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Introduction

Higher impulsivity has been suggested to be a risk 
factor for drug addiction (1, 2), criminal involvement (3), 
and suicide (4, 5). Moreover, higher impulsivity is 
observed in several psychiatric disorders such as atten-
tion-deficit/hyperactivity disorder (ADHD) (6), schizo-
phrenia (7), substance abuse (8), bipolar disorder (9), 
and borderline personality disorder (10).

Many rat and human studies have demonstrated that 
decreased 5-hydroxytryptamine (5-HT) levels in the 
brain are associated with impulsive behavior (11 – 13). 

A rat study using a full agonist for the 5-HT1A receptor 
[8-OH-DPAT; 8-hydroxy-2-(di-n-propylamino)tetralin], 
which is a research chemical, showed that activation of 
the 5-HT1A receptor stimulated impulsive action (14). 
However, another study did not replicate the results (15). 
Thus, it is of interest to examine the effects of clinically 
relevant drugs acting on the 5-HT1A receptor on impul-
sive action.

In the present study, we examined the effects of 
(3aR,4S,7R,7aS)-rel-hexahydro-2-[4-[4-(2-pyrimidinyl)-
1-piperazinyl]butyl]-4,7-methano-1H-isoindole-1,3(2H)-
dione hydrochloride (tandospirone), a 5-HT1A receptor 
partial agonist that is widely used in Japan and China, on 
impulsive action in an animal model. To assess impulsive 
action, we used a 3-choice serial reaction time task 
(3-CSRTT) (16 – 18), which is a simpler version of the 
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5-choice serial reaction time task (5-CSRTT) (19). This 
task is performed in an operant chamber containing a 
horizontal array of three holes. A light in the aperture 
of one of the three holes is briefly flashed in a random 
order. Animals are required to wait until the light is 
flashed and to make a nose-poke response into the hole 
in which the light flashed in order to get a food pellet. 
Responses that occur before the presentation of the 
stimulus light are described as premature responses 
and result in a 5-s time-out period. These responses are 
regarded as a form of impulsive-like action and a failure 
in impulse control (20). Thus, the 3-CSRTT is a suitable 
test for examining the effects of drugs on impulsive 
action.

Material and Methods

Animals
Thirty-seven male Wistar/ST rats were supplied by 

Nippon SLC Co., Ltd. (Hamamatsu). Of these rats, 9 
were used to test the dose–response effects of tandospi-
rone (experiment 1) on impulsive action. Eight rats were 
used for a simple food consumption test (experiment 2). 
Twelve rats were used to examine whether a 5-HT1A 
antagonist could reverse the effects of tandospirone on 
impulsive action (experiment 3). Eight rats were used to 
examine the effects of a higher dose of 5-HT1A antagonist 
on impulsive action (experiment 4). They were housed 
in groups of four under an alternating light–dark cycle 
(light from 7 p.m. to 7 a.m.) at approximately 21°C and 
a relative humidity of 40% – 50%. When the rats were 
9-week-old (270 – 290 g), we began to restrict their 
food intake to maintain their body weight at 85% of 
that under free-feeding conditions. The daily food of 
the rats in the home cage was purchased from CLEA 
JAPAN, Inc. (CE-2, Tokyo) and was given after their 
daily sessions. Water was available ad libitum. The treat-
ment of animals complied with the Guidelines for the 
Care and Use of Laboratory Animals of the Animal 
Research Committee of Hokkaido University.

Drugs
Tandospirone hydrochloride, a 5-HT1A receptor 

partial agonist, was purchased from Tocris Bioscience 
(Bristol, UK). Tandospirone was dissolved in saline 
and admin istered intraperitoneally at a volume of 2 ml/kg. 
N-[2-[4-(2-Methoxyphenyl)-1-piperazinyl]ethyl]-N-
2-pyridinylcyclohexanecarboxamid maleate salt 
(WAY100635), a selective 5-HT1A receptor antagonist, 
was purchased from Sigma-Aldrich (St. Louis, MO, 
USA). WAY100635 was dissolved in 0.01 M phosphate-
buffered saline (PBS). WAY100635 was administered 
subcutaneously at a volume of 1 ml/kg. The concentra-

tion of tandospirone was calculated as the salt form, 
and the concentration of WAY100635 was calculated 
as the free base.

Apparatus
Aluminum operant chambers measuring 26 × 26 × 26 

cm (Med Associates Inc., St. Albans, VT, USA) were 
used. The curved rear wall of each chamber contained 
nine 2.5-cm2 holes, 2.2-cm deep. Each hole had an 
infrared photocell beam to detect nose poke responses 
and a 2.8-W bulb at its rear. Every other hole was sealed 
so that only the central three holes were accessible. A 
food magazine was located on the opposite wall of the 
chamber, and a house light was located at the top of 
this wall. The apparatus was controlled by a computer 
program written in the MED-PC language (Med 
Associates Inc., St. Albans, VT, USA).

3-CSRTT
The training procedure and the task sequence 

employed in the 3-CSRTT have been described in detail 
in previous reports (16, 21). Briefly, when the task began, 
the house light was illuminated. After a fixed intertrial 
interval (ITI, 5 s), one of the three holes was illuminated 
briefly (stimulus duration: 1 s) in a random order. Nose 
poking during the ITI was recorded as a premature 
response, an index of impulsive-like action. Nose poking 
into the lit hole while it was illuminated or within 5 s of 
limited hold was recorded as a correct response and was 
rewarded by the immediate delivery of a palatable food 
pellet (45 mg each, dustless precision pellets; Bio-serv, 
Frenchtown, NJ, USA) to the food magazine. That is, 
even after the hole light turned off, nose poking into the 
lit hole caused reward delivery if the response occurred 
within 5 s. Nose poking into another hole was recorded 
as an incorrect response. When a rat failed to nose poke 
within the time limit, it was recorded as an omission. 
After the delivery and collection of the food pellet by a 
rat, the house light was switched off for 2 s to allow the 
rat to eat the pellet before the next trial automatically 
began. The beginning of the next ITI was signaled by 
illumination of the house light. Additional nose poking 
into any of the three holes prior to food collection 
was recorded as a perseverative response. Premature 
responses, incorrect responses, omissions, and persevera-
tive responses resulted in a 5 s time-out period during 
which the all lights were extinguished. The number of 
nose-poke responses during the time-out period was 
also counted, although these responses had no other 
consequences. Because the trial was initiated auto-
matically, we did not set a time restriction. Each session 
consisted of 100 trials. All rats in the present study 
finished 100 trials within 30 min. Training was conducted 
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for one session per day and five to six sessions per week.
At the beginning of the training schedule, the stimulus 

duration was 30 s. Depending on individual perfor-
mances, it was progressively reduced to 1 s (15, 10, 5, 3, 
2, 1.5, and 1 s). When a rat attained the criteria of > 80% 
accuracy (percentage of correct responses) and < 20 
omissions in a session, the stimulus duration was reduced 
in the next session.

We measured six behavioral parameters, as described 
below. 1) Premature responses (No. per session), 2) 
Accuracy (percentage of correct responses): [(correct 
responses) / (correct and incorrect responses)] × 100, 3) 
Omissions (No. per session), 4) Perseverative responses 
(No. per session), 5) Correct response latency (s): the 
mean time between stimulus onset and nose poke to 
the correct hole, 6) Reward latency (s): the mean time 
between reward delivery and nose poke to the food 
magazine.

Training was completed when the animal reached 
the target phase (stimulus duration 1 s) and maintained 
stable performance. After the completion of training, 
the stimulus duration was fixed at 1 s regardless of 
performance.

Food consumption test
Although omissions and reward latency are an index 

of appetite/motivation, they are relatively indirect 
measures. To directly assess appetite and discriminate 
between drug effects on performance in the 3-CSRTT 
and motivation for food, we conducted a simple food 
consumption test with the operant box which was used 
for 3-CSRTT. A rat was allowed to eat food pellets in the 
food magazine for 30 min. Twelve grams of food pellets 
were placed in the food magazine.

Baseline performance assessment and drug treatment 
schedule

Once the performance of the rats stabilized, the experi-
ments began. Rats were approximately 20-week-old at 
the beginning of the experiment. We used the data from 
the last 3 days of training to provide a pre-experimental 
baseline index of performance. Drug treatments were 
carried out with a Latin square design or the order was 
counterbalanced if only two conditions were used. The 
experimental baseline was assessed on Mondays and 
Thursdays, and drugs were administered on Tuesdays 
and Fridays. We kept the time between an experiment 
and the feeding after training on the previous day con-
stant to stabilize the rats’ motivational levels.

Experiment 1: the effects of tandospirone on impulsive 
action

Nine rats were administered tandospirone (0, 0.1, and 

1 mg/kg, i.p.) 20 min before the testing session. We did 
not use higher doses of tandospirone because a higher 
dose (10 mg/kg) dramatically increased omissions (> 50) 
in our preliminary study. The dose of tandospirone 
(1 mg/kg) was chosen based on our previous reports 
(22, 23). This dose of tandospirone has consistently 
exerted anxiolytic actions in rats.

Experiment 2: the effects of tandospirone on appetite
Eight rats were administered tandospirone (0 and 

1 mg/kg, i.p.) 20 min before the food consumption test. 
We used this dose of tandospirone based on the results 
of experiment 1.

Experiment 3: the effects of 5-HT1A antagonist on the 
suppressing effects of tandospirone on impulsive action

Twelve rats were administered WAY100635 (0 and 
0.3 mg/kg, s.c.) 30 min before the testing session. 
Tandospirone (0 and 1 mg/kg, i.p.) was administered 
10 min after the injection of WAY100635. We used 
this dose of WAY100635 because a previous study 
demonstrated that 0.3 mg/kg of WAY100635 reversed 
the effects of an agonist (15).

Experiment 4: the effects of a higher dose of 5-HT1A 
antagonist on impulsive action

Eight rats were administered WAY100635 (0 and 1 
mg/kg, s.c.) 30 min before the testing session.

Data analysis
Six behavioral measures were analyzed (accuracy, 

premature responses, omissions, perseverative responses, 
correct response latency, and reward latency). Each 
measure was analyzed separately by two-factor analysis 
of variance for repeated measures with the rank of dose 
injection as the between-subject factor and the dose of 
drug (or the type of drug) as the within subject factor. 
When the result of Mauchly’s sphericity test was signifi-
cant, The Greenhouse-Geisser correction was used. 
Multiple comparisons with Bonferroni’s correction were 
also conducted. To test the statistical significance of 
differences between two conditions, paired t-tests were 
utilized. The alpha level was set at 0.05 for all statistical 
procedures. All statistical analyses were conducted using 
SPSS (version 15.0 J).

Results

Experiment 1: the effects of tandospirone on impulsive 
action

Figure 1, A – F shows the effects of tandospirone on 
premature responses, accuracy (percent correct respons-
es), omissions, perseverative responses, correct response 
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latency, and reward latency. Two-way ANOVA revealed 
a significant dose effect on premature responses (F2, 12 
= 12.33, P < 0.01) and perseverative response (F2, 12 
= 5.84, P < 0.05), but not on accuracy (F2, 12 = 0.38, NS), 
omissions (F2, 12 = 0.88, NS), or reward latency (F2, 12 
= 1.60, NS). There was a trend in correct response 
latency (F1.07, 6.43 = 5.05, P = 0.06, with the Greenhouse-
Geisser correction) but the effect was not statistically 
significant. There was no main effect of rank of dose 
injection or significant dose × rank of dose injection 
interaction.

A multiple comparison with Bonferroni’s correction 
revealed that the 1 mg/kg dose of tandospirone signifi-
cantly decreased the number of premature responses 
(P < 0.05). The effects of tandospirone on the persevera-
tive response did not reach statistical significance in the 
post hoc tests.

Experiment 2: the effects of tandospirone on appetite
Because tandospirone slightly increased omissions and 

reward latency, which are an indirect index of appetite, 
while the effects were not statistically significant 
(Fig. 1), a more direct measure was additionally used. 
Figure 2 shows the effects of tandospirone (1 mg/kg) on 
the amount of food consumption in the operant box. 

There was no significant anorexic effect of tandospirone 
(t7 = 0.71, NS).

Experiment 3: the effects of 5-HT1A antagonist on the 
suppressing effects of tandospirone on impulsive action

Figure 3, A – F shows the effects of tandospirone and 

Fig. 2. The effects of tandospirone on the amount of food consump-
tion. Eight rats were administered tandospirone (0 and 1 mg/kg, i.p.) 
20 min before the food consumption test. No significant anorexic 
effects of 1 mg/kg of tandospirone were observed. The bars represent 
the mean and the lines represent the S.E.M.

Fig. 1. The effects of tandospirone (A – F) on 3-CSRTT performance. Nine rats were administered tandospirone (0, 0.1, and 1 
mg/kg, i.p.) 20 min before the testing session. A multiple comparison revealed that the 1 mg/kg dose of tandospirone significantly 
decreased the number of premature responses, which is a measure of impulsive action. The bars represent the mean and the lines 
represent the S.E.M. *P < 0.05 (with Bonferroni’s correction).
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WAY100635 on premature responses, accuracy (percent 
correct responses), omissions, perseverative responses, 
correct response latency, and reward latency. Two-way 
ANOVA revealed a significant effect of the type of 
drug on premature responses (F3, 24 = 7.90, P < 0.01) 
and reward latency (F3, 24 = 5.33, P < 0.01), but not on 
accuracy (F3, 24 = 0.41, NS), omissions (F3, 24 = 1.55, NS), 
perseverative response (F3, 24 = 2.39, NS), or correct 
response latency (F1.46, 11.68 = 2.37, NS, with Greenhouse-
Geisser correction). There was no main effect of rank of 
dose injection or significant dose × rank of dose injection 
interaction.

A multiple comparison with Bonferroni’s correction 
revealed that the 1 mg/kg dose of tandospirone signifi-
cantly decreased the number of premature responses 
(P < 0.05), consistent with the results of experiment 1. 
However, tandospirone with WAY100635 still signifi-
cantly decreased the number of premature responses 
(P < 0.05), indicating that WAY100635 did not reverse 
the effects of tandospirone at all. Moreover, a multiple 
comparison with Bonferroni’s correction revealed that 
the 1 mg/kg dose of tandospirone with 0.3 mg/kg of 
WAY100635 significantly prolonged reward latency 
(P < 0.05).

Experiment 4: the effects of a higher dose of 5-HT1A 
antagonist on impulsive action

Figure 4, A – F shows the effects of WAY100635 
(1 mg/kg) on premature responses, accuracy (percent 
correct responses), omissions, perseverative responses, 
correct response latency, and reward latency. The paired 
t-test revealed a significant effect of WAY100635 on 
premature responses (t7 = 3.39, P < 0.05), but not on 
omission (t7 = 0.00, NS), correct response latency 
(t7 = 1.19, NS), accuracy (t7 = 0.25, NS), perseverative 
responses (t7 = 1.22, NS), or reward latency (t7 = 0.02, 
NS).

Baseline performance assessment
Figure 5 shows the pre-experimental and experimental 

baseline for premature responses, accuracy, and omis-
sions for the three groups of rats (experiments 1, 3, and 
4) over 6, 7, and 5 sessions, respectively. Repeated-
measures ANOVA showed no significant effects of 
day, in any of the three groups, on premature responses 
(experiment 1: F5, 40 = 1.58, NS; experiment 3: F6, 66 = 
1.34, NS; and experiment 4: F4, 28 = 1.18, NS), omissions 
(experiment 1: F2.31, 18.50 = 1.93, NS; experiment 3: F6, 66 = 
0.27, NS; and experiment 4: F4, 28 = 1.35, NS), or accu-

Fig. 3. The effects of tandospirone and 5-HT1A antagonist (A – F) on 3-CSRTT performance. Twelve rats were administered 
WAY100635 (0 and 0.3 mg/kg, s.c.) 30 min before the testing session. Tandospirone (0 and 1 mg/kg, i.p.) was administered 10 
min after the injection of WAY100635. A multiple comparison revealed that the 1 mg/kg dose of tandospirone and tandospirone 
with WAY100635 significantly decreased the number of premature responses, indicating that 5-HT1A antagonist failed to 
attenuate the effects of tandospirone. Moreover, a multiple comparison revealed that the 1 mg/kg dose of tandospirone with 0.3 
mg/kg of WAY100635 significantly prolonged reward latency. The bars represent the mean and the lines represent the S.E.M. 
*P < 0.05 (with Bonferroni’s correction).
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racy (experiment 3: F3.63, 39.89 = 1.27, NS; and experiment 
4: F4, 28 = 0.17, NS), except for accuracy in experiment 1 
(experiment 1: F5, 40 = 2.76, P < 0.05). However, the 
effects of day were not significant when only experi-

mental baseline was analyzed (F2, 16 = 0.96, NS). This 
analysis indicated that baseline performance remained 
relatively stable in all groups during the experiments.

Fig. 4. The effects of a higher dose 
of 5-HT1A antagonist (A – F) on 3-
CSRTT performance. Eight rats were 
administered WAY100635 (0 and 
1 mg/kg, s.c.) 30 min before the 
testing session. Paired t-test revealed 
a significant effect of WAY100635 
on premature responses, which is a 
measure of impulsive action. The 
bars represent the mean and the lines 
represent the S.E.M. *P < 0.05.

Fig. 5. Baseline session. Pre-experimental 
(Pre-exp) and experimental (During exp) 
baseline performance levels of premature 
responses, accuracy, and percentage re-
sponse omissions in three groups of rats: 
experiment 1, n = 9; experiment 3, n = 12; 
experiment 4, n = 8. Filled circles, accu-
racy (in percent); filled diamonds, pre-
mature responses (number); filled triangles, 
omissions (number). No significant effects 
of day were found in any group, except 
for accuracy in experiment 1. However, 
the effects of day were not significant 
when only experimental baseline was 
analyzed. Baseline performance remained 
relatively stable in all groups during the 
experiments. The lines represent the S.E.M.
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Discussion

Tandospirone suppressed impulsive action in a dose-
dependent manner (Fig. 1), and the result was replicated 
in the subsequent experiment (Fig. 3). The effects of 
tandospirone on other parameters in the 3-CSRTT were 
not significant in post hoc tests, indicating that tandospi-
rone selectively suppressed impulsive action. Moreover, 
tandospirone did not decrease the amount of food con-
sumption in a simple food consumption test (Fig. 2). 
Thus it is unlikely that the suppressing effects of tando-
spirone on impulsive action were due to the anorexic 
effect.

Neither tandospirone nor WAY100635 affected accu-
racy, which is an index of attentional function, in the 
3-CSRTT (Figs. 1B, 3B, and 4B). Although the stimula-
tion or blockade of 5-HT1A receptor might affect memory 
function (24 – 26), enhanced memory function is not 
directly related to the performance in the 3-CSRTT 
because only rats that have been trained for a long time 
and that reached stable performance are used. Further-
more, the stimulus duration in the 3-CSRTT was 1 s and 
the duration was longer than correct response latency 
(0.5 – 0.6 s, see Figs. 1E, 3E, and 4E), indicating that 
working memory is not required to respond correctly. 
Severely impaired memory function would non-selec-
tively impair performance in the 3-CSRTT, but selective 
effects of drugs were observed in the present study. Thus 
it is unlikely that the effects of tandospirone on impulsive 
action were due to the effects on other cognitive functions.

The suppressing effects of tandospirone on impulsive 
action were not reversed by 0.3 mg/kg of WAY100635. 
It should be noted that this dose and lower dose of 
WAY100635 have reversed the effects of 5-HT1A 
agonists (15, 27). It is unlikely that the dose of tandospi-
rone was too high to antagonize the effects because our 
supplemental data showed that 0.3 mg/kg of tandospirone 
did not exert a clear antiimpulsive effect and the small 
effect was not reversed by WAY100635 (Supplementary 
Fig. 1: available in the online version only).

Our results showed that the 1 mg/kg dose of tandospi-
rone with 0.3 mg/kg of WAY 100635 significantly pro-
longed reward latency and tended to increase omission 
and to prolong correct response latency (Fig. 3). In our 
preliminary study, a larger dose of tandospirone or 
WAY100635 caused sedation, and resulted in increased 
omission and prolonged response latency (data not 
shown). Assuming that the coadministration of drugs 
with similar effects could mimic the effects of higher 
doses, it is plausible that WAY100635 acted additively 
to enhance the effects of tandospirone, but not antagonize 
them.

Because a higher dose of WAY100635 (1 mg/kg) 

suppressed impulsive action, it is speculated that tando-
spirone suppressed impulsive action by blocking 5-HT1A 
receptors. Although higher doses of WAY100635 could 
have 1 adrenoceptor–antagonistic properties (28), a 
previous study demonstrated that an 1 adrenergic 
antagonist did not alter impulsive action (29). Given that 
tandospirone is a partial agonist for the 5-HT1A receptor, 
tandospirone could act as an antagonist, but there is so 
far no direct evidence. At least agonistic action for the 
5-HT1A receptor would not account for the suppressing 
effects of tandospirone on impulsive action because a 
full agonist for the 5-HT1A receptor stimulated or had 
no effect on impulsive action (14, 15) (Supplementary 
Fig. 2: available in the online version only).

Alternatively, tandospirone might suppress impulsive 
action through affecting receptors other than the 5-HT1A 
receptor. However, tandospirone is highly selective 
for the 5-HT1A receptor and acts as a partial agonist 
for 5-HT1A receptors (30). Although its metabolite, 1-
(2-pyrimidinyl)-piperazine, acts as an α2 adrenergic 
antagonist (31, 32), a previous study showed that an α2 
adrenergic antagonist stimulated impulsive action (33). 
Moreover, another partial agonist for 5-HT1A receptor, 
buspirone, also suppressed impulsive action (Supple-
mentary Fig. 3: available in the online version only). 
Thus it is not likely that the effects of tandospirone 
observed in the present study are due to the effects of 
tandospirone on receptors other than the 5-HT1A receptor 
or the effects of a metabolite of tandospirone.

To make tandospirone act as an antagonist, increased 
5-HT release is necessary. Previous studies have shown 
that 5-HT release or firing rate of putative serotonergic 
neurons in the dorsal raphe nucleus is increased when 
rats suppress their response and wait for reward (34, 35). 
Thus it is likely that 5-HT release is increased in 
some specific brain regions when rats were engaged in 
the 3-CSRTT. Under this situation, it is possible that 
tandospirone acts as an antagonist in some brain regions 
and prolongs increased 5-HT release because the activa-
tion of presynaptic/postsynaptic 5-HT1A receptor inhibits 
5-HT cell firing (36). Indeed, some studies have demon-
strated that WAY100635 administration potentiates 
selective 5-HT reuptake inhibitors (SSRIs)-induced 
increases in extracellular 5-HT concentrations (37, 38).

We speculate that 5-HT release potentiated by the 
blockade of 5-HT1A receptor is responsible for the 
suppressing effects of tandospirone on impulsive action 
because a previous study suggested that stimulation of 
presynaptic 5-HT1A receptors is involved in stimulating 
impulsive action (14). That is, tandospirone might 
enhance increased serotonin release during the 3-CSRTT 
via the blockade of presynaptic 5-HT1A receptors and 
thereby suppresses impulsive action. However it should 
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be noted that the effects of SSRIs on impulsive action 
are controversial (16, 39) while some studies have 
demonstrated that serotonin depletion stimulates impul-
sive behavior (11 – 13).

While it is likely that presynaptic 5-HT1A receptors are 
involved in impulsive action as stated above, we cannot 
rule out the possibility that postsynaptic 5-HT1A recep-
tors account for the suppressing effects of tandospirone 
on impulsive action. To our knowledge, there is so far 
no study to prove the involvement of postsynaptic 5-HT1A 
receptors in impulsive action. However it is still possible 
because 5-HT1A receptors are widely distributed through-
out the brain (40).

In summary, our results indicate that tandospirone, 
a widely used anxiolytic and a 5-HT1A receptor partial 
agonist, could suppress impulsive action through possible 
blockade of the 5-HT1A receptor without affecting other 
cognitive functions or appetite/motivation. However, 
there is so far no direct evidence that tandospirone 
actually acts as antagonist to 5-HT1A receptors when 
conducting the 3-CSRTT. Further studies are required 
to clarify this issue. Nevertheless, the suppressing effects 
of tandospirone on impulsive action were repeatedly 
confirmed in the present study. Higher impulsivity is 
observed in several psychiatric disorders such as ADHD 
(6), schizophrenia (7), substance abuse (8), bipolar dis-
order (9), and borderline personality disorder (10). 
Because the side effects of tandospirone are relatively 
mild (41), tandospirone could be a therapeutic candidate 
for these disorders with comorbid higher impulsivity.
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