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(3) 465–472, 1999.—Antiep-
ileptic medications are the primary treatment for seizure conditions. Over the past several years, it has become clear that the
medications themselves may contribute to the negative cognitive side effects that people with epilepsy often report. In the ex-
periments reported here, the effects of phenytoin treatment have been evaluated in rats performing an instrumental appeti-
tive-to-aversive transfer task. We find that rats treated with phenytoin fail to acquire the avoidance response when trans-
ferred from an appetitive to an aversive context. This deficit is not due to any sensory or motor slowing resulting from the
drug, nor is it a deficit that is specific to learning in an aversive context. Rather, we suggest that the deficits shown by pheny-
toin-treated rats in the appetitive-to-aversive transfer reflect a fundamental inability in altering the associations that were
formed during the initial appetitive training. © 1999 Elsevier Science Inc.
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EPILEPSY is a family of central nervous system disorders,
characterized by neuronal hyperactivity resulting in seizures,
afflicting as many as 2.5 million people in the United States
alone. For nearly 140 years, pharmacological intervention has
been the treatment of choice. In 1908, diphenylhydantoin so-
dium (phenytoin; PHT) was synthesized, but it was 30 years
later that Merritt and Putnam (26) first demonstrated its anti-
convulsant properties (32). Phenytoin quickly became the
drug of choice for the treatment of epilepsy as this drug ap-
peared to control seizures effectively without the obviously
soporific side effects associated with the available treatment
options (i.e., bromides and phenobarbital).

Phenytoin, however, may not control seizure activity with-
out unwanted side effects. For example, “cognitive” deficits
have been associated with phenytoin maintenance in human
patients [e.g., (12,15,19,24,30,31,34,35,36,38–40,42,45) and in
animal models [e.g., (21,29,43)]. These reports of cognitive
and behavioral impairments have not gone completely un-
challenged. Echoing the concerns raised by others [see
(3,11,41,44) for discussion], Dodrill (16) has argued that re-
cent data show that phenytoin, carbamazepine, and valproate
have only mildly adverse effects, and that the effects due to

these compounds were comparable. Dodrill (16) goes on to
list a number of reasons (e.g., subject selection factors, come-
dication, particular psychological test employed) why earlier
results might have been interpreted as indicative of more se-
vere drug-related effects. The bottom line, however, remains
the same. There have been no systematic assessments of the
relative degrees of impairment associated with various anti-
epileptic compounds. The experiments reported here repre-
sent our initial studies of the effects of phenytoin mainte-
nance on learning and memory in adult rats. We have
employed a within-subject, tone-signaled bar press task in
which rats are transferred from an appetitive to an aversive
context. This paradigm was developed to study appetitive and
aversive learning in the same subjects, and has been used in
past work to evaluate learning, memory, and impairments
that accompany cerebellar, hippocampal, cingulate, and pre-
frontal cortex lesions (23,37). We are currently using this par-
adigm to study the effects of a number of other compounds
(carbamazepine, valproate, ethosuximide, and felbamate thus
far), and the preliminary results show that this paradigm does
discriminate between these various drugs. In the present
study, we found that phenytoin-treated rats were severely im-
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paired in the acquisition of the avoidance response relative to
normal controls. Preliminary reports of some of these findings
have appeared elsewhere (5–7,27).

 

METHOD

 

Subjects and Materials

 

Forty-seven adult female Sprague–Dawley rats bred in the
Indiana University animal care facilities were used. The ani-
mals were maintained at 85% free-feeding body weight
throughout their participation in the study. The 45-mg food
pellets used as appetitive reinforcers (Bio-Serve, Frenchtown,
NJ) were introduced to the animals in the home cage at least 2
days prior to beginning training. Animals were trained in an
operant chamber (Lafayette) placed in a lighted (10-W utility
bulb) sound-attenuating chamber, which contained a center-
mounted speaker to deliver the tone (2 kHz at 90 dB SPL).
The front wall of the operant box consisted of one bar at cen-
ter and a recessed food well on the left.

 

Surgeries

 

All animals (

 

n

 

 

 

5

 

 47) underwent a simple surgical proce-
dure to implant two back wires, necessary as the connection
point for the active lead during the aversive component of the
task, before beginning shaping and training for the first (or
only) component. Animals were anesthetized with a mixture
of ketamine and xylazine (60 and 6 mg/kg, respectively, IM),
with supplemental doses given as needed. Two double-loop
wires (30 gauge surgical), approximately 1 cm apart, were
threaded subcutaneously between the scapulae of each ani-
mal. Animals also received 0.2 cc Dopram (IM) and triple an-
tibiotic ointment on the area of the wires. The entire proce-
dure took approximately 15 min per subject.

 

Drug Administration

 

The antiepileptic medication phenytoin (Dilantin; Parke-
Davis, Morris Plains, NJ) was administered as stated in the
detailed methods for each experimental condition. The
phenytoin oral suspension (125 mg/5 ml) was administered to
each animal via gavage twice daily. The dose level employed
in the experiments was determined using a regimen of plasma
assay testing after 10 and 35 days of phenytoin treatment.
Two hours after the last dosing (comparable to when the ani-
mals are drugged and then perform the task), 1 cc of blood
was obtained from a number of animals, and assayed for
phenytoin concentration by an outside technician. From the
plasma concentration assay, a dose nearly 10 times (50 mg/kg/
day) that required for humans was needed to approximate the
low end of the human therapeutic concentration level (10–20

 

m

 

g/ml).

 

Appetitive-to-Aversive Transfer Task

Appetitive context. 

 

All sessions, appetitive or aversive,
were separated by 24 h. In the appetitive context, the animals
were first shaped using a method of successive approxima-
tions to the bar press behavior for food reinforcement. When
the animal pressed the bar 100 times in 30 min on a continu-
ous reinforcement schedule, they were advanced to a partial
reinforcement schedule (FR4) to strengthen the behavior
(i.e., render it more resistant to extinction). They were then
required to perform 400 bar presses (receive 100 pellets)
within 30 min on two consecutive days before they began the

tone training trials. During the tone-signaled sessions, the rat
had to press the bar during the tone to receive the reward.
One session consisted of a total of 100 tones, each lasting 3 s
or until the food pellet was delivered, followed by a 15-s inter-
trial interval (ITI) and a randomly determined 1–8-s pretone
period. If the rats pressed the bar during this pretone period,
the period was reset and the trial was delayed until no bar
presses occurred during the randomly determined pretone pe-
riod. Animals continued appetitive tone training for a total of
31 days.

 

Aversive context. 

 

The rats were then transferred to an ac-
tive avoidance task. The aversive context consisted of a shock
that could be terminated by a bar press. The shock intensity
was usually maintained at 0.7 mA. If the animal did not re-
spond well to the shock level, it was increased slightly until a
level was found at which the animals responded consistently,
but never to exceed 1.0 mA. The animals were introduced to
the aversive context in a single training session where the
shock pulses were presented continuously until the bar was
pressed. If the animal did not press the bar within 30 pulses,
the current was turned off manually for a rest period of 10 s.
When the animal pressed the bar, a rest period of 30 s was ini-
tiated. The subject was required to press the bar prior to the
onset of the fifth shock pulse at least 15–20 times consecu-
tively, and was advanced to tone trials on the next session day.
The tone was the same used in the appetitive condition (2
kHz, 90 dB SPL). On tone-signaled trials, the impending foot
shocks could be avoided by a bar press during the first 3 s of
tone presentation, or escaped by a bar press in the latter 3 s
after the shock was initiated. The shock was delivered as a se-
ries of four 250-ms pulses separated by 500-ms periods of no
shock. To prevent the animals from adopting a strategy of
holding the bar down for excessive amounts of time (thereby
avoiding the shock), continuous shock pulses were delivered
if the animal failed to release the bar after 5 s. The trials were
separated by 8-12 s ITIs and a variable 2–6 s pretone period,
during which a bar press reset the pretone period and delayed
the initiation of the next trial. One session of avoidance learn-
ing consisted of 300 tone presentations, or 300 chances to
avoid or escape the shock. Tone training in the aversive phase
of the experiment continued for 25 days.

 

Experimental Conditions

Effects of phenytoin on appetitive-to-aversive transfer.

 

Twelve rats served as controls, receiving no gavage treatment
throughout the appetitive and avoidance training. In groups
of nine and six rats, administration of phenytoin or water (re-
spectively) was initiated at the conclusion of the appetitive
training session on the 21st day. These animals continued tone
training for 10 days to assess the effect of the drug and/or gav-
age procedure, if any, on the acquired tone-signaled bar press.
After the initiation of drug (or water) treatment, behavioral
testing began 2 h after phenytoin (or water) administration.
Drug or water treatment continued daily throughout the re-
maining appetitive and total number of avoidance training ses-
sions.

 

Effects of phenytoin on appetitive acquisition. 

 

In a group of
four rats, phenytoin treatment was initiated. After 10 days of
drug delivery, the rats entered the appetitive training context.
Animals underwent appetitive shaping sessions until the crite-
ria were met, and then began appetitive tone-training ses-
sions. All parameters remained as described above for the ap-
petitive context. Drug treatment continued throughout the
training.



 

EFFECTS OF PHENYTOIN ON TRANSFER 467

 

Effects of phenytoin on an acquired avoidance response.

 

Six animals completed the appetitive-to-aversive transfer task
and began phenytoin maintenance after the 25th avoidance
training session. Two of these animals were included in the
transfer task control data. The other four animals underwent
training that consisted of only 200 trials while in the aversive
component of the transfer task; therefore, these animals were
not included in the controls for the transfer task. These ani-
mals continued in avoidance training for 10 additional days.

 

Effects of phenytoin on avoidance acquisition without prior
appetitive experience. 

 

Finally, in another group of 12 animals
(four phenytoin-treated, four water-treated, and four un-
treated controls), phenytoin or water treatment was initiated,
and continued for 10 days, at which time the animals began
avoidance training. Animals performed one session of aver-
sive shaping and began the 25 days of tone-signaled avoidance
training the following day. All parameters in the avoidance
context remained as described above, but without prior expo-
sure to the appetitive context.

 

Statistics

 

To evaluate learning performance differences between the
drug-treated and control groups (as well as between water-
treated and untreated animals, when available) across training
days, a repeated-measures analysis of variance model was ap-
plied (ANOVA). In general, performance across 5-day blocks
were used to demonstrate performance level. Statistical deci-
sions were based on a 0.05 significance level. The calculations
were carried out using SPSS 6.0 software, on a Power Mac-
intosh 6100.

 

RESULTS

 

Appetitive-to-Aversive Transfer: Appetitive Performance

Appetitive acquisition in controls. 

 

Figure 1 presents percen-
tages of reinforced bar presses and efficiency ratios (ERs; re-
inforced bar presses/total number of bar presses) for water-
treated and untreated controls. These groups have been col-
lapsed for presentation because they did not differ for either
of these measures [days 17–21: reinforced bar presses, 

 

F

 

(1, 16)

 

5

 

 1.21, 

 

p

 

 

 

.

 

 0.05; ERs, 

 

F

 

(1, 16) 

 

5

 

 1.28, 

 

p

 

 

 

.

 

 0.05; days 27–31:
reinforced bar presses, 

 

F

 

(1, 16) 

 

5

 

 0.01, 

 

p

 

 

 

.

 

 0.05; ERs, 

 

F

 

(1, 16)

 

5

 

 0.68, 

 

p

 

 

 

.

 

 0.05]. Moreover, asymptotic performance levels
for these two variables were achieved by the 17th to 21st days
of behavioral training; performance levels for days 27–31 were
comparable [reinforced bar presses, 

 

F

 

(9, 144) 

 

5

 

 1.43, 

 

p

 

 

 

.

 

 0.05;
ERs, 

 

F

 

(9, 144) 

 

5

 

 1.50, 

 

p

 

 

 

.

 

 0.05]. On average, the perfor-
mance of both the phenytoin-treated and control animals
continued to improve slightly, making 1.2% more reinforced
bar presses by days 27–31 than days 17–21.

 

Appetitive performance in phenytoin-treated rats. 

 

To deter-
mine whether phenytoin treatment had any effect on the ac-
quired appetitive performance, we compared data from 5
days prior to the initiation of drug administration with those
from the last 5 days of drug treatment in the appetitive con-
text. Figure 1 presents percentages of reinforced bar presses
and ERs for phenytoin-treated rats. Percentages of reinforced
bar presses (Fig. 1A) remained stable after the initiation of
phenytoin treatment, 

 

F

 

(9, 72) 

 

5

 

 0.62, 

 

p

 

 

 

.

 

 0.05. Efficiency ra-
tios, however, did improve with the additional training, from
an average of 0.508 for days 17–21 to an average of 0.618 for
days 27–31, F(9, 72) 

 

5

 

 2.29, 

 

p

 

 

 

,

 

 0.05.

 

Comparisons of phenytoin-treated rats to controls. 

 

The per-
formance levels of the drug-treated rats were generally com-

parable to those of the controls. Terminal ERs were indistin-
guishable, 

 

F

 

(1, 25) 

 

5

 

 0.05, 

 

p

 

 

 

.

 

 0.05. On the other hand, the
percentages of reinforced bar presses for training days 27–31
were significantly different, 

 

F

 

(1, 25) 

 

5

 

 10.85, 

 

p

 

 

 

,

 

 0.05, with
the averages being 88.8 and 95.5% for the phenytoin-treated
and control rats, respectively. It is noted that the percentages
of reinforced bar presses were comparably lower for the
phenytoin-treated animals (88.6%) relative to the controls
(94.3%) for training days 17–21, 

 

F

 

(1, 25) 

 

5

 

 5.46, 

 

p

 

 

 

,

 

 0.05,
which is before the initiation of drug treatment.

 

Effects of Phenytoin on Appetitive Acquisition

 

To evaluate the possibility that the lower terminal percent-
ages of reinforced bar presses for the phenytoin-treated rats
was due to a reduction in appetitive motivation, four rats be-
gan receiving phenytoin 10 days before appetitive shaping and
tone training. The drug treatment continued throughout ap-
petitive training. These rats averaged 96.9% reinforced bar
presses over training days 27–31. The comparable average for

FIG. 1. Appetitive performance measures for control (water-treated
and untreated combined) and phenytoin-treated animals are dis-
played. Percentages of reinforced bar presses and efficiency ratios for
control animals demonstrate that these animals learn the appetitive
task, and performance is maintained even after initiation of water
treatment. Phenytoin-treated animals show no negative effect on the
maintenance of appetitive performance and a slight increase in per-
formance efficiency.
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the control animals (see Fig. 1) was 95.5%, 

 

F

 

(1, 20) 

 

5

 

 0.36, 

 

p

 

 

 

.

 

0.05. Similarly, the ERs for the phenytoin-treated animals for
training days 27–31 of the appetitive context were compara-
ble to those of the control animals, 

 

F

 

(1, 20) 

 

5

 

 0.02, 

 

p

 

 

 

.

 

 0.05.

 

Appetitive-to-Aversive Transfer: Avoidance Performance

Acquisition. 

 

Following appetitive training, the rats were
transferred to avoidance training. Figure 2 presents the per-
cent avoidances for the first and last 5 days of training for the
phenytoin-treated and control rats (water treated and un-
treated). Data from the latter two groups have been collapsed
in this figure because the avoidance performance found in the
water-treated and untreated rats was comparable [days 1–5:

 

F

 

(1, 16) 

 

5

 

 1.14, 

 

p

 

 

 

.

 

 0.05; days 21–25: 

 

F

 

(1, 16) 

 

5

 

 0.04, 

 

p

 

 

 

.

 

0.05]. Overall, the phenytoin-treated rats avoided at signifi-
cantly lower rates than the controls across the first 5 days of
training, 

 

F

 

(1, 25) 

 

5

 

 20.79, 

 

p

 

 

 

,

 

 0.05. By the fifth day, controls
were averaging 51% avoidances, while the drug treated ani-
mals averaged only 8.1%.

 

Terminal performance. 

 

Over the last 5 days of avoidance
training, the average avoidance rate for the controls was 64.0%.
Phenytoin-treated animals averaged significantly fewer avoid-
ances (20.5%) over these same training days, 

 

F

 

(1, 25) 

 

5

 

 17.0,

 

p

 

 

 

,

 

 0.05. Thus, the control animals improved steadily, pla-
teauing in excess of 60% on average by the last 5 days of train-
ing. In contrast, the average avoidance rate never exceeded
23% on any of the training days for the phenytoin-treated rats.

 

Efficiency ratios. 

 

The ERs (efficiency ratios: avoidances/
total number of bar presses) on the first and the last 5 days of
aversive training for the control and phenytoin-treated rats
are presented in Fig. 2. Whereas both groups were relatively
inefficient on the first day of training, the control rats showed
steady improvement while the phenytoin-treated rats did not.
The ERs of the water-treated and untreated controls were
again statistically comparable, and the data were collapsed
[days 1–5: 

 

F

 

(1, 16) 

 

5

 

 0.63, 

 

p

 

 

 

.

 

 0.05; days 21–25: 

 

F

 

(1, 16) 

 

5

 

0.04, 

 

p

 

 

 

.

 

 0.05]. In contrast, the ERs of the drug-treated rats
were significantly lower than those of the controls over the
first 5 days of training, 

 

F

 

(1, 25) 

 

5

 

 8.27, 

 

p

 

 

 

,

 

 0.05. While the
drug-treated animals show some improvement over training,
their average ER for the last 5 days of training (0.091) was sig-
nificantly lower that those of the control groups [0.400; 

 

F

 

(1,
25) 

 

5

 

 14.61, 

 

p

 

 

 

,

 

 0.05].

 

Effects of Phenytoin on Acquired Avoidance Responding

 

Figure 3 presents percent avoidances and ERs for rats that
began receiving phenytoin after the 25th day of avoidance
training (which followed 31 days of appetitive training). The
average avoidance rate over training days 21–25 (before the
onset of drug treatment) was 78.5%. For training days 31–35,
the rats now receiving phenytoin had a nearly identical 78.6%
average rate of avoidance, 

 

F

 

(9, 45) 

 

5

 

 1.03, 

 

p

 

 

 

.

 

 0.05. Similarly,
the average ER for training days 21–25 (0.590) was nearly
identical with that for training days 31–35 [0.610; 

 

F

 

(9, 45) 

 

5

 

0.93, 

 

p

 

 

 

.

 

 0.05].

 

Effects of Phenytoin on Avoidance Acquisition Without Prior 
Appetitive Experience

 

Figure 4 presents percent avoidances and efficiency ratios
for rats treated with either phenytoin or water beginning 10
days before the training sessions began. Data from untreated
control animals are also presented

 

.

 

 The overall average avoid-
ance rates for the last 5 days of training were 59.0 and 55.6%

for the phenytoin treated and control animals. Avoidance
data for water-treated and untreated control animals were
again compared across training days 1–5 and 21–25, 

 

F

 

(1, 12) 

 

5

 

1.00, 

 

p

 

 

 

.

 

 0.05; 

 

F

 

(1, 12) 

 

5 0.00, p . 0.05. Animals treated with
phenytoin from 10 days prior to training throughout avoid-
ance training performed comparable to the pooled controls
throughout the task. Neither of the avoidance performance
comparisons yielded statistically significant differences, F(1,
16) 5 0.17, p . 0.05; F(1, 16) 5 0.03, p . 0.05. Similarly, the
average ERs over the last 5 days of avoidance training were
0.44 and 0.38 for the phenytoin-treated and control rats, re-
spectively. The water-treated and untreated controls ERs
were statistically comparable across days 1–5 and 21–25, F(1,
12) 5 2.88, p . 0.05; F(1, 12) 5 0.12, p . 0.05. Phenytoin-
treated animals, as compared to the pooled controls, demon-

FIG. 2. Aversive context performance, as measured by percent
avoidances and efficiency ratios, is illustrated for phenytoin-treated
and control animals; data for water-treated and untreated controls
are collapsed in these measures. Percent avoidance averages are pre-
sented for the first and last days of avoidance training. Phenytoin-
treated animals demonstrate a slower acquisition of the avoidance
response, and fail to avoid at control levels even during the last five
days of training (20.5 vs. 64.1%, respectively). Efficiency ratios are
presented for the first and last 5 days of avoidance training. Although
both groups display relatively inefficient bar pressing behavior ini-
tially, phenytoin-treated animals fail to show the same level of
improvement in efficiency that control animals demonstrate.
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strated similarly good performance, F(1, 16) 5 0.06, p . 0.05;
F(1, 16) 5 0.16, p . 0.05.

DISCUSSION

Due to conflicting reports of the relative cognitive deficits
in humans maintained on anticonvulsant drugs, there has de-
veloped a need for comprehensive evaluations of these drugs.
The present experiments represent an effort to begin compar-
ing the effects of various antiepileptic compounds in a single,
well-defined experimental learning and memory paradigm.
The results demonstrate that otherwise normal adult rats
treated with phenytoin are severely impaired in their ability to
acquire an avoidance response after prior appetitive training.
This difficulty is not simply an impairment of learning in an

aversive context, but rather appears to arise from difficulties
associated with the transfer between contexts.

Effects of Phenytoin on Appetitive Performance

We report that rats beginning phenytoin treatment during
appetitive training had slightly lower rates of reinforced bar
presses at the end of training than did the control subjects
(88.8 and 95.5%, respectively). This raised the possibility that
the drug was reducing appetitive motivation. We noted, how-
ever, that the predrug performance levels of these rats were
already somewhat lower than the control animals, and that ac-
quisition was nearly identical to controls when drug treatment
was initiated before appetitive training (96.9 and 95.5%, re-
spectively). Importantly, the phenytoin-treated rats showed

FIG. 3. Maintenance of avoidance performance, as measured by percent avoid-
ances and efficiency ratios, is measured for animals initiating phenytoin treat-
ment after the 25th day of avoidance training. Percent avoidances and efficiency
ratios for days 21–25 (untreated) and 31–35 (phenytoin-treated) are unchanged
by phenytoin-treatment.
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no changes in percentages of reinforced bar presses due to the
drug treatment, and their ERs improved over the 10 days of
appetitive training after the initiation of drug treatment. This
pattern of results is comparable to that found for the control
animals. Thus, we think it is more likely that the lower termi-
nal rates of reinforced bar presses in the rats in which drug
treatment began during appetitive training reflect a small dif-
ference between the experimental groups that was not a direct
result of the experimental manipulation.

Effects of Phenytoin on Avoidance Acquisition after 
Appetitive Training

At the conclusion of appetitive training, the rats were
transferred to an aversive context in which an aversive stimu-
lus could be actively avoided with a tone-signaled bar press.
In the rats that began receiving phenytoin during appetitive
training, avoidance acquisition was severely impaired. While
the terminal avoidance rates in the control animals exceeded
60%, the phenytoin-treated rats avoided on only about 20%
of the trials. The phenytoin-treated rats also displayed sub-
stantially lower ERs at the end of training relative to the con-
trol animals. Over the last 5 days of avoidance training, the
phenytoin-treated rats were making in excess of 10 bar
presses for each successful avoidance, whereas control ani-

mals were making only about 2.5 bar presses per avoidance.
These differences in ERs were not due to large differences in
the numbers of bar presses made by the drug-treated and con-
trol rats. Although the control animals did produce fewer bar
presses than phenytoin-treated animals on average (557 and
691 bar presses per session, respectively, across the last 5 days
of training), this difference is not large enough to fully ac-
count for the difference in efficiency ratios. Rather, the control
animals were clearly distributing their responses more appro-
priately with respect to the tone signal than were the drug-
treated rats.

Control Considerations

Sensory/motor slowing? Although we hypothesized that the
failure of the phenytoin-treated rats to acquire the avoidance
response after appetitive training was due to a difficulty with
the transfer, several other possible explanations existed. For
example, there have been reports in the human literature of
longer latency brain stem auditory evoked potentials (13),
and prolonged event-related potentials in human epileptics
(18) and normal volunteers (1) who were being maintained on
phenytoin. If the tone signal in the present experiment was
processed more slowly in drug-treated rats, the animals could
conceivably have learned the avoidance response but been
too slow in producing it due to a simple sensory slowing.
There have also been reports of motor slowing in humans re-
ceiving phenytoin [e.g., (2,17)]. Clearly, motor slowing could
also delay an avoidance response so that it is coded as an escape.

Indifference or heightened reactivity to the aversive stimu-
lus. Perhaps the phenytoin treatment affected sensory pro-
cessing such that the shock was less motivating than in control
rats. Alternatively, the phenytoin may have increased reactiv-
ity to the shock resulting in an increased freezing response. If
phenytoin was producing sensory and/or motor slowing or
raising or lowering reactivity to the shock, one would expect a
decline in avoidance rate after the initiation of drug treatment
in control animals that had completed the appetitive-to-aver-
sive transfer. This was not the case in animals that began re-
ceiving on the 25th day of avoidance training; percent avoid-
ances and ERs were unaffected over the ensuing 10 days of
avoidance training.

Learning in an aversive context per se. At that point it re-
mained possible that phenytoin’s effects were specific to
learning in an aversive context. The drug had been shown to
have no effect on acquisition or retention of an appetitive re-
sponse, and no effect on retention of the avoidance response,
but it remained necessary to place drug-treated rats directly
into avoidance learning (i.e., with no prior appetitive experi-
ence). The rats in this condition acquired the avoidance re-
sponse as readily as controls. Thus, the failure of phenytoin-
treated rats to learn the avoidance response after prior appetitive
training must relate to difficulties associated with the transfer
and not to any aversive context-specific effects of the drug.

CONCLUSIONS AND HYPOTHESES

Clearly, the drug-treated animals retain the ability to learn
the relatively simple associations needed to perform in either
the appetitive or aversive context alone. The learning deficit
described here relates very specifically to the transfer from
appetitive to aversive contexts. How phenytoin might produce
this deficit is unclear, due to the uncertainty about what the
explicit mechanism of action of the drug is; that is, the active
site(s) of anticonvulsant and other actions of phenytoin re-
mains controversial [e.g., for review, see (10)]. The forward-

FIG. 4. Acquisition of avoidance performance, as measured by per-
cent avoidances and efficiency ratios, is illustrated for phenytoin-
treated and control animals. Phenytoin or water treatment was initi-
ated 10 days prior to avoidance training (without prior appetitive
experience). Avoidance acquisition data are combined for water-
treated and untreated animals, for comparison with phenytoin-
treated animals. Terminal avoidance rates and efficiency ratios are
not statistically different for the groups.
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acting nature of the learning deficit suggests a problem that
resembles proactive interference, and the specificity of the
deficit to the transfer suggests the possibility that the problem
relates to an inability to shift strategy in the face of the altered
contingencies. Although these possibilities are clearly specu-
lative, they would both suggest that a site of action relevant to
the transfer deficit involves frontal cortex, as frontal cortical
lesions result in marked proactive interference [e.g., (28)], and
deficits in performance on such measures as the Wisconsin
Card Sorting Task (WCST), a task developed to assess the
ability to develop and maintain appropriate problem-solving
strategies across changing stimulus conditions (9,20). Al-
though patients maintained on phenytoin have been reported
to demonstrate impairments on such memory tasks as short-
term memory scanning, word list learning, and story recall
(4,42), measurements for proactive interference or deficits in
executive function appear to be lacking from the literature.
Interestingly, we have preliminary evidence that humans be-
ing maintained on carbamazepine are impaired in performing
the WCST (8), but we do not have comparable data for
phenytoin.

The goals of the present experiments were twofold. We
wished to begin establishing the appetitive-to-aversive trans-
fer paradigm as a model for evaluating the cognitive conse-

quences of antiepileptic compounds, and to relate our find-
ings to an extensive learning and memory literature so that we
might begin to determine the relevant sites and neurochemi-
cal routes of action for antiepileptic drugs. Such a systematic
approach may help to clarify discrepancies in previous find-
ings, which compare only a limited number of medications or
use different behavioral paradigms [e.g., (14,25,33)]. The re-
sults reported here suggest that this strategy may well prove
fruitful. In addition, a systematic assessment of drug dose,
plasma drug level, cerebrospinal fluid drug level, and behav-
ior may yield pertinent information about the adverse effects
and therapeutic efficacy of the drugs [see (22)]. Based on
these early results, we can now extend our goals to encompass
the ultimate one—identifying the drug (or class of drugs) that
delivers maximal anticonvulsant protection with minimal neg-
ative cognitive deficits.
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