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hich nAChR subtype mediated the facilitating effect of nicotine
n LTP, recordings were performed in the presence of �7 nAChR
gonist and antagonist: choline (10 mM) and MLA (100 nM), respec-
ively. The application of choline (100 s) increased the EPSC and
hen a single 100 ms/100 Hz burst led to LTP. The co-application
f nicotine with MLA (100 s) prevented switching form LTD to
TP. These results suggest that cholinergic stimulation mediated
y nAChRs markedly potentiates synaptic transmission and long-
erm synaptic plasticity along the mossy fibre pathway of the
erebellum.
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icotinic acetylcholine receptors differentially regulate phos-
horylation of dopamine target cell proteins in the rat
refrontal cortex

hil D. Livingstone ∗, James Hockley, Susan Wonnacott

Dept. Biol. Biochem., Univ. of Bath, Bath BA2 7AY, United Kingdom

The prefrontal cortex (PFC) is an executive area of the brain crit-
cal for working memory and decision-making. Disorders such as
chizophrenia and attention deficit hyperactivity disorder reflect
n part an imbalance of prefrontal dopamine. Nicotine, via nico-
inic acetylcholine receptors (nAChRs), facilitates dopamine release
nd enhances executive functions of this region [1], yet the
ownstream molecular consequences of nAChR-induced dopamine
elease remain to be fully elucidated. Here we examine the
ffect of stimulation of nAChRs containing either �2 or �7 sub-
nits upon dopamine receptor D1 signalling pathways in vitro

n PFC prisms (150 �m) using immunoblotting. Striatum was
ompared with PFC in parallel, because dopamine and cAMP
egulated phosphoprotein of 32 kDa (DARPP-32), are known down-
tream effectors in this region [2]. Nicotine (100 �M) significantly
ncreased phosphorylation of DARPP-32 at Thr34, indicative of
ncreased cell excitability [2], in striatal but not PFC prisms.
lockade by mecamylamine and insensitivity to �-bungarotoxin
�Bgt) supports a mechanism involving �2* nAChRs. This is
onsistent with comparable changes elicited by the �2* nAChR
elective agonist 5-Iodo-A-85380. Activation of �7 nAChRs using
holine (3 mM) co-applied with PNU-120596 (10 �M) significantly
ncreased DARPP-32 phospho-Thr34 in PFC and striatum to a sim-
lar extent (68 ± 21 % and 75 ± 18 % above basal, respectively),
ensitive to �Bgt. Increased DARPP-32 phosphoThr34 was also
bserved in both regions in response to the D1 agonist SKF81297
10 �M). AMPA receptors are key determinants of cell excitability.
MPA receptors were also significantly phosphorylated following

reatment with nicotine, choline plus PNU-120596 or SKF81297
t Ser845, a site associated with increased cell surface traffick-
ng [3], in PFC and striatal prisms. The D1 antagonist SCH23390
1 �M) blocked all phosphorylation events described (DARPP-32
nd AMPAR). Total DARPP-32 and glyceraldehyde 3-phosphate
ehydrogenase levels were unaffected by any treatment. These
ata suggest that PFC �7 nAChR activation facilitates dopamine
elease that via D1 receptors, increases AMPAR phospho-Ser845,
ossibly downstream of DARPP-32 activation. Nicotine-mediated
ncreases in phospho-AMPAR relies on �2* nAChRs and does not
nvolve DARPP-32. Cellular localization of these changes is under
nvestigation. Elucidation of dopamine signaling in the PFC facil-
tated by particular nAChR subtypes is critical when viewing
hese receptors as therapeutic targets.Acknowledgements: Sup-
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icotine activates a dopamine signal that enables in vivo synap-
ic plasticity of the kind that underlies associative memory

ianrong Tang 1,∗, John A. Dani 1,2

Department of Neuroscience, Baylor College of Medicine, Houston, TX
7030, United States
Menninger Department of Psychiatry and Behavioral Science, Baylor
ollege of Medicine, Houston, TX 77030, United States

It has been documented that nicotine induces synaptic plastic-
ty in the hippocampus, which might underlie drug-linked memory
hat cues continued tobacco use. The hippocampus is an important
enter for contextual and spatial memory. It receives cholinergic
nputs from medial septum and dopaminergic innervation from
he midbrain dopaminergic systems. Nicotinic acetylcholine recep-
ors (nAChRs) and dopaminergic receptors (DARs) are co-expressed
n hippocampus, including the dentate region. Although DA–ACh
nteractions in the hippocampus have been reported to be critical
or drug-associated memory, it is not known how dopaminer-
ic signaling influences nicotine-induced synaptic plasticity at the
hysiological level. Here we examined the effects of long-range
s. local manipulation of dopaminergic D1- and D2-type recep-
ors on nicotine-induced synaptic plasticity of the perforant path
o the dentate gyrus of awake, freely moving mice. Field recordings
rom the hilar region of the dentate were measured in response
o electrical stimulation in the medial part of the perforant path.
he recording and stimulating electrodes were implanted 2-3
eeks before the tests. Acute application of nicotine (i.p.) dose-
ependently induced long-term potentiation (LTP) in this pathway.
icotine (at the biologically relevant dose of 1.0 mg/kg) caused a

ong-lasting potentiation of the evoked responses. When DA signal-
ng was inhibited by systemic administration of D1-type receptor
ntagonist SCH23390 or D2-type agonist quinpirole, we found that
icotine-induced LTP was blocked. In contrast, D2-type antagonist
ticlopride showed significant enhancement of the LTP induction.
o further dissect the local vs. long-range effect of dopaminergic
anipulation, SCH23390 was ipsilaterally infused into the dentate

yrus prior to nicotine. The nicotine-induced LTP was completely
bolished by the inactivation of D1-type receptors in the den-
ate. Consistent with the need for an incoming DA signal from the

idbrain, local infusion of nicotine in the dentate did not alter
he synaptic plasticity along the recording pathway. Inactivation
f the midbrain dopaminergic area by tetrodotoxin prevented the
icotine-induced plasticity in the dentate. Together, these results
uggest that dopaminergic signaling serves as a functional label of
alient events by enabling synaptic plasticity that underlies drug-

nduced associative memory.
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