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Abstract

Rationale—Compulsive behavior, which is a hallmark of psychiatric disorders such as addiction 

and obsessive-compulsive disorder, engages corticostriatal circuits. Previous studies indicate a role 

for corticostriatal N-methyl-D-aspartate receptors (NMDARs) in mediating compulsive-like 

responding for drugs of abuse, but the specific receptor subunits controlling reward-seeking in the 

face of punishment remain unclear.

Objectives—The current study assessed the involvement of corticostriatal GluN2B-containing 

NMDARs in measures of persistent and punished food reward-seeking.

Methods—Mice with genetic deletion of GluN2B in one of three distinct neuronal populations, 

cortical principal neurons, forebrain interneurons, or striatal medium spiny neurons, were tested 

for (1) sustained food reward-seeking when reward was absent, (2) reward-seeking under a 

progressive ratio schedule of reinforcement, and (3) persistent reward-seeking after a footshock 

punishment.

Results—Mutant mice with genetic deletion of GluN2B in cortical principal neurons 

demonstrated attenuated suppression of reward-seeking during punishment. These mice performed 

normally on other behavioral measures, including an assay for pain sensitivity. Mutants with 

interneuronal or striatal GluN2B deletions were normal on all behavioral assays.

Conclusions—Current findings offer novel evidence that loss of GluN2B-containing NMDARs 

expressed on principal neurons in the cortex results in reduced punished food rewardseeking. 

These data support the involvement of GluN2B subunit in cortical circuits regulating cognitive 

flexibility in a variety of settings, with implications for understanding the basis of inflexible 

behavior in neuropsychiatric disorders including obsessive-compulsive disorders (OCD) and 

addictions.
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Introduction

Compulsive behaviors and thoughts are characteristic of obsessive-compulsive disorders 

(OCD) and addictions. Individuals with these afflictions engage in repetitive and 

uncontrollable actions, often despite a strong desire to stop. The preclinical literature has 

demonstrated a role for prefrontal cortical and striatal circuits in mediating behavioral 

flexibility and habit learning, respectively (Balleine et al. 2007; Dalley et al. 2004; Everitt et 

al. 2008; Hamilton and Brigman 2015). Additionally, studies of drug-dependent patients and 

individuals with OCD have shown neural activation in the prefrontal cortex and basal 

ganglia, including the dorsal and ventral regions of the striatum, in response to stimuli that 

elicit compulsive actions (Breiter et al. 1996; Engelmann et al. 2012; Maltby et al. 2005; 

Volkow et al. 2005; Vollstädt-Klein et al. 2010). Changes in the functioning of these neural 

circuits are thus implicated in compulsive behavior.

N-methyl-D-aspartate receptors (NMDARs) are comprised of an obligatory GluN1 and 

multiple GluN2(A-D) subunits and have been strongly implicated in rewarded behavior 

(Cull-Candy et al. 2001). GluN2B-containing NMDARs have slower channel kinetics, and 

overexpressing or deleting this subunit alters synaptic plasticity (Brigman et al. 2010; 

Shipton and Paulsen 2014; von Engelhardt et al. 2008). In addition to having a major role in 

hippocampal memory (Brigman et al. 2010; Clayton et al. 2002; von Engelhardt et al. 2008), 

GluN2B receptors have been shown to contribute to working memory (Davies et al. 2013; 

Wang et al. 2013), memory reconsolidation (Milton et al. 2013), reversal learning (Dalton et 

al. 2011; Duffy et al. 2008; Thompson et al. 2015), Pavlovian fear and extinction (Dalton et 

al. 2008; Dalton et al. 2012; Mathur et al. 2009; Otis et al. 2014; Burgos-Robles et al. 2007), 

and the behavioral effects of ethanol (Badanich et al. 2011). The GluN2B subunit has also 

been found to mediate the effects of stress on memory (Howland and Cazakoff 2010; Wong 

et al. 2007), stress responsivity (Kiselycznyk et al. 2011), and depression-related behavior 

(Kiselycznyk et al. 2015).

The NMDAR is a binding site for ethanol (EtOH) and has been implicated in the 

physiological and behavioral effects of alcohol (Holmes et al. 2013; Lovinger et al. 1989; 

Nagy 2004; Woodward 2000). GluN2B is involved in determining the sensitivity of the 

NMDAR to alcohol (Woodward 2000), and administration of GluN2B antagonists can 

reduce alcohol drinking during withdrawal (Vengeliene et al. 2005). NMDARs in the 

striatum have also been linked to compulsive alcohol-seeking. For instance, systemic or 

intra-nucleus accumbens (NAc) core administration of the partial NMDAR-agonist D-serine 

blocks the effects of intermittent alcohol exposure on alcohol drinking following addition of 

the bitter tastant quinine (Seif et al. 2013; Seif et al. 2015; Wang et al. 2007). Collectively, 

these prior findings suggest a possible role for GluN2B in mediating behavioral responses 

for reward in the face of adverse consequences that may be at the core of compulsive-like 

drug-seeking and taking. However, this hypothesized role of GluN2B remains to be tested.

The goal of the current study was to assess the involvement of corticostriatal GluN2B-

containing NMDARs on a series of tests for persistent and punished food reward-seeking. 

Based on procedures previously employed to test responding for cocaine (Deroche-Gamonet 
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et al. 2004), we first established methods in mice that measure sustained reward-seeking 

when food reward is absent, continued reward-seeking under a progressive ratio (PR) 

schedule of reinforcement, and persistent reward-seeking after footshock-based punishment. 

Using these methods, we examined the behavioral consequences of genetically deleted 

GluN2B in one of three distinct neuronal populations, cortical principal neurons, forebrain 

interneurons, or striatal medium spiny neurons

Materials and methods

Subjects

Subjects were adult male mice housed in a temperature- and humidity-controlled vivarium 

under a 12-h light/dark cycle (lights on 0600 h). GluN2B-floxed mice were generated as 

previously described and backcrossed repeatedly to C57BL/ 6J to produce a C57BL/6J 

congenic background (Brigman et al. 2010). Three separate Cre-driver transgenic lines were 

used to delete GluN2B in specific brain regions and neuronal subtypes when crossed with 

the GluN2B-floxed mice: CaMKIIα-Cre (Tsien et al. 1996) to delete GluN2B on cortical 

and CA1 hippocampal principal neurons (GluN2BCxNULL) (Brigman et al. 2010), Ppp1r2-

Cre (Belforte et al. 2010) to delete GluN2B on forebrain interneurons (predominantly 

parvalbumin-positive) (GluN2BInterNULL) (Kiselycznyk et al. 2015), and Rgs9-Cre (Dang et 

al. 2006) to delete GluN2B on striatal neurons (GluN2BStNULL) (Brigman et al. 2013). For 

each of the three mutant lines, homozygous GluN2B-floxed/Cre-negative sires were bred 

with homozygous GluN2B-floxed/Cre-positive dams to produce groups of male GluN2B-

deficient mice and control littermates for testing. GluN2BCxNULL mice were approximately 

13 weeks, GluN2BInterNULL were approximately 21 weeks, and GluN2BStNULL mice were 

approximately 18 weeks of age at the start of training.

Test-naïve mice were used in each experiment, and the experimenter remained blind to 

genotype during testing. All procedures were approved by the NIAAA Animal Care and Use 

Committee and followed the NIH guidelines outlined in“Using Animals in Intramural 

Research.” The number of mice tested is indicated in the figure legends.

Behavioral training and testing

Training and testing were conducted in a chamber measuring 21.6×17.8×12.7 cm (model 

ENV-307W, Med Associates, St. Albans, VT, USA) housed in a sound- and light-attenuating 

box. On one end of the chamber was a receptacle for delivery of food pellets, a house light, a 

tone generator, and two levers (left=active, right=inactive). Mice were food-restricted and 

maintained at 80–85% free-feeding body weight to motivate performance.

Mice were first trained to press the active lever for a 14-mg food pellet (F05684, BioServ, 

Frenchtown, NJ, USA) on a fixed ratio (FR) 1 (for two daily sessions) schedule of 

reinforcement and then progressed to a FR3 schedule (Fig. 1). Training sessions were 60 

min in duration and blocked into two sequential 20-min reward-available and 10-min 

reward-unavailable periods (block 1: 20-min available, 10-min unavailable; block 2: 20-min 

available, 10-min unavailable). Reward-available periods were signaled by continuous 

illumination of the reward receptacle. Following each reward delivery, a 2-s, 65-dB tone was 

Radke et al. Page 3

Psychopharmacology (Berl). Author manuscript; available in PMC 2018 July 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



played. Responses on the inactive lever had no programmed consequences. Training 

continued until a criterion of reliable responding on the active lever (<20% variability on 

three successive sessions). The final three sessions of training were averaged as the test for 

responding for unavailable reward.

Progressive ratio responding for reward—On the next session, mice were tested on a 

PR schedule in which a progressively higher number of presses (range = 1–737) were 

required to obtain reward to measure motivation for reward. The session terminated when 

the mouse failed to earn a reward in a 60-min period and the breakpoint was taken as the 

highest number of presses made for a reward. Responding on the FR3 training schedule of 

reinforcement (procedure the same as training) was reestablished on the following session.

Responding for a punished reward—Punished suppression of lever pressing was 

assessed during one 40-min session on a FR3 schedule of reinforcement. The first active 

lever press in a sequence signaled a pending punishment by illuminating the house light, the 

second press produced a footshock (0.4 mA, 0.5 s) via a metal grid connected to a shock 

generator (model ENV-416S, Med Associates, St. Albans, VT, USA), and the third press 

resulted in the delivery of the reward and extinguished the house light. The signal-shock-

reward sequence was then repeated. The reward receptacle was illuminated throughout the 

session to indicate reward availability. Active lever pressing during the punishment session 

was compared to active lever presses during the equivalent cumulative (40-min) period of 

reward availability during the “responding for unavailable reward” test described above. This 

is shown as “baseline” in the punished session data. For a cartoon depiction of the training 

and testing procedure, see Fig. 1.

Hot plate test for nociception

To exclude the possibility that abnormal nociception confounded the reduced sensitivity to 

punishment evident in GluN2BCxNULL mice (see “Results”), these mice were tested on the 

hot plate test, as previously described (Feyder et al. 2007). The mouse was placed on a flat 

plate (Columbus Instruments, Columbus, OH, USA) heated to 55 °C. The latency to show a 

hindpaw shake or lick was manually timed, with a maximum response latency of 30 s before 

the mouse was removed to avoid tissue damage.

Statistical analysis

Data were analyzed using t tests or analysis of variance (ANOVA), followed by Sidak’s or 

Dunnett’s post hoc tests for multiple comparisons, where appropriate, using GraphPad Prism 

6.04 (GraphPad Software Inc, La Jolla, CA, USA). The threshold for statistical significance 

was set at P <.05.

Results

Deletion of GluN2B on cortical principal neurons reduced punished suppression of 
reward-seeking

Mutant mice with deletion of GluN2B in principal neurons (GluN2BCxNULL) (Fig. 2a) 

reached the FR3 schedule training criterion in a similar number of sessions as GluN2BFLOX 
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controls (Fig. 2b). During training, GluN2BCxNULL mice pressed the active lever more than 

controls (main effect of genotype: F1,52=5.53, P <.05; main effect of lever: F1,52 = 220.80, 

P<.0001; genotype × lever interaction: F1,52=6.37, P<.05; post hoc tests: P<.01 for the active 

lever) (Table 1). Regardless of genotype, there were generally very few presses on the 

inactive lever during all three phases of testing (Table 2).

Responding for unavailable reward—Both genotypes pressed the active lever 

significantly more often during reward-available than reward-unavailable periods (genotype 

× availability phase interaction: P>.05; main effect of genotype: P>.05; main effect of 

availability phase: F1,26=26.19, P<.01; post hoc tests: P<.01 in both genotypes) (Fig. 2c).

Progressive ratio responding for reward—The PR breakpoint attained was not 

different between genotypes (t test, P>.05) (Fig. 2d).

Responding for a punished reward—Punishment significantly suppressed lever 

pressing in both genotypes (genotype × punishment interaction: P>.05; main effect of 

genotype: P>.05; main effect of punishment: F1,26 = 46.79, P<.01). However, the decrease in 

responding during punishment was significantly lesser in GluN2BCxNULL mutants than 

GluN2BFLOX controls (t26=2.21, P<.05) (Fig. 2e).

Deletion of GluN2B on forebrain interneurons did not affect behavioral measures

Mutant mice with deletion of GluN2B in cortical GABAergic neurons (GluN2BInterNULL) 

(Fig. 3a) acquired the training criterion in a similar number of sessions as GluN2BFLOX 

controls (Fig. 3b). During training, GluN2BInterNULL mice pressed the active lever more than 

controls (main effect of genotype: P>.05; genotype × lever interaction: P>.05; main effect of 

lever: F1,40=105.30, P<.0001; post hoc tests: P<.05 for the active lever) (Table 1). 

Regardless of genotype, there were generally very few presses on the inactive lever during 

testing (Table 2).

Responding for unavailable reward—Both genotypes pressed the active lever 

significantly more often during reward-available than reward-unavailable periods (genotype 

× availability phase interaction: P>.05; main effect of genotype: P>.05; main effect of 

availability phase: F1,20=16.28, P<.01; post hoc tests: P<.05 in both genotypes) (Fig. 3c).

Progressive ratio responding for reward—The PR breakpoint attained by the two 

genotypes was similar (t test: P>.05) (Fig. 3d).

Responding for a punished reward—There was a significant and similar suppression 

of active lever responding during punishment in both genotypes (genotype × punishment 

interaction: P>.05; main effect of genotype: P>.05; main effect of punishment: F1j19=178.0, 

P<.01: post hoc tests: P<.01 in both genotypes) (Fig. 3e).

Deletion of GluN2B on striatal neurons did not affect behavioral measures

Mutant mice with deletion of GluN2B in striatal neurons (GluN2BStNULL) (Fig. 4a) attained 

training criterion in a similar number of sessions as GluN2BFLOX controls (Fig. 4b). There 
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were no differences between genotypes in active or inactive lever presses during training 

(Table 1). Irrespective of genotype, there were generally very few presses on the inactive 

lever during testing (Table 2).

Responding for unavailable reward—Both genotypes pressed the active lever 

significantly more times during reward-available than reward-unavailable periods (genotype 

× availability phase interaction: P>.05; main effect of genotype: P>.05; main effect of 

availability phase: F1,18 = 33.48, P<.01; post hoc tests: P<.01 in both genotypes) (Fig. 4c).

Progressive ratio responding for reward—Genotypes reached a similar breakpoint on 

the PR schedule (t test: P>.05) (Fig. 4d).

Responding for a punished reward—Punishment significantly suppressed responding 

in both genotypes (genotype × punishment interaction: P>.05; main effect of genotype: P>.

05; main effect of punishment: F1,17=81.01, P<.01; post hoc tests: P<.001 in both 

genotypes) (Fig. 4e).

Deletion of GluN2B on cortical principal neurons did not affect hot plate nociception

There were no differences in hot plate response latencies between GluN2BCxNULL mutants 

and GluN2BFLOX controls (Table 3).

Discussion

The current study used region- and cell-specific deletion of GluN2B to probe the 

contribution of this NMDAR subunit to the control of reward-seeking behaviors. The major 

finding was that mice lacking GluN2B on principal neurons throughout the cortex, as well as 

the dorsal CA1 hippocampal subregion, showed attenuated suppression of responding for a 

food reward when the response was punished. By contrast, mutation-induced loss of 

GluN2B on forebrain interneurons or striatal medium spiny neurons failed to produce 

alterations in punished responding.

The measure of punished reward-seeking employed here and in previous studies has 

similarities to Pavlovian fear conditioning paradigms, as well as to long-standing 

punishment-based assays for anxiety-like behavior, such as the Vogel conflict and Geller-

Seifter tests (Cryan and Holmes 2005; Griebel and Holmes 2013). However, it is unlikely 

that the reduced sensitivity to punishment in GluN2BCxNULL mice reflects impaired learning 

or reduced anxiety-like behavior, as we have previously reported that these mutant mice 

associate an auditory cue with footshock at a similar level to non-mutant controls in a delay 

Pavlovian conditioning paradigm (Brigman et al. 2010) and exhibit normal unconditioned 

anxiety-like behaviors (Kiselycznyk et al. 2011). Here, we also showed that the mutants 

exhibit normal nociceptive responses in the hot plate test, discounting the possibility that 

impaired pain perception accounted for the attenuated punishment suppression of reward-

seeking. Furthermore, arguing against general learning deficits, abnormal punished reward-

seeking in these mice were not accompanied by deficits in initial operant learning or in 

persistent reward-seeking during reward absence or progressive ratio responding for reward 

( Deroche-Gamonet et al. 2004; Radwanska and Kaczmarek 2012). In this context, recent 
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studies in rats have found that chronic exposure to ethanol or cocaine causes changes in two 

or all three of these measures (Belin et al. 2011; Deroche-Gamonet et al. 2004; Jonkman et 

al. 2012; Vendruscolo et al. 2012) (but see Waters et al. 2014). The behaviorally selective 

(punishment-specific) phenotypic profile shown by the GluN2BCxNULL mice demonstrates 

that while the mechanisms regulating these various measures are likely to be overlapping, 

they can also be dissociated. Of note in this context, we have found that C57BL/6J mice 

chronically exposed to ethanol also show a selective deficit in punished suppression of 

ethanol-seeking and altered cortical expression of NMDARs (Radke et al., unpublished 

observations).

A contribution of GluN2B-containing NMDARs to punished reward-seeking adds to the 

growing evidence of an important role for this subunit in a variety of behavioral settings 

which require the inhibition of a previously learned response. For example, systemic 

administration of the GluN2B selective antagonist, Ro 25–6981, has been shown to impair 

reversal learning (Dalton et al. 2011; Duffy et al. 2008), strategy set-shifting (Dalton et al. 

2011), working memory (Davies et al. 2013), and fear extinction (Dalton et al. 2008; Dalton 

et al. 2012) in rats. The neural locus of these effects is likely to be cortical, given reversal 

learning is impaired in GluN2BCxNULL mice (Brigman et al. 2013; Thompson et al. 2015) 

and by microinfusion of Ro 25–6981 into the lateral orbitofrontal cortex (Brigman et al. 

2013), and that GluN2B antagonist microinfusion into the medial PFC impairs working 

memory (Davies et al. 2013) and extinction of a cocaine-conditioned place preference (Otis 

et al. 2014).

A cortical basis for GluN2B regulation of punished reward-seeking would also be consistent 

with the broader literature implicating PFC dysfunction in loss of behavioral control 

(Cannella et al. 2013; Chen et al. 2013; Everitt et al. 2008; Jentsch and Taylor 1999; 

Schoenbaum and Shaham 2008; Seif et al. 2013). In this context, we did not find an effect 

on this same behavioral measure in mutants with either forebrain-interneuron or striatal 

GluN2B deletion. Performance on the progressive ratio and reward-unavailability tests was 

also normal in the GluN2BInterNULL and GluN2BStNULL mice (as it was in the 

GluN2BCxNULL mice). These negative phenotypes were present, even though the overall 

vigor of responding was noticeably lower in the GluN2BInterNULL and GluN2BStNULL 

mutants than was evident in the GluN2BCxNULL mice, likely due to subtle differences in 

age, genetic background, or extraneous factors. Notwithstanding, on the basis of our current 

findings alone, it would be premature to fully exclude a contribution of GluN2B-containing 

NMDARs localized to forebrain interneurons or striatum medium spiny neurons to effects of 

punishment on reward-seeking. Indeed, prior studies have implicated the nucleus accumbens 

(Seif et al. 2013; Seif et al. 2015), basolateral amygdala (Pelloux et al. 2013), and a lateral 

hypothalamus-ventral tegmental area pathway (Nieh et al. 2015) in compulsive-like 

responding for alcohol, cocaine, or sucrose rewards. Further delineating the critical neural 

circuits mediating compulsive-like behaviors, and the functional involvement of GluN2B 

within these circuits, will be a key area for future work.

In summary, the results of the current study provide novel evidence that loss of GluN2B-

containing NMDARs expressed on principal neurons in the cortex, but not deletion on 

forebrain interneurons or striatal medium spiny neurons, significantly attenuated the ability 
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of punishment to inhibit responding for a food reward. This phenotype was unrelated to 

deficits in pain perception, operant learning, or measures of persistent reward-seeking and 

motivation for reward. These data add to emerging evidence that the GluN2B subunit has a 

critical role in cortical circuits that regulate the ability to flexibly adapt behavior in the face 

of changing environmental demands. They could also have implications for elucidating the 

pathophysiological basis of maladaptive compulsions in neuropsychiatric disorders 

including OCD and addictions.
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Fig. 1. 
Schematic and cartoon of behavioral procedures. Mice were trained to lever-press for a 14-

mg food pellet on a FR3 schedule of reinforcement then a tested for rewarded lever-pressing 

during “reward-available” and “reward-unavailable” periods during the final three sessions 

of training. b The next day, motivation for reward was assayed from lever-pressing 

breakpoints on a progressive ratio (PR) shedule. Responding on an FR3 schedule was 

reestablished on the next session. c The following day, punished suppression of reward 

seeking was tested with a 0.4-mA footshock
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Fig. 2. 
Deletion of GluN2B on cortical principal neurons attenuated punished suppression of 

reward-seeking. a GluN2B was deleted in cortical principal neurons by crossing GluN2B-

floxed mice with CaMKIIα-Cre mice. b Genotypes reached the training criterion in a 

similar number of sessions. c Both genotypes pressed the active lever more often during 

signaled reward-available than reward-unavailable phases. d Breakpoints attained on a 

progressive ratio (PR) schedule were similar between genotypes. e Punishment suppressed 

responding in both genotypes, but did so to a lesser extent in GluN2BCxNULL than 

GluN2BFLOX controls. **P<.01 versus available phases or unpunished baseline, #P<.05 

GluN2BCxNULL versus GluN2BFLOX. n = 13–15 per genotype. Data are means ±SEM
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Fig. 3. 
Deletion of GluN2B on forebrain interneurons did not affect measures of compulsive-like 

behavior a GluN2B was deleted in cortical interneurons by crossing GluN2B-floxed mice 

with Ppp1r2-Cre mice. b Genotypes reached the training criterion in a similar number of 

sessions. c Both genotypes pressed the active lever more often during signaled reward-

available than reward-unavailable phases. d Breakpoints attained on a progressive ratio (PR) 

schedule were similar between genotypes. e Punishment suppressed responding in both 

genotypes. *P<.05, **P<.01 versus available phases or unpunished baseline. n=10–12 per 

genotype. Data are means ±SEM
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Fig. 4. 
Deletion of GluN2B on striatal neurons did not affect measures of compulsive-like behavior. 

a GluN2B was deleted in striatal neurons by crossing GluN2B-floxed mice with Rgs9- Cre 

mice. b Genotypes reached the training criterion in a similar number of sessions. c Both 

genotypes pressed the active lever more often during signaled reward-available than reward-

unavailable phases. d Breakpoints attained on a progressive ratio (PR) schedule were similar 

jbetween genotypes. e Punishment suppressed responding in both genotypes. **P<.01 versus 

available phases or unpunished baseline. n=9–11 per genotype. Data are means±SEM
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Table 1

Responses during training. Responses on the active and inactive levers during FR3 training

GluN2BFLOX GluN2BCxNULL GluN2BFLOX GluN2BInterNULL GluN2BFLOX GluN2BStNULL

Active lever 4.59±0.57 6.29±0.41** 3.70±0.38 5.00±0.61* 4.76±0.61 5.07±0.63

Inactive lever 0.29±0.09 0.23±0.06 0.48±0.11 0.38±0.06 0.32±0.08 0.14±0.02

Data are mean presses per minute±SEM

*P<.05

**P<.01 compared to GluN2BFLOX control
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Table 2

Responding on the inactive lever during testing. Responses on the inactive lever were low across genotypes 

and the various phases of testing

Test phase GluN2BFLOX GluN2BCxNULL GluN2BFLOX GluN2BInterNULL GluN2BFLOX GluN2BStNULL

Reward-unavailable (presses/min) 0.19±0.04 0.14±0.03 0.30±0.05 0.39±0.05 0.30±0.06 0.13±0.04

Progressive ratio (total presses) 95.50±28.19 151.00±70.66 56.11±15.20 78.50±15.67 116.91±27.90 78.17±15.40

Punished (presses/min) 0.64±0.26 0.63±0.22 0.26±0.10 0.23±0.04 0.31±0.10 0.20±0.08

Data are means±SEM
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Table 3

Deletion of GluN2B on cortical principal neurons did not affect pain perception on the hot plate test. Response 

latencies did not differ between GluN2BFLOX and GluN2BCxNULL mice

GluN2BFLOX GluN2BCxNULL

Response latency (s) 8.42±1.42 6.57±0.92

Data are means±SEM

Psychopharmacology (Berl). Author manuscript; available in PMC 2018 July 30.


	Abstract
	Introduction
	Materials and methods
	Subjects
	Behavioral training and testing
	Progressive ratio responding for reward
	Responding for a punished reward

	Hot plate test for nociception
	Statistical analysis

	Results
	Deletion of GluN2B on cortical principal neurons reduced punished suppression of reward-seeking
	Responding for unavailable reward
	Progressive ratio responding for reward
	Responding for a punished reward

	Deletion of GluN2B on forebrain interneurons did not affect behavioral measures
	Responding for unavailable reward
	Progressive ratio responding for reward
	Responding for a punished reward

	Deletion of GluN2B on striatal neurons did not affect behavioral measures
	Responding for unavailable reward
	Progressive ratio responding for reward
	Responding for a punished reward

	Deletion of GluN2B on cortical principal neurons did not affect hot plate nociception

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Table 1
	Table 2
	Table 3

