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Abstract 

 

Βeta-2 (β2) nicotinic acetylcholine receptor subunits have been particularly related with 

nicotine reinforcement. However, the importance of these subunits in the chronic 

aspects of nicotine addiction has not been established. In this study we evaluated the 

role of ventral tegmental area (VTA) β2 receptor subunits in the acquisition and 

maintenance of nicotine self-administration. We used an operant mouse model of 

intravenous self-administration of different doses of nicotine (15, 30, and 60 

µg/kg/infusion) during 10 days in constitutive knockout mice lacking β2 receptor 

subunits (β2KO), wild-type (WT) controls, mice with β2 receptor subunits re-expressed 

in the VTA using a lentiviral vector (β2-VEC), and control knockout mice with a sham 

injection (KO-GFP). The results showed that β2KO mice did not reliably acquire 

nicotine self-administration at any of the doses tested, while WT controls showed dose-

dependent acquisition of this behaviour. β2-VEC mice readily acquired and maintained 

nicotine self-administration at the effective dose of 15 µg/kg/infusion, while sham KO-

GFP mice did not. The recovery of the WT phenotype by the re-expression of β2 

receptor subunits within the VTA supports the role of this specific population in 

nicotine reinforcement, and reveals that they are sufficient for the acquisition and 

maintenance of systemic nicotine self-administration. 
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1. Introduction 

 

Nicotine addiction is a major social and health problem throughout the world 

(Hatsukami et al., 2008). Hence, it is of great importance to understand the factors that 

convey vulnerability to develop nicotine addiction, as well as the neurobiological 

substrates mediating different aspects of the addictive process, such as initiation and 

maintenance of nicotine consumption.  

The mesocorticolimbic dopamine (DA) system, comprised of dopaminergic cell 

bodies in the ventral tegmental area (VTA) and their projections to the nucleus 

accumbens (NAC) and pre-frontal cortex (PFC), has been identified as a crucial 

substrate for the reinforcing properties of prototypical drugs of abuse, including nicotine 

(Di Chiara, 2000). In this sense, systemic administration of nicotine increases DA levels 

in the NAC of rats (Pontieri et al., 1996) and mice (Berrendero et al., 2005). The 

specific involvement of the VTA in the acute effects of nicotine has been established in 

studies showing that nicotine increases the burst firing of VTA DA neurons (Grenhoff 

et al., 1986; Mameli-Engvall et al., 2006), and intra-VTA infusions of nicotine enhances 

DA release in the NAC (Tizabi et al., 2002; Rahman et al., 2004). In addition, the VTA 

also appears to be important for the reinforcing effects of nicotine since it has been 

shown that rats and mice will self-administer nicotine into this structure (Ikemoto et al., 

2006; David et al., 2006). 

Anatomical studies have determined that the VTA is a complex brain structure 

containing β2 and α7 nicotinic acetylcholine receptor (nAChR) subunits (see Maskos, 

2008 for review). However, only β2 receptor subunits seem to be involved in the 

reinforcing effects of nicotine (Picciotto et al., 1998; Epping-Jordan et al. 1999; Pons et 
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al., 2008). Moreover, recent studies using an intra-cerebral drug self-administration 

procedure have confirmed the contribution of β2 receptor subunits to nicotine 

reinforcement by showing that β2 knockout (KO) mice do not self-administer nicotine 

into the VTA, while the selective re-expression of β2 receptor subunits in the VTA 

restores this local self-administration behaviour (Maskos et al., 2005). However, this 

model only evaluates the local effects of nicotine within the VTA, and it is not 

appropriate when trying to extrapolate the data to human subjects who are exposed to 

nicotine systemically through cigarette smoke. Using an acute mouse model of nicotine 

intravenous self-administration, where a rapid assessment of the reinforcing properties 

of nicotine can be carried out in one single behavioural session, it has been shown that 

VTA-β2 re-expressed mice self-administered more nicotine intravenously in a 30 min 

session than yoked mice (Pons et al., 2008). Although these results corroborate that β2 

receptor subunits in the VTA play an important role in acute nicotine reinforcement, 

they do not take into account the chronic aspects of nicotine addiction, such as the 

acquisition and maintenance of nicotine self-administration. 

The use of transgenic mouse models in chronic operant nicotine self-

administration studies has become an important tool for understanding the 

neurobiological substrates involved in nicotine addiction (Fowler et al., 2011). 

Therefore, the aim of this study was to evaluate the acquisition of chronic operant 

intravenous self-administration of nicotine at different doses (15, 30, and 60 

µg/kg/infusion) during 10 days in constitutive knockout mice lacking β2 receptor 

subunits (β2KO), wild-type (WT) controls, β2KO mice with β2 receptor subunits re-

expressed in the VTA using a lentiviral vector (β2-VEC), and control knockout mice 

injected in the VTA with a GFP-only expressing vector (β2GFP). 
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2.  Methods 

 

2.1. Animals 

All the mice used were male (age 10-16 weeks) from a C57Bl/6J background 

(Charles River, France). The animals were constitutive knockout mice lacking β2 

receptor subunits (β2KO), wild-type (WT) controls, and intra-VTA injected β2KO mice 

(β2-VEC and KO-GFP). β2KO mice were backcrossed in a pure C57Bl/6J background 

for at least 20 generations. Mice were individually housed in a temperature (21 ± 1 ºC) 

and humidity (55 ± 10%) controlled room with a reversed 12-h light/dark cycle (lights 

off 08:00 h). Food and water were available ad libitum, except during the self-

administration studies. All behavioural studies were performed during the dark phase of 

the reversed cycle. Animal procedures were conducted in accordance with the 

guidelines of the European Communities Directive 86/609/EEC regulating animal 

research and approved by the local ethical committee (CEEA-IMAS-UPF). Our 

laboratory has the Statement of Compliance with Standards for Use of Laboratory 

Animals by Foreign Institutions (#A5388-01), approved by the Office of Laboratory 

Animal welfare (OLAW) on 06/08/2009. 

 

2.2. Drugs 

(-)Nicotine hydrogen tartrate salt [(–)-1-methyl-2(3-pyridyl)pyrrolidine] (Sigma, 

Madrid, Spain) was dissolved in physiological saline (0.9%), and the pH adjusted to 7.4 

with sodium hydroxide. All nicotine doses (7.5, 15, 30, 60 µg/kg/infusion), reported as 

free base concentrations were contingently administered by intravenous route. 
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2.3. Intravenous self-administration procedure 

Mice were implanted with indwelling intravenous silastic catheters in the right 

jugular vein under anaesthesia (ketamine/xylazine 5:1; 0.10 ml/10 g, i.p.), as previously 

reported (Soria et al., 2005). The intravenous catheter patency was maintained with a 

daily flush of heparin solution (30 UI/ml), and the patency was evaluated at the end of 

the experiment by infusing 0.1 ml of thiopental (5 mg/ml) through the catheter. If 

prominent signs of anaesthesia were not apparent within 3 s of the infusion, the mouse 

was removed from the experiment. The self-administration experiments were conducted 

in mouse operant chambers (Model ENV-307A-CT; Med Associates Inc., Georgia, VT, 

USA) equipped with two holes, one randomly selected as the active hole and the other 

as the inactive hole. Stimuli lights (cues), one located inside the active hole and the 

other above it (both with an intensity of 20 mA) were paired contingently with the 

delivery of the reinforcer. Nicotine was infused via a syringe that was mounted on a 

microinfusion pump (PHM-100A; Med Associates) and connected, via Tygon tubing 

(0.96 mm o.d., Portex Fine Bore Polythene Tubing, Portex Ltd, Kent, UK) to a single-

channel liquid swivel (Instech Laboratories, Plymouth Meeting, PA, USA) and to the 

mouse intravenous catheter. Animals were trained during 10 days under a fixed ratio 1 

(FR1) schedule of reinforcement, followed by a 10-sec time-out period, as previously 

reported (Martín-García et al., 2009). At the beginning of each training session, mice 

received one free nicotine infusion. Nose poking on the active hole resulted in a nicotine 

infusion (23.5 µl over 2 sec), while nose poking on the inactive hole had no 

consequences. Stable acquisition of nicotine self-administration behaviour was achieved 

when mice showed, during three consecutive sessions, less than 20% deviation from the 

mean of the total number of reinforces (80% of stability), at least 65% responding on 

the active hole, and a minimum of five reinforcers per session.  
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In order to assess the specificity of responding for nicotine infusions in WT 

mice, we performed a within-subjects dose-response curve including saline and nicotine 

at the doses of 7.5, 15, 30 and 60 µg/kg/infusion. Doses of nicotine were presented in 

ascending order, and saline was given last. All doses were available during 3 

consecutive days.  

An additional experiment was carried out in order to evaluate whether WT and 

β2KO mice previously trained with the dose of 15 µg/kg/infusion were sensitive to 

nicotine omission in a saline substitution paradigm with the continued presentation of 

the cue-light stimulus. 

 

2.4. Stereotaxic delivery of lentiviral vector 

β2KO mice were anesthetized using ketamine and xylazine (5:1; 0.10 ml/10 g) and 

stereotaxically injected bilaterally in the VTA (AP: -3.4 mm; ML: ± 0.5 mm; DV: - 4.3 

mm) (Franklin and Paxinos, 1997), with 2 µl of a bicistronic (b2-IRES2-eGFP) vector 

(150 ng of P24 per side) reintroducing β2 receptor subunits and GFP (45 ng of P24 per 

side) in the VTA, as previously described (Maskos et al., 2005). Control mice received 

a GFP-only expressing vector. Following a rest period of 4 weeks after stereotaxic 

surgery, β2-VEC and KO-GFP mice were implanted with chronic indwelling 

intravenous catheters in order to perform nicotine self-administration studies, as 

described above. 

 

2.5. Verification of β2 receptor subunits re-expression in the VTA of β2KO mice 

 In order to confirm the re-expression of β2-containing high-affinity receptors in 

the VTA of KO mice, [125I]-epibatidine binding studies were performed. Brains from re-

injected mice were dissected, frozen in dry ice, and stored at -80°C until use. 20µm 
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thick coronal sections were cut at -20°C and thaw mounted on Menzel Glaser 

SuperFrost Plus microscope slides.  Slides were incubated at room temperature with 

200pM [125I]-epibatidine (NEN Perkin Elmer, Boston; specific activity 2200 Ci/mmole) 

in Tris 50mM pH 7.4 for 30 min. After incubation, sections were rinsed 2 x 5 min in the 

same buffer and briefly in distilled water. Non-specific binding was not distinguishable 

from background. Sections were then exposed for 16hrs to Kodak Biomax films. Total 

[125I]epibatidine binding consists of binding to a combination of up to three separate 

classes of receptor subtypes (Nguyen et al., 2003). It has been previously reported that 

high affinity binding sites for [3H]nicotine and [125I]epibatidine are absent from the 

brain of β2 knockout mice with the exception of structures of the habenulo-peduncular 

system. We previously demonstrated that after lentivirus injection into the VTA, [125I]-

epibatidine binding sites were detected at the injection sites and in terminal regions 

including the NAC (Maskos et al,2005; see also the Supplement). 

 

2.6. Statistical Analysis 

The acquisition data was analysed using two-way repeated measures ANOVA 

(Statistical Package for the Social Sciences, SPSS) with day and hole as intra-subject 

factors for the different genotypes followed by estimation of parameters post-hoc test. 

The between-subjects dose-response data were analysed with one or two-way ANOVA 

as appropriate followed by the LSD post-hoc test. For the within-subjects dose-response 

data, repeated measures ANOVA was performed with hole and dose as within-subject 

factors followed by the estimation of parameters post-hoc test. For the saline 

substitution data, repeated measures ANOVA was carried out with hole and day as 

within-subject factors for the nicotine phase and for the saline phase separately, 

followed by estimation of parameters post-hoc test. One-way ANOVA for paired 
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samples was used to compare the mean number of infusions earned during the last day 

of nicotine self-administration and the first and last days of saline self-administration.  
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3. Results 

β2KO mice and WT controls were trained to self-administer nicotine (15, 30 or 

60 µg/kg/infusion) during 10 days (Figure 1). WT mice significantly acquired nicotine 

self-administration at the dose of 15 µg/kg/infusion (87.5 % reached acquisition 

criteria). Two-way repeated measures ANOVA revealed a significant main effect of 

hole [F(1,7) = 53.143, p<0.001], a non significant effect of day and a significant 

interaction between both factors [F (9,63) = 3.912, p<0.05]. Subsequent post-hoc 

analysis showed that WT mice discriminated between active and inactive holes from the 

3rd to the 10th day of training (day 3 p<0.05; day 5 p<0.05; day 6 p<0.001; day 7 p<0.01; 

day 8 p<0.01; day 9 p<0.001; day 10 p<0.001) (Figure 1A). In contrast, only 37.5% of 

β2KO mice reached acquisition criteria at this dose. Two-way ANOVA revealed a 

significant main effect of hole [F(1,7) = 5.653, p<0.05], but no significant effects of day 

nor interaction between factors were observed (Figure 1B).  

For the dose of 30 µg/kg/infusion, 50 % of WT mice reached acquisition criteria. 

Two-way ANOVA revealed a significant main effect of hole [F(1,5) = 15.014, p<0.05], 

but no significant effects of day nor interaction between factors (Figure 1C). In contrast, 

none of the β2KO mice reached acquisition criteria at this dose. Two-way ANOVA 

revealed a significant main effect of hole [F(1,7) = 16.904, p<0.01], but no significant 

effects of day nor  interaction between factors were observed (Figure 1D).  

For the dose of 60 µg/kg/infusion, 12.5 % of WT mice reached acquisition 

criteria. Two-way ANOVA revealed a significant main effect of hole [F(1,7) = 35.706, 

p<0.01], but no significant effects of day nor interaction between factors (Figure 1E). In 

contrast, none of the β2KO mice reached acquisition criteria. Two-way ANOVA 

showed a significant main effect of hole [F(1,7) = 20.640, p<0.01], but no significant 

effects of day nor interaction between factors were observed (Figure 1F). 
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The mean number of infusions earned during 10 days of training with the three 

doses of nicotine by WT and β2KO mice in the between-subjects dose response 

paradigm is shown in Figure 2A. Both WT and β2KO mice showed dose-dependent 

effects (15 µg/kg/infusion > 30 µg/kg/infusion > 60 µg/kg/infusion). One-way ANOVA 

revealed a significant effect of dose in WT mice [F (2,19) =7.928, p < 0.01], and β2KO 

mice [F(2,21) = 4.260, p < 0.05]. The post-hoc tests indicated differences between 15 

and 60 µg/kg/infusion dose in WT (p < 0.01) and β2KO mice (p < 0.05).  

The within-subjects dose-response curve for WT mice is shown on Figure 2B. 

Mice were first trained to self-administer nicotine at the dose of 15 µg/kg/infusion for 5 

days (data no shown). Subsequently, 4 doses of nicotine were tested in ascending order 

(7.5, 15, 30 and 60 µg/kg/infusion), and saline was presented last. Each dose was tested 

during three consecutive days. Two-way repeated measures ANOVA revealed non 

significant main effects of hole or doses, but a significant interaction between dose and 

hole was observed [F (4,16) = 12.847, p < 0.003]. Subsequent post-hoc analysis showed 

that mice discriminated between active and inactive holes at all doses of nicotine (7.5 

µg/kg/infusion: p < 0.05; 15 µg/kg/infusion: p < 0.05; 30 µg/kg/infusion: p < 0.01; 60 

µg/kg/infusion: p < 0.01), but not during saline presentation (p > 0.05). In addition, 

responding on the active nose-poke was significantly higher for the dose of 7.5 

µg/kg/infusion compared to saline (p < 0.05).  

To determine whether WT and β2KO mice were sensitive to the omission of 

nicotine, we performed a saline substitution paradigm (Figure 3).  WT mice (85.71 %) 

acquired nicotine self-administration behaviour at the dose of 15 µg/kg/infusion during 

10 days of training. Two-way repeated measures ANOVA revealed a significant main 

effect of hole [F(1,6) = 21.503, p < 0.001], a non significant effect of day and a 

significant interaction between both factors [F (9,54) = 2.252, p < 0.05]. Subsequent 
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post-hoc analysis showed that WT mice discriminated between active and inactive holes 

from the 6th to the 10th day of training (day 6 p < 0.05; day 7 p < 0.001; day 8 p < 0.001; 

day 9 p < 0.001; day 10 p < 0.01 (Figure 3A). On day 11, saline was substituted for 

nicotine and mice were tested for an additional 7 days. Under these conditions, WT 

mice showed a transient (during 2 days), but significant increase in responding for 

saline compared to responding for nicotine (15 µg/kg/infusion). Subsequently, mice 

gradually decreased responding on the active nose-poke during the 7 days of training 

with saline. Two-way repeated measures ANOVA revealed a significant main effect of 

hole [F(1,6) = 20.841,  p < 0.01], day [F(6,36) = 6.258, p < 0.001] and a significant 

interaction between both factors [F (6.36) = 4.230, p < 0.05]. Subsequent post-hoc 

analysis showed significant differences between active and inactive holes (day 11 p < 

0.001; day 12 p < 0.05; day 13 p < 0.05; day 14 p < 0.05; day 15 p < 0.01; day 15 p < 

0.05; day 15 p < 0.01. Figure 3B shows the mean number of infusions of nicotine 

received by WT mice during the last training session, and the mean number of infusions 

of saline received during the first and last days of the saline substitution experiment. 

One-way repeated measures ANOVA revealed significant differences between days 

[F(2,12) = 13.349, p < 0.01]. Post-hoc analysis confirmed a significant increase in the 

number of saline infusions on the first day of substitution (p < 0.05), but a significant 

decrease was observed on the last day of saline compared to the last day of nicotine self-

administration (p < 0.001). 

 

In contrast, none of the β2KO mice acquired nicotine self-administration 

behaviour at the dose of 15 µg/kg/infusion, and did not show discrimination between 

active and inactive nose-pokes when nicotine was available (Figure 3C). Two-way 

repeated measures ANOVA revealed non significant main effects of hole, day or 
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interaction between factors. Additionally, this pattern of responding did not 

significantly change when saline was substituted for nicotine. Two-way repeated 

measures ANOVA did not reveal any significant main effects or interaction between 

factors. Figure 3D shows the mean number of infusions of nicotine earned by β2KO 

mice during the last training session, and the mean number of infusions of saline 

received during the first and last days of the saline substitution experiment. One-way 

repeated measures ANOVA revealed no significant differences between days.  

Figure 4 shows nicotine self-administration at the effective dose of 15 

µg/kg/infusion in β2-VEC and KO-GFP control mice. The percentage of mice that 

reached the acquisition criteria was 38.46 % for KO-GFP (Figure 4A) as compared to 

89 % for β2-VEC mice (Figure 4B), revealing that re-expression of β2 receptors in the 

VTA “rescues” nicotine self-administration behaviour in β2KO mice. Two-way 

repeated measures ANOVA revealed a significant effect of hole in KO-GFP mice 

[F(1,12) =  8.515, p<0.05] and in β2-VEC mice [F(1,8) = 32.183, p<0.001], but no 

significant effects of day or interaction between factors were observed for either 

genotype.  

The average number of nose-pokes during 10 days in KO-GFP and β2-VEC 

mice is shown in Figure 4C. Two-way ANOVA showed significant main effects of 

genotype [F(1,40) = 6.219, p<0.05], hole [F(1,40) = 27.748, p<0.001] and significant 

interaction between both factors [F (1,40) = 6.491, p<0.05]. Both KO-GFP and β2-VEC 

mice responded significantly more on the active than the inactive hole (KO-GFP: 

p<0.05; β2-VEC: p<0.001). However, β2-VEC mice showed significantly more active 

nose-pokes during nicotine self-administration training than KO-GFP controls (p< 

0.001). 



 14

 Autoradiography of [125I]epibatidine binding confirmed the re-expression of β2 

receptor subunits in the VTA in β2-VEC mice (Figure 5). As in previous studies 

(Maskos et al., 2005), we observed approximately 50% re-expression of these receptor 

subunits in the VTA of β2-VEC as compared to WT mice. 
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4. Discussion  

 

In this study, we demonstrate that β2KO mice do not reliably acquire chronic 

intravenous nicotine self-administration, and that the selective re-expression of this 

receptor subunit in the VTA restores this behaviour to similar levels than WT control 

mice.  

The dose-response curve for nicotine using a between-subjects design showed 

that WT mice responded at higher rates for the lowest dose tested (15 µg/kg/infusion), 

while higher doses (30 and 60 µg/kg/infusion) induced lower rates of responding. In 

addition, the percentage of mice reaching the acquisition criteria was also dose-

dependent (87.5 % for the dose of 15 µg/kg/infusion, 50 % the dose of 30 

µg/kg/infusion, and 12.5 % for the dose of 60 µg/kg/infusion. In contrast, β2KO mice 

responded at low rates for all doses of nicotine tested. Although a significant dose-

response effect was observed for the mean number of infusions earned in 10 days, only 

a low percentage of mice (37.5 %) reached acquisition criteria for the dose of 15 

µg/kg/infusion, while none of the mice acquired nicotine self-administration at the 

doses of 30 µg/kg/infusion or 60 µg/kg/infusion. We also performed a within-subjects 

dose response curve for nicotine in WT mice. This experiment revealed significantly 

higher rates of responding for the dose of 7.5 µg/kg/infusion of nicotine with respect to 

saline. Interestingly, a significant discrimination between active and inactive nose-poke 

was observed for all doses of nicotine, but not for saline. 

These results are in line with previous data obtained under similar experimental 

conditions showing that the acquisition of nicotine self-administration follows an 

inverted U-shaped dose-effect curve in C57BL/6J mice (Galeote et al., 2009). In 

accordance, studies using a within-subjects dose-response paradigm also report an 
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inverted U-shaped dose-response curve for nicotine doses between 30-400 

µg/kg/infusion in this mouse species (Fowler and Kenny, 2011). However, other data 

show a relatively flat dose-response curve for nicotine doses between 10-60 

µg/kg/infusion, with the high dose of 100 µg/kg/infusion decreasing response rates 

(Contet et al., 2010). 

In order to evaluate whether WT and β2KO mice previously trained to self-

administer nicotine were sensitive to its omission, we performed a saline substitution 

paradigm with the continued presentation of the cue-light stimulus. The results indicate 

that WT mice undergo typical extinction behaviour when saline is substituted for 

nicotine, i.e. transient increases followed by decreased responding, supporting a clear 

sensitivity for the reinforcing effects of nicotine. In contrast, this effect is not observed 

in β2KO mice corroborating the lack of reinforcing effects of nicotine in these mice.   

These results substantiate the role of β2 receptor subunits in the reinforcing 

properties of nicotine identified in previous animal studies (Picciotto et al., 1998; 

Epping-Jordan et al., 1999; Pons et al., 2008). Moreover, they agree with human genetic 

studies relating a singular nucleotide polymorphism of the β2 receptor subunit gene 

with early responses to nicotine and alcohol (Ehringer et al., 2007). However, β2 

receptor subunits are present in several brain structures of the cortico-limbic system 

where they may mediate the cognitive, rewarding and reinforcing effects of nicotine 

(Mansvelder et al., 2009). Currently, the specific contribution of each of these structures 

to nicotine addiction is still under investigation.  

 The chronic intravenous nicotine self-administration animal model provides a 

relevant method to evaluate the addictive potential of nicotine (Corrigall, 1999). Using 

this procedure, we show that β2-VEC mice reliably acquired and maintained self-

administration of an effective dose of nicotine in a manner similar to WT mice, while 
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KO-GFP mice did not reach acquisition criteria. These results are supported by previous 

data indicating that β2 receptor subunits in the VTA are critical for acute nicotine 

reinforcement in studies using an acute model of self-administration (Pons et al., 2008), 

and in studies where mice self-infuse nicotine directly into the VTA (Maskos et al. 

2005). Our present data clearly demonstrate that β2 receptor subunits in the VTA are 

sufficient for the establishment of a chronic pattern of nicotine self-administration, 

similar to that observed in human smokers. 

 The involvement of VTA β2 receptor subunits in the reinforcing effects of 

nicotine could be due to the modulation of mesocorticolimbic DA activity. In this 

respect, it has been shown that systemic administration of nicotine decreased the basal 

firing rate of DA neurons in the VTA and abolished burst firing in β2KO mice (Mameli-

Engvall, et al., 2006). Moreover, the selective re-expression of β2 receptor subunits in 

the VTA restores nicotine-induced increases in the firing rate of DA neurons and the 

enhancement of extracellular DA concentrations in the NAC (Maskos et al. 2005; 

Reperant et al., 2010). However, the question still remains as to which cell type in the 

VTA containing β2 receptor subunits, including DAergic, GABAergic or glutamatergic 

neurons specifically contribute to nicotine-induced modulation of DA activity. In this 

study, β2 receptor subunits were re-expressed in most of the VTA using the coordinates 

detailed in the Methods section. However, there is evidence suggesting the functional 

heterogeneity of the VTA in terms of nicotine reinforcement since rats will self-infuse 

nicotine into the posterior, but not the anterior VTA (Ikemoto et al., 2006). Thus, future 

experiments using the chronic model of nicotine self-administration should be crucial 

for determining what region- and neurotransmitter-specific neuronal population in the 

VTA containing β2 receptor subunits is involved in the reinforcing properties of 

nicotine.   
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 In summary, the present study used advanced genetic techniques and 

behavioural models with high construct and predictive validity to demonstrate the 

relevance of β2 receptor subunits within the VTA in the acquisition and maintenance of 

systemic nicotine self-administration behaviour. The reliability of these animal models 

facilitates the extrapolation of the results to the human conditions of nicotine 

consumption.  
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Figure Legends 

 

Figure 1. Time-course of nicotine self-administration during 10 days in WT and β2KO 

mice at different doses (15, 30 and 60 µg/kg/infusion; n = 6-8 per group). The data are 

expressed as mean + SEM number of nose-pokes on the active and inactive holes in 1 h 

session per day. * p<0.05, ** p<0.01, *** p<0.001; active vs. inactive holes. 

 

Figure 2.  Dose-response effects for nicotine self-administration. (A) Between-subjects 

dose-response curve showing the mean number of infusions + SEM received by WT 

and β2KO mice during 10 days of nicotine self-administration at different doses (15, 30 

and 60 µg/kg/infusion; n = 6-8 per group). * p < 0.05, ** p < 0.01; vs. the dose of 15 

µg/kg/infusion). (B) Within-subjects dose-response curve for WT mice (n = 5) showing 

active and inactive responding + SEM in 1 h sessions for nicotine at different doses 

(7.5, 15, 30, 60 µg/kg/infusion) and saline.  * p< 0.05, ** p < 0.01; active vs. inactive 

hole; + p < 0.05; vs. saline.  

 

Figure 3. Saline substitution paradigm in WT and β2KO mice. Active and inactive 

responding + SEM for nicotine at the dose of 15 µg/kg/infusion during 10 days of 

training followed by saline substitution for 7 days in WT (n = 7) (A), and β2KO mice (n 

= 5) (C) * p < 0.05, **p < 0.01, *** p < 0.001; active vs. inactive hole.  Differences 

between the number of infusions + SEM received by WT (B) and β2KO mice (D) 

during the last day of nicotine self-administration, and the first and last days of saline 

substitution. * p < 0.05, *** p < 0.001; vs. last day of nicotine self-administration. 
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Figure 4. Nicotine self-administration at the dose of 15 µg/kg/infusion during 10 days 

of training in (A) KO-GFP (n = 13) mice and (B) β2-VEC (n = 9) mice. Panel C shows 

average responding + SEM in the active and inactive holes during the 10 days of 

training in KO-GFP and β2-VEC mice (* p < 0.05, ***  p < 0.001). 

 

Figure 5. Representative coronal sections at AP: -3.4 mm from bregma showing [125I]-

epibatidine autoradiography in WT, β2-VEC and KO-GFP control mice. The arrows 

indicate binding of β2 receptor subunits in the VTA in WT mice, its absence in KO-

GFP mice, and re-expression in β2-VEC mice.  
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