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Abstract

This study aims to examine the effects of aniracetam on satiation-induced poor performance in a choice reaction task. Aged rats that

mastered the task under food restriction stably maintained the task performance for a long period. Satiation by successive free feeding greatly

diminished the performance. Satiation resulted in a decreased % correct, increased % omission and prolonged choice reaction time, indicating

a reduction in lever response with low choice accuracy and slow responding speed. Repeated administration of aniracetam (30 mg/kg, po, for

14 days) partially recovered the choice accuracy and lever response, but not the responding speed, task-associated motor activity or

impulsivity. In addition, aniracetam did not affect the animals' weights. These results indicate that satiation reduces motivation to perform

and attain the task. Aniracetam may restore motivation, probably by improving poor behavioral states (daily attentional and vigilance

failures), thereby creating the driving force. D 2001 Elsevier Science Inc. All rights reserved.
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A reduction in motivation and spontaneity as a conse-

quence of cerebrovascular diseases interferes with rehabi-

litation of the physical impairment, disability and handicaps

caused by neurological factors (hemiplegia and hemipar-

esis). Consequently, activities of daily living (ADL) in

these patients are depressed and the quality of life is

reduced. As compared with other inhibitory factors such

as delirium, depression, dementia and mental shock, spon-

taneity has been reported to most strongly affect ADL in

elderly stroke patients (Katayama, 1998). Therefore, effec-

tive rehabilitation therapy of stroke greatly depends on each

patient's motivation and cognitive ability (perceptions)

(Schut, 1988; Vanetzian, 1997). Poststroke depression is

also suggested to lower physical functional ability by

increasing fatigue and feelings of hopelessness, while

decreasing motivation (Schubert et al., 1992). To improve

ADL, therapeutic drugs that treat mental impairments (i.e.,

decreased spontaneity/motivation, disrupted consciousness

and depression) are required.

Aniracetam, a cognition enhancer, is used clinically to

treat emotional disturbances (anxiety, agitation and

depressed mood), sleep disorders and behavior problems

(nocturnal delirium, wandering) that are associated with

cerebral infarction (Katsunuma et al., 1998; Otomo et al.,

1991) and Alzheimer's and Parkinson's diseases (Honma et

al., 1995; Katsunuma et al., 1998; Senin et al., 1993).

Interestingly, the compound is particularly effective for

poststroke depression accompanied with both sleep disorders

and anorexia (Kurosu et al., 1998). Aniracetam has been

shown to possess mechanisms for positively modulating

cholinergic and glutaminergic nervous systems, as well as

increasing synaptic efficacy and energy metabolism (Himori

et al., 1992; Martin and Haefely, 1993; Pizzi et al., 1993).

The clinical effectiveness of aniracetam has been demon-

strated in relation to behavioral and psychiatric symptoms

and syndromes, such as hallucination, attention deficits, low

vigilance, anxiety, impulsivity, depression, temporal dysre-

gulation and sleep abnormality, in animals (Kimura et al.,

2000; Kurasawa et al., 2000; Nakamura and Kurasawa,

2000; Nakamura et al., 1998a,b, 2000; Tanaka et al., 1998,

2000). However, there has been no experimental study to

support its therapeutic efficacy on spontaneity or motivation.
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It is, therefore, noteworthy to study the effects of

aniracetam on disruption of food-motivated operant beha-

vior or a progressive decline of daily task performance as

an index of motivation. The present study investigates the

drive to perform an attention and vigilance task (two-lever

choice reaction), and to augment the clinical usefulness of

aniracetam by examining its effects on motivation. Aged

rats were used because food restriction or fasting seriously

affects an adaptive behavioral function in young rats and

thereby markedly lowers circadian motor activity (espe-

cially diurnal activity) (Tanaka et al., 2000). Additionally,

most of the patients treated with aniracetam are elderly

and geriatric.

1. Method

1.1. Animals

Male Wistar rats (8±9 months of age) were obtained

from Charles River Japan. They were housed in groups of

three and maintained in a room with controlled temperature

(22 � 2°C) and relative humidity (55 � 10%). The room was

illuminated from 07:00 to 19:00 hours. Access to diet (CRF-

1, Charles River Japan) was restricted so that animals'

weights were maintained at 80% of their free-feeding

weight, in order to motivate the lever-pressing behavior

for food reinforcement. The study was carefully performed

in accordance with guidelines (Principles of Laboratory

Animal Care) dictated by the Animal Care and Use Com-

mittee of Nippon Roche Research Center and approved by

the Japanese authorities.

1.2. Choice reaction task

The choice reaction apparatus consisted of 14 two-lever

operant conditioning chambers (Skinner boxes) enclosed in

wooden, sound-attenuating compartments. The basic equip-

ment and interface-controller system are detailed elsewhere

(Nakamura et al., 1998a).

Briefly, rats were trained daily (Monday through Fri-

day) for 1±2 months from the age of 9±10 months. They

were allowed to press the appropriate lever with a con-

tinuous schedule of a fixed ratio 1, immediately after

presentation of a visual stimulus (cue lamp) above the

response lever. The session onset was indicated by switch-

ing off the house light. Animals were trained to refrain

from pressing either of the two levers for a random period

(2±5 s) of differential reinforcement of other behavior

(DRO). A lever press during the DRO period repeatedly

reset the DRO within 10 s. During the choice reaction

period (5±8 s), the time between the cue lamp activation

and the correct response was defined as the choice reaction

time (CRT). A correct response delivered a single food

pellet (45 mg, Bioserv, NJ, USA) as a positive reinforcer.

Pressing the wrong lever was counted as an incorrect

response. The cue lamp remained illuminated until the rats

pressed either the correct or incorrect lever during the

choice reaction period. Following the choice reaction

period, the house light was switched on and an intertrial

interval (ITI) period (time-out period for 30 s) began. Each

test session consisted of 30 trials, lasting approximately 40

s each. Training was considered successful when the

following criteria for the behavioral measures were

attained in three consecutive sessions: greater than 90%

correct response, 0.5±2.0 s CRT as an average of the 30

trials and fewer than 50 premature responses (the total

number of lever responses during the both periods of DRO

and ITI per session). The performance and behavioral

measures are summarized as follows: % correct Ð the

percentage of correct responses performed during the

choice reaction periods; % omission Ð the percentage of

null responses during the choice reaction periods; and CRT

Ð the average latency between the onset of the cue lamp

and the correct lever response.

The animals that were successful at the choice reaction

task were retrained to repeat the task during aging. The

long-term repetition of the task performance, which was

always conducted on Tuesdays and Wednesdays, lasted

for 13±14 months under dietary restriction. At approxi-

mately 26 months of age, the rats were changed from

restricted feeding to free feeding, and the effects of

satiety on food-motivated behavior were monitored for

64 days. Following this period, aniracetam or vehicle was

orally administered to the rats once daily for 14 con-

secutive days. Rats were allowed free access to food

during the treatment.

1.3. Drugs

Aniracetam (Ro13-5057; synthesized in F. Hoffman-La

Roche, Basle, Switzerland) was suspended in 0.25% car-

boxymethyl cellulose solution containing one to two drops

of Tween 80. A test session to evaluate the effects of

aniracetam was begun 1 h after the last dosage.

1.4. Task-associated motor activity

Motor activity related to the performance of the choice

reaction task was measured with the AB system (Neu-

roscience, Tokyo, Japan). A sensor located on the ceiling

of the box recorded infrared beam breaks as the rat moved in

the test chamber.

1.5. Statistical analysis

Data were analyzed by one-way analysis of variance

(ANOVA) followed by Dunnett's t test and paired data were

analyzed by Wilcoxon signed-rank test. Repeatedly mea-

sured data were analyzed by repeated measures one-way

ANOVA followed by multiple comparison of Ryan±Einot±
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Gabriel±Welsch test. A P value of less than .05 was

considered statistically significant.

2. Results

Following acceptable performance in the choice reaction

task, the same animals were later tested to examine age-

related effects in the choice reaction task. The task perfor-

mance proved stable over time (13±14 months) as assessed

by % correct (accuracy: 90.4±99.0%) and CRT (responding

speed: 1.32±1.60 s) (Fig. 1). Throughout the study, animals

displayed no age-related reduction in choice accuracy or

CRT. Moreover, isolation from the choice reaction task for

several months did not alter the subsequent task perfor-

mance (Fig. 1).

At the age of 26 months, dietary restriction was replaced

with free feeding in an effort to reduce the motivation of

food-restricted rats. The motivational deficits after free

feeding occurred rapidly and significantly affected food-

motivated task performance. Percent omission dramatically

increased from 0.95% to 38.5% [ F(5,89) = 10.5, P < .01] by

free feeding for 64 days. Percent correct rapidly decreased

from 97.1% to 73.5% [ F(5,89) = 12.3, P < .01] within the

first 7 days and the CRT was extended from 1.51 s to 2.12 s

[ F(5,89) = 5.69, P < .01] (Fig. 1). Percent correct and CRT

performance decayed over time and reached plateau levels

(57.5% for % correct and 2.38 s for CRT, P < .01) 64 days

after the onset of free feeding. Total lever responses (mainly

correct plus premature responses) were only reduced by

20% through free feeding. Animals' body weights signifi-

cantly increased by about 40% ( P < .001) (Fig. 3).

The aged rats fed ad libitum outside the task for 64 days

were divided into three groups; vehicle and aniracetam (10

and 30 mg/kg, po). Vehicle and aniracetam were adminis-

tered to the satiated rats once daily for 14 consecutive days.

During the treatment periods, animals were not made to

Fig. 1. Daily task performance during aging and the decline after free

feeding. Well-trained rats were subjected to the choice reaction task for a

long period (16 months) while food restricted and then allowed to free-feed

for 64 days. Data show means � S.E. (n = 19). * P < .01, compared with pre-

free feeding (repeated-measures one-way ANOVA followed by Ryan±

Einot± Gabriel± Welsch test).

Fig. 2. Effects of repeated administration of aniracetam on the choice

reaction performance (A, B and C) and task-associated motor activity (D) in

satiated, aged rats. Aniracetam or vehicle was given to animals once daily

for 14 consecutive days. Test sessions were conducted on the day prior to

the treatment and 1 h after the last and 14th dosage. Data show means � S.E.

(n = 5 ± 7 rats/group). *,# P < .05; compared with pretreatment (Wilcoxon

signed-rank test) and vehicle (one-way ANOVA followed by Dunnett's t

test), respectively.
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perform the choice reaction task. The repeated treatment of

vehicle did not induce a further change in % correct, %

omission or CRT (Fig. 2). It did, however, significantly

decrease premature responses ( P < .05) during the DRO

period (Table 1). However, this effect was largely due to

an unusually high baseline score in one of the animals.

Aniracetam dose-dependently reversed the reductions in %

correct and increases in % omission [ F(2,16) = 3.95, P < .05

for % correct and F(2,16) = 3.86, P < .05 for % omission]

(Fig. 2). The compound significantly increased % correct

scores at 10 mg/kg as compared with pretreatment value. In

contrast, aniracetam had no effect on CRT, motor activity or

premature responses during either DRO or ITI at any dose

(Fig. 2 and Table 1). The repeated administration of anir-

acetam did not affect animals' weights (Fig. 3).

3. Discussion

In the present study, we found that rats previously trained

in the food-reinforced choice reaction task under food

restriction stably maintained their performance over a long

period, despite their advancing age. Subsequent free feeding

satisfied the appetite of these trained rats and resulted in a

significant decline in their motivation to respond (lever

pressing itself in addition to choice accuracy and responding

speed). The release of the trained rats from a long-lasting

food restriction led to reductions in performance of the

choice reaction task. Coincident significant changes in %

correct, % omission and CRT of the task appeared to mainly

reflect their reduced food motivation, lack of selective and

sustained attention and low vigilance and arousal (Naka-

mura et al., 1998a). These changes would reduce the

motivation to perform and attain the task.

Moreover, we demonstrated that the repeated adminis-

tration of aniracetam could restore performance reductions

caused by satiation. Aniracetam's ability to improve task

performance was significant for % correct and % omission

but not for CRT. The decrease in % omission was

reflected in an increase in % correct lever responses.

Thus, these results may be explained by a reversal of

drive or motivation, or an increase in sustained attention

and vigilance to perform the instrumental operant task

even in satiated animals.

We recently observed that treatment with aniracetam

(30 and 100 mg/kg, po) for 7 days to fasted aged rats had

no effect on daily food intake during a fixed mealtime of

1 h (Tanaka et al., 2000). In the present study, aniracetam

did not alter animals' weights, although free feeding for

64 days markedly increased their weights. In addition, if

the compound enhances feeding behavior, CRT would

probably be shortened in parallel with an increase in %

correct. Therefore, it seem unlikely that the effects were

due to a single increase in feeding behavior. Rather, it

seems likely that aniracetam created a driving force to

perform the task, possibly by increasing sustained atten-

tion and arousal state. Satiation by free feeding may elicit

daily attentional and vigilance failures, and it may reduce

motivation. Indeed, it has been shown that aniracetam

ameliorated attention deficits and low vigilance induced

by various pharmacological manipulations of the central

nervous systems in middle-aged rats (Nakamura and

Kurasawa, 2000; Nakamura et al., 1998a,b) and possessed

a vigilance-enhancing effect in humans (Senin et al.,

1993). It seems unlikely, however, that aniracetam

affected motor activity/ability or retrieved reference mem-

ory on palatable food pellets in satiated rats, since the

compound decreased % omission without influencing

motor activity. The attentional and vigilance function

enhanced by aniracetam may be expressed as small and

fine movements in lever responses. In addition, anirace-

tam did not alter premature response during the both

periods of DRO and ITI, suggesting that the compound

Table 1

Effects of repeated administration of aniracetam on premature response in

the choice reaction task performed by satiated, aged rats

Dose
DRO ITI

Treatment (mg/kg, po) Before After Before After

Vehicle ± 7.5 � 2.4 2.0 � 0.71 * 16 � 3.8 16 � 5.4

Aniracetam 10 2.2 � 1.7 2.0 � 0.65 9.8 � 1.2 7.3 � 2.0

30 3.3 � 1.4 5.0 � 1.4 12 � 2.3 12 � 3.2

Aniracetam or vehicle was given to animals once daily for 14

consecutive days and a test session began 1 h after the last dosage. Data

show means � S.E. (n = 5 ± 7 rats/group).

* P < .05, compared with pretreatment (Wilcoxon signed ranks test).

Fig. 3. Effects of repeated administration of aniracetam on body weight in

satiated, aged rats. Body weights were measured on the last day of food

restriction (the day prior to free feeding) and before and after the treatment

for 14 consecutive days. Data show means � S.E. (n = 5 ± 7 rats/group).

* P < .001; compared with pretreatment (repeated-measures one-way

ANOVA followed by Ryan± Einot± Gabriel± Welsch test).
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does not induce nonspecific impulsivity. We have recently

demonstrated that aniracetam completely blocks impulsive

behavior in middle-aged rats evoked by an intracerebro-

ventricular injection of an AMPA receptor antagonist

(Nakamura et al., 2000). We have also shown that

aniracetam (10±100 mg/kg) has no effect on spontaneous

activity in rodents (Himori et al., 1986).

These results suggest that aniracetam may enhance

voluntary activity by facilitating the driving force to achieve

the operant task unnecessary for satiated rats. In humans,

aniracetam alleviated the diminished spontaneity, wakeful-

ness and concentration in Parkinson's disease (Honma et al.,

1995) and inhibited the loss of spontaneity, depressed mood

and nocturnal delirium associated with cerebral infarction

(Otomo et al., 1991). Thus, these findings support a role for

aniracetam in accelerating the rehabilitation process to

regain ADL spoiled by cerebral infarction (personal com-

munication with Dr. M. Obana).

Increasing evidence suggests positive interactions of

aniracetam with multiple central neurotransmitter systems

(Martin and Haefely, 1993; Nakamura and Kurasawa, 2000;

Nakamura et al., 1998a,b, 2000; Nakamura and Shirane,

1999; Pizzi et al., 1993; Shirane and Nakamura, 2000;

Tanaka et al., 1998, 2000), but we have no direct experi-

mental evidence to indicate which specific mechanism is

involved in the present study. However, our previous work

indicates that aniracetam augments attentional and vigilance

processes through a triple activation mechanism of action on

central cholinergic, dopaminergic and serotonergic nervous

systems (Nakamura and Kurasawa, 2000; Nakamura et al.,

1998a,b; Nakamura and Shirane, 1999; Shirane and Naka-

mura, 2000).

In conclusion, we demonstrated that aniracetam sig-

nificantly restores satiation-induced motivation reduction

as revealed by changes in % correct and % omission.

These improvements are most likely due to aniracetam's

effects on poor behavioral states (attention deficits and

low vigilance) and an augmentation of the motivation

necessary for achieving the choice reaction task. These

results contribute to our understanding of the clinical

efficacy of aniracetam on certain neuropsychiatric effects

of cerebral infarction.
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