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Abstract

Drug and behavioral addictions have overlapping features, e.g., both manifest preference for
larger, albeit costlier, reinforcement options in cost/benefit decision-making tasks. Our prior work
revealed that the mixed-function serotonergic compound, mirtazapine, attenuates behaviors by rats
motivated by abused drugs. To extend this work to behavioral addictions, here we determined if
mirtazapine and/or ketanserin, another mixed-function serotonin-acting compound, can alter
decision-making in rats that is independent of drug (or food)-motivated reward. Accordingly, we
developed a novel variable-ratio task in rats wherein intracranial self-stimulation was used as the
positive reinforcer. Using lever pressing for various levels of brain stimulation, the operant task
provided choices between a small brain stimulation current delivered on a fixed-ratio schedule
(i.e., a predictable reward) and a large brain stimulation delivered following an unpredictable
number of responses (i.e., a variable-ratio schedule). This task allowed for demonstration of
individualized preference and detection of shifts in motivational influences during a
pharmacological treatment. Once baseline preference was established, we determined that
pretreatment with mirtazapine or ketanserin significantly decreased preference for the large
reinforcer presented after gambling-like schedules of reinforcement. When the rats were tested the
next day without drug, preference for the unpredictable large reinforcer option was restored. These
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data demonstrate that mirtazapine and ketanserin can reduce preference for larger, costlier
reinforcement options, and illustrate the potential for these drugs to alter behavior.

Keywords
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INTRODUCTION

The ability to assess risk and to estimate costs and benefits associated with different choice
options helps to determine advantageous courses of action (Baarendse et al., 2013;Orsini et
al., 2015). Suboptimal/disadvantageous decision-making can have severe consequences,
such as is observed in individuals who exhibit drug and/or behavioral addictions (Bechara et
al., 2001;Rogers and Robbins, 2001;Ernst et al., 2003;Brand et al., 2005). Gambling
disorders are examples of behavioral addiction that are highly relevant to modern society, yet
there is no government-approved therapy for these disorders. We are interested in identifying
efficacious pharmacotherapeutics for gambling disorders. To enhance translational value, we
selected compounds already deemed safe for human use.

Serotonin (5-HT) is involved in normal executive function (Floresco and Jentsch, 2011), and
dysregulation of this transmitter system is associated with risky decision-making (Nordin
and Eklundh, 1999;Pallanti et al., 2006;Potenza et al., 2013), measures of impulsivity
(Dalley and Roiser, 2012), and drug addiction (Muller and Homberg, 2015). Mirtazapine is
an atypical antidepressant with a complex pharmacological profile that includes antagonism
at 5-HTy /¢ receptors (De Boer, 1995;Wikstrom et al., 2002). Mirtazapine attenuates
various behaviors motivated by abused drugs, including methamphetamine (Herrold et al.,
2009;\Voigt et al., 2011;Graves and Napier, 2011;Voigt and Napier, 2011) and morphine
(Graves et al., 2012a) in rats, and reduces cocaine intake in humans (Graves et al., 2012b).
We recently revealed that mirtazapine reduces the capacity of the dopamine D2/D3 receptor
agonist, pramipexole, to induce risky decision-making by rats performing a probability
discounting task (Holtz et al., 2016). The potential for mirtazapine to influence risky
behaviors independent of drug-provoked effects has not been tested.

Ketanserin is another mixed-function antagonist with high affinity for 5-HT, /¢ receptors
(Hoyer, 1988;Bonhaus et al., 1995). Ketanserin reduces behaviors by rats that are motivated
by cocaine (Burmeister et al., 2004), nicotine (Levin et al., 2008) and methamphetamine
(Bhatia et al., 2011), as well as neurophysiological effects of methamphetamine (McDaid et
al., 2007). In studies of impulsivity, ketanserin reduces impulsive motor behavior (Passetti et
al., 2003;Talpos et al., 2006;Fletcher et al., 2007). Thus, ketanserin, like mirtazapine, may be
beneficial for the treatment of behavioral addiction.

Based on this background, we sought to determine if mirtazapine and ketanserin would
influence risky decision-making in rats using a task that approximated key features of
gambling disorders, such as weighing cost versus benefit and the uncertainty of reward
delivery, and was independent of drug-motivated reward. We also sought to avoid food-
reinforcement protocols, for serotonin regulates feeding and satiety, and both mirtazapine
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and ketanserin alter these functions in humans (Risselada et al., 2010;Jeong and Bahk, 2014)
and rats (Pratt et al., 2016). Accordingly, we implemented a modified choice task developed
by Johnson et al. (Johnson et al., 2011;Johnson et al., 2012) using intracranial self-
stimulation (ICSS) as the positive reinforcer. This task utilizes gambling-like schedules of
reinforcement to model features of human cost/benefit decision-making including the choice
between the unpredictable occurrences of a high effort/large reinforcer option, and the
predictable occurrence of a low effort/small reinforcer option. In this paradigm, the response
cost placed on obtaining the large reinforcer is the exertion of greater physical effort (i.e.,
increased number of lever presses) necessary to obtain the reward; the average number of
responses to obtain brain stimulation reinforcement on the high effort/large reinforcer
schedule was always greater than the number or responses required on the low effort/small
reinforcer alternative. The first feature was modeled by a variable-ratio (VR) schedule of
ICSS-mediated reinforcement, which was contrasted to the second feature wherein ICSS
was available using a predictable, fixed-ratio (FR) schedule. Using this task, we tested the
effects of mirtazapine and ketanserin on preference for the VR option of reinforcement.

METHODS AND MATERIALS

Animals

Test Drugs

Male Sprague-Dawley rats (n=31) were purchased from Envigo Laboratories (Indianapolis,
IN) weighing 250-274g upon arrival. They were housed in pairs under a 12hr light/dark
cycle (lights on at 7AM) in an environmentally controlled facility with food and water
available ad /ibitum. Procedures were in accordance with those established in the Guide for
the Care and Use of Laboratory Animals (National Research Council, Washington DC) as
approved by the Rush University Medical Center Institutional Animal Care and Use
Committee.

Mirtazapine (isolated from tablet form by Plantex, Hackensack, NJ; a division of Teva
Pharmaceuticals Ltd., North Wales, PA) was dissolved in 1N HCI, diluted with sterile H,0,
and the pH was adjusted to ~6.3-6.8 using LN NaOH. Mirtazapine was administered
intraperitoneally (ip) as 5.0mg/ml/kg. This dose was selected based on our extensive prior
studies showing that it is sufficient to reduce several forms of methamphetamine- (Graves
and Napier, 2011;Herrold et al., 2009;McDaid et al., 2007;Voigt et al., 2011;Voigt and
Napier, 2011), and morphine- (Graves et al., 2012a) motivated behaviors in rats without
increasing latency to lever press in cue reactivity paradigm or altering coordinated motor
function on a rotarod (Graves and Napier, 2011). Ketanserin tartrate (Sigma-Aldrich, St.
Louis, MO) was dissolved in sterile H,O and administered ip at doses of 1.0, 2.5, or
5.0mg/ml/kg (as the free base). Ketanserin vehicle (sterile HoO) was administered as
ImL/kg, ip. The doses used for both mirtazapine and ketanserin convert to a “Human
Equivalency Dose” that provides efficacious treatment in humans (Fawcett and Barkin,
1998b;Fawcett and Barkin, 1998a;Liechti et al., 2000;Graham et al., 2002). Mirtazapine and
ketanserin were tested in separate groups of rats.
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Stimulating Electrode Implantation

Rats were anesthetized with isoflurane and placed into a stereotaxic frame (David Kopf,
Tujunga, CA) with the nose piece set at —3.3mm. A midline scalp incision was made, and a
burr hole was drilled through the skull at the following coordinates (from Bregma): —2.8mm
AP and —1.8mm ML. A bipolar stimulating electrode (MS303/3-B/SPC; Plastics Oneg,
Roanoke, VA) was lowered 8.4mm from the top of the skull into the lateral hypothalamus.
Electrodes were secured to the skull using stainless steel screws and dental acrylic, and the
incision was sutured. Rats were returned to the home cage following recovery from
anesthesia; one week later, operant training began. Three rats were removed from the study
due to loss of headpiece during training or lack of task acquisition due to electrode
placement outside of the lateral hypothalamus.

Testing Apparatus

Rats were tested in operant chambers (30.5cm x 24.1cm x 21.0cm; Med-Associates, St.
Albans, VT), enclosed in ventilated, sound-attenuating boxes. Each chamber was fitted with
two retractable levers on one wall with a stimulus light above each lever. On the opposite
wall, a single 100mA house light was located in the top center. Intracranial stimulation was
delivered by constant current stimulators (PHM-152/2 dual programmable ICSS stimulator)
via bipolar leads connected to 2-channel commutators (Plastics One) mounted above the
chamber. All experimental data were recorded by a PC connected to the operant chambers
vig an interface.

Behavioral Testing Protocol

The ICSS testing protocol was modified from those previously established in our laboratory
using probability discounting (Rokosik and Napier, 2011;Rokosik and Napier, 2012;Holtz et
al., 2016) and delay discounting (Tedford et al., 2015) tasks.

Phase 1: Shaping/Fixed-Ratio 1 (FR1)—Rats were trained to associate a reinforcing
electrical stimulation of the brain with pressing a lever using a forepaw. Rats were primed
with 100pA at 100Hz, then “guided” towards the extended lever with subsequent
stimulation. Current parameters were incremented as needed to train the rats to associate the
stimulation with pressing the lever, then we verified that the rats would consistently self-
initiate lever pressing and maintain a stable lever pressing on both levers on a FR1 schedule
of reinforcement (to ensure that a lever bias did not develop).

Phase 2: Fixed-Ratio 3 (FR3)—This phase verified that the current parameters
determined in Phase 1 were sufficient to maintain a stable FR3 schedule of reinforcement
within a session. To do so, rats were placed in the operant chamber with one lever (either the
right or left) extended for 10min, and they were trained to press the lever three times in order
to obtain brain stimulation. Rats were trained on both levers to ensure that a lever bias did
not develop.

Phase 3: Choice Fixed-Ratio Task—This phase verified that the rats could discriminate
between the small and large reinforcers. The stimulation current values for small and large
reinforcements were determined from a previously published current frequency vs. lever
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pressing response curve (Tedford et al., 2015); the small reinforcer was set at 50Hz, a value
slightly above the threshold for stimulation current levels that supported responding. The
large reinforcer was 100Hz, a value that is slightly below the current level that supports
maximal responding (Tedford et al., 2015). The choice test consisted of 3 fixed blocks, each
with 10 forced and 10 choice trials. Each lever was assigned distinct stimulation values on a
FR3 schedule of reinforcement. In the forced trials, rats learned the lever contingencies, as
only one lever was extended at a time. As illustrated in Fig 1, in the choice trials, both levers
were extended at the same time, and the rat had to choose between the two. To enhance
discrimination between the reinforcers, upon meeting the FR3 contingency, a light above the
lever that delivered the small reinforcer was illuminated for 0.5s. For the large reinforcer, the
cue light above the alternate lever flashed 3 times in 0.5s intervals. Failure to complete the
number of lever presses required to obtain a reinforcer in the 28s time frame resulted in an
omission. Data collected during this phase were summarized as number of selections of the
large reinforcer / total number of completed choices, and termed ‘percent selection large
reinforcer’.

Phase 4: Forced Variable-Ratio 10 (VR10)—Rats were tested in a VR10 schedule of
reinforcement to ensure that sufficient lever pressing rates were exhibited on an
unpredictable schedule of reinforcement. In each 20min session, rats were placed in the
operant chamber with either the left or right lever extended. To illustrate the protocol, on a
VR10 schedule, rats had to press 1, 5, 10, 15 or 19 times to receive the large reinforcer. The
VR requirement for each trial was randomized.

Phase 5a. Choice Variable-Ratio Task: Testing with Mirtazapine—Given that we
have seen mirtazapine reduce numerous drug and ICSS reward-motivated behaviors, we
recapitulated 5mg/kg mirtazapine here as a means to demonstrate proof-of-concept for
pharmacological interventions of the current task. To do so, rats were tested in multiple
sessions with various VR schedules wherein for each session they had the option to choose
between the FR3 and the VR (which ranged from VR6 to VR18). The assignment of the VR
and FR levers was counterbalanced across rats, and the VR requirement in each trial was
determined randomly with replacement. The VR schedules used are illustrated in Table 1.

Similar to the Phase 3, each VR schedule of reinforcement consisted of 3 fixed blocks, each
with 10 forced and 10 choice trials; each trial length totaled to 28s. Selection of the FR3
lever resulted in delivery of the small reinforcer after three lever presses; the cue light above
the lever was illuminated for 0.5s. Selection of the VR lever delivered the large reinforcer
immediately after a variable number of lever presses, and the cue light above the lever
flashed three times in 0.5s intervals. Data collected during this phase were summarized as
number of selections / total number of choice trials. Failure to initiate lever pressing orto
complete the number of lever presses required to obtain a reinforcer in the 28s time frame
resulted in an omission, summarized as number of omissions / total number of choice trials.

Rats (n=12) began the task on the VR6 schedule of reinforcement and had to meet a stability
criterion prior to drug testing. Stability was defined as <10% variability between 2
consecutive sessions. Based on our initial studies with this task in untreated animals, we
determined that variability (£2SD) in task performance fell within 10%. Therefore, we
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identified this as the criteria for stability for the remainder of the study. Once stable baseline
was achieved in the VR6 schedule, the effect of mirtazapine on preference for gambling-like
schedules of reinforcement was determined. To do so, mirtazapine was administered 30min
before the task, and a change in preference for the VR lever by >15% was required to be
considered effective (Holtz et al., 2016). When mirtazapine induced this change, rats were
tested the next day in the absence of the drug to assure that responding normalized. If
mirtazapine had no effect in the VR (i.e., <15% change from baseline preference), rats
were tested in a higher VR schedule of reinforcement, and the testing cycle was repeated.

Phase 5b. Choice Variable-Ratio Task: Testing with Ketanserin—To test
ketanserin, we streamlined the testing process used for mirtazapine in order to reduce the
number of phases and allow for a within-subjects dose-response assessment. Phase 4, testing
in the VR10, was eliminated from the testing protocol and rats (n=16) were moved directly
to the VR task after completing Phase 3. We first determined the highest VR schedule in
which each rat was willing to work for the large reinforcer. To do so, rats began testing on
the VR6 schedule of reinforcement, and they advanced to the next VR schedule once a
stable baseline was obtained in the VR6 schedule. This testing cycle continued until
preference switched from the VR to the FR3 (i.e., >50% preference for the FR3 lever). Rats
were moved back to the previous VR schedule in which the VR was preferred (the range was
VR8 to VR18). Once stable baseline was achieved, rats began testing the next day in the
ketanserin dose-response. Rats were pretreated with vehicle (1ml/kg) or ketanserin (1.0, 2.5
or 5.0mg/kg) 30min before the operant task. The following day, the rats were tested in the
absence of drug to determine if shifts in preference for the VR were due to drug treatment.
Rats were allowed to re-establish a stable baseline, and they were then tested with another
dose of ketanserin (in a random order). This testing cycle continued until three doses of
ketanserin were tested, with a minimum of three days between each drug test.

Statistical Analyses

RESULTS

Data are presented as mean+SEM. A paired #test or one-way repeated measures ANOVA
with a post hoc Newman-Keuls were used as appropriate. Data were analyzed using Prism
software version 5 (Graphpad, La Jolla, CA, USA). Criterion for inclusion in data analysis
was that rats had to complete more than 50% of the trials in each choice block of the VR
task.

Development of the ICSS-Mediated Variable-Ratio Task

Phase 1: Shaping/FR1 Schedule of Reinforcement—In this phase, rats learned to
associate the press of the lever with electrical stimulation, to initiate lever pressing at the
start of the sessions, and demonstrate steady lever pressing on the left and right lever (at
least 8 presses/min for 2 consecutive sessions). The average lever presses/min for the left
and right lever was 20.0+1.9 and 23+£2.8, respectively. The response rate was not different
between levers, ({14)=1.5, p=0.17) indicating that there was no lever bias. The range of
current intensities used was 100-280uA.
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Phase 2: Training on FR3 Schedule of Reinforcement—In this phase, rats had to
demonstrate steady lever pressing on a FR3 schedule on both the left and right lever. All rats
met these criteria within four sessions. The rate of responding on either lever was not
different (#14)=0.35; p=0.73; Fig 2A), suggesting no lever bias developed.

Phase 3: Choice Test—In this phase, rats had to discriminate between the brain
stimulation reinforcer values associated with the small and large reinforcer options on the
FR3 schedule of reinforcement. When given the choice, rats reliably selected the large
reinforcer over the small reinforcer approximately 80% of the time, independent of the lever
that was assigned to the large reinforcer (t(13)=0.36; p=0.73; Fig 2B).

Phase 4: Variable Ratio-10 (VR10) Schedule of Reinforcement—In this phase, rats
were tested with a VR10 schedule of reinforcement associated with the large reinforcer to
demonstrate that rats would work on an unpredictable, gambling-like schedule of
reinforcement. In a 20min session, rats pressed the VR lever an average of 375 times,
corresponding to approximately 33 rewards received. As in Phase 3, rats were tested on
alternating levers, and no lever bias was observed ({10 = 0.76; p=0.47; Fig 2C).

Variable-Ratio Tasks for Mirtazapine and Ketanserin

The goal of the VR task was to assess preference for a large reinforcer delivered on
unpredictable schedules of reinforcement, and to determine if compounds that target
5HT,a/0c receptors shifted preference to a small reinforcer (FR3) alternative. Four rats were
excluded from mirtazapine data analysis due to high omissions (see Methods). At baseline,
rats demonstrated ~85% preference for the VR lever. Mirtazapine pretreatment attenuated
preference for the VR lever by ~20% (F, 7=8.74, p=0.003; Fig 3), and shifted preference to
the FR3 schedule of reinforcement (F, 7=10.84, p=0.001). Mirtazapine did not increase the
number of omitted trials (F,7)=0.47, p=0.63). When tested one day later, in the absence of
mirtazapine, preference for the VR lever was restored

Using a within-subjects design in 16 rats, we tested three doses of ketanserin and the vehicle
in random order. For the ketanserin dose-response, the number of rats that met criterion were
as follows: vehicle (15 of 16 tested), 1.0mg/kg (14 of 16 tested), 2.5mg/kg (10 of 10 tested),
and 5.0mg/kg (9 of 16 tested). To confirm the reliability of the behavior and that it is stable
across time, we analyzed the baseline data from all rats prior to treatment with vehicle,
1mg/kg ketanserin and 5 mg/kg ketanserin; there was less than 10% change between
sessions (range of means was 91-93%), which was not statistically significant (p=0.53).
There was no effect of vehicle (F(2,14)=0.30, p=0.74; Fig 4A), 1.0mg/kg ketanserin
(F(2,13)=1.2, p=0.30; Fig 4B), or 2.5mg/kg ketanserin (F,,9=0.45, p=0.65; Fig 4C) on
preference for the VR lever. In contrast, there was a significant ketanserin effect at 5.0mg/kg
wherein preference for the VR lever was decreased by ~25% (F 2 8)=14.34, p=0.0003; Fig
4D) and preference for the FR3 lever was increased (F,g)=3.79, p=0.04). Unlike
mirtazapine, however, ketanserin increased the number of omitted trials even though the rats
met the categorical criterion for study inclusion (see Methods; F(, g)=8.6; p=0.003). There
was no correlation between the VR schedule and humber of omissions.
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DISCUSSION

The goals of the present study were twofold: (i) to develop a novel rodent task of gambling-
like reinforcement using ICSS as the positive reinforcer, and (ii) to determine the effects of
clinically-used mixed-function serotoninergic compounds, mirtazapine and ketanserin in this
task. To do so, we developed a VR task that models the unpredictable delivery of a
reinforcer. During unpredictable reinforcement, both animals and humans often exhibit high
response rates, even after a series of no reinforcement or losses (Madden et al., 2007). Such
behavioral patterns are also seen during the random schedules of reinforcements associated
with slot machines. Common animal models of impulsivity and risky decision-making
involve food as the reinforcer. We demonstrate that ICSS is a viable alternative to food, and
that in contrast to tasks with food reinforcers, ICSS allowed the rats to rapidly acquire the
task and to be repeatedly tested without concern of satiety. Using this novel paradigm, we
determined that mirtazapine and ketanserin decreased the selection of the unpredictable,
large reinforcer, shifting preference to the predictable, small reinforcer. The change in
preference following mirtazapine administration was not accompanied by an increase in the
number of omitted trials by rats that completed the task. We previously revealed that this
same dose of mirtazapine did not increase latency to lever press in a cue reactivity paradigm,
alter coordinated motor function measured on a rotarod (Graves and Napier, 2011), or
attenuate pramipexole-induced improvements in a test of evoked motor behavior (Holtz et
al., 2016). Additionally, a pilot study (n=3) of lever-pressing vs ICSS current frequency
indicated that mirtazapine did not alter the reward potency of ICSS (unpublished data).
Thus, mirtazapine is likely altering the rats” willingness to work for a positive reinforcer
rather than altering motor function or decreasing the hedonic impact of ICSS. These
outcomes contrast those obtained with ketanserin, for the dose of ketanserin that reduced
preference for the VR also significantly increased the number of omitted trials, which was
due, in part, to failure to make any choice at all in some trials. Thus, we cannot rule out an
effect of motor slowing with ketanserin.

Decision-making tasks in which response costs can bias choice include altering reward
delivery such that the outcome (i) requires increased physical effort in order for the reward
to be obtained (effort-based decision-making), (ii) is uncertain or risky (risk/reward
decision-making), or (iii) is delayed (delay discounting) (Shafiei et al., 2012). Recent studies
have provided insight into the various transmitters that underlie these processes. Mirtazapine
and ketanserin have high affinity for 5-HT,aoc receptors, at which they may act as
antagonists or inverse agonists (De Boer, 1995;Hoyer, 1988;Bonhaus et al., 1995;Wikstrom
et al., 2002;Chanrion et al., 2008;Labasque et al., 2010). Prior to the current study, the
influence of serotonergic compounds on effort-based decision-making had not been
determined. Studies using delay discounting and risk/reward decision-making have revealed
a role for 5-HT on these aspects of decision-making; however the particular role remains
unclear. Mixed results have been reported on the effect of global reductions in 5-HT (i.e.,
lesions of the serotonergic system) on delay discounting (Wogar et al., 1993;Mobini et al.,
2000;Winstanley et al., 2003;Winstanley et al., 2005). Ketanserin has no effect in a delay
discounting task; however, SDZ SER 082, a selective 5-HT,¢ antagonist, increases the
preference for the large reward given after a long delay (Talpos et al., 2006). In risk/reward
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decision-making, modeled in a rodent gambling task, depletion of dietary 5-HT increases
risky decision-making (Koot et al., 2012). A recent study of healthy humans performing a
card gambling task suggests that ketanserin enhances riskaversion (Macoveanu et al., 2013).
As a collective, these studies indicate unique contributions of specific 5-HT receptors in
various facets of decision-making. Thus, targeting multiple receptor subtypes may be
beneficial.

While most people who gamble do so for entertainment and without harmful consequences,
a significant portion (~2.5%) exhibit some form of gambling disorder (Potenza, 2013). In
conjunction with 5-HT-mediated impulse control, several neurotransmitter systems are
implicated in various aspects of gambling behaviors, including dopamine- and opioid-
mediated reward, norepinephrine-mediated arousal, and glutamate-mediated compulsion (for
review, see (Potenza, 2013)). Mixed-function compounds like mirtazapine and ketanserin
have not yet been evaluated in human problem gamblers. The majority of monoaminergic
pharmacotherapies tested in clinical trials for gambling disorders have been selective
serotonin reuptake inhibitors (SSRIs) that target the 5-HT transporter, e.g., fluvoxamine,
sertraline, escitalopram and paroxetine. The outcomes of these studies are inconsistent and
the incidence of a placebo effect often is high (Hollander et al., 2000;Blanco et al.,
2002;Kim et al., 2002;Grant et al., 2003;Saiz-Ruiz et al., 2005;Grant and Potenza, 2006). As
the mechanism of action of SSRIs is to increase global 5-HT and do not differentiate 5-HT
receptors, the potential benefits of targeting the 5-HT system to treat gambling may have
been missed. In support of this possibility, a small, open-label study of nefazodone, an
antidepressant that acts primarily as an antagonist at 5-HT receptors, showed improvement
in gambling behaviors (Pallanti et al., 2002). Preclinical and clinical studies suggest drug
addiction and impulsivity share common underlying neurotransmitter systems, including 5-
HT (for reviews, see (Kirby et al., 2011;Bullock and Potenza, 2012;Cunningham and
Anastasio, 2014)). Studies in laboratory rats indicate that mixed-function drugs whose target
includes 5-HT receptors can attenuate the behavioral and neurobiological effects of several
abused drugs, including methamphetamine (McDaid et al., 2007;Herrold et al., 2009;Bhatia
etal., 2011;Graves and Napier, 2011;Voigt and Napier, 2011), cocaine (Burmeister et al.,
2004), morphine (Graves et al., 2012a) and nicotine (Levin et al., 2008). Mirtazapine also
shows benefits for treating drug addiction in humans (for review, see (Graves et al., 2012b)).
This is in agreement with the current study, wherein mirtazapine decreased preference for
the VR lever without altering the number of omitted trials. As mirtazapine is already deemed
a safe and well-tolerated therapy for humans, they could be deployed in the clinical setting
relatively rapidly.

CONCLUSION

We described here a novel decision-making task for rats that is independent of drug or food
reinforcers that provides a platform in which to screen potential compounds for their utility
to influence aspects of cost/benefit decision-making. Reductions in choice preference for
larger, costlier rewards may be beneficial when considering maladaptive decision-making
features often observed in behavioral addictions. We revealed that mirtazapine and
ketanserin can reduce preference for a large reward on unpredictable, gambling-like
schedules of reinforcement. These results illustrate the utility of this novel ICSS-mediated
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task and indicate the merit of additional research into the potential utility of mirtazapine and
other 5-HToa ¢ ligands as therapies for gambling-like disorders.
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HIGHLIGHTS
. A novel model of cost/benefit decision-making is described.
. Mirtazapine decreased preference for high effort/large reinforcers.
. Dose-related effects of ketanserin in this task are revealed.
. This model may help identify ligands as therapies for gambling-like disorders.
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trial start: house light ON, both levers extended

= VR contingency

g met levers retract
§ house light OFF
5 FR contingency

3 met levers retract
é house light OFF

Page 15

cue light blinks 3x;
large reinforcer delivered

cue light blinks 1x;
small reinforcer delivered

no lever selected or trial not completed within 28s = omission

Figure 1.

Flow chart showing contingencies for the free-choice trials in the variable-ratio task.
Definitions: VR, variable ratio; FR, fixed-ratio. Free-choice trials allow the rat to make a
selection between the VR lever, which delivers the large reinforcer (L00Hz) immediately
after the required number of presses is completed and the FR lever that delivers the small
reinforcer (50Hz) immediately after 3 presses. If no selection is made within 28s, the levers

are withdrawn, and a new trial begins 2s later.
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Figure 2.
Rats press for the positive reinforcer, independent of lever presentation. (A) Lever-pressing

in Phase 2. Presses during training for FR3 when only one lever is extended (either left or
right). Rats (n=15) self-stimulated equally, independent of which lever was extended. (B)
Lever-pressing during Phase 3. Both levers were extended, and the rats selected the preferred
reinforcer. Data shown verify that rats (n=14) preferred the large reinforcer when associated
with either the right or left lever. (C) Rats (n=11) exerted high physical effort to obtain the
large reinforcer in a forced VR10. A similar number of reinforcers were delivered,
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regardless of the lever assignment. On the left y-axis is the number of lever presses averaged
across two consecutive sessions. On the right y-axis is the average number of large
reinforcers received. Paired £test, p>0.05.
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Pretreatment with mirtazapine decreased preference for the gambling-like lever by ~20%,
switching preference to the FR lever. This switch suggests that the drug was able to attenuate
preference for the lever associated with the large reinforcer. In the absence of mirtazapine
(i.e., 24h post-injection), preference for the VR lever was restored. The range of the VR
schedule was VR6-VR18. One-way repeated measures ANOVA with post hoc Newman-
Keuls. **, p<0.01.
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Figure 4.
Pretreatment with vehicle (A), ketanserin at 1.0mg/kg (B), or ketanserin at 2.5mg/kg (C) had

no effect on preference for the VR lever. Ketanserin at 5.0mg/kg (D) decreased preference
for the VR lever by ~25% while also increasing the number of omitted trials. In the absence
of ketanserin (i.e., 24hrs post-injection), preference for the VR lever was restored. The range
of the VR schedule was VR8-VR18. One-way repeated measures ANOVA with post hoc
Newman-Keuls. **, p<0.01.
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Illustration of the VR schedules of reinforcement.

VR Schedule Number of Lever Presses to Receive
of Reinforcement Large Reinforcer
VR6 1,3,6,90r11
VR8 1,3,8,13,0r 15
VR10 1,5, 10, 15, or 19
VR12 1,7,12,17,0r 23
VR15 1,8, 15,22, 0r29
VR18 1,9,18,27,0r35
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