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II.

ABSTRACT
Research indicates that nucleus accumbens dopamine (DA) is an important

component of the neural circuitry regulating behavioral activation and effort-related
processes. In humans, psychiatric symptoms such as anergia and psychomotor
retardation reflect pathologies in behavioral activation. These motivational symptoms are
fundamental aspects of depression and other disorders. Drugs such as reserpine and
tetrabenazine deplete monoamines, including dopamine, and induce depressive like
behaviors in humans. Tetrabenazine inhibits vesicular monoamine transporter-2
(VMAT2), and has been shown to induce depressive symptoms, including psychomotor
retardation, lethargy, fatigue and anergia, in some human patients. In rodents, disruptions
in activational or effort-related aspects of motivation are sometimes studied using tasks
that assess effort-based choice behavior. Organisms are capable of making effort-related
decisions based upon assessments of motivational value and response costs. Research
involving choice tasks has shown that rats with impaired DA transmission reallocate their
instrumental behavior away from food-reinforced tasks with high response costs, and
instead select less effortful food-seeking behaviors. The current study investigated the
effects of tetrabenazine on effort-related choice behavior. Administration of
tetrabebazine at doses that reduce accumbens DA levels (0.5-1.0 mg/kg) alters effortrelated choice behavior in rats responding on a concurrent FR5/chow feeding choice task,
a concurrent progressive ratio choice task, and T-maze barrier choice procedure. Initial
evidence indicates that these effects of tetrabenazine on effort-related choice behavior
can be reversed by co-administration of the adenosine A2A antagonist MSX-3. Taken
together, these results indicate that administration of low doses of tetrabenazine can alter
effort-related choice behavior, biasing animals towards low effort alternatives. These
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findings may be related to the ability of monoamine depleting agents such as
tetrabenazine to blunt behavioral activation and induce psychomotor retardation, anergia
and fatigue in humans, and this research could be useful for the development of drug
treatments for effort-related motivational symptoms in humans.

III.

BACKGROUND AND SIGNIFICANCE
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According to The National Institute of Mental Health, depression is currently the
leading cause of disability in the United States (WHO 2004). Major depression is a
heterogeneous disease, with symptoms that include, but are not limited to: psychomotor
slowing and deficits in emotional processing and cognitive function (APA 2000). The
absence of energy (i.e., anergia) is a depressive symptom that is reported more often by
depressed patients compared to anxiety-related symptoms (Salamone et al. 2006).
Anergia is the single symptom of depression most strongly correlated with a lack of
social functioning and thus decreased work productivity due to days in bed and days of
lost work (Swindle 2001). As is a particularly difficult symptom to treat, accruing
evidence suggests that current first-line pharmacotherapies (e.g., SSRIs) do not
adequately address motivational and reward-processing deficits in depression (Dunlop
and Nemeroff, 2007; McCabe et al., 2009; Price et al., 2009), and the presence of angeric
symptoms is a predictor of poor response to treatment (Spijker et al., 2001).
The specific neural pathology underlying depression is largely unknown,
however, depression seems related to decreased transmission of monoamines. Chemical
analyses of cerebrospinal fluid in patients suffering from untreated depression, reveals
decreases in 5-HIAA (a serotonin metabolite) decreases in total norepinephrine
metabolism, and decreases in HVA (a DA metabolite). Additionally, decreasing
monoamine synthesis acts to increase depressive symptoms (Meyer et al. 2006). This
line of research aided the development of the monoamine theory of depression. This
theory postulates that depression is associated with low levels of monoamines,
particularly serotonin (5-HT) and norepinephrine (NE) (Maletic, 2007). Imaging studies
of patients with untreated depression revealed a high receptor density for monoamine
oxidase A (MAO-A), which metabolizes these neurotransmitters (Maletic 2007). A loss
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of MAO-A interacts with specific transporter densities (i.e., 5-HT and NE) resulting in
depressive illness (Maletic 2007; Meyer et al. 2006). Therefore, the most common
prevailing pharmacological treatment for depression is selective serotonin reuptake
inhibitors (SSRIs). SSRIs work by increasing the extracellular level of the monoamine
5-HT by inhibiting its reuptake into the presynaptic cell. This effectively increases the
level of 5-HT available in the synaptic space to bind with the postsynaptic receptor.
However, a major problem with this treatment of depression is the large time gap
between starting the medication and the observed therapeutic effect. Working within
minutes in vivo, SSRIs potently block 5-HT transporters, increasing extracellular levels
of 5-HT. Yet, despite these immediate extracellular increases, the therapeutic effects
(i.e., mood elevation) are not seen until weeks later. Furthermore, even with remission of
some emotional symptoms, patients often report fatigue and psychomotor slowing
(Cousins and Salamone 1994; Treadway and Zald 2010).
The lack of effective patient response to the current reigning pharmacological
treatment demands further research. It is particularly necessary to elucidate the neuronal
mechanisms underlying the pervasive behavioral symptoms: psychomotor slowing and
behavior directed motivational tasks. Motivation has been defined as the set of processes
that organisms use to regulate the probability, proximity and availability of significant
stimuli (Salamone 1992; Salamone and Correa 2002). Motivated behaviors are further
broken down to include both directional and activational components (Salamone 1988).
Directional aspects refer to motivated behavior as either directed toward or away from a
stimulus (Salamone and Correa 2002). Alternatively, the activational aspects refer to the
instrumental behaviors often characterized by a high degree of vigor, persistence, and
work output (Salamone 1988, 1992; Salamone and Correa 2002; Salamone et al. 2007).
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The concept that motivated behaviors have this activational component is not new to the
fields of psychology, neurology, or psychiatry. Pathologies that involve effort-related
aspect of motivation are seen as an important defining feature of many psychiatric
syndromes. In fact, clinical literature emphasizes the importance of motivational
symptoms as related to energy and effort-related expenditure (Tylee et al. 1999; Stahl
2002; Salamone et al. 2006; Treadway and Zald 2010). This includes, but is not limited
to, the psychomotor slowing, apathy, anergia, and fatigue that typifies major depression,
parkinsonism and other disorders. Again, the severity of these symptoms in depressed
patients is directly related to difficulties with social functioning, employments and
treatment outcomes (Treadway and Zald 2011; Tylee et al. 1999; Stahl, 2002).
The neuronal basis of energy-related impairments in the functioning of depressive
patients is still being characterized; however, there is considerable evidence that
implicates central dopamine (DA), especially in the nucleus accumbens, as well as the
neocortex and limbic system. Research suggests that the compromised DA transmission
in the basal ganglia, particularly in nucleus accumbens, is associated with depression and
may underlie fatigue, anergia, and problems with behavioral activation. In fact, depleting
or blocking DA in these striatal regions can induce psychomotor slowing and
parkinsonian motor symptoms (i.e. tremor). Therefore, blocking of depleting DA
expression in nucleus accumbens can induce both behavioral inactivation and tremulous
movements. Within the striatal regions, DA and adenosine receptors are highly
expressed, and have antagonistic interactions. Due to this antagonistic relationship,
adenosine A2A antagonists are currently in clinical trials to treat parkinsonian tremors.
However, these drugs have yet been evaluated for their potential to reverse the
psychomotor symptoms of depression. The literature on Parkinson’s disease makes a
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strong case for alleviating symptoms clustered around atypical movement and activation.
Given the similarities in expression of anergic symptoms between Parkinson’s disease
and depression, further work is needed to determine how the pathways implicated in
Parkinson’s disease correlate to those underlying depression. Depression as a common
“non-motor” symptom of Parkinson’s disease suggests the both disorder share a common
neurological substrate, with alterations in the interaction of DA-adenosine
neurotransmission as the biological basis of depression.
It was hypothesized that pharmacological manipulations that serve to produce
depressive-like motor and behavioral symptoms in humans will also produce effortrelated choice impairments in rodents. In fact, this combination of behavioral and
pharmacological methods could be employed as an animal model of depression in which
to test the efficacy of putative antidepressants, novel treatments, and change the
relationship between our understanding of depression and psychomotor retardation. The
present study worked to expand upon what is known about nucleus accumbens DA in
effort-related processes, by determining if pharmacological manipulations associated
with depression-like symptoms can induce effort-based dysfunctions in rats. It is
suggested that highly active, instrumental behaviors prompted by conditioned stimuli are
those most sensitive to interference with DA systems (Salamone 1991). For instance,
instrumental responding for food is affected by accumbens DA manipulations, such as
DA antagonism or depletions; however these effects are schedule-dependent. Further,
DA antagonism or depletions in these areas have little to no effect on schedules that have
low to moderate ratio requirements, such as a fixed ratio of one pellet per single lever
press (FR1 schedule). However, increasing the ratio requirement of the operant task from
FR1 to an FR5 schedule increases the suppressant effects of an accumbens DA depletion
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(Salamone et al. 1991, 2001; Ishiwari et al. 2004a). This evidence suggests that an
interference with accumbens DA selectively impairs activational aspects of motivation,
while leaving directional aspects intact. Thus, in addition to its role in the exertion of
effort, accumbens DA is implicated in the mediation of effort-related choice tasks
(Salamone et al. 2003; Ishiwari et al. 2004a; Mingote et al. 2005).
With the body of evidence citing the clinical relevance of fatigue and other forms
of energy or effort-related motivation dysfunctions in psychiatric disorders, it is critical to
develop animal models of illness. In particular, an animal model of depression would be
necessary for evaluating current treatments, identifying therapeutic targets, and
investigating the mechanisms involved. Several behavioral tasks have been useful in
assessing the effects of antidepressants medications in rodents, such as the forced swim
test, tail suspension task, chronic mild stress, and the social defeat paradigm (Duman
2010; Yan et al. 2010). Using these behavioral task to model depression in rodents does
not allow for an accurate or reliable approach to the multifaceted disorder. Therefore, the
concurrent choice procedure is favored with its focus on modeling specific behavioral
depressive symptoms by targeting effort-related choice behavior.
This experiment focused on the behavioral and cellular effects of monoaminedepleting agents that induce or exacerbate depressive symptoms in humans. Monoaminedepleting agents, such as reserpine and tetrabenazine act by blocking monoamine storage
to induce behavioral impairments. These pharmacological agents have been used for
decades in efforts to create working models of depression in animal research. The drug
reserpine was first introduced as a tranquilizing agent to treat hypertension, before
removed due to patient report of developing major depression. Subsequent research has
found reserpine to induce behavioral depression as a result of depleting all monoamines.
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In fact, when administered in high doses, reserpine can induce catalepsy and tremulous
movements characteristic of Parkinson’s disease. These pharmacological effects could
potentially create a rodent reserpine-model of depression to test the efficacy of punitive
and novel antidepressant treatments. The drug tetrabenazine was marketed for the
treatment of hyperkinetic movement disorders, such as Huntington’s chorea, but has a
high incidence of inducing depressive symptoms. Similar to reserpine, tetrabenazineinduced depressive symptoms may be due to the degradation of monoamines.
However, preliminary data indicates that tetrabenazine is more consistently
effective than reserpine at producing the desired alterations in effort-related choice
behavior. Therefore, the proposed experiment sought to characterize the effects of
tetrabenazine on effort-related choice behavior. For these reasons, this experiment was
designed to study the ability of pharmacological conditions associated with the induction
of depressive symptoms in humans to induce grossly similar effort-based dysfunctions in
rats.

IV.

MATERIALS & METHODS

Subjects:
In this study, adult male Sprague-Dawley rats (n=16; Harlan Sprague Dawley,
Indianapolis, IN, USA) were used as subjects. These animals, with no prior drug
experience and minimum handling were paired-housed in a colony maintained at 23oC,
with a 12 hour light/dark cycle (lights on at 0700). Water was available ad lib in the
home cages as all times. However, the rats that were tested in operant boxes were food
restricted to 85% of their free-feeding body weight for initial operant training and
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allowed modest weight gain during the studies. At the beginning of the experiment the
rats weighed between 279-299 grams. These animal protocols were approved by the
University of Connecticut Institutional Animal Care and Use Committee, and the studies
were conducted according to NIH guidelines for animal care and use.

Pharmacological Agents:
This study used intraperitoneal (IP) injections of TBZ (R&D Systems) and
reserpine (Tocris). TBZ was dissolved in an acidified solution and reserpine in 0.3%
tartaric acid, which were also used for the vehicle control condition. For the three weeks
of the TBZ experiment, the trained rats received the same treatment administered 90
minutes prior to testing: vehicle IP, 0.5 mg/kg TBZ, or 1.0 mg/kg TBZ.

Behavioral Procedure:
To study the effects of a monoamine depleting agent tetrabenazine, subjects were
tested on a task that assessed effort-related choice behavior (i.e., the concurrent lever
pressing chow intake task, see Salamone et al. 1991). Food restricted rats will be trained
on this task in standard operant conditioning chambers (28 cm x 23 cm x 23 cm; Med PC,
Inc.) during the light period. Animals were trained in 30 minute sessions, 5 days per
week. In the first week of training, all rats were trained to lever press on a fixed ratio 1
schedule, where one lever press results in the animal receiving one 45 mg high
carbohydrate food pellet (Research Diets Inc., New Brunswick, NJ). In the second week,
animals were shifted to a fixed ratio 5 schedule, where fiver lever presses results in one
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pellet. This schedule was maintained for 3-4 weeks until the rats achieved a stable
baseline performance (i.e., >1000 lever presses per session). After performance of the
FR5 schedule was stable, weighed amounts of laboratory chow (ProLab, Lab Diet,
Brentwood, MO; typically 15-25 g, three large pieces) were concurrently available on the
floor of the chamber during the 30 minutes FR 5 sessions. The rats continued to perform
on this concurrent feeding procedure for several weeks prior to the introduction of TBZ.
At the end of each session, rats will be immediately removed from the operant chambers.
Food intake was determined by weighing the remaining food, including collected
spillage, while a computer program recorded lever pressing. This experiment used a
between-groups design; with each rat receiving only one dose of tetrabenazine once a
week carried out for three weeks.

Research Overview:
As previously noted, the behavioral effects of depression are those most often
reported as the most debilitating, and consequently result in the most days of lost
productivity. Additionally, these motor-related symptoms are the most difficult to treat
effectively with putative antidepressant medications. This evidence indicates that the
basic animal studies described above are potentially relevant for understanding
depression’s effort-related dysfunction in humans. Such studies are possible through the
strikingly similar brain circuitry involved in effort-related functions in rats and the
systems thought to undermine the energy-related dysfunction caused by depression.
Capitalizing on this similarity, the proposed animal studies can lead to the development
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of animal models for these symptoms to test the efficacy of current pharmacological
treatments, as well as novel treatments.

Two pharmacological manipulations will be tested using the same behavioral choice
procedure:

Group 1: The drug reserpine was first introduced as a tranquilizing agent to treat
hypertension, before removed due to patient reports of developing major depression. The
side effect of the monoamine depleting agent reserpine is consistent with the body of
literature documenting the effects of interference with nucleus accumbens DA on effortrelated choice. This experimental group tested reserpine for its effects on effort-related
choice behaviors. Similar to the function of DA antagonists, reserpine also induces
psychomotor slowing and parkinsonian motor symptoms by blocking of depleting DA
expression. Additionally, subsequent research has found reserpine to induce behavioral
depression as a result of depleting all monoamines (Huang 2004). Due to the
pharmacological effects of reserpine, it was hypothesized that systemic injections of
reserpine would produce a shift in the allocation of effort on the concurrent FR5/chow
feeding procedure.

Group 2: The second pharmacological agent tested for its effects on effort-related
behaviors was tetrabenazine (TBZ), a VMAT2 inhibitor. Evidence from related animal
studies support the idea that pharmacological agents such as TBZ produce depressionlike behaviors, including psychomotoring slowing, fatigue, and anergia. It was
hypothesized that by inhibiting vesicular storage of monoamines, TBZ would decrease
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extracellular DA levels, and dose dependently decrease lever pressing and increase the
consumption of free feeding chow on the concurrent FR5/chow procedure.
Experiment 1: Systemic administration of resperine on the concurrent FR5/chow
feeding procedure: a dose response curve
Rats were trained on the concurrent FR5/chow feeding procedure as described
below. The following treatments were used: 0.3% tartaric acid vehicle, 0.625mg/kg
reserpine IP (90 min before testing), 0.75mg/kg reserpine (90 min before testing), and
1.0mg/kg reserpine (90 min before testing). Experiment 1 used a within-groups design;
with all rats receiving all drug treatments in their particular experiment in a randomly
varied order (one treatment per week).

Experiment 2: Systemic administration of tetrabenazine on the concurrent
FR5/chow feeding procedure: a dose response curve
Rats were trained on the concurrent FR5/chow feeding procedure as described
below. The following treatments were used: acidified vehicle, 0.5mg/kg TBZ IP (90 min
before testing) and 1.0mg/kg TBZ (90 min before testing). Experiment 1 used a withingroups design; with all rats receiving all drug treatments in their particular experimental
in a randomly varied order (one treatment per week).
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V.

RESULTS

Tetrabenazine produced a consistent behavioral shift from lever pressing to free
feeding chow consumption in the first week of testing (Fig. 1). At week one, there was a
significant effect of drug treatment on decreasing lever pressing at 0.5mg/kg [F(2, 26) =
86.643; P<0.05] and 1.0mg/kg [F(2, 26) = 43.653; P<0.05] doses compared to the
vehicle. There was also a significant effect of the tetrabenazine treatment on chow intake
at 1.0mg/kg dose [F(2,26) = 22.235; P<0.05].
In week two, the administration of tetrabenazine maintained the significant shift
in lever pressing to chow consumptions at the 1.0mg/kg dose (Fig. 2). Week two,
produced a significant effect of the drug treatment on decreasing lever pressing at
1.0mg/kg [F(2,26) = 86.643; P<0.05]. There was also a significant effect of the
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tetrabenazine treatment on chow intake at 1.0mg/kg [F(2,26) = 21.327; P<0.05]. The dose
of 0.5mg/kg TBZ no longer produced significant results at week two.
In week three, the administration of tetrabenazine maintained the significant shift
in lever pressing to chow consumptions at the 1.0mg/kg dose (Fig. 3). Week three,
produced a significant effect of the drug treatment on decreasing lever pressing at
1.0mg/kg [F(2,26) = 33.641; P<0.05]. There was also a significant effect of the
tetrabenazine treatment on chow intake at 1.0mg/kg [F(2,26) = 13.911; P<0.05].
The administration of 0.75mg/kg dose of reserpine suppressed lever pressing with
repeated use as compared to week one, but had no significant effect of chow intake across
the three week experiment (Fig. 4). There was a significant decrease in lever pressing at
week two and three (P<0.05) compared to week one.
VI.

DISCUSSION

Motivation is a complex process, and several behavioral approaches have been
used to study the impact of drugs administration on performance in effort-related choice
procedures. Under these conditions, animals were able to select between two reinforcers
that could be obtained through distinct instrumental behaviors (Salamone 2010b;
Salamone et al. 1994). In the present study, the rats responded on a concurrent FR5/chow
choice task. The monoamine depletion as a result of TBZ administration produced a
significant alteration in the relative allocation of behavior, quantified by a decrease in
lever pressing, but increase in chow consumption (Fig. 1-3). The present results are
consistent with previous studies that determined increased ratio requirements on operant
tasks increases the suppressant effect of DA depletions (Salamone et al. 1991, 2001;
Ishiwari et al. 2004a). Additionally, previous studies have also supported that modest
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doses of DA antagonists, with varying degrees of selectivity, all decrease lever pressing
and increase chow intake in rats responding to this same task (Salamone et al. 1991). The
findings from the present study are consistent with the hypothesis that pharmacological
manipulations that disrupt monoamine storage (i.e. TBZ) can produce effort-related
choice impairments, with these behavioral shifts directly related to the actions on nucleus
accumbens DA (Salamone et al. 2006, 2007, 2010; Meyer et al. 2011). TBZ reversibly
binds with a high affinity to the vesicular monoamine transporter-2 (VMAT-2) (Meyer et
al. 2011; Guay 2010). In so doing, TBZ effectively inhibits vehicular storage of cytosolic
monoamines, including serotonin, norepinephrine, and dopamine. Although reserpine
and TBZ work through a similar mechanism to inhibit monoamine storage, they have
different mechanisms of action. Reserpine serves as an irreversible inhibitor of both
VMAT-1 and VMAT-2 (Peter et al. 1996). TBZ and reserpine produced effort-related
impairments on the concurrent FR5 procedure whereby lever pressing was reduced and
chow consumption increased. However, the effect of reserpine sensitizes with repeated
administration, and does not provide stable baseline for repeated measures studies.
Further, the motor effects of reserpine become severe with repeated administration, as
rats show akinesia, incoordination, catalepsy, and tremulous jaw movements (Huang
2004).
This may be related to the difference in the mechanism of action of reserpine as
compared to TBZ. It is evident then that TBZ is more consistently effective than
reserpine at producing alterations in effort-related choice behavior.
Is it indicated then that these basic animal studies are potentially relevant for
understanding the effort-related dysfunctions in. There also is a striking similarity
between the brain circuitry involved in effort-related functions in rats, and the systems
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thought to be involved in energy-related dysfunction in depression (Salamone et al. 2006,
2007, 2010; Treadway and Zald 2010). This line of evidence suggests there is a degree
of efficacy with which TBZ can induce effort-based dysfunctions in rodent models that
closely mirror the depression-like symptoms affecting energy acquisition in humans.
Future studies will assess the ability of several other conditions that are related to
depression, such as pro-inflammatory cytokines, to induce effort-related dysfunctions in
rats. Preliminary research indicates that an increase in pro-inflammatory cytokines has
been associated with decreases in insulin and glucocorticoid receptor sensitivity, which
promotes metabolic and neuroendocrine disruption (Weisler-Frank et al. 2005; Maletic
2007). Symptomatically, these disruptions may be experienced as the fatigue that is
associated with decreased behavioral activation experienced with depression. (Tsigos and
Chrousos 2002; Maletic 2007). In addition, a TBZ animal model of depression can
determine if these dysfunctions are sensitive to experimental and putative
pharmacological treatments, such as the adenosine A2A antagonist MSX-3 and bupropion
respectively.

Huizenga, M 20

VII.

REFERENCES

American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision. Washington, DC, American
Psychiatric Association, 2000.
Cousins MS, Salamone JD(1994). Nucleus accumbens (DA) depletions in rats affect
relative response allocation in a novel cost/benefit procedure. Pharmacol
Biochem Behav 49:85-91.

Demyttenaere K, De Fruyt J, Stahl SM (2005). The many faces of fatigue in major
depressive disorder. Int J Neruopsychopharmacology 8:93-105.

Dulop BW, Nemeroff CB (2007) The role of dopamine in the pathophysiology of
depression. Archives of General Psychiatry 64: 327-337.
Duman CH (2010). Models of depression. Vitam Horm 82:1-21.

Huizenga, M 21

Guay DR (2010). Tetrabenazine, a monoamine-depleting drugs used in the treatment
of hyperkinetic disorders. 8(4):331-373.

Huang Q, Jiang H, Hao X, Minor TR (2004) Brain IL-1β was involved in reserpinereserpine
induced behavioral depression in rats. Acta Pharmacologica Sinica 25: 293-296.
Ishiwari K, Weber SM, Mingote S, Correa M, Salamone JD (2004). Accumbens (DA)
and the regulation of effort in food-seeking behavior: modulation of work
output by different ration or force requirements. Behav Brain Res 151(1-2):8391.

Malectic V, Robinson M, Oakes T, Iyengar S, Ball SG, Russell J (2007).
Neurobiology of depression: an integrated view of key findings. Int J Clin Pract
61: 2030-2040.

McCabe CMZ, Cowen PJ, Harmer CJ. Diminished Neural Processing of Aversive
and Rewarding Stimuli During Selective Serotonin Reuptake Inhibitor
Treatment. Biol. Psychiatry. 2009.

Meyer AC, Horton DB, Neugebauer NM, Wooters TE, Nickell JR, Dwoskin LP,
Bardo MT (2011). Tetrabenazine inhibition of monoamine uptake and
methamphetamine behavioral effects: locomotor activity, drug discrimination
and self-administration. Neuropharmacology 61:849-856.

Huizenga, M 22
Meyer JH, Ginovart N, Boovariwala A et al. Elevated monoamine oxidase A levels in
the brain: an explanation for the monoamine imbalance of major depression.
Arch Gen Psychiatry 2006; 63: 1209–16.

Mingote S, Weber SM, Ishiwari K, Correa M, Salamone JD (2005). Ration and time
requirement on operant schedules: effort-related effects of nucleus accumbens
(DA) depletions. Eur J Neurosci 21:1749-1757.

Nunes EJ, Randall PA, Santerre JL, Given AB, Sager TN, Correa M, Salamone JD
(2010). Differential effects of selective adenosine antagonists on the effortrelated impairments induced by (DA) D1 and D2 antagonism. Neuroscience
170:268-280.

Pae CU, Lim HK, Han C, Patkar AA, Steffens DC, Masand PS, Lee C (2007).
Fatigue as a core symptom in major depression: overview and the role of
bupropion. Expert Rev Neurother 7(10):1251-63.

Peter D, Vu T, Edwards RH (1996). Chimeric vesicular monoamine transporters
identify structural domains that influence substrate affinity and sensitivity to
tetrabenazine. J Biol Chem. 271(6): 2979-86.

Price J, Cole V, Goodwin GM. Emotional side-effects of selective serotonin reuptake
inhibitors: qualitative study. Br. J. Psychiatry 2009;195:211–217.

Huizenga, M 23
Rampello L, Nicoletti G, Raffaele R (1991). (DA)ergic hypothesis for retarded
depression: a symptom profile for predicting therapeutic responses. Acta
Psychiatr Scand 84:552-554.

Salamone JD (1988). (DA)ergic involvement in activational aspects of motivations:
effects of haloperidol on schedule induced activity, feeding and foraging in rats.
Psychobiology 16:196-206.

Salamone JD (1991). Behavioral pharmacology of (DA) systems: A new synthesis.
In: Willner P. Scheel-Kruger J (eds). The Mesolimbic (DA) System: From
Motivation to Action. Cambridge, England: Cambridge University Press, pp
599-613.

Salamone JD (1992). Complex motor and sensorimotor functions of striatal and
accumbens (DA): involvement in instrumental behavior processes.
Psychopharmacology 107:160-174.

Salamone JD (2010a). Involvement of nucleus accumbens (DA) in behavioral
activation and effort-related functions. In: (DA) Handbook (Iverson LL, Iverson
SD, Dunnett SB, Bjorklund A, eds), pp 286-300. Oxford: Oxford University
Press.

Huizenga, M 24
Salamone JD, Corrae M (2002). Motivational views of reinforcement: implications
for understanding the behavioral functions of nucleus accumbens (DA). Behav
Brain Res 137:3-25.

Salamone JD, Cousins MS, Snyder BJ (1997). Behavioral functions of nucleus
accumbens (DA): empirical and conceptual problems with the anhedonia
hypothesis. Neurosci Biobehav Rev 21: 341-359.

Salamone JD, Correa M, Farrar A, Mingote SM (2007). Effort-related functions of
nucleus accumbens (DA) and associated forebrain circuits.
Psychopharmacology (Berl) 191:461-482.

Salamone JD, Correa M, Mingote SM, Weber SM, Farrar AM (2006). Nucleus
accumbens (DA) and the forebrain circuitry involved in behavioral activation
and effort-related decision making: implications for understanding anergia and
psychomotor slowing in depression. Current Psychiatry Reviews 2: 267-280.

Salamone JD, Steinpreis RE, McCullough LD, Smith P, Grebel D, Mahan K (1991).
Haloperidol and nucleus accumbens (DA) depletion suppress lever pressing for
food but increase free food consumption in a novel food choice procedure.
Psychopharmacology 4:515-521.

Spijker J, Bijl RV, de Graaf R, Nolen WA. Determinants of poor 1-year outcome of
DSM-III-R major depression in the general population: results of the

Huizenga, M 25
Netherlands Mental Health Survey and Incidence Study (NEMESIS). Acta
Psychiatr. Scand 2001;103:122–130.

Stahl SM (2002). The psychopharmacology of energy and fatigue. J Clin Psychiat 63:
7-8.

Swindle R (2001). Energy and improved workplace productivity in depression.
Investigating Health: The Social and Economic Benefits of Health Care
Innovation 14: 323-341.
Treadway MT, Zald DH (2011). Reconsidering anhedonia in depression: Lessons
from translational neuroscience. Neurosci Biobehav Rev epub ahead of print

Tsigos C, Chrousos GP. Hypothalamic-pituitary-adrenal axis, neuroendocrine factors,
and stress. J Psychosom Res 2002; 53: 865– 71.

Tylee A, Gastpar M, Lepine JP, Mendlewicz J (1999). DEPRES II (Depression
Research in European Society II): a patient survey of the symptoms, disability
and current management of depression in the community. Int Clin
Psychopharmacol 14: 139-151.

Weisler-Frank J, Maier SF, Watkins LR. Immune-to-brain commu- nication
dynamically modulates pain: physiological and patho- logical consequences.
Brain Behav Immun 2005; 19: 104–11.

Huizenga, M 26

The World Health Organization. The global burden of disease: 2004 update, Table
A2: Burden of disease in DALYs by cause, sex and income group in WHO
regions, estimates for 2004. Geneva, Switzerland: WHO, 2008.
Yan HC, Cao X, Das M, Zhu XH, Gao TM (2010). Behavioral animal models of
depression. Neurosci Bull 26(4):327-337.

Huizenga, M 27

VIII.

FIGURE CAPTIONS

Figure 1. The effects of tetrabenazine to dose-dependently induce changes in behavioral
performance on the concurrent lever pressing/chow feeding procedure in week one. Rats
received IP injections of an acidified vehicle (VEH), 0.5mg/kg tetrabenazine (0.5 TBZ),
or 1.0mg/kg tetrabenazine (1.0 TBZ). (A) Mean (±SEM) number of lever presses (FR5
schedule during the 30 minutes session. (B) Mean (±SEM) gram quantity of chow intake.
TBZ significantly suppressed lever pressing activity as compared to vehicle at 0.5mg/kg
(*p<0.05) and 1.0mg/kg (*p<0.05). TBZ significantly increased chow consumption at a
dose of 1.0mg/kg (*p<0.05).
Figure 2. The effects of tetrabenazine to dose-dependently induce changes in behavioral
performance on the concurrent lever pressing/chow feeding procedure in week two. Rats
received IP injections of an acidified vehicle (VEH), 0.5mg/kg tetrabenazine (0.5 TBZ),
or 1.0mg/kg tetrabenazine (1.0 TBZ). (A) Mean (±SEM) number of lever presses (FR5
schedule during the 30 minutes session. (B) Mean (±SEM) gram quantity of chow intake.
TBZ significantly suppressed lever pressing activity as compared to vehicle at 1.0mg/kg
(*p<0.05). TBZ significantly increased chow consumption at a dose of 1.0mg/kg
(*p<0.05).
Figure 3. The effects of tetrabenazine to dose-dependently induce changes in behavioral
performance on the concurrent lever pressing/chow feeding procedure in week three.
Rats received IP injections of an acidified vehicle (VEH), 0.5mg/kg tetrabenazine (0.5
TBZ), or 1.0mg/kg tetrabenazine (1.0 TBZ). (A) Mean (±SEM) number of lever presses
(FR5 schedule during the 30 minutes session. (B) Mean (±SEM) gram quantity of chow
intake. TBZ significantly suppressed lever pressing activity as compared to vehicle at
1.0mg/kg (*p<0.05). TBZ significantly increased chow consumption at a dose of
1.0mg/kg (*p<0.05).
Figure 4. The effects of reserpine to induce changes in behavioral performance on the
concurrent lever pressing/chow feeding procedure, at 0.75mg/kg dose across weeks. (A)
Mean (±SEM) number of lever presses (FR5 schedule during the 30 minutes session. (B)
Mean (±SEM) gram quantity of chow intake. Reserpine significantly suppressed lever
pressing activity at weeks two and three (*p<0.05). Reserpine failed to produce
significant increases in chow intake.
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FIGURES

Figure 1. Week 1 dose-dependent behavioral effects of tetrabenazine
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Figure 2. Week 2 dose-dependent behavioral effects of tetrabenazine.
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Figure 3. Week 3 dose-dependent behavioral effects of tetrabenazine.
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Figure 4. Dose-dependent behavioral effects of reserpine.
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