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The mesocorticolimbic dopamine (DA) system is known as the best candidate
for the common neural substrate for mediating the subjective rewarding action of
natural rewards and drug of abuse, and also for playing a critical role in the
maintenance of reinforcement process. However, how exactly the DA exerts its
functions in this brain system for reward-motivated behavior remains uncertain and in
debate. Despite considerable evidence showing behavioral impairment under DA
antagonism or lesion, it is important to be more precise on parsing the relationship
between behavior and brain on this issue. This project was originally plan to set up a
sensitive and newly developed measure so-called run-climb-run (RCR) behavioral
task to encounter this challenge. It is reasonably presumed the different DA terminal
areas are differentially involved in distinct requirements on RCR behavioral task.

As focusing on such a theme, this project has been focusing to investigate the
neurobehavioral mechanisms of mesocorticolimbic DA system by the use of RCR
behavioral task. Proposed to complete in three years, this project was designed to
reveal the effects of DA antagonism on several different behavioral components of the
RCR task. Manipulation on the behavioral components was including 1) solely on
the rope length to determine the response cost required for completing behavior, 2)
solely on the reward value of reinforcer to judge the earned benefit, and 3) the
interaction between cost and benefit by holding one factor in consistent and varying
the other. In addition, reinforcers with different values were conditioned with
neutral visual stimuli and then determine the effects of conditioned reinforcement.
Another behavioral manipulation focused on establishing the concurrent choice
paradigms based on selecting either high/cost to get high/benefit or low/cost to get
low/benefit. Following the establishment of these different tasks on RCR behavior,
the excitotoxic lesions were conducted in the striatum, the nucleus accumbens, and
medial prefrontal cortex to determine the potential DA mechanisms involved. In this
progress report of the second year for this project, the results from two studies were
presented in the followings. These data have submitted to present in two
international neuroscience conferences, International Brain Research Organization
(IBRO) World Congress of Neuroscience, 2007 (at Melbourn, Australia in July) as
well as the Society for Neuroscience Annual Conference (at San Diego, CA, USA, in
November, 2007).

I. Tests of benefit-up and cost-down on a run-climb-run behavior in rats with striatal
lesions

Using a RCR behavioral task, previous studies reported behavioral deficits
induced by systemic injection of DA receptor antagonists.  Accordingly, the present
study further investigated how lesions in two striatal subareas would affect RCR



behavioral performance. Also, behavioral manipulations on either increasing reward
magnitude (benefit-up) or decreasing the work requirement for response (cost-down)
was evaluated in the striatal-lesion subject. Food-deprived rats were trained to
traverse a floor alleyway (150 cm), climb a vertical rope (70 cm), and run across an
upper runway board (100 cm) to access a single piece of chocolate as reward.
Following baseline training, ibotenic acid was used to produce excitotoxic lesions in
the nucleus accumbens and the ventrolateral striatum. Post-lesion test was
conducted on the regular RCR task over 3 consecutive days. Extended tests by
increasing reward magnitude (as 3 pieces of chocolate provided) and decreasing
task-required effort (by shortening the climbing rope length from 70 cm to 30 cm)
were conducted thereafter. Lesion of the nucleus accumbens significantly disrupted
the RCR behavioral performance as revealed by the increased time to complete the
task. Although the time to complete the task was increased by lesion of the
ventrolateral striatum, such effect was not statistically confirmed. While behavioral
impairment produced by striatal lesions was not attenuated by the reward increment, it
was significantly reversed by the shorter rope treatment. These data indicate that the
nucleus accumbens is a critical striatal subarea for driving the motivation of RCR
behavior. The reduced demanding effort (or cost) to complete task can reverse the
impairment of RCR behavior induced by the nucleus accumbens lesion.

I1. Nucleus accumbens, but not dorsolateral striatum, involved in the choice response
on a run-climb-run behavioral task.

Many behaviors perform under the analysis of cost to exert and benefit to obtain.
How the brain gets involved in this processing remains unknown. Previous studies
of the brain reward indicate the dopamine systems are relevant to behavioral choice
based on cost/benefit analysis. The present study was designed to investigate the
lesion effects of nucleus accumbens (NAC) and dorsolateral striatum (DLS) on a
choice behavior of RCR task. Rats were trained to traverse an uncovered floor
alleyway (150 cm), climb a vertical rope (35 or 140 cm represented as the short or
long rope), and run across an upper board (100 cm) to access chocolate for the
reinforcement.  All subjects were trained to climb the short rope for obtaining a
smaller amount of reward. As reaching a stable baseline of performance, they were
further trained to climb the longer rope for receiving a larger amount of reward and
reached a stable baseline of performance. Subsequently, they were introduced to the
concurrent choice test for 5-day pre-lesion test, in which the subjects significantly
chose the long rope to obtain 4 pieces of chocolate rather than the short one to obtain
only one piece of chocolate. They were then separated into 4 groups: 2 groups
received excitotoxic lesion in either NAC or DLS, while the other 2 groups served as



the sham controls. The post-lesion data showed that NAC, rather than DLS, lesion
significantly shifted the choosing from the long rope into the short one.  Also, the
mean time to complete RCR task with the long rope was significantly increased by
NAC lesion, but not by DLS lesion. Microstructural analysis on behavioral
performance on different segments of RCR task with the long rope revealed that the
most apparent impairments induced by NAC lesion were the shifted motion from the
end of the floor alley way to the rope when hopping or to initiate climbing and the
rope climbing. These data suggest that the NAC is critically involved in RCR
behavior and essential for the choice made between high-cost-high-reward and
low-cost-low-reward options.

In summary, the progress of the second year for this 3-year project is under well
controlled. In accumulating the work from the first year, RCR behavioral model has
been constructed for investigating the cost and benefit components of goal-directed
behavior. In addition to behavioral study, the brain dopamine areas have been found
to be involved in certain types of RCR behavior. How exactly the role for each
dopamine area is currently under deliberated with comparing to other literature
reports, which work is conducted for preparing the manuscript(s) to submit for journal
publication.  All this accomplished data will be taken into the solid base for those
experiments proposed to conduct in the third year.
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Development and regeneration.

Cell biology.

Excitable membrane and synaptic transmission.
Neurotransmitters, modulators, transporters, and receptors.
Endocrine and autonomic regulation.

Sensory system.

Motor systems and sensorimotor integration.

Other systems of the CNS.

Neural basis of behavior.

10 ~ Disorders of the nervous system and aging.
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(1) How activity changes synapses in the mammalian brain ?
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(2) Signal transduction pathway used by therapeutic agents and drugs of absue
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(3) The ups and downs of synaptic plasticity
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(4) How cortical cells analyze visual motion : a modal for extrastriate visual

processing
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(5) Decision making : a comparative perspective
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(6) Don’t I know you ? the neureobiology of recollection
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(7) Making and breaking habits : the basal ganglia in action
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