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Background
Neuropeptide Y (NPY) is a 36-amino-acid peptide that is
abundantly expressed in the central nervous system. It is
involved in various physiological and pathophysiological
processes, including energy homeostasis, pain and epi-
lepsy, but also in anxiety and depression. Consistent find-
ings have demonstrated an anxiolytic effect of NPY. The
presence of different NPY receptors in the amygdala and
the effects of NPY on anxiety raise the question, whether
NPY and its receptors may influence acquisition and
extinction of conditioned fear. Therefore, we investigated
NPY and NPY receptor knockout mice in Pavlovian fear
conditioning.

Methods
Pavlovian fear conditioning is a simple form of associa-
tive learning. NPY knockout (NPY-KO) mice as well as Y
receptor knockout mice (Y1, Y2, Y4 and Y1/Y2 double
KO) were subjected to a discriminative delay fear-condi-
tioning paradigm. Extinction learning was performed the
following day by repetitive exposure to the tone in the
absence of a foot shock.

Results
In cued fear conditioning NPY-KO mice acquire higher
freezing levels and show increased expression and
impaired extinction of conditioned fear. Y1-KO mice
show faster conditioning and delayed extinction, whereas
Y2-KO mice are similar to wildtype mice. Compared to
Y1-KO mice, however, Y1/Y2 double KO mice exhibited

enhanced fear acquisition and impaired between session
extinction, indicating an important role of Y2 receptors
in these processes. Interestingly, Y4-KO mice show nor-
mal fear conditioning but impaired extinction. Adeno-
associated viral (AAV) vector-mediated over-expression
of NPY in the basolateral amygdala (BLA) of NPY-KO
mice significantly reduced the increased fear acquisition
of NPY-KO mice. In addition, extinction was significantly
improved after AAV-induced over-expression of recom-
binant NPY (rNPY) in the BLA of NPY-KO mice. No
change was observed, however, after over-expression of
rNPY in the central amygdala.

Conclusions
Our data indicate that NPY has an inhibitory role in the
acquisition and facilitates extinction of conditioned fear.
These effects seem to be mediated predominantly in the
BLA. In particular, the Y1 receptor may modulate the
acquisition of fear, whereas for extinction a concerted
action of Y1 and Y4 receptors seems to be conceivable.

Acknowledgements
Supported by the Austrian Science Fund (FWF, projects S10204, P19464 and
P22830).

Author details
1Institute of Pharmacology, Medical University Innsbruck, 6020 Innsbruck,
Austria. 2Institute of Virology, Charité, Campus Benjamin Franklin, Free
University of Berlin, 12203 Berlin, Germany. 3Neuroscience Research Program,
Garvan Institute of Medical Research, Darlinghurst NSW 2010, Australia.

Published: 5 September 2011

doi:10.1186/1471-2210-11-S2-A3
Cite this article as: Verma et al.: Reduced fear conditioning after viral
vector mediated neuropeptide Y administration into the basolateral
amygdala. BMC Pharmacology 2011 11(Suppl 2):A3.

* Correspondence: ramon.tasan@i-med.ac.at
1Institute of Pharmacology, Medical University Innsbruck, 6020 Innsbruck,
Austria
Full list of author information is available at the end of the article

Verma et al. BMC Pharmacology 2011, 11(Suppl 2):A3
http://www.biomedcentral.com/1471-2210/11/S2/A3

© 2011 Verma et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:ramon.tasan@i-med.ac.at
http://creativecommons.org/licenses/by/2.0

	Background
	Methods
	Results
	Conclusions
	Acknowledgements
	Author details

