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WEINER, I., E. BEN HORIN AND J. FELDON. Amphetamine and the overtraining reversal effect. PHARMACOL 
BIOCHEM BEHAV 24(6) 1539-1542, 1986.--Rats were trained in a Y-maze on a two choice simultaneous brightness 
discrimination with light as S+ and dark as S -  (position irrelevant). Animals in the Mastery group were trained until they 
reached criterion and were then switched to reversal, where the reinforcement contingencies of the original training were 
reversed. Animals in the Overtraining group received a further 110 trials before being switched to reversal. The 
administration of 1 mg/kg d-amphetamine facilitated dramatically reversal learning in Mastery group. Overtraining 
improved reversal in saline injected animals and slowed down reversal in amphetamine-treated animals. The drug also 
facilitated the acquisition of the initial brightness discrimination. 
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IN a recent experiment [36], we found that the administra- 
tion of 1 mg/kg d-amphetamine dramatically facilitated re- 
versal learning of  a Y-maze simultaneous brightness dis- 
crimination. This finding is of  interest for several reasons. 
First,  it is one of  the few reported improvements in discrimi- 
nation produced by d-amphetamine in animals [2, 3, 11], as 
opposed to the typically obtained disruption of discrimina- 
tion performance (e.g., [1, 4, 7, 9, 10, 19, 21, 22]). Second, 
although the facilitation of reversal is in line with reports by 
Calhoun and Jones [2] and Kulig and Calhoun [11], it is in- 
consistent with findings of Ridley et al. [27,28], who ob- 
tained a disruption of  reversal learning under amphetamine 
in monkeys. Third, the effects of  amphetamine on reversal 
learning may provide important clues as to the "cogni t ive"  
actions of  the drug. Thus, the course of  reversal learning 
provides a measure of changes in the associative strength of 
S + and S -  as well as changes in attention to the discrimina- 
tive stimuli [15, 16, 35]. The elucidation of  the effects of 
amphetamine on attentional learning is of particular interest 
in view of (a) the proposition that amphetamine treatment in 
animals may provide an analogue to schizophrenia [8, 30, 31] 
and (b) the suggestion that attentional dysfunction is one of 
the central characteristics of schizophrenia [17]. 

The purpose of the present experiment was twofold: first, 
to replicate our previous result of reversal facilitation by 
amphetamine and second, to compare the facilitatory effect 
of amphetamine to the overtraining reversal effect (ORE). 
The ORE refers to the finding that overtrained animals learn 
reversal more rapidly than animals trained to a criterion [6, 
15, 16, 24, 26, 33], although the effect is not readily obtained 
under all conditions. This phenomenon has provided impor- 
tant information regarding the processes occurring in dis- 
crimination learning and reversal, and we felt that the compari- 
son between the ORE and the effects of  amphetamine may 
enhance our understanding of the drug action on reversal. 

Amphetamine or saline treated rats were trained on simulta- 
neous brightness discrimination until they reached a crite- 
rion (Mastery condition) or received additional 110 trials 
(Overtraining condition) before being switched to reversal. 

METHOD 

Subjects 

Twenty-five male Wistar rats (Tel-Aviv University Medi- 
cal School, Israel) approximately 3 months old were used. 
They were housed one to a cage under a reverse cycle light- 
ing and given water for 30 min a day, about 15 min after the 
daily session. 

Apparatus 

The rats were tested in a Y-maze made of opaque Plexi- 
glas. The floor consisted of  metal grid composed of equally 
spaced rods. The walls were 17.5 cm high. The startbox was 
27 cm long and 10 cm wide, and had a manually operated 
black guillotine door. The choice section was pentagonal 
with 10 cm long sides. The two goal arms were 14 cm long 
and 10 cm wide, and were set at an angle of  90 degrees to one 
another. They had manually operated perspex side-opening 
doors that separated them from the rest of  the maze. The 
startbox and choice section had clear perspex lids, and the 
goal arms had white, opaque perspex lids. Each goal arm 
contained an automated Campden Instruments dipper mech- 
anism, attached outside the rear wall of each goalbox, which 
delivered 0.15 ml water to the box. A 24 V electric bulb, 
located above each dipper 12.5 cm from the floor, provided 
the light serving as S+ or S - .  

Procedure 

All animals were handled for a week and given 5 days of 
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FIG. 1. Mean of percent correct choices during the initial brightness 
discrimination (training to criterion) in the Placebo and Am- 
phetamine groups. 
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FIG. 2. Mean of percent correct choices during reversal training in 
the Mastery-Amphetamine, Over[raining-Amphetamine, Mastery- 
Placebo and Overtraining-P]acebo groups. 

pretraining. On each day, each animal was placed in the 
Y-maze for 10-15 min. All Y-maze doors were open and 
water was available in both arms of the maze. The experi- 
menter ensured that the animal drank the water before being 
removed from the maze. Following pretraining, animals ac- 
quired a simultaneous dark-light discimination, with light as 
the S +. They were run for 10 trials a day. Upon the termina- 
tion of each trial, the animal was immediately taken out of 
the goal arm and replaced into the startbox. On each daily 
session, S+ was in the right arm of the maze on 5 trials and in 
the left arm on the other 5 trials. The placement of S+ and 
S -  was randomly determined with the provision that they 
did not remain in the same arm of the maze for more than 2 
consecutive trials. The criterion of learning was at least 17 
correct responses in 20 consecutive trials on two consecutive 
daily sessions. Two response measures were taken: percent 
correct choices and mean days to criterion. The Mastery 
group was trained to a criterion and immediately switched to 
reversal on the next session. The Overtraining group re- 
ceived an additional 110 trials (11 days) and was then 
switched to reversal. In reversal training, animals were 
trained on the same discrimination with the former S -  (dark 
side) now S+.  The criterion of learning was the same as in 
the initial discrimination. 

The animals were randomly assigned to one of four 
groups in a 2 x 2 factorial design consisting of type of training 
(Mastery or Overtraining) and drug (amphetamine or saline). 
In the Mastery-Placebo condition there were 10 animals, 5 of 
which were used later in a different experiment. In all other 
groups, n=5.  

Drug Injections 

The appropriate drug, either 1 mg/kg d-amphetamine sul- 
fate dissolved in 1 ml of saline, or an equivalent volume of 
saline, was administered IP 10 min prior to the daily session 
throughout the experiment. 

The data were analyzed using 2x2 ANOVAs and where 
appropriate, a repeated measurements factor of days was 

included. One animal from Amphetamine-Overtraining group 
was dropped from the experiment because of apparatus failure. 
Thus, the final analysis was performed on 24 animals. 

RESULTS 

Initial Discrimination 

Figure 1 presents the mean of percent correct choices in 
the initial brightness discrimination for the Placebo and Am- 
phetamine groups. As can be seen, amphetamine-treated 
animals reached criterion faster than saline controls. This 
was supported by a significant main effect of drug, 
F(1,22)=10.67, p<0.005, as well as by the significant in- 
teraction of drug × days, F(17,374)=2.71, p<0.01. A similar 
result was obtained in the analysis of mean days to criterion: 
Amphetamine injected animals (mean number of days--7.6, 
SD = 1.9) required significantly, F(1,22) = 6.43, p <0.02, fewer 
days to reach criterion than Placebo animals (mean number 
of days= 10.2, SD=2.7). 

Reversal 

Figure 2 presents the mean of percent correct choices in 
reversal for the Placebo-Mastery, Placebo-Overtraining, 
Amphetamine-Mastery and Amphetamine-Overtraining 
groups. An ANOVA with main factors of drug (placebo, 
amphetamine) and type of training (mastery, overtraining) 
and a repeated measurements factor of days yielded a signif- 
icant main effect of drug, F(1,20)=7.35, p<0.02, as well as a 
significant interaction of drug × days, F(17,340)=2.18, 
p<0.05. As can be seen in Fig. 2, these outcomes reflected 
improved reversal performance of the amphetamine groups. 
In addition, the interaction of drug × type of training ap- 
proached significance, F(1,20)=3.00, p<0.10, and the linear 
component of the drug × type of training × days interaction 
was significant, F(1,370)=3.87, p<0.05. As can be seen in 
Fig. 2, these outcomes reflect the fact that whereas in 
placebo injected animals, overtraining improved reversal, 
the opposite pattern was evident in amphetamine injected 
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animals, i.e., overtrained animals were slower than animals 
trained to criterion. The same results were obtained in the 
analysis of mean number of  days to criterion. The main ef- 
fect of  drug was significant, F(1,20)= 10.57, p<0.05,  and the 
interaction of  drug × type of training approached signifi- 
cance, F(1,20)=3.38, p<0.09.  The mean days to criterion in 
Reversal were: Placebo-Mastery--14.2, SD=3.7; Placebo- 
Overtrainingml 1.00, SD=3.3; Amphetamine-Mastery--7.0, 
SD=2.0; Amphetamine-Overtraining--9.0, SD=3.3. 

DISCUSSION 

In line with other reports (e.g., [6, 14, 24, 26, 33]) over- 
training improved reversal in placebo animals. In comparison 
to overtraining, amphetamine produced a far more dramatic 
facilitation of reversal. 

As can be seen in Fig. 2, Mastery-Amphetamine animals 
shifted their choices to the new S+ very rapidly and indeed, 
reached 100% correct performance in 9 days, whereas other 
groups took 14--18 days. Such a rapid shift to the new S+ 
indicates that amphetamine does not affect the associative 
values of S+ and S - ,  since the latter would lead to greater 
persistence in selecting the former S + at the outset of rever- 
sal. In contrast, the drug dramatically enhances the attention 
to, or the associability of, these stimuli, i.e., their rate of 
conditioning under changed contingencies of reinforcement 
[15, 16, 35]. It should be noted that the rapid switch to the 
new S+ occurred in spite of the fact that amphetamine en- 
hanced original discrimination, which would be expected to 
lead to a greater persistence in choosing the former S+ at the 
outset of reversal. This suggests that already in the original 
discrimination, improved performance under amphetamine 
is due to increased associability of the discriminative stimuli 
rather than to increments in their associative strength, and 
strengthens the conclusion that amphetamine-produced 
facilitation of  reversal results from enhanced associability. 
The present pattern of results is incompatible with the prop- 
osition that amphetamine enhances the reinforcing impact of 
reward [34] or stimuli associated with reward [5], and selec- 
tively stimulates dominant responses [13]. All of these ac- 
tions would be expected to enhance the associative strength 
of S+ and lead to increased persistence in responding to S+ 
in reversal. However, if the drug enhances in general the 
reinforcing effect of  feedback stimuli from the environment 
so that there is increased discrimination between different 
degrees of reinforcing feedback [29], it would indeed be ex- 
pected to increase the associability of the discriminative 
stimuli. 

The facilitatory effect of amphetamine on reversal was 
attenuated by overtraining. At first sight, this finding is sur- 
prising, since overtraining is assumed to facilitate reversal by 

enhancing the associability of  the relevant stimuli and this 
effect would be expected to combine with the enhancing 
effect of  amphetamine, yielding a further improvement in 
reversal. However, the ineffectiveness of overtraining in 
amphetamine treated animals is in line with the proposition 
that amphetamine enhances the associability of  the relevant 
stimuli during training to criterion. Overtraining increases 
the associability of the discriminative stimuli if associability 
is low at the start of  overtraining but is without an effect 
when associability is already high [16,35]. Since 
amphetamine-treated animals enter the stage of overtraining 
when the associability of the discriminative stimuli is high (it 
will be recalled that if switched to reversal at this point, these 
animals reverse extremely rapidly), overtraining does not 
lead to further increments in associability. However, a ques- 
tion arises as to why in amphetamine treated animals over- 
training was not merely ineffective, in which case 
Overtraining-Amphetamine group would perform like 
Mastery-Amphetamine group, but actually decreased as- 
sociability, leading to poorer performance of  Overtraining- 
Amphetamine as compared to Mastery-Amphetamine group. 
We suggest that this decremental effect stems from the fact 
that overtraining reduces control by S - ,  since at this stage, 
animals no longer make contact with S -  [15]. The repeated 
exposure to S+ alone leads to the extinction of  increased 
associability of S - ,  retarding the subsequent rate of condi- 
tioning to S -  when conditions of reinforcement are changed. 

In summary, the present experiment replicated our previ- 
ous finding [36] that amphetamine administration leads to 
facilitated reversal learning as a consequence of a rapid shift 
to the new S+. This facilitation, however, is obtained only in 
animals trained to a criterion, whereas additional training 
attenuates the effect. These results indicate that am- 
phetamine enhances the associability of, or the attention to, 
the discriminative stimuli. This may have important implica- 
tions for the animal amphetamine model of  schizophrenia [8, 
30, 31]. Overly active attentional mechanism has been re- 
peatedly referred to in the human schizophrenia literature as 
the central characteristic of  the disorder (e.g., [12, 18, 20, 
23, 25, 32]). Amphetamine-induced enhancement of atten- 
tion to discriminative stimuli may provide an animal 
analogue to this feature of  the clinical syndrome. 
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