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• Acute  buspirone  treatment  affected  the attentional  accuracy.
• Subchronic  buspirone  treatment  augmented  the impulsivity.
• Central  serotonin  may  time-dependently  regulate  impulsivity.
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a  b  s  t  r  a  c  t

Serotonin  (5-HT)-related  drugs  are  extensively  employed  in  the  treatment  of  mental  disorders.  However,
the  roles  of  the  central  serotonergic  system  in  impulse  control  over  environmental  stimuli  remain  to be
elucidated.  The  present  study  demonstrated  acute  and  subchronic  effects  of  a  5-HT1A receptor  partial  ago-
nist, buspirone,  on  the  performance  of rats  in response  control  indexed  by the  attentional  accuracy  and
impulsive  reactivity  in  the  five-choice  serial  reaction  time  task  (5-CSRTT).  Acute  buspirone  (0.5  mg/kg)
affected  accuracy,  whereas  subchronic  buspirone  treatment  augmented  impulsivity.  Moreover,  a sub-
chronic  buspirone  regimen  potentiated  the  acute  buspirone-induced  reduction  in motor  impulsivity.  Our
data suggested  that  a time-dependent  mechanism  was  involved  in  the  serotonin-associated  behavioral
control  of  response  accuracy  and  motoric  impulsivity.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The central serotonin (5-HT) system has been implicated in the
expression of behavioral impulsivity [13,33]. Clinically, a lower
level of central 5-HT has been found to be highly relevant to
impulsive activities [14,25], and 5-HT-related anxiolytics or antide-
pressants are effective in treating patients with poor impulse
control [32]. The latter observation has been supported by preclin-
ical evidence in which rats become more impulsive if their central
5-HT system is impaired [18,19]. It has been shown that 5-HT regu-
lation over behavioral impulsivity may  undergo a time-dependent
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process, as evidenced by a change in impulsiveness following long-
term 5-HT1A manipulation [22].

Buspirone is a partial agonist of 5-HT1A postsynaptic receptors
and a full agonist of 5-HT1A presynaptic receptors [20,26]. The drug
has been used extensively as a nonbenzodiazepine anxiolytic [31],
an antidepressant [16,30], and in adjunct pharmacotherapy to aug-
ment the effects of selective serotonin reuptake inhibitors (SSRIs)
[21]. In fact, with its delayed onset of action, buspirone appears
more reminiscent of SSRIs rather than a typical anxiolytic. An exam-
ination of the role of buspirone in the regulation of behavioral
impulsivity should therefore consider the short- versus long-term
activations of 5-HT1A receptors.

Previously, we have demonstrated that acute buspirone-
induced impulsive choice in a delayed reinforcement (DR) task
is reversed following chronic buspirone treatment and that this
phenomenon can be blocked by 5-HT1A antagonism [22]. In con-
trast to the impulsive choice, the present study aimed to explore
the effects of buspirone on behavior in the five-choice serial reac-
tion time task (5-CSRTT), which is used to examine the motor

0304-3940/$ – see front matter ©  2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.neulet.2013.10.013

dx.doi.org/10.1016/j.neulet.2013.10.013
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neulet.2013.10.013&domain=pdf
mailto:yiaping@ms75.hinet.net
mailto:yiaping@ndmctsgh.edu.tw
dx.doi.org/10.1016/j.neulet.2013.10.013


C.-L. Lu et al. / Neuroscience Letters 556 (2013) 210– 215 211

characteristic of behavioral impulsivity. During the 5-CSRTT, the
rats must be able to pay attention to the array of openings in a
specially designed apparatus in order to detect the discriminative
visual stimulus and respond correctly. The responses that occur
before the appearance of the stimulus are considered a premature
action in indexing the animals’ impulsivity [29]. The 5-CSRTT there-
fore provides a reliable index of rats with respect to their response
accuracy, speed, and motor impulsivity [5]. The task exhibits a sat-
isfactory sensitivity in evaluating the behavioral effects of 5-HT
related drugs [34]. In the present study, we investigated the role
of the 5-HT1A receptor in motoric response control under acute
and subchronic buspirone regimens by analyzing the drug effects
on behavioral performance in the 5-CSRTT.

2. Materials and methods

2.1. Animals

A total of 20 male Sprague-Dawley rats (BioLASCO Taiwan Co.,
Ltd., Taipei, Taiwan, R.O.C.) with body weight of 300–350 g at the
start of the experiment, were used. All rats were housed in groups
of three and in a temperature- and humidity-controlled holding
facility with 12-h light/dark cycles (light on from 07:00 to 19:00).
Water was available ad libitum, but the food was restricted to that
earned during the test [maximum of 100 × 45 mg  purified rodent
pellets (Labdiet, St. Louis, MO,  USA)] and 20 g per rat of standard
rodent chow (BioLASCO Taiwan Co., Ltd.) given at the end of the
test. Behavioral testing took place between 08:00 and 12:00 with
all rats being tested at the same time every day when possible.
All experimental procedures were evaluated and approved by the
animal care committee of the National Defense Medical Center.

2.2. 5-CSRTT

The 5-CSRTT program was identical to that of a previously
described procedure [23,24]. Each session began with illumina-
tion of the 5-CSRTT chamber (25 cm × 31 cm × 33 cm,  TSE Systems
GmbH, Bad Homburg, Germany) by the house light. The rats had to
nose poke the magazine in order to initiate a trial. After a fixed inter-
trial interval (ITI) of 5 s, the light at the rear of one of the response
apertures was briefly illuminated for 1 s (stimulus duration). A
nose poke in this aperture within 5 s after illumination of the hole
(limited hold period) was recorded as a correct response and was
rewarded with delivery of a food pellet to the magazine. Response
in a nonilluminated hole was recorded as an incorrect response
and was punished by a 5-s house light-extinguished timeout. Accu-
racy was measured by the % correct [correct responses/(correct
responses + incorrect responses) × 100]. The % omission was calcu-
lated by the formula [(times that the rat failed to respond within
the 5-s limited hold/the total trial number) × 100]. Responses in
any one of the apertures prior to the illumination were recorded as
an ITI response and were not punished by a timeout. The correct
latency was the time that elapsed between the occurrence of the
visual stimulus and a nose poke in the correct hole. The magazine
latency was the time that elapsed between a nose poke in the cor-
rect hole and retrieval of the reward from the magazine. A session
was either terminated after a maximum of 100 completed trials or
after 30 min  depending on which one came first.

2.3. Experimental design

Twenty 5-CSRTT-trained rats were entered into a 15-day treat-
ment protocol and were assigned in a baseline-matched manner to
one of the two groups (saline vehicle or buspirone, 10 rats in each
group). In order to assess the acute drug effects prior to and after the
subchronic regimen, rats received intraperitoneal (i.p.) injections

of saline vehicle or buspirone 40 min  before the 5-CSRTT testing on
Days 1 and 15. During the subchronic regimen, the 5-CSRTT perfor-
mance was  observed on Days 3, 5, 7, 9, 11, and 13, and the daily
injections were conducted after the behavioral tests in order to
ensure that the observed performance was  not due to any acute
drug effect.

2.4. Drug

All rats were drug naïve before beginning the buspirone reg-
imen. Buspirone was purchased from Sigma–Aldrich Co. LLC (St.
Louis, MO,  USA). It was dissolved in 0.9% saline vehicle and was
freshly prepared before the experiments to produce a total injection
volume of 1.0 mL/kg body weight. The chosen dose of buspirone
was 0.5 mg/kg because at a larger dose (i.e., 1 mg/kg, which was
effective in a cognitive impulsive choice behavior, see [22]), a higher
omission rate (more than 30%) was observed in our pilot study.

2.5. Data analysis

The acute drug effects were analyzed with a Student’s t-test. In
order to analyze the subchronic drug effects, a two-way ANOVA
was conducted with one between-subject factor, DRUG, and one
within-subject factor, TIME. P values less than 0.05 were considered
statistically significant.

3. Results

3.1. Acute buspirone effects (Fig. 1 and Table 1)

Before entering the acute buspirone regimen, rats that were to
be assigned to the saline vehicle group or buspirone group were
baseline-matched in all of the 5-CSRTT variables (% correct, 72 ± 6
and 74 ± 4; ITI responses, 26 ± 4 and 27 ± 5; correct latency in ms,
1025 ± 84 and 982 ± 90; magazine latency in ms, 3242 ± 158 and
3387 ± 298; and % omission, 8.1 ± 1.4 and 8.4 ± 1.8, for the rats
assigned to the groups of saline vehicle or buspirone, respectively).

The two  groups of rats then entered the acute treatment reg-
imen. Compared to the saline vehicle, buspirone significantly
reduced the % correct [t(18) = 2.23, P < 0.05] and the ITI responses
[t(18) = 1.92, P < 0.05] but increased the correct latency [t(18) = 3.44,
P < 0.01], the magazine latency [t(18) = 3.26, P < 0.01], and the omis-
sion rate [t(18) = 4.08, P < 0.01].

3.2. Subchronic buspirone effects (Fig. 2 and Table 1)

The results showed that for the ITI responses, significant effects
were found for DRUG [F(1,18) = 9.52, P < 0.01], TIME [F(5,90) = 2.38,

Table 1
Drug effects on the percentage of omission in the 5-CSRTT during different experi-
mental stages.

Saline Buspirone

Acute, before subchronic Rx 8.6 (1.7) 23.5 (6.3) **
Subchronic Rx (day 3) 7.8 (2.4) 18.4 (7.7) *
Subchronic Rx (day 5) 7.9 (2.3) 11.5 (3.3)
Subchronic Rx (day 7) 7.3 (1.7) 10.9 (3.5)
Subchronic Rx (day 9) 10.9 (1.9) 6.4 (1.5)
Subchronic Rx (day 11) 7.8 (1.8) 7.7 (2.8)
Subchronic Rx (day 13) 9.5 (2.3) 7.9 (3.1)
Acute, after subchronic Rx 6.9 (1.3) 22.3 (4.6) **

Acute (Day 1), subchronic (Days 3–13), and acute after chronic (Day 15) effects of
saline vehicle and buspirone (0.5 mg/kg) was examined. The percentage of omission
was calculated by the formulation [(the times of the rat failed to respond sufficiently
soon after stimulus onset/the total trial number) × 100]. Values are presented as
the mean (standard error). *p < 0.05, ** p < 0.01, for the comparisons between the
buspirone group and the saline vehicle group.
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