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ffect of partial nicotinic agonists on real-time dopamine
esponses in rat nucleus accumbens: In vivo voltammetric study

.A. O’Connor 1,∗, E.A. Budygin 2, V.P. Grinevich 1, M. Bencherif 1

Department of Preclinical Research, Targacept Inc., Winston-Salem,
C, United States
Department of Physiology and Pharmacology, Wake Forest University
ealth Sciences, Winston-Salem, NC, United States

There is strong evidence that neuronal nicotinic receptors
NNRs) play a crucial role in the regulation of mesolimbic dopamine
DA) neurons but the exact receptor subtypes and mechanisms
nderlying their involvement are not understood. Elucidation of
he role of receptor subtypes (e.g., �4-, �6- or �7-containing) in
he ventral tegmental area (VTA) or nucleus accumbens (NAc) and
heir pharmacological properties (e.g., partial or full activation,
nhibition, or desensitization) offers new insights for development
f NNR-targeted therapies for smoking cessation and other con-
itions. Recent voltammetric studies on nicotinic activity at DA
erminals in the striatum significantly contributed to the field but
ere limited by the properties of slice preparations or the use of
icotine ± antagonist approaches. The present work focused on the
ffects of nicotine and nicotinic partial agonists on accumbal DA
elease using fast-scan cyclic voltammetry in vivo. We used partial
gonists (PAs) which in our previous studies exhibited medium effi-
acy and high potency (PA-A) or low efficacy and low potency (PA-B)
elative to nicotine when measuring NNR-mediated [3H]DA release
rom rat striatal synaptosomes. In the present study, nicotine
0.3 mg/kg, i.v.) induced marked DA efflux in the NAc of freely-

oving and anesthetized rats. A 30-min pre-administration of PA-A
0.1 mg/kg and 0.3 mg/kg, i.p.) significantly diminished nicotine-
voked DA release in rat NAc. In addition, PA-A and PA-B (3 mg/kg,
.p.) and nicotine (0.3 mg/kg, i.v.) decreased the DA efflux elicited
y electrical stimulation of the VTA (24 rectangular pulses, 60 Hz,
00 �A, 2 ms/phase) without affecting DA uptake. Importantly,
oth PA-A and PA-B attenuated nicotine-evoked DA responses in the
Ac at doses that decreased nicotine self-administration in rats. Our
tudy suggests the utility of in vivo voltammetry for translational
tudies of NNR-targeted drug candidates.

oi:10.1016/j.bcp.2009.06.073
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n mGlu2/3 receptor agonist blocks increases in nucleus accum-
ens shell dopamine induced by self-administered, but not
xperimenter-administered, nicotine in rats

.S. D’Souza ∗, M.E. Liechti, A.M. Ramirez, R. Kuczenski, A. Markou

Department of Psychiatry, School of Medicine, University of California
an Diego, La Jolla, CA 92093, United States

Metabotropic glutamate (mGlu) 2/3 receptors that negatively
egulate glutamatergic transmission are critically involved in
he reinforcing effects of drugs of abuse, including nicotine.

Glu2/3 receptor agonist, LY379268 (1 mg/kg), has previously been
hown to decrease nicotine self-administration and cue-induced
icotine-seeking behavior in rats. In addition, chronic nicotine self-
dministration resulted in downregulation of mGlu2/3 receptor
unction in mesocorticolimbic brain areas. We hypothesize here

hat LY379268 decreased the reinforcing effects of nicotine by
ttenuating nicotine-induced increase in NAcc dopamine. Using in
ivo microdialysis, the present study examined the effect of sys-
emic LY379268 (1 mg/kg, s.c.) pretreatment on nicotine-induced
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ncrease in NAcc shell dopamine and its metabolites (DOPAC, HVA
nd 5HIAA) in rats with a history of nicotine self-administration.
icotine was administered either through an experimenter-
dministered subcutaneous injection (0.4 mg/kg, base) or through

single self-infusion of nicotine (0.06 mg/kg, base). Systemic
Y379268 (1 mg/kg) pretreatment abolished NAcc shell dopamine
ncrease after nicotine self-administration in nicotine-experienced
ats. However, pretreatment with LY379268 (1 mg/kg) had no effect
n the experimenter-administered nicotine-induced increase in
opamine in the NAcc shell in nicotine-experienced rats. Further-
ore, LY379268 pretreatment did not influence the increase in

opamine metabolites after either self-administration of nicotine
r experimenter-administered nicotine. These data indicate that
he mGlu2/3 receptor agonist LY379268 plays an important role in
locking the combined effect of both nicotine and stimuli associ-
ted with nicotine self-administration. Further, based on these data
e hypothesize that mGlu2/3 receptors play a more critical role in

egulating the dopamine response to nicotine in the presence of
timuli associated with nicotine as compared to nicotine alone.

Acknowledgements: Supported by the NIH grants DA11946 to AM
nd MH080001 to RK. MEL was supported by a fellowship award
rom the Swiss National Science Foundation (SNF-PBZHB-108501,
SMBS 1246 and F. Hofmann-La Roche Ltd, Basel, Switzerland).

oi:10.1016/j.bcp.2009.06.074
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ABAB receptor positive modulators: Effects on nicotine
elf-administration and cue-induced reinstatement of nicotine-
eeking behavior in rats

tyliani Vlachou 1,∗, Sébastien Guery 2, Wolfgang Froestl 2, Kle-
ens Kaupmann 2, Deboshri Banerjee 3, M.G. Finn 3, Athina
arkou 1

University of California San Diego, School of Medicine, Department
f Psychiatry, La Jolla, CA 92093-0603, United States
Neuroscience Research, Novartis Institutes for BioMedical Research,
ovartis Pharma AG, Basel, Switzerland
The Scripps Research Institute, Department of Chemistry, La Jolla, CA
2037, United States

�-Aminobutyric acid (GABA) is the major inhibitory neuro-
ransmitter in the brain and is implicated in the modulation of
entral reward processes. Acute administration of �-aminobutyric
cid B (GABAB) receptor agonists or positive modulators decreased
elf-administration of various drugs of abuse, such as nicotine,
ocaine, ethanol and heroin, and inhibited cue-induced reinstate-
ent of nicotine- and cocaine-seeking behavior. GABAB receptor

ositive modulators may be potentially improved therapeutic com-
ounds for the treatment of drug dependence than GABAB receptor
gonists due to fewer adverse side-effects. BHF177, a newly syn-
hesized GABAB receptor positive modulator, decreased nicotine
elf-administration under a fixed-ratio 5 (FR5) and a progressive-
atio (PR) schedule of reinforcement in Wistar rats, while it did
ot affect food-maintained responding [1]. The present study

nvestigated the effects of administration of another newly syn-
hesized GABAB receptor positive modulator, BIK998, on nicotine-
nd food-maintained responding under a FR5 and a PR sched-
le of reinforcement. It also investigated the effects of BHF177 on
ue-induced reinstatement of nicotine- and food-seeking behavior.

dministration of BIK998 (0, 20, 40, 80 mg/kg, PO) did not affect
icotine self-administration, neither in the FR5 nor the PR sched-
le of reinforcement in either nicotine- or food-responding groups.
he lack of effects seen with BIK998 may be attributed to sub-

dx.doi.org/10.1016/j.bcp.2009.06.073
dx.doi.org/10.1016/j.bcp.2009.06.074
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ptimal bioavailability. Pharmacokinetic data have indicated that
IK998 concentrations in the brain and plasma are approximately
0% in comparison to BHF177 concentrations after oral adminis-
ration of the same dose. Administration of BHF177 (0, 2.5, 5, 10,
0, 40 mg/kg, PO), after a 10-day extinction phase, selectively and
ose-dependently blocked cue-induced reinstatement of nicotine-,
ut not food-seeking behavior, reflecting a selective prevention of
ue-induced reinstatement of nicotine-seeking behavior and not
hat of a natural reinforcer, such as food. These findings add to
reviously published data on the effects of BHF177 on nicotine
elf-administration and suggest that the GABAB receptor positive
odulator BHF177, or other similar GABAB receptor positive mod-

lators, could be useful therapeutics for the treatment of different
spects of nicotine dependence, by assisting both in smoking ces-
ation by decreasing the reinforcing effects of nicotine (as shown
reviously), as well as in preventing relapse to smoking in humans,
s suggested by the blockade of cue-induced reinstatement of
icotine-seeking in rats (present studies).

eference

1] Paterson, et al. JPET 2008;326:306–14.

oi:10.1016/j.bcp.2009.06.075
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he localization of neuronal nicotinic receptors (nAChRs) in the
ebra finch brain tested under naïve, nicotine-on board and
icotine withdrawal conditions

usanne Cappendijk 1,∗, Daniel Pirvan 1, Brett Mulvey 1, Monica
odriguez 1, Michael Marks 2

Department of Biomedical Sciences, College of Medicine, Florida State
niversity, Tallahassee, FL 32306, United States
Institute for Behavioral Genetics, University of Colorado, Boulder, CO
0309, United States

Nicotine improves cognitive function, but its adverse effects
ake it problematic as a treatment for diseases of cognitive dys-

unction. The expression of the neuronal nicotinic acetylcholine
eceptors (nAChRs) alpha7 and alpha4beta2 is altered in diseases
uch as autism, depression, schizophrenia, Alzheimer’s and Parkin-
on’s disease. Agents that target these specific subtypes of nAChRs
how great promise for cognitive enhancement. Over the years the
recise mapping of subcellular and neuroanatomical localization
f nAChRs, among which the alpha7 and alpha4beta2, is stud-
ed in a plethora of animal models, including humans. However,
he expression of the nAChRs in the zebra finch brain has never
een examined. This is a striking fact, as the zebra finch is a well-
ecognized animal model to study cognitive functioning. Therefore,
e argue that the zebra finch can be used as an innovative test
odel in the search of neuroprotective ligands, which can poten-

ially lead to the development of new therapies for (age-related)
eurodegenerative diseases. Over the last 3 years our laboratory
eveloped a behavioral model to test in vivo nicotine administration

n zebra finches. We gained information on the pharmacokinetic
nd pharmacodynamics of nicotine in the zebra finch. As no infor-
ation was available on the localization and expression levels of

euronal nAChRs, we performed an in situ hybridization using
odine-125 labeled epibatidine, in competition with iodine-125

abeled and unlabeled cytisine and alpha-conotoxin MII. In addi-
ion we labeled sections with iodine-125 alpha-bungarotoxin. Brain
issue from a naïve bird showed a pronounced alpha-bungarotoxin
abeling in the cortex, hippocampal area, and the lateral forebrain
undle, pointing towards alpha7 sensitive sites. Labeling of the sec-
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ions with cytisine showed the presence of alpha4beta2 sensitive
ites in the cortex, hypothalamic area and some layers of the tec-
um opticum. Alpha-conotoxin MII showed the most pronounced
abeling in the cortex, while in the striatum the labeling was less
ntense, pointing towards alpha6beta2 and potential alpha3beta2
ensitive sites. Currently, we are evaluating adult male zebra finch
ections tested under the following conditions: nicotine-on board,
icotine-withdrawal (24 hr, 3 months and 16 months following the

ast nicotine administration). Based on this initial study, we pro-
ide evidence that the zebra finch can be used as an animal model
n nicotine research with unlimited potential, not only in respect
o cognition, but also in studies related to nicotine’s addictive and
ependence properties.

oi:10.1016/j.bcp.2009.06.076
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reclinical properties of the �4�2 nAChR partial agonists
arenicline, cytisine and dianicline translate to clinical efficacy
or nicotine dependence

. Rollema 1,∗, A. Shrikhande 1, K.M. Ward 1, J.W. Coe 1, E. Tseng 1,
.Q. Wang 1, M. De Vries 2, T.H.I.F. Cremers 2, S. Bertrand 3, D.
ertrand 3

Pfizer Global Research and Development, Groton, United States
Brains On-Line, Groningen, The Netherlands
HiQScreen Sàrl and Medical Faculty, Geneva, Switzerland

Varenicline, cytisine and dianicline are �4�2 nAChR partial ago-
ists that have been in clinical smoking cessation trials [1–3], in
hich varenicline was found to have a significantly higher end-

f-treatment odds ratio (3.7) than cytisine or dianicline (≤1.9). We
nvestigated which preclinical pharmacodynamic and pharmacoki-
etic properties would have predictive validity for clinical efficacy
y measuring binding affinities, functional efficacies, as well as
ctivation and desensitization potencies at �4�2 and �7 nAChRs
n vitro. In addition, rat plasma and brain pharmacokinetics were
etermined to estimate steady state human unbound brain con-
entrations at the recommended doses of the three agents, for a
omparison of therapeutic brain concentrations with desensitiza-
ion and activation potencies. With a brain to plasma ratio (B/P) ≥ 1
nd very high affinity for �4�2 nAChRs (Ki = 0.4 nM), vareni-
line reaches sufficient free brain concentrations (30–130 nM) to
ignificantly desensitize and slightly activate �4�2 nAChRs. At
herapeutic levels, varenicline partially desensitizes but does not
ctivate �7 nAChRs. By comparison, peak nicotine brain concen-
rations in smokers, estimated to be ∼500 nM, will also desensitize
nd activate �4�2 nAChRs (Ki = 6 nM) but will have no activity at �7
AChRs. In contrast, predicted human brain concentrations of dian-

cline (40–85 nM) and cytisine (2–10 nM) are orders of magnitude
elow the concentrations required for receptor desensitization and
ctivation. In the case of dianicline, this is due to a combination
f limited brain penetration (B/P = 0.3) and weak in vitro binding
Ki = 105 nM) and functional potencies. Cytisine has high binding
ffinity (Ki = 2 nM) and functional potencies, but human brain con-
entrations are insufficient because of minimal brain penetration
B/P = 0.1). These data suggest a plausible explanation for the lower
linical efficacy of cytisine and dianicline compared to varenicline.
his translational study based on PK-PD data suggests that an �4�2
AChR partial agonist will be most efficacious as a nicotine depen-

ence treatment if the compound has (a) potent binding affinity to
4�2 nAChRs, (b) adequate brain entry for interaction with central
4�2 nAChRs, (c) high enough brain concentrations for both inac-

ivation and at least minimal activation of �4�2 nAChRs, and (d)

dx.doi.org/10.1016/j.bcp.2009.06.075
dx.doi.org/10.1016/j.bcp.2009.06.076

