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KINNEY, L. AND C. V. VORHEES. A comparison of methylphenidate induced active avoMance and water maze 
performance facilitation. PHARMAC. BIOCHEM. BEHAV. 10(3) 437-439, 1979.--Methylphenidate was shown to 
facilitate both active avoidance and water maze performance compared to controls. Repetitive errors on both tasks were 
greater in the drug than the nondrug group and were positively correlated to water maze performance. These results fail to 
support the view that water maze acquisition is less influenced by performance variables than active avoidance. An 
unanticipated enhancement of water maze performance was also noted in the control group which had been previously 
tested on active avoidance compared with naive controls. Moreover, this group made fewer repetitive errors than naive 
controls, suggesting that previous shock exposure reduced inappropriate responses. 
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PSYCHOMOTOR stimulants, such as methylphenidate, 
have been shown to reliably facilitate performance on active 
avoidance tasks using shock as an aversive stimulus [8, 10, 
12]. Whether such facilitation generalizes to tasks using 
other types of aversive stimuli has not been determined. 
Tasks using water escape are particularly important in this 
regard, not only because of the prevalence of their use, but 
because it has been suggested that water escape may be less 
subject to the influence of variables related to sex, strain and 
shock specific reactions [3, 6, 9, 11] that have often plagued 
the interpretation of  active avoidance changes [1,2]. 

Therefore, we sought to compare the effects of a behav- 
iorally effective dose of methylphenidate [5] to its effects on 
water maze acquisition. We hypothesized that methylpheni- 
date at a dose effective in facilitating active avoidance ac- 
quisition, would not facilitate water maze acquisition. This 
hypothesis was based on the observation that swimming 
speed does not affect error rates when a treatment, such as 
excess vitamin A, is administered that reduces swimming 
speed [13]. 

METHOD 

Animals 

Twenty-four male rats of the Sprague-Dawley strain 
(Laboratory Supply~ Indianapolis, Ind.) were randomly as- 

signed to two experimental groups. Animals were housed 
individually, given ad lib food and water and tested during 
the light phase of the twelve hr light-dark cycle maintained in 
the colony. 

Apparatus 

The active avoidance apparatus consisted of  an aluminum 
chamber (20.3×21×17.8 cm) with 0.3 cm dia. grid bars 
spaced 1.2 cm apart that served as the floor and through 
which 0.75 mA of scrambled shock was delivered. The manip- 
ulandum was a 9.5 cm wide, 7.6 cm diameter wheel located 
at one end of the test chamber. Trials were given on a VI 45 
see schedule with a 9 see warning stimulus of white noise 
which preceded shock onset. A trial was begun only after the 
manipulandum was not turned during a 6 sec time-out inter- 
val which preceded each trial. An avoidance occurred when 
a subject turned the wheel during the 9 sec warning interval. 

A Biel multiple unit T-maze made of  galvanized steel was 
used [4]. The Biel maze had a straight channel (127 cm) at the 
start and five T-shaped cul-de-sacs (51 cm) throughout. 
Water was kept at a constant depth (25.4 cm) and at a tem- 
perature of 20-22°C. 

Procedure 

Rats were randomly assigned to either the methylpheni- 
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TABLE I 

ACTIVE AVOIDANCE PERFORMANCE MEAN _+ SE 

Days to Avoidances Session Length (min) 
Criterion Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 n 

Methylphenidate 1.73 ± 0.19" 13.8 --_ 1.8 18.8 _-_ 0.4* 19.0 ± 0.4* 38.2 __. 8.5* 36.3 ± 9.5* 30.1 ± 7.8 11 
Control 2.83 - 0.32 14.2 ± 1.0 13.5 ± 0.9 16.3 ± 1.5 26.8 _+ 2.8 27.9 ± 5.4 24.4 ± 3.5 12 

*Significantly different from control (see Results). 

date or saline control groups. Half of each group was tested 
in the Biel maze first and in the active avoidance second 
(order 1), while the other half received the tests in the re- 
verse order (order 2). On each day, 30 min prior to testing, 
drug animals were injected IP with 15 mg/kg of methylpheni- 
date HCI (CIBA Pharmaceutical Co.) in saline (1 ml/kg). 
Controls received an equivalent volume of saline. 

On active avoidance animals were tested for 20 trials/day 
until they reached a 90% avoidance criterion. Avoidances 
and session length were recorded. Session length was used 
as an index of repetitive wheel turning since session time was 
a function of the number of unreinforced wheel turns. 

The daily training procedure on the Biel maze was as 
follows: On Days 1 and 2 animals were placed in one end of 
the 127 cm start channel with the entry to the rest of the 
maze blocked and timed for swimming speed to an exit ramp. 
Five trials/day were run, and two measures were recorded: 
(a) swimming time for the last two thirds of the channel, i.e., 
the distance best representing swimming speed and (b) total 
channel transit time, i.e., that which includes backtracking. 

On Days 3-12 animals were placed at the start and 
allowed to explore the entire maze until the exit was dis- 
covered (up to a maximum of 6 min). Animals not escaping 
within 6 min were led to the exit by blocking inappropriate 
turns. 

Measures recorded during Biel maze testing were (1) er- 
rors/trial, (2) time/trial, (3) error rate to criterion, i.e., the 
rate of decrease in errors/trial to the first errorless trial and 
(4) time/trial to criterion. Supplemental measures included: 
(5) total errors (all cul-de-sac entries), (6) T-entry errors 
(entries into any double cul-de-sac) and (7) repetitive errors 
or back-tracking, the difference between total errors and 
T-entry errors (essentially only a Day 1 phenomenon). If an 
animal took the 6 min limit to swim the maze, he was given 
an error score of 50. 

Statistical Analysis 

By design, methylphenidate induced avoidance facilita- 
tion was a prerequisite to the experiment, therefore, active 
avoidance data was analyzed using a priori t-tests [7]. Biel 
water maze data, on the other hand, where we sought 
to discover the effect of methylphenidate, was analyzed 
using treatment×test  orderxdays  analyses of variance. 
Simple two group data, such as days to criterion in 
avoidance, summed speed trials in the Biel maze and repeti- 
tive errors were analyzed using t-tests. 

BIEL WATER MAZE 

7 

Drug 
6 o- - - -o  No Drug 

- ) 

X 

2 4 6 8 I0 
DAYS 

FIG. 1. Mean daily maze solution times. Overall comparison of 
methylphenidate (15 mg/kg/d.) compared to saline controls injected 

30 min prior to a single daily maze trial. 
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RESULTS AND DISCUSSION 

Methylphenidate facilitated both active avoidance (Table 
1) and Biel swimming maze performance (Fig. 1). On active 
avoidance the drug group required fewer trials to reach cri- 
teflon than controls, t(21)=2.80, p<0.01, (one methylpheni- 
date rat died on the first day of avoidance testing and its data 
is excluded on this task) and made more avoidance re- 
sponses on Days 2 and 3 than the nondrug group, t(38) =4.77, 
p<0.01; t(38)=2.43, p<0.05,  respectively. In the Biel maze 
the methylphenidate group required less time/trial, 
F(1,22)=4.39, p<0.05,  and made fewer errors/trial, 
F(1,22)=4.32, p<0.05, than the control group (main effects). 
These Biel maze differences were apparently not the result 
of faster swimming, however, since a comparison of straight 
channel swim time summed across trials showed no differ- 
ence in swimming speed in the final two-thirds of the alley. 

The occurrence of repetitive errors (errors that did not 
lead to reinforcement) was greater in the drug group than in 
the nondrug group on both tasks. On active avoidance, the 
mean session length was significantly longer for the methyl- 
phenidate group compared to controls on testing day one, 
t(21)=2.95, p<0.01,  and two, t(21)=2.09, p<0.05. On the 
Biel maze, the methylphenidate group displayed more back- 
tracking on straight channel trials, t(22)=3.40, p<0.01, and 
committed more repetitive errors (also back-tracking) during 
initial maze testing than the nondrug group, errors/min: 
t(22)= 1.98, p<0.05. Interestingly, the correlation between 
back-tracking errors and learning (error rate to criterion) was 
significantly positive for the drug group, r= +0.70, p<0.01,  
but low and negative for the nondrug group, r = - 0 . 1 9 ,  
suggesting that increased activity (though not necessarily 
speed) contributed to the enhanced maze performance of the 
methylphenidate animals. This is supported by the fact that 
T-entry errors on the same day showed no correlation with 
learning rate. 

Further examination of the data revealed an unexpected 
effect of testing order in which prior active avoidance expe- 
rience facilitated performance on the swimming maze among 
controls. An analysis of time per trial revealed a significant 
drug × test order interaction, F(1,20)=5.03, p<0.05. This 
effect indicated that the control group tested in active 
avoidance prior to Biel maze testing performed significantly 
better (mean time= 1.36 - 0.27) than controls run in the Bipl 
maze without any prior testing (mean time=2.14 _+ 0.29). 
The tendency for previous shock avoidance experience to 
improve Biel maze performance in the nondrug group was 
found on all measures of Biel maze learning. Unlike facilita- 
tion due to the drug, however, facilitation due to test order 
appeared unrelated 1o an increment in the occurrence of re- 
petitive errors, indicating that prior shock exposure affected 
maze performance in a different way than did methylpheni- 
date. The control group receiving active avoidance experi- 
ence first made fewer repetitive errors on the first day of 
learning in the Biei maze than did naive controls. In addition, 
the relationship between repetitive errors on Day 1 and 
learning (time/trial) was negative, r = - 0 . 5 2 ,  for the nondrug 
group, but positive for the drug group, r= +0.48. Shock ex- 
posure apparently diminished inappropriate behaviors that 
normally impede learning, without altering basic activity 
levels, whereas methylphenidate apparently altered both 
types of behavior. Interestingly, the beneficial carry over 
from one task to the other did not occur when animals were 
tested in the Biel maze first. This difference may be related 
to the species specific prepotency of swimming compared to 
wheel turn avoidance. 
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