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To study the neural mechanisms for cognitive behavior
such as decision making 1S now a major mission in
contemporary neuroscience. It remains uncertain
about how brain dopamine DA systems mediate the
higher order cognitive function such as decision
making or choice behavior. For all kinds of animals
including human, there is no perfect certainty that
will (not) lead to a certain end. This type of
behavioral phenomena has been studied as the risky
choice in the decision science, but not in
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neuroscience until recently. A growing body of
evidence shows that brain DA systems are involved in
attention processing, the cost/benefit analysis of
behavioral reinforcement, or prediction error. Thus,
1t 1s posited that behavioral function of
mesocorticolimbic DA systems could be sub-serving for
risky choice. However, there is still short of well-
controlled empirical data collected from the rodent
animal to deal with the neural mechanisms of risky
choice. Accordingly, this 2-year project aimed to
study how the brain DA systems could be involved in
risky choice behavior in the rat. This report covers
three parts of data. The first part covers the
establishment of an animal model of risky choice
behavior in a T-maze by systemically manipulating the
probabilities with different expected values (EV).
And, the results of amphetamine producing a risk-
prone effect on this risky behavior are mainly
focused. Second, with the application of neurotoxin
lesion techniques in the striatal subareas, the
subject with accumbal lesion gained responding toward
risk-aversion. Such an effect was not seen in the
lesion of dorsolateral striatum. Third, the effects
of DA reuptake transporter (DAT) inhibitor (GBR12959)
were evaluated to elucidate the role of DAT in an
operant risky behavior. The results showed GBR12959
dose dependently producing a risk-seeking response
pattern, such an effect could be attenuated by
selective DA.D1 or D2 antagonist in a different
pharmacological manner. Together, the data collected
from this project by manipulating brain dopamine via
neuropharmacological approaches and the risky choice
behavior from adjusting the EV. These data provides
further elaboration of neurobehavioral behavioral
mechanisms of risky choice behavior which are
heuristic and informative for further understanding
the cognitive function of brain dopamine.

risky choice, brain dopamine systems, reward
motivation, excitotoxic lesion, pharmacological
evaluation
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Abstract

To study the neural mechanisms for cognitive behavior such as decision making
IS now a major mission in contemporary neuroscience. It remains uncertain about
how brain dopamine DA systems mediate the higher order cognitive function such as
decision making or choice behavior. For all kinds of animals including human, there
is no perfect certainty that will (not) lead to a certain end. This type of behavioral
phenomena has been studied as the risky choice in the decision science, but not in
neuroscience until recently. A growing body of evidence shows that brain DA
systems are involved in attention processing, the cost/benefit analysis of behavioral
reinforcement, or prediction error.  Thus, it is posited that behavioral function of
mesocorticolimbic DA systems could be sub-serving for risky choice. However,
there is still short of well-controlled empirical data collected from the rodent animal
to deal with the neural mechanisms of risky choice. Accordingly, this 2-year project
aimed to study how the brain DA systems could be involved in risky choice behavior
in the rat.  This report covers three parts of data. The first part covers the
establishment of an animal model of risky choice behavior in a T-maze by
systemically manipulating the probabilities with different expected values (EV).
And, the results of amphetamine producing a risk-prone effect on this risky behavior
are mainly focused. Second, with the application of neurotoxin lesion techniques in
the striatal subareas, the subject with accumbal lesion gained responding toward
risk-aversion.  Such an effect was not seen in the lesion of dorsolateral striatum.
Third, the effects of DA reuptake transporter (DAT) inhibitor (GBR12959) were
evaluated to elucidate the role of DAT in an operant risky behavior. The results
showed GBR12959 dose dependently producing a risk-seeking response pattern, such
an effect could be attenuated by selective DA.D1 or D2 antagonist in a different
pharmacological manner. Together, the data collected from this project by
manipulating brain dopamine via neuropharmacological approaches and the risky
choice behavior from adjusting the EV. These data provides further elaboration of
neurobehavioral behavioral mechanisms of risky choice behavior which are heuristic
and informative for further understanding the cognitive function of brain dopamine.

Key words: risky choice, brain dopamine systems, reward motivation, excitotoxic
lesion, pharmacological evaluation



Background

To study the neural mechanisms for cognitive behavior such as decision making
IS now a major mission in contemporary neuroscience. The motivation involved in
decision making or choice is the core of many kinds of cognitive behavior, which
could serve as the basis of economical activity in humans and/or other animal species.
The progress of investigating the neural mechanisms of brain dopamine (DA)
underlying the primary reward motivation to drive the organization and development
of behavior has been continuing in neuroscience. However, it remains uncertain
about how brain DA systems mediate the higher order cognitive function such as
decision making or choice behavior. Despite the issue of delay reward discounting is
getting focused in recent years, a similar but in different domain of reward
discounting so-called probabilistic reward discounting remains obscure for its
underlying neurobehavioral mechanisms. In real life, for all kinds of animals
including human, there is no perfect certainty that will (not) lead to a certain end.
This type of behavioral phenomena has been studied as the risky choice in the
decision science, but not in neuroscience until recently. A growing body of evidence
shows that brain DA systems are involved in attention processing, the cost/benefit
analysis of behavioral reinforcement, or prediction error.  Thus, it is posited that
behavioral function of mesocorticolimbic DA systems could be sub-serving for risky
choice. However, there is still short of well-controlled empirical data collected from
the rodent animal to deal with the neural mechanisms of risky choice. Accordingly,
this two-year project aimed to study how the brain DA systems could be involved in
risky choice behavior in the rat.

This report covers three parts of data collected in this project. The first part
covers those experiments established an animal model of risky choice behavior in a
T-maze by systemically manipulating the probabilities with different expected values.
And, the results of amphetamine producing a risk-prone effect on this risky behavior
are mainly focused. Second, with the application of neurotoxin lesion techniques in
the striatal and pre-frontal subareas, the subject was changed toward risk-aversion
after the lesion of nucleolus accumbens but not the dorsolateral striatum. In the third
part, with the use of operant risky choice behavior set in the probabilistic discounting
task, the effects of DA reuptake transporter (DAT) inhibitor (GBR12959) was
evaluated to elucidate the role of DAT in this behavior. The results showed
GBR12959 dose dependently producing a risk-seeking response pattern, such an
effect could be attenuated by selective DA.D1 or D2 antagonist in a different
pharmacological manner. Together, the data collected from this project by
manipulating brain dopamine via neuropharmacological approaches and the risky
choice behavior from adjusting the EV. The results provides further elaboration of



neurobehavioral behavioral mechanisms of risky choice behavior which are heuristic
and informative for further understanding the cognitive function of brain dopamine.
The three parts of results are sequentially presented in the Data Collection below.

Data Collection
I: Probabilistic risky choice behavior in T-maze: Effects of amphetamine
Although risky choice behavior is common in human, its underlying
neurobehavioral mechanisms are more complicated than previously thought. A
growing body of evidence indicates that the mesolimbic dopamine systems are
involved in this type of behavior. In a T-maze used in this study, a goal arm was
designated as certain low reward (CLR) arm providing 1 pellet of chocolate for every
entry, whereas the other one was designated as probabilistic high reward (PHR) arm
providing 2, 4, or 8 pellets of chocolate to obtain correspondingly based on a
probability of 50%, 25%, or 12.5% as the probabilistic risk manipulated. The
food-deprived rat was firstly forced to enter each arm set with a distinct amount of
reinforcer(s) and followed by ten daily sessions of free choice, for each of three
probabilistic risky conditions. The results show that the rat chose more PHR in the
lower risky condition (2 pellets given at 50%), but shifted to choose more CLR than
PHR in the higher risky condition. Notice that these results were in the condition of
expected value (EV) set in 1 equally for choice made in either arm.  All behavioral
data collected in the conditions of EV set in 0.5 and 2.0 are presented in Figure 1
(shown in the end of the text below). In these three conditions with different EV’s,
the subjects performed in a linear gradient manner on reducing the choice of PHR as
the risk increased. Such a effect was not true for that in EV set in 0,5 or 2.0.
Accordingly, the doses effects of d-amphetamine (0, 0.5, and 1 mg/kg) were tested in
the condition of EV seton 1. Amphetamine of 1 mg/kg significantly increased the
choice of PHR at the high risk condition (Figure 2). Together, this study
demonstrates that the choice behavior made by the rat can be risk dependent. The rat
performs risk seeking in the low risky condition, but becomes risk aversion in the
high risky condition on the present task. Psychostimulant drug affect the latter part
of behavior performance by reversing risk aversion into risk seeking.

I1: The lesion effects of the nucleus accumbens and the dorsolateral striatum on
risky choice behavior (of T-maze)

Although the risky choice behavior is common in human, its underlying
neurobehavioral mechanisms are more complicated than previously thought. A
growing body of evidence indicates that the mesolimbic dopamine systems are
involved in this type of behavior.  An animal model of risky choice behavior has



been recently developed in this laboratory by the use of the rat. In a T-maze, a goal
arm was designated as certain low reward (CLR) arm providing 1 pellet of chocolate
for every entry, whereas the other one was designated as probabilistic high reward
(PHR) arm providing 2, 4, or 8 pellets of chocolate to obtain based on a probability of
50%, 25%, or 12.5%, respectively. The rat was randomly assigned to receive the
neurotoxic lesion in wither the nucleus accumbens or the dorsolateral striatum before
encounter the risky choice behavior task. The behavioral task was similar to that
reported in the first part of data collection. In brief, the subject was firstly exposed
to the condition of the forced choice of entering each arm set with a distinct amount of
reinforcer(s), which is followed by ten daily sessions of free choice conducted for a
certain probabilistic high reward. The subject, after the surgical recovery from the
lesion, was exposed to the task with three sets of probability in g quasi-random
counterbalanced manner. Histological examination was conducted after the end of
behavioral tests. The lesion areas in the nucleus accumbens is presented in Figure 3,
whereas that of the dorsolateral striatum is shown in Figure 4 (both in the end of text).
Our data showed that the normal rat chose more PHR in the lower risky condition, but
shifted to choose more CLR than PHR in the higher risky condition. As compared to
the sham lesion controls (in top panel of Figure 5), the rats with excitotoxic lesion in
the nucleus accumbens became risk-avoiding on this behavioral task, choosing less
PHR even in the lower risk condition (in middle panel of Figure 5). Such a
behavioral alteration produced by the lesion of nucleus accumbens was not secondary
to the impairment of either motor or discriminative behavioral function, as revealed
by post-operational tests on locomotor activity and discriminative choice (1 vs. 2
chocolate pellets; data not shown). Moreover, given as an anatomical control, the
lesion made in the dorsolateral striatum did not significantly alter the present risky
choice behavior (Figure 6). Taken together, these data indicate that the nucleus
accumbens is highly involved in behavioral performance on the probabilistic-based
risky choice.

I11. The involvement of DA transporter in the operant risky choice behavior
Aberration of brain DA transmission has been shown to affect the decision making
under the condition of uncertainty. Previous studies using a probability based risky
choice task demonstrated that DA receptor agonists and amphetamine consistently
produce a preference to risky choice for a larger reward. These effects are resulted
from the drug increases DA transmission. It is still unknown whether drug(s) blocking
DA reuptake transporter (DAT) to enhance DA transmission would produce the same
effects on this behavior task as aforementioned drugs. Therefore, this study was
designed to examine the effects of GBR12909, a DAT inhibitor, on a probabilistic



discounting task and to evaluate DA D1 and D2 receptors potentially involved in it.
In contrast to T-maze used in the aforementioned two parts of experimentation, the
apparatus used in this study was conducted in four operant chambers
(Med-Associates), each enclosed in a sound-attenuating box, which behavioral
program and data collection were controlled by a microcomputer.  The risky
behavior task used in the present study was similar to those used in St. Onge and
Floresco (2009). In brief, the rat received a session that consisted 5 blocks of 18
trials per day. And, different probabilities, 100%, 50%, 25%, 12.5% and 6.25%,
respectively, set for the rat to get food pellets on large/risky lever. The other lever
was set as for the small/certain response. The rat was trained to choose either lever
within 10 seconds and following by the lever retraction lever. Each block, set for a
specific probability, contained 8 force choice trials and 10 free choice trials.
Regarding the drug treatments, the dose effects of GBR12909 (1, 2, & 5 mg/kg) on
this task were determined and followed by pharmacological tests of DA antagonism
using SCH23390 (0.01 & 0.05 mg/kg) and eticlopride (0.01 & 0.03 mg/kg). All
drugs were injected IP; GBR12909 was given at 10 min before the test, while
SCH23390 and eticlopride were injected at 20 min prior to the test. The results
showed that GBR12909 significantly produced a dose-dependent effect on the
probabilistic discounting task by increasing the proportion of choosing larger reward
(Figure 7). Behavioral effects altered by GBR12909 (5 mg/kg) were reversed by
SCH23390 or eticolopride, but in different profiles (Figure 8 and Figure 9).  This
“risk-prone” responding under DAT blockade could be attributed to the enhancement
of synaptic DA level produced by GBR12909. The reversal effects induced by
SCH23390 and elticlopride suggest that DA D1 and D2 receptors are involved in the
behavioral changes on probability based risky choice under DAT blockade. To
secure the argument made here about the DAT involved in the performance of risky
choice behavior, an additional experiment was conducted for evaluating the dose
effects of desipramine, a norepinephrine reuptake transporter (NET) inhibitor, on the
same behavioral task. In contrast to GBR12909, desipramine did not affect this
risky choice behavior at the doses tested (data not shown).

Summary

This project has been carefully executed in the past two years. In which, those
conducted experiments were much following the proposal being granted. However,
due to the grant was only approved for two year rather than three years as initially
proposed for this project. It was then affected what might be conducted by this
shrinkage of grant budget. Nevertheless, with some inevitable adjustment, the
critical part of the issues as proposed in this project was tackled with the completion



of those three series of studies with necessary experiments as addressed above.

Some of the data shown in this report have been submitted to international
conferences for presentation in the last two years. Based on these data, the
preparation of at least two manuscripts for submitting to journal for the publication is
currently undergoing. Together, this project has been well executed and the
scientific findings are novel and intriguing for further understanding the
neurobehavioral mechanisms of risky choice behavior, which is also informative for
elaborating the cognitive behavioral function of brain DA.
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Figure 1 Probabilistic risky choice behavior on three conditions with expected
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Figure 2 Dose effects of amphetamine on probabilistic risky choice behavior (in the
condition of expected value set on 1.0).



NAC sham lesion

Figure 3. Photographs of coronal sections with black rectangle (with higher
magnification presented) indicated the location of NAC sham lesion and NAC lesion.

10



DLS sham lesion

DLS lesion

Figure 4. Photographs of coronal sections with black rectangle (with higher
magnification presented) indicated the location of DLS sham lesion and DLS lesion.
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Figure 5. Lesion effects of nucleus accumbens (NAC) on percentage of choosing
probabilistic high reward (PHR) on three conditions of reward ratio in the
probabilistic risky choice task. The rats with excitotoxic lesion in the NAC became
risk-avoiding on this behavioral task choosing less PHR even in the lower risk
condition.
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Figure 6. Lesion effects of dorsolateral striatum (DLS) on percentage of choosing
probabilistic high reward (PHR) on three conditions of reward ratio in the
probabilistic risky choice task. The lesion made in the dorsolateral striatum did not
significantly alter the present risky choice behavior.
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GBR12909
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Figure 7 The effects induced by GBR12909 (GBR) on mean percentage of
choosing large reward. Asterisk represents the significant difference from the
treatment with saline (*p<0.05 and **p<0.01 compared to saline treatment).
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SCH23390 + GBR12909
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Figure 8 The effects induced by co-administration GBR12909 and SCH23390 on
mean percentage of choosing large reward. The top panel of figure 2 showed effects
of low dose of D; antagonist (0.01 mg/kg) on GBR12909 induced effects. The
bottom panel of figure 2 showed effects of high dose of D; antagonist (0.05 mg/kg) on
GBR12909 induced effects.  Asterisk represents the significant difference from the
treatment with saline (*p<0.05 and **p<0.01 compared to saline treatment).
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Eticlopride + GBR12909
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Figure 9 The effects induced by co-administration GBR12909 and Eticlopride on
mean percentage of choosing large reward. The top panel of figure 3 showed effects
of low dose of D, antagonist (0.01 mg/kg) on GBR12909 induced effects. The
bottom panel of figure 3 showed effects of high dose of D, antagonist (0.03 mg/kg) on
GBR12909 induced effects.  Asterisk represents the significant difference from the
treatment with saline (*p<0.05 and **p<0.01 compared to saline treatment).
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Expressions of BDNF in medial prefrontal cortex and the reinstatement of

amphetamine induced conditioned place preference in the rat

Ying-Ling Shen?, Tin-Yuan Chang®, Hsin-Hua Tien?, Fang-Chi Yang?, Chi-Wen
Chang®, Pei-Yu Wang®, and Ruey-Ming Liao® "
Department of Psychology ? and Institute of neuroscience °, National

Cheng-Chi University, Taipei, Taiwan

Conditioned place preference (CPP) is widely used as an
experimental behavioral model in the study of drug addiction and reward
learning. Brain dopamine systems play an important role to drive the
acquisition and performance of CPP. Accumulative data indicate that
brain-derived neurotrophic factor (BDNF) is involved in the reward
learning and motivation. Taking BDNF as the target molecule, this study
conducted a series of experiments to delve into the neural mechanism of
CPP. Dose effects of amphetamine (0, 0.5, and 1 mg/kg) on the CPP
behavior were assessed in Experiment 1A, and BDNF mRNA was tested
after CPP test. The results show that 1 mg/kg amphetamine significantly
induced CPP, but no significant effect on BDNF mRNA under this
dosage in comparing to the control was detected in any of five brain
areas assayed, including medial prefrontal cortex, striatum, nucleus
accumbens, dorsal hippocampus and amygdala. The results of
Experiment 1A were further confirmed by Experiment 1B, by showing no
significant change on BDNF mRNA in five brain areas of rats with
significant amphetamine-induced CPP. Experiment 2 examined the
effects of CPP reinstatement and tested BDNF mRNA in the
aforementioned five brain areas. The results show that 0.75 mg/kg
amphetamine significantly reinstated CPP and also increased BDNF
MRNA level in medial prefrontal cortex. Such an increase of BDNF
MRNA was not observed in any other four areas. Single acute injection
of amphetamine on BDNF mRNA was tested in Experiment 3. No

significant change of BDNF mRNA on any of five brain areas was



detected. These data indicate that BDNF is involved in psychostimulant
drug induced reinstatement. BDNF may not be critical for either a
single stimulant drug injection or its drug effect paired the environmental

context in place conditioning task.

Key words: amphetamine, conditioned place preference, relapse, BDNF,

rat

(This paper was presented in the 8th FENS Forum of neuroscience, held
in Barcelona, Spain, July 13-18, 2012)
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ESTE Re: FENS Forum 2012 - Abstract Presentation Notification A-471-0214-03274

----- Original Message -----
From: FENS Forum 2012

To: mliao@nccu.edu.tw
Sent: Tuesday, February 28, 2012 7:28 PM
Subject: FENS Forum 2012 - Abstract Presentation Notification A-471-0214-03274

Abstract Presentation Notification
The 8th FENS Forum of Neuroscience
Barcelona, Spain, 14 - 18 July, 2012

Dear R-M Ruey-Ming Liao,

On behalf of the Scientific Programme Committee, we are pleased to inform you that your
abstract A-471-0214-03274 entitled "EXPRESSIONS OF BDNF IN MEDIAL
PREFRONTAL CORTEX AND THE REINSTATEMENT OF AMPHETAMINE INDUCED
CONDITIONED PLACE PREFERENCE IN THE RAT" has been accepted as a POSTER
PRESENTATION at the The 8th FENS Forum of Neuroscience.

Detailed guidelines for the preparation of your poster are available on the congress
website at http://www2.kenes.com/fens/Pages/Abstract_instructions.aspx

Your poster allocation and scheduling will be sent to you in the near future.
Please refer to the FENS Forum 2012 scientific programme on
http://fens2012.neurosciences.asso.fr/pages/index2.php?sub=10&Ileft=105 for updates or

changes from time to time.

1. If you have not already paid your registration fees you are requested to do so online via
the link: https://www.kenes.com/fens2012/reg/reg.asp

Only abstracts of participants who have paid their fees by April 15, 2012 will be
included in the programme.

2. We also encourage you to book your accommodation promptly, as availability may be
limited in some hotels. Click on
http://www2.kenes.com/fens/Pages/Hotel Accommodation.aspx for more information on
available hotels for the Meeting.

3. Please do visit the congress website on
http://fens2012.neurosciences.asso.fr/index.php regularly for any updates or changes to
the Scientific Programme.

FURTHER INFORMATION

For technical questions regarding your abstract submission please contact
fensforum2012@abstractserver.com. For all other queries, please do contact the

secretariat at FENS@kenes.com

Yours sincerely,

FENS Forum 2012 Abstract Team on behalf of the Scientific Programme Committee
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This project, due to the grant was only approved for 2 year rather than 3 years
as initially proposed, it was then affected what might be conducted by this shrinkage

of grant budget. Nevertheless, with some inevitable adjustmet, this project has
tackled by completing necessary experiments.

Bk F AR I AR EE G o PREL AR LAY
B (A SE R4z A& HE B e-HFB27ip) (1

500 F 5 *2)

This project has been well executed and the scientific findings are novel and
intriguing for further understanding the neurobehavioral mechanisms of risky

choice behavior, which i1s also informative for elaborating the cognitive

behavioral function of brain DA.




