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Nicotine, the major addictive substance in tobacco, increases the activity of the central amygdala (CeA).
Amygdala is directly implicated in anxiety modulation and sends projections to the vicinity of the midbrain
dopamine neurons, including the ventral tegmental area (VTA) which is a key area that controls nicotine de-
pendence processes. In this study, the role of dopamine D1 and D2/3 receptors of the VTA on anxiogenic-like
behavior induced with intra-CeA injection of nicotine has been investigated. Male Wistar rats with cannula
aimed to the left CeA and the left VTA were submitted to the elevated plus-maze (EPM). The nicotine injec-
tion (1 μg/rat) into the CeA decreased the percentage of open arm time and open arm entries, but not loco-
motor activity, indicating an anxiogenic-like response. Intra-VTA injection of a dopamine D1 receptor
antagonist, SCH23390 (0.25 μg/rat), and a dopamine D2/3 receptor antagonist, sulpiride (0.7 μg/rat),
inhibited the anxiogenic-like response caused by intra-CeA injection of nicotine. These results suggest that
the relationship between the VTA and the CeA may be involved in nicotine-induced anxiogenic-like behavior
via dopamine D1 and D2/3 receptors. An understanding of these cellular processes will be crucial for the de-
velopment of new intervention to combat nicotine effect.

© 2012 Published by Elsevier Inc.

1. Introduction

Nicotine, the major addictive substance in tobacco increases the
activity of reward related brain areas, such as the central amygdala
(CeA) and the nucleus accumbens (Brunzell et al., 2003; Pagliusi et
al., 1996; Pich et al., 1997). It is believed that amygdala directly mod-
ulates anxiety (Kalin et al., 2004; Lesscher et al., 2008) and provides
the main input to the dopamine neurons (Cassell et al., 1986;
Hopkins, 1975; Price and Amaral, 1981). The CeA also sends projec-
tions to the vicinity of the midbrain dopamine neurons (Fudge and
Haber, 2000; Wallace et al., 1992), including the ventral tegmental
area (VTA), which is a key region that regulates nicotine dependence
processes (Corrigall et al., 1994; David et al., 2006; Ikemoto et al.,
2006). Furthermore, nicotine increases the firing rate of VTA dopa-
mine neurons (Grenhoff et al., 1986; Li et al., 2011; Schilstrom et al.,
2003) and modulates anxiety (Benowitz, 2008). The expression of

nicotinic acetylcholine receptor (nAChR) alpha2 subunit in rat amyg-
dala has been reported (Ishii et al., 2005). Central nAChRs are partic-
ularly presynaptic and exert a modulatory influence (Role and Berg,
1996) on neurotransmitter release (Dajas-Bailador and Wonnacott,
2004). For instance, the activation of presynaptic nAChRs modulates
glutamatergic and GABAergic synaptic transmission in the amygdala
(Barazangi and Role, 2001).

In most studies, nicotine is administered systemically or peripher-
ally (for review see Matta et al., 2007), whereas central administra-
tion studies in animals help identify the involvement of specific
brain area in the anxiogenic and anxiolytic actions of nicotine.
While, there is a report of interaction between the CeA and the VTA
in the acquisition of conditioned cue-directed behavior (Lee et al.,
2011), little is known about the interaction between the CeA and
the VTA on anxiety-related behavior in the EPM test.

Dopamine is a key neurotransmitter involved in reward (Koob,
1992) and dopamine receptors consist of two families, D1-like (D1

and D5) and D2-like (D2, D3 and D4) (Sibley et al., 1993). Dopamine
D1 receptors are expressed in moderate to low density in the VTA
(Ariano et al., 1997) and the local perfusion of D1 receptor agonists
in the VTA increases the local release of both glutamate and GABA
(Kalivas and Duffy, 1995), which can control the activity of dopamine
neurons (Adell and Artigas, 2004). Furthermore, the dopamine D2
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Abbreviations: VTA, ventral tegmental area; CeA, central amygdala; EPM, elevated
plus-maze; %OAT, the percentage of open arm time; %OAE, the percentage of open
arm entries.
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