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organized by Georgy Bakalkin

Dynorphins in neurological and mental disorders

Chaired by Georgy Bakalkin and Andreas Zimmer

Dynorphins in experimental Parkinson’s disease revealed

by imaging mass spectrometry

Malin Andersson’, Anna Karlsson', Jérg Hanrieder!, Maria Falth3, Jonas Bergquist?

'Department of Pharmaceutical Bioscience, Drug safety and Toxicology, Uppsala University, Uppsala, Sweden;
’Department of Physical and Analytical Chemistry, Analytical Chemistry, Uppsala University, Uppsala, Sweden;
SDivision of Molecular Genetics, Unit Cancer Genome Research, German Cancer Research Center, Heidelberg, Germany

Background and Aim: Dopamine replacement ther-
apy with L-DOPA is the most effective pharmacother-
apy for patients with Parkinson’s disease (PD), how-
ever with PD disease progression and long-term
L-DOPA treatment complications occur in many pa-
tients, including L-DOPA-induced dyskinesias.
Methods: One of the most challenging aspects of neu-
rochemistry is the detection of endogenous neuropep-
tides due to their low in vivo concentrations, pico- to
sub-femtomolar levels, which are well in the range of
matrix-assisted laser desorption/ionization (MALDI)
time-of-flight MS detection limits. We use MALDI im-
aging mass spectrometry (IMS) for characterization, lo-
calization, and relative quantification of striatal neuro-
peptides in a rat model of LID and PD. MALDI IMS
has the unique advantage of high sensitivity and high
molecular specificity, allowing detection of molecular
species (hundreds) in a single tissue section.

Results: Several dynorphin peptides were detected, in-
cluding dynorphin A (1-17), dynorphin A (1-8), alpha-
neoendorphin, dynorphin B and their metabolites Leu-
Enk-Arg and Leu-Enk-Arg-Arg. The peak intensities

of dynorphin B and alpha-neoendorphin were posi-
tively correlated to the dyskinesia score in both
structures, but no association between dynorphin
A peak intensities and dyskinesia was found. Two main
findings dissociated the peptidomic changes in striatum
from substantia nigra. In the substantia nigra, but not
striatum, Leu-Enk-Arg peak intensity displayed a positive
correlation to the dyskinesia score, suggesting release fol-
lowed by bioconversion. By contrast, des-tyrosinated
alpha-neoendorphin correlated strongly with dyskinesia
in striatum but not in the substantia nigra.

Conclusion: The results, particularly the detection of
des-tyrosine dynorphins by MALDI IMS highlights
the advantage of unbiased analysis for the study of
molecular dynamics in neurological diseases.

Acknowledgments:

This work was funded by the by Swedish Research Council
grant#2006-6416 (MA), 2006-6414 (MA), 2007-5407 (MA), Swedish
Parkinson Foundation (MA), Swedish Royal Academy of Sciences
(MA), Swedish Research Council grant #342-2004-3944(JB),
621-2008-3562(JB).

Pharmacological Reports, 2011, 63, 207-225 207



European Opioid Conference 2011, Krakéw, Poland
Symposia

Dynorphin mutations cause human neurodegenerative disorder
spinocerebellar ataxia type 23: a novel non-receptor mechanism

of cell signaling?

Georgy Bakalkin', Hiroyuki Watanabe!, Justyna Jezierska?, Konstantin A. Artemenko?,
Tatjana Yakovleva', Kurt F. Hauser3, Oleg Krishtal4, Dineke S. Verbeek?

"Department of Pharmaceutical Biosciences, Uppsala University, Sweden; “Department of Genetics, University of Groningen,
The Netherlands; ®Department of Pharmacology and Toxicology, Virginia Commonwealth University, Richmond, USA; *Institute of

Physiology, Kiev, Ukraine

Background and Aim: Neuropeptides have not been
previously identified as causative factors for neurode-
generative disorders. The spinocerebellar ataxias
(SCAs) are a genetically heterogeneous group of neu-
rodegenerative disorders characterized by progressive
cerebellar ataxia, dysarthria and loss of the Purkinje
cells. The SCA23 locus has been previously located
on chromosomal region 20p12.3-p13. We here report
the identification of four missense mutations in pro-
dynorphin (PDYN) located in this region.

Methods: SCA23 families and 1100 ataxia patients,
and 500 control individuals were screened for PDYN
mutations. In cellular experiments, expression and
processing of mutant PDYNs and effects of wt- and
mutant peptides on striatal neurons were analyzed.
Cellular pathways were studied by shotgun proteomic
and key-node analyses in autopsy samples.

Results: Three mutations were located in Dyn A,
a peptide with non-opioid neurodegenerative actions.
Two mutations resulted in excessive generation of

Dyn A. Two Dyn A mutants induced toxicity above
that of wild type peptide. The fourth mutation was lo-
cated upstream of dynorphins and affected expression
of components of the opioid and glutamate system in
the cerebellum. PDYN and Dyn A were located in
Purkinje cells.

Conclusions: Elevated non-opioid actions of Dyn A
mutants or impairment of secretory pathways by mu-
tant PDYNs may lead to glutamate neurotoxicity that
underlies Purkinje cell degeneration and ataxia. This
is the first demonstration of causative link between
mutations in neuropeptides and neurodegenerative/
neuropsychiatric disorders. Identification of such mu-
tations will also provide further insight into neuropep-
tide functions.
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A role for epigenetic mechanisms in the regulation
of prodynorphin expression by alcohol
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Background and Aim: Alcohol alters several neuro-
transmitter systems within the brain and accumulated
evidences indicate the endogenous opioid system as an
important target of its action. We studied, in vifro and in
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vivo the molecular alterations occurring in the prodynor-
phin gene following different exposures to alcohol.

Methods: Human neuroblastoma SH-SYSY cells were
exposed to low, clearly not intoxicating, and high etha-
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nol concentrations at different time points. Sprague
Dawley rats received alcohol intragastrically trying to
mimic human drinking that establishes tolerance and de-
pendence conditions. Real-time RT-PCR was used to as-
sess the abundance of mRNAs of interest. DNA methy-
lation was analyzed by Methylation Specific-Real Time
PCR and bisulfite-Pyrosequencing. Specific histone
modifications at gene promoters were evaluated by
Chromatin ImmunoPrecipitation.

Results: In the cellular model we demonstrated
a temporal relationship between selective chromatin
modifications induced by ethanol or acetaldehyde,
and changes in prodynorphin gene expression were
demonstrated. In the amygdala complex of alcohol-
treated rats differential changes in prodynorphin gene
expression changes were observed depending on the

time of exposure; consistently, we propose potential
epigenetic mechanisms responsible for these altera-
tions, at least upong short ethanol exposure.
Conclusion: Our findings indicate a linkage between
gene expression alterations and epigenetic modulation
in prodynorphin promoter, thus adding novel informa-
tion on how the opioid system can be affected by al-
cohol in several ways. Studies are ongoing to evaluate
the chromatin remodelling in the neuroplasticity oc-
curring in the progression of alcohol abuse. It will be
also of value to study the ability of epigenetic modu-
lators in reverting dynorphin genetic/epigenetic altera-
tions and alcohol abuse-related behaviours. Moreover,
opioid drugs already available in alcoholism treat-
ment could also have possible epigenetic modulating
properties.

Dynorphins regulate the intensity of fear memory: from mice to men

Andras Bilkei-Gorzo', Susanne Erk?2, Kerstin Michel®, Britta Schirmann:2, Henning BoeckerS,
Lukas Scheef3, Henrik Walter?, Andreas Zimmer'

TInstitute of Molecular Psychiatry, “Department of Psychiatry, *Functional Neuroimaging Group, Department of Radiology, University

of Bonn, Bonn, Germany

Background and Aim: The formation of fear memories
and their extinction are necessary for the adaptation to
a changing environment. Here with a translational ap-
proach we investigated the role of dynorphins in the dy-
namic change in fear memories in mice and in humans.

Results: In mice, genetic deletion of the dynorphin en-
coding gene prodynorphin (PDYN) in mice resulted in
enhanced cue-dependent fear conditioning, as well as
delayed extinction in contextual and cue condition-
ing/extinction paradigms. The pharmacological block-
ade of k opioid receptors (KOR) produced a similar ef-
fect on fear extinction as the dynorphin deletion. The
behavioral data are supported by the analysis of the in-

duction of the immediate early gene c-fos, which
demonstrated that the absence of dynorphin results in
reduced neuronal activity in key limbic structures dur-
ing extinction. Translating these findings into the hu-
man domain, we could demonstrate that a polymor-
phism in the dynorphin encoding gene PDYN impacts
the activity of the amygdala, functional coupling be-
tween amygdala and the prefrontal cortex and the in-
tensity of stress responses during extinction.
Conclusions: Our findings establish a role of PDYN/
KOR signaling in fear extinction and suggest a bio-
logical mechanism for the success of trauma exposure
therapy.

Pharmacological Reports, 2011, 63, 207-225 209



European Opioid Conference 2011, Krakéw, Poland
Symposia
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Novel ligands interacting with opioid receptors

Chaired by Helmut Schmidhammer and Masaaki Yoshikawa

Universal opioid receptor ligands — buprenorphine and related

orvinols
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Stephen M. Husbands'
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Background and Aim: The pharmacological profile
of buprenorphine has some unique features, some of
which are explicable by the slow onset and even
slower offset of its interaction with p opioid (MOP)
receptors. As a MOP receptor partial agonist, bupre-
norphine would also be expected to show a ceiling to
its opiate effects, in fact the level of effect from very
high doses are lower than from intermediate doses.
This has been suggested to be due to activation of the
nociceptin/orphanin FQ (NOP) receptor at high bu-
prenorphine concentrations. It was of interest to dis-
cover if analogues can be developed with even higher
levels of NOP receptor activity.

Results: Binding data on the compounds synthesised
suggest that it is the C20 substituent that occupies the
putative lipophilic site in the NOP receptor, as re-
quired for high affinity binding. By varying this
group, ligands with affinities from 8 nM-133 nM
NOP receptors were generated (buprenorphine Ki-

NOP 77 nM). Of the compounds with good NOP re-
ceptor affinity, efficacy at this receptor ranged from very
low (5% of nociceptin) to moderate (58% of nociceptin)
with buprenorphine being intermediate in this range
(21% of nociceptin). One compound, BU08028, was
found to have equal affinity at opioid and NOP receptors
(all between 1.6-8.5 nM) and very similar activity to bu-
prenorphine in the [35S]GTPyS assay, except having
higher efficacy (48% of nociceptin) at NOP receptors.
However, in vivo, BU08028 proved to be a MOP recep-
tor agonist with morphine-like efficacy.

Conclusions: The first universal opioid receptor
ligands have been developed, confirming that sub-
stantial NOP receptor affinity is possible within the
orvinol series.
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Discovery of novel k opioid receptor ligands

Mariana Spetea, Muhammad Faheem Asim, Helmut Schmidhammer

Department of Pharmaceutical Chemistry, Institute of Pharmacy and Center for Molecular Biosciences Innsbruck (CMBI), University

of Innsbruck, Innsbruck, Austria

Background and Aim: The k opioid receptor (KOP)
plays a significant role in a broad range of physiologi-
cal functions and there is evidence that receptor block-
ade might be useful for the treatment of depression,
anxiety, addiction, psychosis and eating disorders. At
present, few KOP antagonists are available. The search
for new active ligands utilizing computational ap-
proaches became an important tool in drug discovery. In
the absence of direct structural information of the KOP,
a systemic study was initiated to develop a pharma-
cophore model that may serve as a powerful search tool
to identify new chemical entities as potential KOP
ligands. Herein, we present the application of a com-
puter-aided drug design approach to discover new mo-
lecular scaffolds as novel KOP antagonists.

Methods: LigandScout and Catalyst softwares were
used to generate and validate a ligand-based pharma-

cophore model. Virtual screening of different data-
bases was performed and several hits were retrieved.
Biological activities of the identified ligands were
evaluated in in vitro opioid receptor binding and func-
tional assays.

Results: An integrated computational screening strat-
egy has led to the discovery of sewarine, as a novel
KOP ligand. This phenolic alkaloid from the plant
Rhazyastrictabinds with high selectivity to the KOP
and shows antagonist activity towards the KOP. Syn-
thetic phenolic compounds were also identified as
novel selective ligands interacting with KOP and dis-
playing agonist or antagonist properties.

Conclusion: This study uncovers a new class of
ligands interacting with KOP and sharpens the under-
standing of ligand-receptor interactions, thus increas-
ing the chance of developing useful clinical agents.

Advances 1n structure-activity studies of endomorphins

Géza Toth

Institute of Biochemistry, Biological Research Center HAS, P.O. Box 521, Szeged 6701. Hungary

Background and Aim: Since their discovery, endo-
morphins (H-Tyr-Pro-Trp-Phe-NH,, H-Try-Pro-Phe-
Phe-NH,) [Zadina et al., 1997] are in focus as potential
therapeutics in pain management. Recent published re-
sults, based on the mapping of metabolic pathway of
endomorphins led to the application of alicyclic
B-amino acids to obtain proteolytically stable, pharma-
cologically active compounds [Keresztes et al., 2010].
On the basis of our earlier research, dimethyltyrosine
(Dmt), 2-aminocyclohexanecarboxylic acid (ACHC),
BMePhe and pFPhe were used for substitution in the
parent peptides to obtain highly potent and selective
MOR ligands. SPPS was used for peptide synthesis.

Results: Radioreceptor assays using rat brain mem-
brane preparation and selective radioligands for MOR
and DOR receptors and functional [°S]GTPyS bind-
ing assays were done for biological evaluation. In

agreement with earlier findings, the derivatives mani-
fested low to high potencies, selectivities and effica-
cies (all retained agonist properties) depending on the
configuration of the incorporated amino acids and
their position in the sequence. Multiple structural
modifications of endomorphins were investigated.
Combined application of Dmt', cis-(1S,2R)ACHC’
and pFPhe’ in endomorphin-2 resulted in the most po-
tent analogue. NMR and molecular modeling studies
of the endomorphin analogues confirmed the pre-
dominance of bend structures. It is apparent that bend
structures are energetically more favored than ran-
dom/extended structures for all studied compounds.
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A novel family of minimalist opioid peptides deprived

of the classic pharmacophores

Luca Gentilucci’, Rossella De Marco!, Alessandra Tolomelli!, Séren Feddersen?,
Santi Spampinato?, Andrea Bedini?, Roberto Artali3
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Background and Aim: Recent data support the evi-
dence that some molecules can activate opioid recep-
tors (ORs) though they lack of the protonated amine,
generally regarded to as the fundamental pharma-
cophore. Among such unusual ligands, we discovered
the agonist ¢[YpwFG], having a good MOR affinity
(Ki 34 nM), that is an effective and potent analgesic for
visceral pain when administered peripherally (ip ED50
1.25 mg/kg, sc ED50 2.7 mg/kg), and retains moderate
central analgesic effects (tail-flick, 20 mg/kg).
Methods: Starting from the bioactive structure of
c[YpwFG], determined by molecular docking, we de-
signed and synthesized (SPPS or in-solution) cyclic or
linear peptides containing the sequence D-Trp-Phe.
Their affinities for cloned human MOR, DOR, and
KOR were determined by displacement binding as-
says. The agonism was assessed by the inhibition of
forskolin-stimulated cAMP formation in MOR-
expressing HEK-293 cells. Conformational analysis
was performed by VI-NMR, 2D-gCOSY, 2D-ROESY,
and molecular docking by Autodock and Hybrid
QM/MM calculations.

Results: Among the cyclopeptides, ¢c[YAWFA] re-
vealed a modest DOR affinity (Ki 170 nM), c[YG-
wFA] a significant KOR affinity (Ki 29 nM), while
c[YGWFG] and c[d(1-NH2)B-AwF] turned out to be
MOR-selective ligands with excellent affinity (Ki
3.6 nM, 5.9 nM, respectively), and a (partial) agonist
behavior (inhibition of cAMP: IC50 31 nM, and 37 nM).
The linear peptides N-Ac-wFG-HN2 and N-Ac-wF-
HN2 were MOR agonists with nanomolar receptor af-
finity (5.6 nM, and 15 nM). Conformational analysis
and molecular docking provided insights into ligand-
receptor interaction.

Conclusion: Peptides including the D-Trp-Phe phar-
macophoric motif constitute atypical MOR agonists
characterized by a bioactive conformation having the
indolyl NH of D-Trp H-bonded to Aspl47 of TMH
VI, and a clear inverse type Il beta turn centered on
D-Trp-Phe.

Acknowledgments:
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organized by Halina Machelska-Stein

Opioids and immune system

Chaired by Halina Machelska-Stein and Marzia Malcangio

Opioids and immune system

Paola Sacerdote, Silvia Franchi

Department of Pharmacology, Chemotherapy and Medical Toxicology, University of Milan, Milan, Italy

Background and Aim: Opioid drugs remain the
mainstay treatment for acute and chronic pain condi-
tions beside still being common drugs of abuse. /n
vivo administration of morphine induces a decrease of
multiple immune parameters, affecting almost all
cells of innate and acquired immunity. The immuno-
logical effects of opioids are receiving considerable
attention because of concerns that opioid-induced
changes of the immune system may affect the out-
come of surgery or of variety of disease processes, in-
cluding bacterial and viral infections and cancer. The
opioid-induced immunomodulation can therefore
have a deep impact on health.

Methods: Our research in the field is focussed mainly
on two topics:

1) to understand the mechanism at the basis of mor-
phine induced immunosuppression;

2) to evaluate whether all opioid drugs share the same
Immunosuppressive properties.

Results: Our results demonstrate that the macrophage
is mostly involved in opioid-induced immunosuppres-
sion, and a signalling cascade that starting from TLR4
activates NF-kB and ends up in proinflammatory cy-
tokine production represents an intracellular pathways
that is a preferential target for morphine. From a clini-
cal point of view, significant differences among
opioid drugs are present when considering their abil-
ity to modulate the immune function. Not all opiate
drugs exert the same immunosuppressive properties.
From experimental studies it is emerging that opioid
drugs such as tramadol and buprenorphine do not ex-
ert a negative impact on the immune system.

Conclusion: The possibility to reach adequate and
equivalent pain control choosing either immunosup-
pressive drugs or drugs without effect on immune re-
sponses could represent an important point in opioid
therapy.
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Analgesic effects of immune cells in neuropathic pain

Halina Machelska

Department of Anesthesiology, Free University Berlin, Charité-Campus Benjamin Franklin, Berlin, Germany

Background and Aim: Neuropathic pain results
from injury to nerves and can seriously affect a pati-
ent’s quality of life. Although it has been recognized
that neuronal damage can involve inflammation, it is
generally assumed that immune cells predominately
enhance neuropathic pain. However, recently we
showed that leukocytes containing opioid peptides
can alleviate pain following neuropathy.

Methods: After chronic constriction injury (CCI) we
examined the expression of opioid peptides and re-
ceptors by immunofluorescence, quantified leuko-
cytes by flow cytometry and measured nociception
using von Frey filaments in wild-type and severe
combined immunodeficiency (SCID) mice.

Results: We found opioid receptors in sensory fibers
and opioid peptides (beta-endorphin, Met-enkephalin
and dynorphin) expressed with corticotropin-releasing
factor (CRF) receptors in immune cells in injured
nerves. CRF applied at the nerve injury (CCI) site pro-
duced antinociception that was reversed by opioid

peptide antibodies, opioid receptor antagonists and by
intercellular adhesion molecule-1 (ICAM-1) antibody,
which attenuated the accumulation of opioid peptide-
containing leukocytes at damaged nerves. In SCID
mice lacking opioid-containing T lymphocytes,
CRF-induced antinociception was substantially di-
minished and it could be restored with T cell transfer.
Furthermore, antinociception following exogenous
opioid application at the CCI site was substantially
decreased by anti-ICAM-1.

Conclusions: Selective activation of opioid-containing
leukocytes promotes endogenous pain control following
nerve damage. Moreover, opioid cells appear important
for satisfactory exogenous opioid antinociception. Target-
ing of opioid-containing immune cells might represent
a new disease-modifying approach utilizing beneficial ef-
fects of neuro-inflammation in painful neuropathies.
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Glial activation and opioid analgesia in neuropathic pain

Joanna Mika, Ewelina Rojewska, Wioletta Makuch, Katarzyna Starowicz,

Barbara Przewtocka

Department of Pain Pharmacology, Institute of Pharmacology, Polish Academy of Sciences, Krakow, Poland

Background and Aim: Development of nerve injury-
induced neuropathic pain is accompanied by many
changes in biosynthesis of neuropeptides in the spinal
cord and DRG. These changes correspond to immune
and glial activation that have been shown to be responsi-
ble for the development of hyperalgesia and allodynia in
neuropathy. The aim of our study was to examine the in-
hibition of glia activation by minocycline on injury-
induced neuropeptide changes and the effectiveness of
opioid receptor ligands in a rat model of neuropathic pain.
Methods: The experiments were carried out accord-
ing to IASP recommendations and were approved by

214 Pharmacological Reports, 2011, 63, 207-225

the local Bioethics Committee. The chronic constric-
tion injury (CCI) of the sciatic nerve was performed.
Opioid receptor ligands and minocycline were in-
jected intrathecally or intraperitoneally. For behav-
ioral studies the allodynia/hyperalgesia were meas-
ured. For biochemical studies the RT-PCR and immu-
nohistochemistry methods were used.

Results: We provide evidence that chronic intraperi-
toneal administration of minocycline not only dimin-
ishes neuropathic pain-related behavior and Clg-
positive cell activation in the spinal cord and DRG,
but also reduces the injury-enhanced expression of
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prodynorphin in the DRG, and in consequence the
level of dynorphin, a peptide that is known to exhibit
non-opioid pronociceptive activity is increased.
Moreover, antiallodynic effects of MOR and KOR
agonists (morphine and U50,488H, respectively), but
not DOR (DPDPE, deltorphine II), were significantly
potentiated in rats with microglia inhibited by re-
peated injection of minocycline.

Conclusions: We demonstrated that sciatic nerve
injury-induced changes in the expression of opioid

neuropeptides, parallel to significant microglia,
macrophages and leukocytes activation. Our results
support the idea that targeting microglial activation
represents a novel and clinically promising method
for enhancing analgesic effects of opioids in neuro-
pathic pain.
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Morphine and Botulinum neurotoxin A: a successful
pharmacological combination against pain?

Valentina Vacca, Siro Luvisetto, Sara Marinelli, Flaminia Pavone

CNR, Cell Biology and Neurobiology Institute, Rome, Italy

Background and Aim: The clinical utility of opioids
is limited by important side effects, including the de-
velopment of tolerance during repeated use. A role of
NMDA receptors has been suggested in morphine tol-
erance, as well as in the analgesic action of botulinum
neurotoxin serotype A (BoNT/A). The aim of the
present research was to verify if BoONT/A can exert
a synergistic action with morphine and eventually in-
fluence the development of tolerance after the
opioid’s chronic administration.

Methods: CD1 male mice were intraplantarly in-
jected with BoNT/A (2—-15 pg/paw) and systemically
with morphine (1-4 mg/kg) and their single or combi-
natorial effects on formalin-induced inflammatory
pain were tested. Moreover, the effects of BoNT/A
(15 pg/paw) on the tolerance induced by morphine
(20 mg/kg along 8 days) were evaluated. Behavioral
responses were correrlated with immunofluorescence
staining of glial cells.

Results: BoNT/A and morphine exert a synergistic
action on licking response induced by formalin during
both early and late phases characterizing the formalin
test. Tolerance induced by a chronic administration of
morphine is inhibited by a previous intraplantar injec-
tion of BONT/A. BoNT/A results also in a modulatory
action on the astrocytes’ expression at the spinal cord
level.

Conclusion: The present results, showing that
BoNT/A potentiates the analgesic effects of morphine
and prevents tolerance induced by the chronic treat-
ment of the opiate, could have a tremendous impact in
terms of clinical application of BoNT/A as innovative
pharmacological treatment for treating pain.
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organized by Volker Hollt

Molecular mechanism of drugs of abuse

Chairmen: Volker Hollt and Ryszard Przewtocki

Functional selectivity of p-opioid receptor ligands

Thomas Koch', Jens Konietzko®, Christian Doll2, Stefan Schulz2, Gisela Grecksch’,

Volker Hollt

"Department of Pharmacology and Toxicology, Otto-von-Guericke University, Magdeburg, Germany; 2Institute of Pharmacology
and Toxicology, University Hospital, Friedrich Schiller University Jena, Germany

Background and Aim: Agonists of the p-opioid re-
ceptor (MOPr) are the most appropriate therapy for
moderate to severe pain, but their clinical use is lim-
ited by the development of tolerance and physical de-
pendence. Receptor phosphorylation and subsequent
internalization are thought to play a critical role in the
development of opioid tolerance and dependence.
Therefore, in the present study, we have generated
phosphosite-specific antibodies, which allowed us to
selectively detect the S363-, T370- and the S375-
phosphorylated form of the MOPr.

Results: Using these antibodies, we provide evidence
for distinct agonist-selective patterns of MOPr phos-
phorylation following activation by internalizing or
non-internalizing agonists. Moreover, we have re-
cently shown that the agonist-selective activation of
phospholipase D2 (PLD2) plays a key role in the in-
duction of MOPr internalization. Therefore, we tested
here the functional selectivity of opioids in receptor-

mediated PLD?2 signaling pathways such as ROS (re-
active oxygen species)-synthesis and p38 MAPK-
activation. We found that receptor-internalizing
agonists (like DAMGO, B-endorphin, Sufentanil, Fen-
tanyl, and Etonitazene) strongly induce ROS-synthesis
via PLD-dependent pathways, whereas agonists that
do not induce MOPr endocytosis and PLD2-activation
(like morphine, buprenorphine, hydromorphone, and
oxycodone) failed to activate ROS-synthesis in trans-
fected HEK293 cells. Moreover we demonstrate that
the opioid-selective activation of PLD2 is a require-
ment for the activation of p38 MAPK, which is in-
volved in the induction of receptor endocytosis.

Acknowledgments:

This work was supported by the Deutsche
Forschungsgemeinschaft (KR1740/10-1) to TK. and
(SCHU924/101) to S.S., by the Land Sachsen-Anhalt from the
“Européischen Fond fur regionale Entwicklung” (EFRE 2007-2013)
and the Doktor Robert Pfleger-Stiftung.

216 Pharmacological Reports, 2011, 63, 207-225



European Opioid Conference 2011, Krakéw, Poland
Symposia

A global view of drug-induced gene expression alterations in the

striatum

Michat Korostynski, Marcin Piechota, Ryszard Przewlocki

Department of Molecular Neuropharmacology, Institute of Pharmacology, Polish Academy of Sciences, Krakow, Poland

Background and Aim: The biological basis of addic-
tion and other neuropsychiatric disorders is hidden in
disturbed signal transmission between neuronal cells
in brain regions controlling motivation, mood and
emotions. Psychoactive drugs stimulate neuroplastic-
ity and readaptation of the target neural systems. It is
believed that these alterations are dependent on
changes in genome expression and translation of new
proteins.

Methods: To reveal the transcriptional networks acti-
vated by different classes of drugs we compared the ef-
fects of opioids (morphine, heroin), psychostimulants
(cocaine, methamphetamine), antidepressants (imi-
pramine, fluoxetine), anxiolytics (diazepam, buspirone)
and antipsychotics (haloperidol, clozapine) on gene ex-
pression profile in the mouse striatum. We applied
whole-genome microarray profiling to evaluate time-

course (1, 2, 4 and 8 h after injection) of transcrip-
tome alterations following acute drug administration.
Results: The present study elucidated all major drug-
regulated expression patterns in the brain that are
formed by inducible transcriptional networks. The
regulation of gene transcription is related to various
drug-receptor interactions and pharmacological effects
of the drugs. Moreover, we identified novel candidate
genes with drug-specific gene expression profiles.
Conclusions: Our results indicate the networks of
drug-regulated genes that share common regulatory
elements and functional properties.
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Glutamate inputs to catecholamine pathways shape behavioral

effects of addictive drugs

Jan Rodriguez Parkitna

Department of Molecular Neuropharmacology, Institute of Pharmacology, Polish Academy of Sciences, Krakow, Poland

Background and Aim: The persistence of drug-
conditioned behaviors is associated with adaptations
in glutamate signaling on catecholamine pathways in
the mesolimbic system. It was observed that even
a single exposure to a drug of abuse leads to long-term
strengthening of glutamatergic synapses on dopamin-
ergic neurons of the ventral tegmental area (VTA),
and that the changes the VTA subsequently lead to
plasticity in the nucleus accumbens.

Methods: In order to elucidate the roles of glutamate
signaling on different components of the catechola-
mine systems, we have generated a Cre/loxP mouse
models in which the essential NMDA receptor subunit
NRI1 is ablated in dopaminergic, noradrenergic or do-
paminoceptive neurons.

Results: While none of the mutations affected drug-
induced reinforcement as measured in the conditioned
place preference (CPP) paradigm, they had specific
effects in either psychomotor sensitization or rein-
statement of extinguished preference. Thus, ablation
of functional NMDA receptors on dopaminergic cells
prevented reinstatement of CPP, but did not alter the
psychomotor effects. Deletion of NMDA receptors on
dopaminoceptive (dopamine D1 receptor expressing)
neurons caused motor hypoactivity and diminished
reinstatement of CPP, but did not prevent develop-
ment of sensitization. Finally, ablation of NMDA re-
ceptors on noradrenergic cells did not affect reinstate-
ment of CPP, but prevented development of mor-
phine-induced psychomotor sensitization.
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Conclusions: Taken together these results dissect the
functions of NMDA-receptor dependent signaling in the
mesolimbic system, and reveal an interesting comple-
mentarity between dopamine and noradrenaline signal-
ing in development of drug-conditioned behaviors.
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Alterations of the mGluR S, vasopressin and oxytocin receptor
systems induced by chronic opioid administration and withdrawal

Alexis Bailey

Division of Biochemistry, Faculty of Health & Medical Sciences, University of Surrey, Guildford, Surrey GU27XH, UK

Background and Aim: Drug addiction is a chronic re-
lapsing disorder characterised by a transition from oc-
casional, controlled drug use, which is driven by the
positive reinforcing properties of the drug, to the com-
pulsive drug taking, which is driven by the emergence
of a negative emotional state when access to the drug is
prevented. Understanding the neuromolecular mecha-
nisms which are involved in triggering this transition
will not only provide us with important information
about the neurobiology of drug addiction but also will
provide us with novel targets for the treatment of drug
addiction and especially for the prevention of relapse.
We recently investigated the effect of chronic mor-
phine or acute or chronic withdrawal from morphine
administration on the mGIluR5 metabotropic glutamate
receptor density as well as vasopressin and oxytocin
receptor density with the use of quantitative receptor
autoradiographic mapping of mouse brains.

Methods: Male C57BL/6J mice were treated with
a chronic intermittent escalating dose morphine admini-
stration paradigm or withdrawn from morphine for
1 day (acute withdrawal) or 7 days (chronic with-
drawal). Quantitative autoradiographic mapping of
mGluRS5, vasopressin and oxytocin receptors was car-
ried out in brain sections of mice treated with the afore-
mentioned paradigm with the use of ["H]MPEP, [’H]Ar-
ginine Vasopressin (AVP) and ['*’TJOVTA respectively.
To discriminate between Vla and V1b receptors, a se-
lective V1b receptor antagonist (SSR149,514) was used
in displacement studies.

Results: Chronic morphine administration caused
a small but significant overall increase in mGIluR5

binding which persisted during acute withdrawal in
many brain regions. A dramatic 2-3 fold increase in
mGIuRS5 binding was found in almost all the brain re-
gions of chronically morphine withdrawn mice com-
pared to controls. Chronic morphine administration sig-
nificantly increased SSR149,514-resistant [PH]AVP
binding in the piriform cortex, nucleus accumbens,
lateral septum and amygdala, which persisted follow-
ing acute and protracted withdrawal. Chronic mor-
phine increased oxytocin receptor binding in the ol-
factory nuclei which persisted following acute with-
drawal while long-term withdrawal triggered the
increase of oxytocin receptor binding in the piriform
cortex, septum, nucleus accumbens, amygdala, ven-
tromedial hypothalamus and periventricular thalamic
nucleus. No detectable SSR149,514-sensitive ['H]JAVP
binding was observed in any of the brain regions ana-
lysed.

Discussion: These results indicate a prolonged dys-
regulation of the mGluRS, vasopressin and oxytocin
systems by chronic morphine administration which
persists or triggered after long-term withdrawal, sug-
gesting that the mGIuRS5, vasopressin and oxytocin
systems might play an important role in the mecha-
nisms underlying opioid addiction and opioid craving
after abstinence. These and other sudies will impact on
the future developments of novel relapse prevention
pharmacotherapy for opioid addiction. Recent precli-
nal studies will be discussed in this context.
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A general introduction to the endocannabinoid system and its
interactions with opioid receptor signalling

Vincenzo Di Marzo

Endocannabinoid Research Group, Institute of Biomolecular Chemistry, Consiglio Nazionale delle Ricerche, Pozzuoli, Naples, Italy

The most studied endocannabinoids, anandamide and
2-arachidonoylglycerol, are arachidonic acid-containing,
phospholipid-derived mediators produced “on de-
mand” that act mostly by stimulating the activity of
the two G-protein-coupled receptors for A%-tetrahydr-
ocannabinol, the cannabinoid receptors of type 1 and
2 (CBj and CB,). This “endocannabinoid signaling
system” is emerging as a key player in the control, on
the one hand, of synaptic function and, on the other
hand, of metabolism, reward and nociception, three
physiological functions in which opioid receptor sig-
naling is deeply involved. Both cannabinoid CB; re-
ceptors and proteins controlling endocannabinoid tis-
sue levels, such as the biosynthesizing enzymes, dia-
cylglycerol lipase-o. and NAPE-PLD, and the inactivating
enzymes, monoacylglycerol lipase and fatty acid am-
ide hydrolase, are expressed in brain areas controlling

metabolism, reward and pain, areas which very often
also co-express p-opioid receptors (MORs). On the
other hand, functional interactions at the level of
down-stream signaling or of the potential formation of
heterodimers, were shown to occur between MORS or
p-opioid receptors and CB; receptors. Furthermore, an
alternative molecular target for anandamide and the less
studied endocannabinoid, N-arachidonoyl-dopamine,
was identified as the transient receptor potential of va-
nilloid type-1 (TRPV1) channel, which plays a key
role in inflammatory and chronic pain and is also of-
ten co-expressed with p-opioid receptors (MORSs) in
both spinal and supra-spinal CNS neurons that control
nociception. Recent aspects of the cross-talk between
CB/TRPV1 receptors and MORs in neurons, with
emphasis on their role in the framework of pain con-
trol, will be discussed in my presentation.
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Involvement of the cannabinoid system in the antinociception

induced by opioids

Julie Desroches’, Jean-Francois Bouchard?, Louis Gendron3, Pierre Beaulieu' 4

"Departments of Pharmacology and “Anesthesiology, Faculty of Medicine, School of Optometry, Université de Montréal, Montréal,
Québec, Canada; *Department of physiology and biophysics, Faculty of Medicine and Health Sciences, Université de Sherbrooke,

Sherbrooke, Québec, Canada

Background and Aim: Interactions between the can-
nabinoid and the opioid systems are reciprocal for
pain modulation. However, the role of the cannabi-
noid system in the antinociceptive effects of opioids
remains uncertain. We aimed at highlighting cannabi-
noid system involvement in pain modulation during
activation of the opioid system.

Methods: Male C57BL/6, cnrlWT, cnrlKO, cnri2WT
and cnr2KO mice (25-30 g) received saline or morphine
1 pg in the dorsal surface (subcutaneous; sc) of the left
hind paw or intrathecal (if) saline or morphine 0.1 pg ad-
ministered 5 min before formalin (n = 6 per group). In-
flammation was induced by intradermal injection of 5%
formalin (10 pl) into the hind paw. Nociception was as-
sessed behaviourally over the next 60 min. The level
(Bmax) of mu opioid receptors (MOPR) for each four
genotypes was measured using saturation binding assays
on mice spinal cord (n = 3 per group).

Results: In the late phase of the formalin test, sc and
it morphine both produced a significant analgesic ef-

fect in C57BL/6 and wild type mice vs. their respec-
tive controls. The antinociceptive effects of morphine
were decreased by 87% (sc) and 100% (if) in cnr KO
vs. enrlWT mice and by 76% (sc) and 90% (it) in
cnr2KO vs. enr2WT mice. The level of MOPR did not
differ between groups.

Conclusions: The loss of analgesic effectiveness of
peripheral and spinal morphine in cannabinoid recep-
tors knockout mice reveals the existence of an interac-
tion between the cannabinoid and the opioid systems
which is not caused by a decrease in MOPR expres-
sion within the different genotypes.
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Endocannabinoid catabolic enzyme inhibitors reduce opioid

withdrawal responses

Aron Lichtman

Department of Pharmacology and Toxicology, Virginia Commonwealth University, Richmond, Virginia USA

Background and Aim: In 1889, Birch (The Lancet,
133:625) published a case report in which an extract
from Cannabis sativa alleviated withdrawal symp-
toms in an opium addict. Since then, several preclini-
cal studies that the primary psychoactive constituent
of this plant, A’-tetrahydrocannabinol (THC) reduced
naloxone-precipitated withdrawal in morphine-dependent
rodents. Although THC produces the bulk of its phar-
macological actions through the activation of CBI
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and CB2 cannabinoid receptors, the role of these re-
ceptors in reducing opioid withdrawal symptoms re-
mains unknown. The endogenous cannabinoids, N-
arachidonoylethanolamine (anandamide; AEA) and 2-
arachidonylglycerol (2-AG), activate both cannabi-
noid receptors, but are rapidly metabolized by fatty
acid amide hydrolase (FAAH) and monoacylglycerol
lipase (MAGL), respectively. The objective of the
present study was to test whether increasing AEA or
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2-AG, via inhibition of their respective catabolic en-
zymes, reduces naloxone-precipitated morphine with-
drawal symptoms in in vivo and in vitro models of
opioid dependence.

Method: Mice were implanted subcutaneously with
75 mg morphine pellets and challenged 72 h later with
naloxone (1 mg/kg) to precipitate a profound with-
drawal syndrome consisting of jumping, paw tremors,
head shakes, diarrhea, and weight loss.

Results: THC and the MAGL inhibitor, JZL184
dose-dependently reduced the intensity of most with-
drawal measures through the activation of CB1 recep-

tors. The FAAH inhibitor, PF-3845 reduced the inten-
sity of naloxone-precipitated jumps and paw flutters,
but not diarrhea or weight loss in morphine-dependent
mice. In the final series of experiments, we investi-
gated whether JZL184 or PF-3845 would attenuate
naloxone-precipitated contractions in morphine-
dependent ilea.

Conclusions: Both enzyme inhibitors attenuated the
intensity of naloxone-induced contractions. Taken to-
gether, these findings suggest that targeting endocan-
nabinoid catabolic enzymes represents a promising
strategy to treat opioid withdrawal.

Regulation of cannabinoid receptors Type 1 and p opioid

receptors by micro RNA

Jurgen Kraus, Christine Borner, Elisa Martella, Volker Hollt

Department of Pharmacology and Toxicology, Medical Faculty, University, Magdeburg, Germany

p opioid receptors (MOR) mediate the effects of most
of the clinically used opioids such as morphine. Most
effects of cannabinoids are mediated by either type 1
(CBI) or type 2 cannabinoid receptors. Both, MOR
and CBI are expressed constitutively in many neu-
ronal cells, including human neuroblastoma SH
SY5Y cells, and are inducible in T lymphocytes. In
the last decade it has been found that small RNA spe-
cies termed microRNA (LRNA) regulate genes at the
posttranscriptional level. In general, ptRNA binds spe-
cificly to a gene’s mRNA resulting in translational re-
pression and gene silencing. We investigated the ef-
fects of uRNA on the expression of MOR and CB1 in
SH SYS5Y cells and in human Jurkat T lymphocytes
by assaying two functions typically mediated by these

receptors: (I) the phosphorylation of p42/44 MAP ki-
nase induced by morphine and methanandamide and
(I) the decrease in the intracellular cAMP content of
the cell induced by morphine and methanandamide.
Overexpression of tRNA let7A, let7D and mir98 in
transiently transfected cells resulted in decreased
MOR activity in both cell types, while mir23B had no
effect. On the other hand, overexpression of let7D and
mir23B resulted in decreased CB1 activity in both cell
types, while let7A and mir98 had no effect. In sum-
mary, these data demonstrate regulation of MOR and
CBI1 by uRNA. Since it was demonstrated that, vice
versa, drugs of abuse regulate pRNA expression, this
may offer novel approaches to the understanding of
phenomena such as tolerance and addiction.
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Morphine withdrawal regulates phosphorylation of heat shock
protein 27 through extracellular-signal-regulated kinase in the

heart

Almela Pilar, Elena Martinez-Laorden, Lucia Mora, Marfa Victoria Milanés, Maria Luisa Laorden

Department of Pharmacology. Faculty of Medicine. Murcia, Spain

Background and Aim: Heat shock protein 27
(Hsp27) is a well-known stress response protein that
becomes phosphorylated through interaction with ex-
tracellular signal-regulated kinase (ERK). Different
drugs of abuse, such as morphine and/or its with-
drawal, induce severe stress situations. In this study,
we have investigated phospho-Hsp27 expression dur-
ing morphine dependence and withdrawal and have
evaluated the interaction between Hsp27 and ERK in
the rat right ventricle.

Methods: Dependence on morphine was induced by
a 7-days sc implantation of morphine pellets. Mor-
phine withdrawal was precipitated on day 8 by injec-
tion of naloxone (2 mg/kg, sc). Phospho-Hsp27 at ser-
ine 15 was determined by quantitative blot immunola-
belling using a specific antibody.

Results: Naloxone-precipitated morphine withdrawal
increased the phosphorylation of Hsp27 at serine 15

30, 60, 90 and 120 min after the injection of the
opioid antagonist. However, there were not changes in
Hsp27 phosphorylation in the morphine dependent
group injected with saline. In addition, pretreatment
with SL327, an inhibitor of ERK phosphorylation, de-
creased the activation (phosphorylation) of Hsp27,
suggesting that ERK activation triggers Hsp27 phos-
phorylation.

Conclusions: The present findings demonstrate that
morphine withdrawal is capable of inducing the acti-
vation of Hsp27 in the heart and suggest that phos-
phorylation of Hsp27 is closely linked and also de-
pendent on the ERK pathway.
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u-opioid receptor (MOR) expression and opioid-mediated
intracellular signalling are altered in glial cells exposed to

TNF-a

Andrea Bedini, Gabriele Vincelli, Santi Spampinato

Department of Pharmacology, University of Bologna, Bologna, Italy

Background and Aim: Glial cells are activated at mul-
tiple sites along the pain pathway following peripheral
trauma or inflammation, thus inducing production and
release of several pro-inflammatory cytokines which act
in a autocrine/paracrine fashion, drive pain amplification
and maintain chronic pain states like neuropathic pain.
Toll-like receptor 4 (TLR4) engagement mediates the
initial release of pro-inflammatory cytokines, such as
TNF-a, which in turn sustain prolonged glial activation.
TLR4-mediated modulation of glial activity as well as
opioid-induced glial activation have been extensively in-
vestigated; however, mu-opioid receptor (MOR) expres-
sion and function in glial cells have been little explored.
Aim of this study has been to investigate MOR expres-
sion upon exposure of U87-MG human glial cells and
rat primary microglia to TNF-a 24 — 72 h), and to evalu-
ate any effect elicited by different opioid agonists on
MOR intracellular signalling.

Results: We found that TNF-a determined a signifi-
cant, concentration- and time-dependent up-regulation
of MOR mRNA and protein levels; as expected, mor-
phine and DAMGO induced ERK phosphorilation in
untreated glial cells, but not in TNE-a-pre-treated
glial cells. Our findings show that MOR expression
and function in glial cells are significantly altered fol-
lowing prolonged exposure to TNF-o, as MOR-
mediated activation of MAPK pathway in glial cells
seems to be desensitized after TNF-o treatment, albeit
the significant up-regulation of MOR expression.
Conclusions: These results suggest that MOR may
play a relevant role in glial cells which is altered by
prolonged exposure to TNF-a.: any influence on glial
modulation of neuronal functions and opioid effec-
tiveness in chronic pain states needs further investiga-
tions.

Peripheral and central analgesic effects of novel opioid peptides

Anna Lesniak', Joanna Matalinska'l, Marta Bochynska-Czyz', Mariusz Sacharczuk?,

Andrzej W. Lipkowski

Mossakowski Medical Research Centre Polish Academy of Sciences, Warsaw; 2Institute of Genetics and Animal Breeding

Jastrzgbiec, Poland

Background: Malignant, long-lasting pain is an im-
minent component in patients with advanced cancer,
which decreases the quality of life of patients. Novel
opioid peptide analogs offer new possibilities in can-
cer pain relief via binding to peripheral opioid recep-
tors as well as reducing cancer cell proliferation. An-
algesia produced by the stimulation of peripheral
opioid receptors results in a reduction of undesirable
centrally-mediated side effects and enables long-term
administration.

Methods: B16T0 melanoma cells were inoculated sc
into the left hindpaw footpad of male C57BL6 mice.
Nineteen days after cell implantation animals were in-
jected with biphalin, biphalin analog or morphine.
Pain thresholds were assessed in the plantar and tail
flick tests.

Results: Tumor growth resulted in an onset of pain be-
havior in the tumor-bearing hindpaw Analgesia pro-
duced by biphalin in the tumor bearing paw was greater
than after morphine injection in the plantar test.

Pharmacological Reports, 2011, 63, 207225 223



European Opioid Conference 2011, Krakéw, Poland
Symposia

Conclusions: The difference in effectiveness between
biphalin and morphine in cancer pain may result from
differential BBB of both drugs. Biphalin produces
stronger peripherally-mediated analgesia than mor-
phine due to a slower uptake into the CNS. Also the

change in the specific milieu in pathologically
changed tissue may affect opioid receptor expression
and binding properties in the periphery.
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Homer proteins regulate the heroin-induced rewarding effect

under neuropathic pain

llona Obara'.2., K.K. Szumlinski

'Department of Psychology, University of California, Santa Barbara, USA; 2Department of Pain Pharmacology, Institute
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Background and Aim: Groupl metabotropic gluta-
mate receptors and Homer proteins regulate glutamate
transmission modulating behavioral sensitivity of chronic
pain and drugs of abuse. Using a combination of be-
havioral genetics and immunoblotting approaches we
delineated the relative roles played by different Homer
isoforms, including their interactions with mGIuRS,
in the development of neuropathic pain and conse-
quent effects on heroin-induced place-conditioning
(CPP).

Method: Homerla, Homerl and DOHI/2 knock-out
(KO) and transgenic (Tg) mice with reduced mGluR-
Homer binding (mGuR5™" R, mGluR5T 34511264
were subjected to sciatic nerve ligation and tested for
pain symptoms and heroin-induced CPP. Homer pro-
tein levels were modulated by intra-accumbens virus-
mediated gene transfer of Homerlc cDNA or siRNA.
Results: Injury elevated accumbens Homerlc level
that was accompanied by increased expression of
mGIluRS and NR2a. Compared to uninjured WT con-
trols, nerve injury increased pain symptoms in WT

mice. Relative to WTs, Homerla KO and all Tgs ex-
hibited increased allodynia. Heroin elicited robust
CPP in uninjured WT mice and conditioned place-
aversion (CPA) in neuropathic WTs. Interestingly,
with the exception of the mGuR5""**%, all uninjured
mutant lines exhibited heroin CPP, but neuropathic
mice failed to develop heroin CPA. Additionally,
AAV-Homerlc produced, while shRNA-Homerlc
prevented against, heroin CPA in neuropathic mice.
Conclusion: These indicate that different Homer iso-
forms appear to play distinct roles in regulating the
processing of chronic pain, which may have relevance
to our understanding of its etiology and treatment.
Moreover, accumbens Homer proteins and Homer-
mGIuRS5 interactions are important for the develop-
ment of opioid-dependent neuroplasticity of relevance
to opioid addiction.
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Metabotropic mGluRS5- and adenosine A,,-receptor interactions

in opioid addiction

Sherie Rose Smith, Nicole Pochani, Ream Al-Hasani, Susanna Hourani, Lisa Wells,

lan Kitchen, Alexis Bailey.

Faculty of Health and Medical Sciences, University of Surrey, Guildford, Surrey, United Kingdom

Background and Aim: Substantial evidence shows
that mGIluRS5 receptors play an important role in opioid
addiction and chronic morphine treatment and long-
term withdrawal from that treatment up-regulates
mGIuRS5 binding in brains of mice. Functional inter-
actions between mGluRS receptors and striatal adeno-
sine Ajs-D, dopamine receptor heterodimers have
been implicated and are hypothesised to play impor-
tant roles in opioid addiction.

Method: To further investigate mGIluR5-A, 4 receptor in-
teractions in the brain, we carried out quantitative autora-
diographic mapping of the mGIuRS receptor (CH]MPEP)
in brains of naive male CD-1 (8-12 week) wild-type
(WT) and adenosine A,x-receptor knockout mice (KO).
To mimic the human pattern of opioid abuse, an age-
matched treatment group were treated with a chronic in-
termittent saline or an escalating dose morphine protocol
(20-100 mg/kg, ip twice-daily, 8 days). Horizontal loco-
motor activity was recorded daily.

Results: In naive mice, two-way ANOVA showed
a significant genotype effect with no significant geno-
type x region interaction effect. A significant decrease
(~50%) in ["H]MPEP binding was observed solely in
ventral striatal areas of KO mice vs. WT. Three-way
repeated measures ANOVA showed significant geno-
type x time x treatment interaction on post-treatment
locomotor activity at higher (80—100 mg/kg) but not
lower doses (2040 mg/kg) of morphine. Diminished
morphine-stimulated locomotor response was observed
in KO vs. WT mice 60—120 minutes post-injection on
Day 7.

Conclusion: This data clearly adds to the evidence
for the presence of an mGluR5-A,, receptor interac-
tion in the ventral striatum which might be involved
in opioid addiction; whether mGIluR5-A,, interac-
tions are involved in behavioural effects of opioids re-
mains to be determined.
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