamine neurons abolition of psychostlmulant-m- 
duced locomotor activity in rats. Eur. J Pharmacol 40 45-56, 1976 

9 Kelley, A E ,  Cador, M., Stmus, L Exploration and its measure- 
ment a psychopharmacologlcal perspective In Boulton, A A ,  
Baker, G B , Greenshaw, A J., eds Neuromethods, vol 13. Chfton, 
NJ Humana Press, 1989 95-144 

10 MacLennan, A J ,  Maier, S F Coping and stress-reduced potentia- 
tion of stimulant stereotypy in the rat. Science 219 1091-1093; 1983 

11 O'Bnen, C. P ,  Ehrman, R N ,  Ternes, J W. Classical condmon- 
mg in human opiold dependence In Goldberg, S R., Stolerman, I 
P , eds Behavioral analysis of drug dependence London Academic 
Press, 1986 329-365 

12 Ossenkopp, K P ,  Sutherland, C , Ladowsky, R L Motor activity 
changes and condmoned taste aversions induced by administration of 
scopolamine in rats role of the area postrema Pharmacol Btochem 
Behav 25 269-276, 1986 

13 Piazza, P V ,  Demminere, J M ,  Le Moal, M ,  Simon, H Factors 
that predict mthvldual vulnerability to amphetamine self-adrmmstra- 
tlon Science 29.1511-1513, 1989 

14 Post, R M , Weiss, S R B , Pert, A Cocaine-reduced behavioral 
sensitization and kandhng lmphcatlons for the emergence of psycho- 
pathology and seizures Ann NY Acad Sci 537 292-308, 1988 

15 Robinson, T E , Becker, J B Endunng changes in brain and behav- 
IOr produced by chromc amphetanune administration a review and 
evaluation of animal models of amphetanune psychosis Brain Res 
Rev 11 157-198, 1986 

16 Robinson, T E ,  Jurson, P A ,  Bennett, J A ,  Bentgen, K M 
Persistent sensitization of dopamine neurotransmlssion in ventral stn- 
atum (nucleus accumbens) produced by prior experience with 
( + )-amphetamine a mlcrodialysls study in freely movmg rats Brain 
Res 462 211-222, 1988 

17 Segal, D S , Kuczenska, R. Individual differences m responsiveness 
to single and repeated amphetamine administration behavioral char- 
actenstics and neurochemical correlates J Pharmacol Exp Ther 
122 137-147, 1987 

18 Wlner, B J Statistical pnnclpals in expenmental design New York 
McGraw-Hill, 1971 


