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Decision making is one of the most complicated and controversial topics in neuroscience.
Today, there are important classes of chemicals that increase cognitive performance; in
particular these are psychostimulants (e.g., methylphenidate, MPH). However, long-term
effects of MPH on a cost-benefit decision making in healthy animals remain unknown.
Therefore, we aimed to compare the short- and long-term effects of MPH in adult healthy male
rats on the decision in two distinct T-maze tasks, the ability of animals to adjust the height
of an obstacle in a T-maze or to process information on the reward amount. We found that
sort-term effects of MPH (2 weeks) played a significant role in making the correct decision in
T-maze tasks, while the respective effects of long-term administration (12 weeks) were much
weaker. These data suggest that chronic application of MPH has short- but not long-term
effects on cost-benefit decision making in healthy adult animals.
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INTRODUCTION

Understanding of the mechanism due to which we
prefer a particular choice among a set of options,
and also of how different factors can influence that
decision, is one of the important topics of cognitive
neuroscience. An appropriate choice may increase the
likelihood of survival and improve the quality of life.
The worth or the quality of a number of benefits must
be evaluated before decision making, including the
likelihood of an event occurring, the time taken for
it to occur, and the effort required to obtain success
[1]. Animal models of such physical effort-based
decision making may help to interpret central neural
mechanisms involved in recruiting a physical attempt.
Itis well accepted that methylphenidate (MPH, Ritalin)
improves cognitive abilities (e.g., attention, decision
making, and working memory) in the attention deficit/
hyperactivity disorder (ADHD); it also produces
comparable positive effects in animals and healthy
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humans [2-4]. Some studies reported that MPH
increased dopamine and noradrenaline concentrations,
primarily in the prefrontal cortex [5, 6]. Additionally,
some evidence was accepted that the prefrontal cortex
plays an important role in decision making [7-9].
However, long-term effects of MPH on the adult brain
are far from being clear. To our knowledge, there are
no or few direct evidence to identify the short-term and
long-term effects of chronic administration of MPH on
cost-benefit decision making in healthy adult rats.

The aim of our study was to elucidate whether MPH
treatment can modulate the sensitivity of adult intact
rats to differences in the effort requirements when
making decisions. For such purpose, we assessed the
short-term and long-term effects of MPH application
on the ability of animals to adjust the height of an
obstacle in a T-maze or to process information on the
reward amount.

METHODS

Animals. Twenty-seven male Wistar rats (250-300 g)
purchased from the Pasteur Institute (Tehran, Iran)
were used in our experiments. The rats were grouped
in three per cage with free access to food and water,
except the times that the food amounts were changed
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according to the phase of our experiment. Lightening
in the animal colony was maintained on a 12/12 h
light/dark schedule with light on at 7:00.

T-Maze Apparatus. The rats were tested in an
evaluated T-maze based upon the original apparatus
described by Walton et al. [10]. The apparatus
consisted of a start arm and two goal arms (60 cm
length, 10 cm width, and 30 cm height). A food well
was placed at the end of each goal arm. In forced
trials, a barrier was used to prevent the animal from
entering one goal arm. The barriers that the rat had
to climb were constructed of wire mesh with a right-
angled triangle. The rats had to climb the vertical
face of the triangle and to go down at a 45 deg angle
to attain the reward. The height of the barriers was
increased during training from 15 to 40 cm.

Habituation. Rats were habituated to the T-maze
during four days. On these days, the animals were
placed in the start arm and were allowed to explore the
maze for 20 min. Plentiful food (50 mg food pellets)
was left in both feeding wells in the goal arms.

Discrimination Training. Discrimination training
consisted of three phases. The first phase involved
putting eight pellets in the feeding well of the high-
reward arm (HR) and two pellets in the low-reward
arm (LR). For half of the rats, the HR arm was to
the left, while for the other half it was to the right.
This side destination was maintained throughout the
remaining training and test trials. Each rat in this
phase received five trials per day for two days. The
trial ended when the rat had eaten from both food
cups, or 150 sec elapsed. Each trial began with placing
the rat at the beginning of the start arm, and the animal
was allowed to sample both food arms on each trial. In
phase 2 of discrimination training, each rat received 10
trials per day for two days, and also the access to one
of the goal arms was prevented by placing a wooden
block at the entrance (forced trials), thus forcing the
rat to sample a particular arm on each trial. Rats were
forced into the HR or LR arm five times. They were
not forced into the same arm more than two times in
a line. The experiment finished after the rats ate from

Table 1. Time Lines of Behavioral Manipulation

Taomuusa. YacoBi mexi Maninyasiuii i3 noBexinkoBumu gpaxkropamu

the food cup, or 150 sec over and done. In the third
phase, each rat received 10 trials per day for three
days. On trials 5 and 10, admission to the previously
selected arm was blocked with the box in order to
avoid rats from adopting a side bias. The experiment
lasted immediately after the rat ate the food from the
cup, or 150 sec over. Rats were investigated in this
phase for three days (Table 1). Within the final day of
this phase, all animals selected the HR arm on more
than 90% of the occasions during the training session.

Barrier Training. During barrier training, the first
barrier (15 ¢cm) was placed in the HR arm. The height
of the barrier was increased by 5 cm every three days
up to 30 cm. Animals received five trials per day. On
the first trial of the first day, the trial lasted only after
the rat had climbed the barrier and eaten the pellets, or
300 sec over. On the last four trials of the first day and
all remaining trials, the experiment ended immediately
after the rat selected one of the arms and consumed the
pellets, or 150 sec elapsed.

Drug Treatment. MPH was obtained from Novartis
(Great Britain). Our study was performed in four groups
(9 animals in each group); control, sham, MPH +
+ 2-week latency (2WL), and MPH + 12-week latency
(12WL). MPH was gavaged (10 mg/kg) twice a day
over 11 consecutive days and then ceased. The dose
of drug administration was based on prior studies [3].
A behavioral study started 2 weeks after cessation of
MPH in the 2WL group, to study the short-term effects
of chronic intake of MPH on the cost—benefit task in
the T-maze, and also 12 weeks after cessation of that in
the 12WL group for evaluation of the long-term effects
of MPH. There was no manipulation in the control
group. Sham animals received only normal 0.9% saline
(0.5 ml) instead of MPH twice a day for 11 days.

Experimental Design. Six experiments were
designed to evaluate the sensitivity of animals to
differences in the height of the barriers and also to the
reward amount. In experiment 1, a 30-cm-high barrier
was placed in the HR arm for evaluation of effort-
based decision making of intact rats to obtain a high
reward with such a barrier. Each animal then ran 10

Habituation | Discrimination training | Barrier training |

MPH treatment Experiments

4 days 7 days 3 days 3days 3 days

11 days and cease of
treatment on day 12

Group 2W: 2 weeks after cease of MPH;
group 12W: 12 weeks after cease of MPH
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choice trials each day for three days. In experiment 2,
two identical barriers (30 cm) were placed in both
HR and LR arms. This test was performed to evaluate
whether the animal can distinguish the HR arm from
the LR, or habituation for the 30-cm barrier can be
induced. In the experiment 3, the 30-cm barrier was
replaced by a 40 cm one to evaluate whether increasing
of the height of the barrier would increase the effort
of the animal to gain a high reward. In the experiment
4, the 40-cm barrier was replaced by the 20-cm one,
to evaluate whether decreasing of the barrier height
would decrease the effort of animal to gain the above
reward. Experiment 5 was designed to evaluate
whether decreasing of the award would have some
effect or not. Therefore, the reward ratio was then
changed by four pellets in the HR arm and two in the
LR one, and also the 30-cm barrier was placed in the
HR arm. In experiment 6, four pellets in the HR arm
and two in the LR one were placed, and also the 30-
cm barrier was placed in the HR arm. Each experiment
was conducted each day over a period of three days.

A
18 Barrier 30 cm 2
8 2
7
6 3
5 1
4
3
2
1
0
Day 1 Day 2 Day 3
C
18 1 Barrier 40 cm
8 -
7 E
6 1 g 2 *#
51 *
44 3
34 1
2 -
1 E
0
Day1 Day2 Day3

Statistics. All data were analyzed by SPSS software
using one-way analysis of variance (ANOVA) and the
Tukey’s test as the post test. Results were expressed
as means *+ s.e.m., and intergroup differences were
considered significant at P < 0.05.

RESULTS

Experiment 1. As is shown in Fig. 1A, chronic
administration of MPH significantly increased the
number of HR selection only two weeks after cessation
of that on day 3 of the experiment with the 30 cm
barrier (P < 0.05), as compared with the control and
MPH + 12WL groups. This increase of HR selection
returned to the control level after 12 weeks after
cessation of MPH treatment.

Experiment 2. As is shown in Fig. 1B, two
identical barriers (30 cm) placed in both HR and LR
arms significantly shifted the animals’ choices for the
HR selection only on day 3 of the experiment in the

B

Two identical barrier 30 cm
2 *#

8-
7 1 %3
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34
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Fi g. 1. Effects of MPH on the number of high-reward (HR) arm selection with different sizes of the barriers in experiments 1 to 4 (A-D,
respectively). 1, 2, and 3) Animal groups, control, MPH 2W, and MPH 12W (see the text), respectively. Each point represents the mean +
+ s.e.m. (9 rats per group). "indicates a significant difference (P < 0.05) from control animals. * indicates a significant difference (P < 0.05)

between the treatment groups.

P u c. 1. BrumBn MeTmindeHifaTy Ha KiNbKicTh BUOOPIB «BIpHOTO» pO3rajy)KeHHs JaOipuHTY (3 BUCOKOIO XapyOBOIO BHHArOpOJOI0) MpU

pi3HUX BHCcoTax 0ap’epiB y excriepumenTax 1-4 (4—D BinmosinHO).
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F i g. 2. Effects of MPH on the number of high-reward (HR) arm selection with different ratios of the rewards in experiments 5 and 6 (A

and B, respectively). Other indications are the same as in Fig. 1.

P u c. 2. BrummBu MetmideHizaty Ha KiIbKICTh BHOOPY «BIPHOTO» pO3TaNIy)KEHHs JTaOIpUHTY 3 PI3HUMH KITBKOCTSIMH BHHAropoau B

po3ranyXeHHsX B eKCliepuMeHTax 5 Ta 6 (4 Ta B BIAMOBIIHO).

group MPH + 2WL (P < 0.05), as compared with the
control and MPH + 12WL groups. Therefore, chronic
administration of MPH was unable to induce any
significant change in the number of HR selection (in
the group MPH + 12WL).

Experiment 3. The replacement of the 30-cm barrier
by a 40-cm one in the HR arm produced the significant
effort in the animals two weeks after cessation of MPH
treatment (P < 0.05) to gain a high reward on days
1 and 2 of the experiment compared with the control
and MPH + 12WL groups (Fig. 1C). Additionally, the
replacement of the barrier evoked the significant effort
in animals of group MPH + 12WL (P < 0.05) to gain
the high reward on day 2 of the experiment compared
with the control group (Fig. 1C).

Experiment 4. The replacement of the 40 cm barrier
with a lower (20-cm) one in the HR arm decreased
the effort of animals of the MPH + 2WL group (P <
< 0.05) to gain the high reward on all three days of the
experiment, as compared with the control and MPH +
+ 12WL groups (Fig. 1D). However, the replacement
of the barrier could not produce any significant
changes in the number of HR selection in the MPH +
+ 12WL group, as compared to the control group, in all
days of the experiment (Fig. 1D).

Experiment 5. When the ratio of food pellets
were changed from 8:2 to 4:2, this caused the
significant increase (P < 0.05) in the number of HR
selection in the MPH + 2WL group only on day 3 of
the experiment, as compared with the control group
(Fig. 2A). Additionally, there was no difference in the
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performance between the 12WL and control groups.

Experiment 6. When the ratio of food pellets was
changed from 4:2 to 2:2, this resulted in the significant
decrease (P < 0.05) in the number of HR selection
in the MPH + 2WL group on days 2 and 3 of the
experiment, as compared with the control and MPH +
+ 12WL groups (Fig. 2B). Additionally, there was no
difference in the performance between the 12WL and
control groups.

There were also no significant differences between
the control and sham groups in all experiments.

DISCUSSION

The main finding of our study was that exposure to
MPH exerts only relatively short-term effects on the
cost-benefit decision making in adult male intact rats.
MPH is a psychostimulant; it is currently abused by
adolescents and students when they have exams or need
to stay awake for a long time [11]. The effect of MPH
on decision making has been studied before [12], but
short- and long-term consequences of chronic MPH
intake on cost-benefit decision making, especially in
the mature brain, still remain unclear.

It is highly likely that the prefrontal cortex provides
an important contribution in the performance of
behavioral tasks and also in decision making [7, 8].
Developing of the prefrontal cortex in humans
continues at least until young adulthood [13].
Although, several studies evaluated the effects of
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MPH on attention in ADHD humans and rats [4, 14,
15]. Our study differed from the above ones by special
attention to the short- and long-term effects of MPH
on effort-based decision making in healthy adult
animals. Here, we administered relatively high doses
of MPH (10 mg/kg) for such rats over 11 days and
then stoped the treatment. Then we evaluated the MPH
effect on the cost-benefit decision making on two and
twelve weeks after cessation of MPH application.
We found that, after two weeks following cessation
of chronic MPH treatment, adult rats significantly
adjusted their attempts with the height of the barrier
and chose the HR arm more frequently than control
animals. However, MPH did not endure changes in the
cost-benefit decision making about the barrier height
within a remote period after cessation of chronic
treatment with this drug (12 weeks), as compared with
the control group.

Moreover, our behavioral study demonstrated that
MPH exerted an increasing effect on the number of HR
selection when the ratio of food pellets was changed
from 8:2 to 4:2. This increasing effect of MPH was
observed 2 weeks after cessation of chronic treatment
and nearly disappeared after 12 weeks (Fig. 2A).
However, when the ratio of food pellets changed from
4:2 to 2:2, MPH began to exert a depressing effect
2 weeks after treatment cessation as compared with
the control rats, but returned to the control level after
12 weeks.

Some studies emphasized the enhancing effects
of MPH on the healthy brain. For example, Berridge
et al. [5] showed that introduction of high MPH
doses (5-10 mg/kg, i.p.) increased locomotor
activity and impaired attention and performance of
the prefrontal cortex-dependent cognitive skills in
rats. At the same time, administration of low doses
of MPH (0.25-1.0 mg/kg, i.p.) in normal adult rats
enhanced the performance of attention-related tasks.
Controversially, our behavioral study revealed that
oral application of high doses of MPH (10 mg/kg)
in normal adult rats facilitated the performance and
increased attention to the barrier height in the HR arm
and/or amount of reward. Moreover, this increasing
effect of MPH on attention to the height of the barriers
in the HR arm was manifested only for a relatively
short time (2 weeks) after treatment cessation.

It seems that there is certain age-dependent
difference in MPH actions on attention, in particular
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between healthy juveniles and adult individuals. For
example, Urban et al. [16] showed that a single low
MPH dose (1 mg/kg, i.p.) significantly decreased
the neuronal excitability in the prefrontal cortex
of juvenile rats. Chronic treatment with that for
three weeks led to further decrease, while the same
low dosage exerted excitatory effects in adult rats.
Additionally, chronic treatment with 3 and 9 mg/kg
resulted in depression of prefrontal neurons lasting
for 10 weeks. Our behavioral experiments, however,
revealed that chronic treatment with MPH (10 mg/kg)
increased attention in healthy adult rats. It is likely
that other regions of the brain (in addition to the
prefrontal cortex) have also contribution to the
attention increase. Canese et al. [13] examined
responses of adolescent and adult rats to MPH
using an MRI technique. They revealed age-related
differences in neuronal activation patterns following
acute introduction of MPH in both age groups of the
rats. They reported that MPH (4 mg/kg, i.p.) increased
the blood oxygenation level-dependent signals in the
nucl. accumbens and prefrontal cortex of adult rats.
In contrast, the same MPH dose reduced the above
signals in both above-mentioned cerebral structures
of adolescent rats, suggesting that neurological effects
of pharmacological manipulations differ between
adolescent and adult animals.

Thus, our study demonstrated that facilitatory
effects of chronic MPH treatment on cost-benefit
decision making in healthy adult rats remain during
relatively short terms after cessation of such treatment.
However, exposure of adult rats to MPH exerts no
enduring effects on the attention level.
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KOPOTKO- TA JIOBI'OTPUBAJII BILJIUBU BBEJIEH-
HSI METWI®EHIJIATY HA IIPUMHSTTS PIIIEHD Y
CUTVAIT OLIHKU «BUTOJJA/BUTPATH» V IVPIB

! TlenTp Heitpodi3ionoriyHux A0CIIiKEHs MeIUuIHOTO
yHuiBepcurery llaxix Bexemri, Terepan (Ipan).

2 Mennunuii yuisepcuret laxin Bexemri, Terepan (Ipan).
* VuiBepcuterchka sikapHs Imam XoceitH Mequ4HOTO
yHuiBepcurery Illlaxix Bexemri, Terepan (Ipan).

PeswowMme

MexaHi3MH TPUAHATTS PILICHHS € OAHI€I0 3 HAHOINbII CKIad-
HUX npoOieM y HeiipoHaykax. Ha choroHi iCHYIOTh 3HAUHI KJa-
cu (papMaKOJOTIYHUX areHTiB, KOTPl MOCUIIOIOTh KOTHITUBHY
OiSBHICTH; 30KpeMa, Le MNCUXOCTUMYNATOPH (HANpPHUKIAM,
metundenigar — MPH). JoBsrorpusani Bninusu BBegenass MPH
Ha MPUUHATTS pilICHb y CUTyalii OLIHKH «BUTOJa/BUTPATH» B
MOJENBHUX €KCIIEPUMEHTAaX HA 3[J0POBUX TBAPUHAX MOKH IO
3aNUIIAThCS HeBUBUCHUMH. OTKe, MU MOPIBHIOBAIN KOPOTKO-
Ta JOBrOTpHBaJi BILIMBU KypcoBoro BeaeHHs MPH 31oposum
JOPOCINM CaMISIM IIypiB Ha JBa aCMEKTH MPHUIHATTA TaKUMU
TBapUHAMH PilICHb y Pi3HUX TecT-3aBAaHHAX y T-momiOHOMY
nabipuHTi. Po3rmsgganu 3maTHICTH TBAapuUH OIIHIOBATH BHCO-
Ty mepemKkoau B Jal0ipuHTi Ta mpoumec oOpoOku iHpopmamii
00 KUIBKOCTI XapuoBoi BuHaAropoau. bymo BusBieHo, 1o
kopoTkoTpuBaii edextu BBepenns MPH (uepes aBa TuxHi)
BiZirpaBaiu iCTOTHY pOJIb y NPUUHATTI HPAaBUIBHOTO PilICHHS
npu TectyBaHHi B T-moai6HOMY 1a0ipuHTi, ane Taki eheKTH cTa-
BaJIM HEICTOTHUMH NPU JOBTOTPUBAIOMY BBeJeHHI areHTta (12
TIKHIB). Takum 4MHOM, CIIiJ BBaXKaTH, 110 KypCOBE BBEJACHHS
MPH 3a0e3mneuye nuiie KOpOTKOTPHUBAJi (ajie He JOBIOTPUBAII)
BIUIMBU HA MPUUHATTA PIlIEHb y CUTyalii OMIHKH «BHUTOAa/BU-
TpaTu» y 3A0POBHUX JOPOCINX TBAPHUH.
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