
Furthermore, CCK receptor antagonists 
may have therapeutic use in the treatment of 
various forms of anorexia. 
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Factors That Predict Individual Vulnerability to 
Amphetamine Self-Administration 

Clinical observations show that there is considerable individual variability in the 
response to the addictive properties of drugs. This individual variability needs to be 
taken into account in animal models of addiction. Like humans, only some rats readily 
self-administer low doses of psychostimulants. The individual animals at risk can be 
identified on the basis of their response to environmental or pharmacological chal- 
lenges. This predisposition to develop self-administration can be induced by repeated 
treatment with amphetamine. These results may help elucidate the neurobiological 
basis of addiction liability observed in both rats and humans. 

T HE ETIOLOGY OF DRUG ADDICTION 

is largely unknown, although an in- 
dividual's vulnerabilitv to addiction 

is one of the main factors that influences the 
prognosis. As pointed out by O'Brien et al.  
(1, p. 329), "Some addicts go for months or 
years using heroin or cocaine only on week- 
ends before becoming a daily (addicted) 
user. Others report that they had such an 
intense positive- response that they became 
addicted with the first dose. . . ." Although 
the importance of individual differences in 
humans is well accepted in clinical practice, 
it has often been neglected in animal studies. 
Intravenous self-administration (SA), a use- 
fd method for analysis of drug-taking be- 
havior in animals, is typically studied after 
the behavior is well established after pro- 
longed training with relatively high doses of 
drugs. Although this procedure has provid- 
ed usehl information on the neurobiologi- 
cal substrate of SA (Z), it has obscured 
individual differences in vulnerability to the 
drug. However, during the acquisition of 
SA, individual differences among rats can be 
seen if low doses of drug are used. We 

Ps chobiolo ie des Componements Ada tatifs IN- 
SI?Rh4 ~ . 2 f 9 ,  UniversitC de Bordeaux 11, 6 o m ~ n e  de 
Carreire, rue Camille Saint-Saens, 33077 Bordeaux, 
France. 

addressed two questions in this study: (i) 
Could individual differences in the develop- 
ment of amphetamine SA in rats be predict- 
ed by a particular set of traits? (ii) Could 
these individual differences be modified? 

In the first experiment, 30 male Sprague- 
Dawley rats (280 to 300 g body weight) 
were separately tested for individual reactiv- 
ity (locomotor response) in a novel environ- 
ment (3) and after an intraperitoneal injec- 
tion of d-amphetamine sulfate. Novelty-in- 
duced locomotor activity was measured ev- 
ery 10 min for 2 hours. Two subgroups of 
animals were selected on the basis of their 
level of activity (either below or above the 
median of the group). Half the animals were 
classified as low responders to novelty (LRs; 
n = 15) and the other half, with a slower 
habituation response, were classified as high 
responders (HRs; n = 15) (Fig. 1A) (4). 
The two groups did not differ in other 
variables such as body weight or health. On 
the day after exposure to the novel environ- 
ment, the animals were placed in the same 
apparatus for a habituation period of 3 
hours and then were injected with ampheta- 
mine (1.5 mg per kilogram of body weight, 
intraperitoneally), after which their locomo- 
tor activity was recorded for three more 
hours. Analysis of variance (ANOVA) indi- 
cated that the responses of LR and H R  
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Fig. 1. Difference 
scores of locomo- 
tor activity (A) in 
a novel environ- 50 

ment or (B) after 
amphetamine (1.5 -1 

mglkg, intraperi- $. 
toneaUy) of rats 40 
in the HR group f 
( n =  15) andLR 8 
group (n  = 15). c 
Raw data are pre- ' 30 
sented in the in- 5 
sets (0) LR; (0)  & 
HR. The two 20 
groups differed in 
Fotal- locomotor 
activitv in a novel 
environment [F 
(1,28) = 18.09; P 0 -25 

= 0.00021. Am- 10 60 120 10 60 120 180 

phe tamine- in -  Time (min) Time (min) 
duced locomotion 
changed in a different way between the nvo groups over time [F(17,476) = 2.23; P = 0.0031. 

groups differed significantly over time 
[F(17,476) = 2.23; P = 0.0031 (Fig. 1B). 
This difference was most marked in the first 
30 min of the test. During this period, the 
H R  group had a higher response to amphet- 
amine. Moreover, for all rats there was a 
linear relation [y = (0.38 k 0 . 1 8 ) ~  + 
115.997, P = 0.021 between the ampheta- 
mine resDonse over the first 30 min and the 
locomotor response in the novel environ- 
ment. 

In a second experiment, 40 male Sprague- 
Dawley rats (280 to 300 g body weight) 
were first categorized according to their 
locomotor response to novelty and then 
tested for acquisition of amphetamine SA. 
As in experiment 1, groups of HRs 
(650 k 51 photocell counts; n = 20) and 
LRs (373 ? 12 photocell counts; n = 20) 
were designated. Rats in these groups then 
received either four injections of d-ampheta- 
mine sulfate (1.5 mgikg, intraperitoneally) 
separated by 3-day intervals, a procedure 
that induces a behavioral sensitization (5 ) ,  
or saline injections on the same schedule. 
Thus, the four experimental groups (ten rats 
per group) were LR saline, LR ampheta- 
mine, H R  saline, and H R  amphetamine. As 
in experiment 1, H R  rats responded faster 
to the first amphetamine injection than LR 
rats [F(17,306) = 2; P = 0.011. A linear 
relation was again found between the re- 
sponse to amphetamine over the first 30 min 
and locomotor activity in a novel environ- 

[F(3,27) = 11.29; P = 0.0001]. The loco- 
motor response of the LR group during the 
first 30 min of each test showed a progres- 
sive increase and reached the level of the H R  
group by the fourth injection (Fig. 2). Two 
days after the last injection, all rats were 
implanted with intravenous cannulas and 
allowed to acquire amphetamine SA (6). 
Rats in the H R  group that had received 
repeated saline injections acquired SA, 
whereas saline-treated LR animals did not 
(Fig. 3A) [F(4,48) = 8.22; P = 0.00011. 
Moreover, there was a linear relation be- 
tween the intensity of amphetamine SA 
(number of self-injections) over the 5 days 

ment [y = 0.379 * 0..15)~ + 262.111, P = 2, Effect of ampher-ne sen- 
0.011. Rats in these two groups also re- ,itization on ~ocomotor activity in o 
sponded differently to the repeated amphet- the LR (n = 10) and H R  (n = 10) 
m i n e  injections [F(5 1,918) = 1.61; P= rats. The difference (HR - LR) in 

0.0041. Although the H R  group showed a locomotor activity between the 
groups (cumulated over 30 min) 

nonsignificant increase in locomotion with abolished by the repeated injec- -50 
repeated injections, the locomotor response tions, The insert shows the raw 
was substantially enhanced in L R  rats data. *P < 0.05 (ANOVA). 
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[y = (0.23 2 0 . 0 5 ) ~  - 53.24, P = 0.001] 
and the level of reactivity (locomotor activi- 
ty score) in the novel environment (7). In 
comparison, after the amphetamine sensiti- 
zation procedure, LR and H R  rats did not 
differ with respect to the acquisition of SA, 
indicating that the repeated exposure to 
amphetamine induced the acquisition of SA 
in LR rats (Fig. 3B). 

Our results demonstrate that there are 
marked individual differences in the devel- 
opment of amphetamine SA. Interestingly, 
these differences in vulnerability to the drug 
could be predicted from the behavioral re- 
sponses to both novelty and single or repeat- 
ed amphetamine injections. Not only did 
the LR and H R  groups differ in response to 
these tests, but, regardless of group classifi- 
cation, there was a significant positive corre- 
lation between the magnitude of the re- 
sponse to novelty of individual animals and 
their subsequent response to amphetamine 
as indicated by locomotion and SA. 

Individual differences in the response to 
novelty were specifically correlated with the 
intensity of the locomotor response to am- 
phetamine in the first period after injection, 
and animals with a more rapid locomotor 
response (HR group) to amphetamine also 
more rapidly acquired SA. This rapid re- 
sponse may be a characteristic of high vul- 
nerability to drug addiction (8). The two 
groups of rats also responded differently to 
repeated amphetamine injections. Although 
the LR rats displayed behavioral sensitiza- 
tion, the H R  group did not; in fact, the H R  
rats behaved as if they had been sensitized. 

1 2 3 4 
Amphetamine injections 
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Fig. 3. Acquisi- 
tion of ampheta- 
mine SA of rats in 
the LR (0) and 
HR (0) groups 
after repeated in- 
traperitoneal ad- 
ministration of 
(A) saline or (B) 
amphetamine. Af- 
ter saline treat- 
ment, the groups 
(n = 10 per 
group) differed in 
their acquisition of 
SA bo& in terms 
of total ampheta- 
mine administered I I I 

. - .  1 2 3 4 5  
over the 5 days Time (days) Time (days) 
[F(1,18) = 10.02; 
P = 0.0081 and in 
terms of the number of injectiom over the different days [F(4,48) = 8.221; P = 0.0001]. After amphetamine 
sensitization, there was no difference between the two groups (n = 10 per group). 

Repeated contact with the drug not only 
eliminated group differences in the behav- 
ioral response to amphetamine but also 
abolished differences in SA. After this proce- 
dure, rats in the LR group became more 
vulnerable to the rewarding properties of 
the drug. Our results indicate that individual 
differences in the development of SA behav- 
ior can be modified and that previous con- 
tact with the drug can enhance subject vul- 
nerability. 

Because multiple amphetamine injections 
produce effects similar to those observed 
with repeated stress (Y), exposure to stress- 
ful events at some critical period of life 
might predispose individuals to initiate 
drug-taking behavior. Also, differences in 
the locomotor response in a novel environ- 
ment between the LR and H R  groups may 
be due to differences in the response to stress 
(lo), because (i) previous mild stress (such 
as handling) is enough to enhance explor- 
atory locomotor activity ( I  I); (ii) the novel 
environment is as potent as electric foot- 
shock in raising plasma corticosterone levels 
(12); and (iii) we have found that rats with 
higher responses to novelty ( H R  group) 

have higher basal levels of corticosterone as 
well as higher levels of corticosterone 2 
hours after exposure to novelty (13). Indi- 
vidual differences in the behavioral response 
to a single injection of amphetamine can also 
be ascribed to differences in susceptibility to 
stress because amphetamine and stress have 
been shown to have similarities in their 
behavioral and neurochemical effects (9). 

Whatever the origin, acquired or inherit- 
ed, the individual differences observed in 
our experiments could reflect an intrinsic 
variation in the neurochemical mechanisms 
regulating responsiveness to stress or am- 
phetamine. The mesocorticolimbic dopa- 
mine system may be involved because dopa- 
minergic neurons are activated by both 
stress (14) and amphetamine (15) and play a 
role in both sensitization (5)  and SA behav- 
ior (2). 

Our approach represents a first step in the 
characterization of animals' typologies relat- 
ed to the vulnerability to develop drug- 
taking behavior. This approach may provide 
a useful model for investigation of the neu- 
robiological basis of vulnerability to addic- 
tion. 
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