
INTRODUCTION

In development of new medicinal products, assessment 
of drug effects on attention is important for evaluation of 
safety and/or therapeutic efficacy. Therapeutic efficacy 
of methylphenidate (Grizenko et al. -
il (Wigal et al., 2006) has been established in attention 
deficit hyperactivity disorder (ADHD). Attention defi-
cit is also found in schizophrenia (Franke et al., 2007), 
mood disorder (Clark et al., 2002), Alzheimer’s disease 
(Sebastian et al., 2006), and autism (Liss et al., 2006). In 
safety evaluation of drugs, several sedative drugs, such as 
benzodiazepines and alcohol have deteriorative effects on 
attention and can cause serious problems for daily activ-
ities such as driving (Verster et al., 2002; Kozená et al.,
1995; Brookhuis et al., 1990; Schreckenberger et al.,
2004; Arnedt et al., 2005). 

However, attention is a complex cognitive function 
and establishing an appropriate analytical method in ani-

(5CSRTT) has been widely used to evaluate the effects 
of drugs on attention in rats (Robbins, 2002; Chudasama 

of the animal is randomly illuminated for a short period. 
The animal has to make a nose poke into the illuminat-
ed hole within a limited time window in order to obtain a 
food reward. The 5CSRTT has been proven to be a useful 
paradigm for measuring sustained attention and divided 
attention in rats (Chudasama and Robbins, 2004). Using 
this task, the effects of various drugs have been tested. 
Nicotine (Hahn et al., 2002), an N-methyl- D-aspartate 
(NMDA) NR2B antagonist traxopridil (Higgins et al.,
2005), amphetamine and methylphenidate (Bizarro et al.,
2004) have been demonstrated to improve performance of 
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percentage of correct responses, response and response speed, suggesting selective disruptive effects on 
attentional performance. In contrast, ethanol at the high dose tested caused deterioration in all three meas-

by lengthening response speed. It is suggested that the present behavioral test method could detect drug 
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this task whereas such drugs as a kappa agonist (Shannon 
et al., 2007), MK-801 (Paine et al., 2007), and phencyc-
lidine (Greco et al., 2005) are known to impair the per-
formance of this task. In monkeys, Taffe et al. (2002a, 
2002b) reported that ketamine and (+/-)3,4-methylenedi-
oxymethamphetamine impaired performance using a sim-

of benzodiazepines, which are known to cause attention 

choice reaction time tasks.
Attentional performance requires integrative high-

er brain mechanisms which includes the prefrontal cor-
tex (Lebedev et al., 2004), anterior cingulate (Richardson 
et al., 2008), and dorsal striatum (Balleine et al., 2007). 
Considering the involvement of these brain areas, pre-
clinical evaluation using primates is certainly thought to 
be important. Recent electrophysiological studies using 
event-related potential also demonstrated similarity 
between the primate and human brain regarding attention-
al performance (Woodman et al., 2007). 

In the present study, we have developed a behavioral 
test method to examine drug effects on attentional per-
formance in monkeys. The basic character of this task is 
similar to the 5CSRTT. In this task, one of two cue lamps 
placed in front of a monkey is randomly illuminated and 
the monkey has to press the lever switch corresponding to 
the illuminated cue lamp to obtain food reinforcement. In 
order to characterize the drug effects, we set three meas-
urements, choice accuracy, correct choice response laten-

of the experimental parameters, duration of cue presen-
tation length and intertrial interval, which are known to 
affect attentional performance (Mirza and Stolerman, 
1998). Then we examined the effects of three sedative 
drugs, diazepam, ethanol and pentobarbital on attention-
al performance.

MATERIALS AND METHODS

All experimental procedures were approved and con-
ducted in accordance with the Institutional Animal Care 
and Use Committee (IACUC) of Ina Research Inc., which 
is fully accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care International 
(AAALAC).

Subjects
Four female cynomolgus monkeys at the age of 3 years 

were used in the study. The monkeys weighed between 
2.6 and 3.1 kg at the beginning of the experiment. None 
of the monkeys had a history of being used in behavio-

ral pharmacological experiments. All monkeys were indi-
vidually housed in stainless steel cages with high-pres-
sure melamine facing plate walls (68W x 86D x 86H cm) 
in a monkey room maintained at approximately 25°C, 
between 40 and 80% humidity, and on a 12-hr light/dark 

pellets (P.J. Noyes Co., Lancaster, NH, USA) given dur-
ing the experimental session, approximately 100 g of 
monkey chow (PS, Oriental Yeast Co., Ltd., Chiba, Japan) 
was given after the sessions. Drinking water was availa-
ble ad libitum via an automatic water system installed in 
the individual home cages. 

Apparatus
For the experimental sessions, the monkeys were 

restrained in a primate chair and placed in a wooden 
experimental chamber (69W x 69D x 114H cm). The 
right and left response levers were placed on the front 
wall of the chamber with respective red stimulus lights 
located above each lever. A food tray was placed approx-
imately 5 cm below the middle of the two levers and a 
300-mg banana-flavored pellet was delivered by an 
externally-mounted pellet dispenser (ENV-203-300IR, 
Med Associates Inc., Georgia, VT, USA). In addition, 
a house light was placed in the ceiling and a ventila-
tion fan was placed on the sidewall of the chamber. The 
experimental events were controlled using a MED-PC 
system (Med Associates Inc.).

Drugs
Diazepam (Fabbrica Italiana Sintetici S.p.A., Vicenza, 

Italy) was suspended in 0.5% carboxymethylcellulose 
(Shin-Etsu Chemical Co., Ltd., Tokyo, Japan) solution. Eth-
anol (special grade, Wako Pure Chemical industries, Ltd., 
Osaka, Japan) was diluted with distilled water (Otsuka 
Pharmaceutical Factory, Inc., Tokushima, Japan). Sodi-
um pentobarbital (Nembutal®, Dainippon Sumitomo 
Pharma Co., Ltd., Osaka, Japan) was dissolved in steri-
lized physiological saline (Otsuka Pharmaceutical Fac-

a 0.22 μm MILLEX-GS (Millipore Corporation Ltd., 
Billerica, MA, USA). Diazepam and ethanol were 
administered intragastrically 1 hr before testing in a vol-
ume of 1 ml/kg. Pentobarbital was intravenously admin-
istered 15 min before testing in a volume of 0.25 ml/kg. 

Training
First, a discrete trial type of lever press training was 

given. In each session of this training, one of two levers 
was introduced into the chamber and in each trial, a cue 
lamp above this lever was illuminated for up to 30 sec. 

Vol. 34 No. 2

184

A. Fujiwara et al.



Initially, the monkeys were required to press the lever 
within this 30 sec time window. A lever press result-
ed in delivery of a food pellet and the lamp turned off 
for 10 sec and then the next trial began. Fifty such trials 
were given daily for the left and right levers alternative-
ly. Once a stable response was established, the number of 
lever press responses to obtain a food pellet was gradu-

lever press responses were required to obtain a food pel-
let. The cue lamp was turned on until 30 responses were 
obtained. Then, two-lever discrimination training was 
started. In this stage, two response levers were introduced 
and one of the cue lamps above each lever was random-
ly illuminated for up to 30 sec. Thirty lever press respons-
es to the illuminated side were reinforced with a food pel-
let. The next trial began after a 10 sec interval (intertrial 
interval: ITI). Fifty such trials were given daily. Monkeys 
were trained on this schedule for one month until they 
were able to receive 50 pellets within 30 min and then the 
ITI was varied. The ITI was randomly selected from 5, 
10, 15, 20, 25, 30, 35, 40, 45 or 50 sec. When the percent-
age of correct responses (CR%) exceeded 90% for three 
consecutive days, the duration of the cue lamp illumina-

sec per trial every 2 weeks. If the monkey failed to make 

the omission was recorded and the lamp turned off and an 
ITI for the next trial was started. Training was continued 
until the number of omission trials of less than 10% of 

-
al exceeded 90% for three consecutive days. The CR% of 

-
-

rect and error responses. The left side lever was assigned 
as the correct side for half of the daily trials and the right 
side was assigned as the correct side in other half of the 
trials. Moreover, each ITI duration was assigned once per 
ten trials.

Behavioral testing

ITI and cue presentation duration on attentional performance 
were each tested. In the former tests, the ITI duration was 
increased to 5, 50 and 100 sec and the cue presentation dura-

third day. In the later tests, the cue presentation duration was 
decreased to 5.0, 2.0, 1.5 and 1.0 sec and the ITIs randomly 
occurred as described above. The test schedule was 5.0 sec 

1.5 sec on the third day and 1.0 sec on the fourth day.

Drug testing
After completion of behavioral tests, training using var-

ying ITIs from 5 to 50 sec, as described above, and 1.5 sec 

criteria was again obtained, the drug testing was started. 
The tested drugs and their doses were diazepam at 0.25, 
1 and 4 mg/kg, i.g., ethanol at 0.5, 1 and 2 g/kg, i.g. and 
pentobarbital at 0.25, 1 and 4 mg/kg, i.v.. The test sched-
ule was vehicle on the first day, low dose on the sec-
ond day, mid-dose on the third day and high dose on the 
fourth day and was conducted once every 2 weeks. Dur-
ing the test, training was given once daily except week-
end and percentage of the correct response above 90% 

Measurement
Three measurements were calculated: 1) The percent-

the training section. This value could be mainly regard-
ed as a measure of general cognitive performance. 2) 
Response latency: The time from the onset of the cue 

recorded. Latency for error trials was not included in the 
analysis. This value was considered as a major meas-
urement of attentional performance. 3) Response speed: 
The time required for completion of 30 correct responses 
was recorded. Then, dividing the time by 30, the number 
of responses per second was calculated and denoted as 
the response speed. This value was regarded mainly as a 
measure of motor performance.

Data analysis
Behavioral test data were analyzed by Dunnett’s test. 

-

dose response was analyzed by Williams test. If homoge-

at p < 0.05 (two-tailed).

RESULTS

The CR%, the latencies of the correct responses and 
response speed under various cue lamp durations are 
shown in Fig. 1. The figure shows the means and the 
standard deviations. The CR% at 100 sec of ITI was sig-

-
-

was shown on response speed.
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The CR%, the latencies of the correct responses and 
the response speed under various cue lamp durations 
are shown in Fig. 2 in the same manner as in Fig. 1. As 

those at the duration of 5.0 sec. This means that when the 
duration of the cue lamp was too short, the choice became 
inaccurate. Response latency and response speed were not 
affected by the cue lamp duration.

Effects of drugs
Although it was revealed that using long ITI caused 

deterioration of attentional performance, when the ITI 
was randomized at a range of 5 to 50 sec, no systematic 

-
ing the drug tests. The numbers of omission trials showed 
no systematic change due to the test drugs and was less 
than 10% of total trials even at the highest doses of each 
test drug. Thus, this measure is not described here. The 
mean CR%s at each dose of each drug are shown in Fig. 3 
with the standard deviation. In all the three vehicle tests, 
the mean CR%s were around 97 to 100%, showing that 
stable correct choice responses were maintained. With 
diazepam, no effect was found at 0.25 and 1 mg/kg. The 
CR% decreased to 87% at 4 mg/kg, but due to the large 

difference from the vehicle control. Sodium pentobarbital 
produced no dose-dependent change on the CR%. Even 
at the high dose (4 mg/kg), the mean CR% was compara-

Fig. 1.
Mean percentages of correct responses, response latency and response speed are shown with the standard deviation. 
*: p < 0.05, **: p < 0.01 vs performance at 5 sec interval by Dunnett’s test.

Fig. 2.
Mean percentages of correct responses, response latency, and response speed are shown with the standard deviation. 
*: p < 0.05 vs performance at 5 sec duration by Dunnett’s test.
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ble to that at the vehicle test. When ethanol at 2 g/kg was 
-

parison with that of the vehicle control.
The mean latencies of the correct choice responses 

in each test are shown in Fig. 4 with the standard devia-
tion. A dose-dependent increase in response latency was 
observed for all three drugs tested. In the vehicle tests, 
latency was around 0.7 to 0.8 sec, with a range of 0.63 
to 0.83 sec. Intragastric administration of diazepam at 1 
mg/kg increased mean latency to 0.87 sec with a range of 

-
cantly increased to 1.00 sec (range 0.91 to 1.10 sec). With 
sodium pentobarbital, a significant increase was found 

-
cant increase compared with vehicle control was found at 
2 g/kg. The mean latency at this dose was 0.89 sec with a 
range of 0.84 to 1.00 sec.

The mean response speeds and standard deviations are 
shown in Fig. 5. The response speed in the vehicle test 
was around 8 to 10 responses per second (range 7.1 to 

Fig. 3. Effects of diazepam (left), sodium pentobarbital (middle), and ethanol (right) on percentages of correct response in two-
lever choice reaction task in cynomolgus monkeys. Mean percentages of correct responses of four monkeys are shown 
with standard deviation. 
*: p < 0.05 vs vehicle control by Shirley-Williams test.

Fig. 4. Effects of diazepam (left), sodium pentobarbital (middle), and ethanol (right) on response latency in two-lever choice 

correct response of four monkeys are shown with the standard deviation. Latency for error trials was not included in this 
measure. 
*: p < 0.05 vs the vehicle control by Williams or Shirley-Williams test.
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13.0, overall mean 9.2 responses per second). That means 
almost all the monkeys completed 30 lever presses within 
about 3.3 sec. Diazepam dose-dependently slowed down 

even at the high dose (4 mg/kg). With sodium pentobarbi-
tal, a slowing of response speed was not apparent. Etha-

compared with vehicle control. 

DISCUSSION

In the present experiment, we have attempted to devel-
op a behavioral test method to evaluate drug effects on 
attentional performance. This method was a visual choice 
reaction time task and is considered to correspond to 

by chemical substances and mental disorders (Rohrbaugh 
et al., 1988; Nestor et al., 1990; Schneider et al., 1999; 
Swaab-Barneveld et al., 2000).

We used female monkeys in this experiment. Although 
hormonal influences on behavior and drug sensitivity 
should not be neglected, no overt behavioral signs due to 
menstruation were noted during the course of the exper-
iment. Female monkeys are known to be more sensitive 
to drugs of abuse than males (Lynch, 2006; Roth et al.,
2004; Carroll et al., 2004). Thus, using female monkeys 
for safety assessment is considered to be favorable in 
some cases.

Basic behavioral characteristics of the present two-
lever choice task were similar to those known in the 
5CSRTT in rats. Namely, too short a cue presentation and 

too sparse a trial worsened the performance (Mirza and 
Stolerman, 1998; Hahn et al., 2002). Thus, it was consid-
ered that the present task performance preserves a simi-
lar trend as the 5CSRTT and might be a valid task to test 
visual sustained attention. Using randomly selected ITI 
might be useful to maintain sustained attention for visu-
al cues. 

The three drugs, diazepam, pentobarbital and ethanol, 
used in the present study share similar sedative proper-
ties. As expected, these drugs caused deterioration in per-
formance of the present task. However, at the same time, 
several differences between the drugs were also noted. 
Diazepam and pentobarbital lengthened response latency 
without affecting percentage of correct responses. In con-
trast, ethanol at the effective dose lengthened response 
speed.

The deteriorative effect of diazepam on attentional per-
formance is in line with that in the literature for humans 
(Kelland and Lewis, 1996; Kozená et al., 1995; Unrug-
Neervoort et al., 1992; Koelega, 1989). In the present 
experiment, diazepam significantly affected attention-

-
ings of the effects of diazepam using a multiple cognitive 
test battery (Schulze et al., 1989), it was revealed that the 
sensitivity of the present attention task is less than that of 
a time estimation task, comparable to a working memo-
ry task, and more sensitive than learning and motivation-
al tasks. 

The effect of pentobarbital was similar to diazepam. 
Several studies have revealed the effects of pentobarbi-
tal causing deterioration in cognitive functions in mon-

Fig. 5. Effects of diazepam (left), sodium pentobarbital (middle), and ethanol (right) on response speed in two-lever choice reac-

response speed of four monkeys are shown with the standard deviation. 
*: p < 0.05 vs the vehicle control by Williams test.
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keys. But most have shown the effect at doses that impair 
motor function (Baron and Wenger, 2001; Ferguson and 
Paule, 1993). Since the high dose of pentobarbital (4 mg/
kg) lengthened the response latency but not the response 
speed, the effects on attention and motor function could 
be detected separately using the present task. 

With ethanol, the disruptive effect on attentional per-
formance was not thought to be selective because the 
effect was apparent only at 2 g/kg and this dose is enough 
to induce gross sedation (Yanagita and Takahashi, 1973). 
Although ethanol has been reported to impair sustained 
attention in rats (Givens, 1997), in a human study it was 
questioned whether the effect is selective for attention or 
not (Koelega, 1995). Moreover, also in a human study, 
the effect of ethanol in causing deterioration in vigilance 
was apparent only as subjective feelings, such as “diz-
ziness” or “a high” after taking ethanol (Liguori et al.,

of ethanol on attention is not selective but is mixed with a 
motor-impairment component. 

To further investigate the validity and usefulness of this 
task and to establish it as a testing method for the assess-
ment of attention in monkeys, it seems to be important 
to test effects of such manipulations as sleep deprivation 
(van Vliet et al., 2008), fatigue (Ahsberg et al., 2000), 
and aging (Mani et al., 2005) on the present task and to 
incorporate this experiment into a cognitive test battery 
using monkeys (Paule, 1990).

In conclusion, drug effects on attentional performance 
in monkeys could be detected by the present two-lever 
choice reaction time task. Evaluation of drug effects on 
attention using monkeys is an important and useful tool 
in safety assessment of chemical substances.
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