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Research Findings - Basic Neuroscience Research

AMPA Glutamate Receptors Mediate Time Dependent Cue-Induced
Craving for Cocaine

Increased time dependent craving for cocaine is frequently seen among cocaine
addicts following abstinence and may account for relapse after periods of
abstinence. This can be modeled in rats. Rats are trained for 10 days to nose
poke to self-administer cocaine when a light cue is presented. 1 or 45 days are
allowed to pass before placing the rat back into the chamber where the rat had
learned to self-administer cocaine in the presence of the light cue. After the 1
or 45 period of abstinence the light is presented but the rat is no longer
rewarded for nose poking with a cocaine injection, a process called extinction.
Conrad and colleagues report that rats after 45 days of abstinence made more
nose pokes in the presence of the cue as compared to rats after 1 day of
abstinence even though no cocaine was delivered showing a time-dependent
increase in cue-induced cocaine seeking. Conrad and colleagues then examined
whether glutamate synaptic transmission is altered in the nucleus accumbens,
a subcortical structure involved in reward that receives input from dopamine
neurons and neurons in prefrontal cortex and limbic regions of the brain.
Glutamate can act on three classes of receptors: NMDA, AMPA, and
metabotropic receptors. The NMDA and AMPA receptors excite the neuron upon
sensing the release of glutamate from an adjacent neuron by allowing ions to
pass through while metabotropic receptors change neuronal excitability by
activating enzymes. Conrad and colleagues report that number of GIuR1 and
GIuR3 receptors, but not GIuR2 AMPA receptors are increased in the shell and
core of the nucleus accumbens. Naspm, a blocker of GIuR1 and GIUR3
receptors, inhibited the enhanced cue-induced cocaine seeking after prolonged
withdrawal from cocaine withdrawal after injections into the nucleus
accumbens on the test withdrawal days. These results suggest that prolonged
withdrawal from cocaine produces increases in the number of GluR1 and GIuR3
receptors leading to time dependent increased responding for cocaine
associated cues and may be responsible for cocaine craving in human addicts.
Conrad, K.L., Tseng, K.Y., Uejima, J.L., Reimers, J.M., Heng, L.J., Shaham, Y.,
Marinelli, M., and Wolf, M.E. Formation of Accumbens GluR2-lacking AMPA
Receptors Mediates Incubation of Cocaine Craving. Nature, 454(7200), pp.
118-121, 2008.

Phosphorylation Dependent Trafficking of GIuR2 Receptors in the
Nucleus Accumbens Play a Key Role in Drug-Induced
Reinstatement of Drug Seeking Behavior

Previous work suggests that AMPA glutamategic transmission plays a key role
in reinstatement of drug seeking behavior when drug seeking is primed by a
drug such as cocaine. In this paradigm animals are trained to press a lever for
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Media and Education

cocaine. The behavior is then extinguished by no longer administering cocaine 2L
Activities

after a lever press. A week later, the rats are given an injection of cocaine
which primes the animal to press the lever again. Injections of AMPA receptor )
agonists reinstate drug seeking behavior after it has been extinguished and Planned Meetings
AMPA antagonists injected into the nucleus accumbens block cocaine seeking
behavior following a priming injection of cocaine. In the October 22, 2008 issue
of the Journal of Neuroscience Dr. Chris Pierce and his colleagues report that . .
the injection of the AMPA receptor antagonist CNQX into the nucleus Staff Highlights
accumbens shell or core, injected just before a priming dose of cocaine,
attenuated cocaine seeking behavior. Dr. Pierce and his colleagues then
showed that reinstatement of cocaine seeking behavior by a priming dose of
cocaine is mediated by phosphorylation of the GIuUR2 receptor at serine 880 in
the nucleus accumbens shell but not core. The effect on phosphorylation of the
GIuR2 receptor is specific because phosphorylation of the receptor is not
observed for animals receiving a priming dose that were not receiving
contingent cocaine. Phosphorylation of GIuR2 at serine 880 is required for
association of GIuR2 to Pickl and subsequent internalization of the receptor. To
test whether phosphorylation of the GIuR2 receptor is causally involved in drug
reinstatement, Dr. Pierce and his colleagues injected Pep2-EVKI, a peptide that
blocks GIuR2 trafficking by preventing the phosphorylation of GIluR2 and
subsequent association of GIuR2 with the gene, PICK1, into the nucleus
accumbens an hour before the priming dose of cocaine. The Pep2-EVKI but not
a control peptide, Pep2-SVKE, attenuated drug induced reinstatement of
cocaine seeking behavior. These results suggest that the phosphorylation of
GIuR2 receptor and its internalization promote drug seeking behavior. Famous,
K.R., Kumaresan, V., Sadri-Vakili, G., Schmidt, H.D., Mierke, D.F., Cha, J.H.,
and Pierce, R.C. Phosphorylation-Dependent Trafficking of GIuR2-Containing
AMPA Receptors in the Nucleus Accumbens Plays a Critical Role in the
Reinstatement of Cocaine Seeking J. Neurosci. 28(43), pp. 11061-11070,
2008.

Publications

Grantee Honors

The Nicotinic Acetylcholine Receptor B2 Subunit (CHRNB2) Gene
is Implicated in Smoking Cessation: A Genetic Marker for
Bupropion Treatment And Relapse Risk?

It is well-documented that there is substantial variability among individuals in
response to bupropion treatment for tobacco dependence. David Conti and his
colleagues performed a systems-based candidate gene study of 1295 single
nucleotide polymorphisms (SNPs) in 58 genes within the neuronal nicotinic
receptor and dopamine systems to investigate their role in smoking cessation
in a bupropion placebo-controlled randomized clinical trial. In global tests of
main effects and treatment interactions, a SNP (rs2072661) in the 3' UTR
region of the B2 nicotinic acetylcholine receptor subunit (CHRNB2) has an
impact on abstinence rates at the end of treatment (adjusted P= 0.01) and
after a 6-month follow-up period (adjusted P = 0.0002). Independent of
treatment at 6-month follow-up, individuals carrying the minor allele have
substantially decreased the odds of quitting (OR = 0.31; 95% CI 0.18-0.55).
Effect of estimates indicate that the treatment is more effective for individuals
with the wild-type (OR = 2.14, 95% CI 1.20-3.81) compared with individuals
carrying the minor allele (OR = 0.83, 95% CI 0.32-2.19), although this
difference is only suggestive (P = 0.10). Furthermore, this SNP demonstrated a
role in the time to relapse (P = 0.0002) and an impact on withdrawal
symptoms at target quit date (TQD) (P = 0.0009). Overall, while the results
indicate strong evidence for CHRNB2 in ability to quit smoking, these results
require replication in an independent sample. Conti, D.V., Lee, W., Li, D., Liu,
J., Van Den Berg, D., Thomas, P.D., Bergen, A.W., Swan, G.E., Tyndale, R.F.,
Benowitz, N.L., and Lerman, C. for the Pharmacogenetics of Nicotine Addiction
and Treatment Consortium. Nicotinic Acetylcholine Receptor 2 Subunit Gene
Implicated in a Systems-based Candidate Gene Study of Smoking Cessation.
Hum. Mol. Genetics, 17, pp. 2834-2848, 2008.
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Dopamine, Norepinephrine and Serotonin Modulate Monoamine
Transporter Function via TAAR1

The trace amine-associated receptor 1 (TAAR1) is expressed in brain
monoaminergic systems and activated by dopamine, norepinephrine and
serotonin. This study used transfected HEK293 cells and brain synaptosomes to
evaluate the interaction of these monoamines with TAAR1 and with monoamine
autoreceptors to explore their modulatory effects on monoamine transporters.
The researchers demonstrated that TAAR1 signaling was attenuated by
monoamine autoreceptors following exposure to dopamine, norepinephrine or
serotonin. In transfected cells, TAARL in response to dopamine, norepinephrine
or serotonin significantly inhibited uptake and promoted efflux of dopamine,
[norepinephrine or serotonin, respectively, whereas the monoamine
autoreceptors, D2s, alpha (2A) and 5-HT(1B), enhanced the uptake function
under the same condition. In brain synaptosomes, dopamine, norepinephrine
or serotonin significantly altered the uptake and efflux of dopamine,
norepinephrine or serotonin, respectively, when the monoamine autoreceptors
were blocked. By comparing the effects of dopamine, norepinephrine and
serotonin in non human primate and wild-type mouse synaptosomes to their
effects in TAAR1 knockout mouse synaptosomes, they deduced that TAARL
activity inhibited uptake and promoted efflux by monoamine transporters and
that monoamine autoreceptors exerted opposite effects. These data provide
the first evidence that common biogenic amines modulate monoamine
transporter function via both TAAR1 and monoamine autoreceptors, which may
balance their activity. In this regard, the data reveal that TAARL functions as a
monoamine autoreceptor in monoaminergic neurons. Xie, Z., Westmoreland,
S.V., and Miller, G.M. Modulation of Monoamine Transporters by Common
Biogenic Amines via Trace Amine-Associated Receptor 1 and Monoamine
Autoreceptors in Human Embryonic Kidney 293 Cells and Brain Synaptosomes.
J. Pharm. Exp. Ther., 325, pp. 629-640, 2008.

Cocaine Preferentially Enhances Firing and Evokes Release of
Dopamine in the Shell of the Nucleus Accumbens

In this study, characterization of electrophysiological transients (firing of
neurons) was accomplished by pharmacologically blocking dopamine
autoreceptors, one of the regulatory elements of neurotransmission.
Comparisons of real-time measurements using in vivo voltammetry after
cocaine administration and systemic manipulation of dopamine autoreceptors
provided reliable resolution between increases in the frequency of dopamine
release events and the concentration of dopamine released. Wightman and his
colleagues showed that the preferential enhancement of dopamine
transmission within the NAc shell that is evoked by cocaine is attributable to a
greater number of phasic release events originating from midbrain
dopaminergic neuron activity. This subregion difference was abolished by
autoreceptor blockade before cocaine administration. Finally, cocaine
administration in the absence of autoregulation resulted in a synergistic
increase in [DA], describing one mechanism by which cocaine induces burst
firing from dopaminergic neurons. This study provides novel characterization of
the distinct processes that encompass extracellular dopamine transmission,
shows the first evidence that cocaine directly increases dopamine release
events in a temporally and regionally specific manner, and demonstrates the
significance of autoregulation in cocaine-evoked dopamine transmission.
Aragona, B.J., Cleaveland, N.A., Stuber, G.D., Day, J.J., Carelli, R.M., and
Wightman, R.M. Preferential Enhancement of Dopamine Transmission within
the Nucleus Accumbens Shell by Cocaine Is Attributable to a Direct Increase in
Phasic Dopamine Release Events. J. Neuroscience, 28, pp. 8821-8831, 2008.
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B-Catenin is Required for Memory Consolidation

Recent work by Magaschuk and Ressler suggests that B-catenin, a molecule
that governs some of the structural changes in synaptic morphology at
excitatory synapses, has a role in long-term memory formation. B-catenin is
highly expressed in the adult mouse amygdala and is dynamically regulated at
both the transcriptional and post-translational levels with fear learning.
Pharmacological stabilization of B-catenin with LiCl resulted in enhanced
learning, whereas genetic deletion of its gene, Ctnnb1l, in the amygdala
resulted in deficient learning. By studying the effects of Ctnnb1l deletion in
adult mice, these researchers have identified a role for B-catenin in learning
and memory that is distinct from its role in development. Their data suggest
that B-catenin is required for the consolidation, but not the acquisition, of fear
memory. However, once memory consolidation has occurred, B-catenin is no
longer needed to express the memory. During this consolidation period, the
interaction between B-catenin and cadherin, a cell adhesion protein, is
dynamically regulated, suggesting that -catenin is involved in the structural
conversion of short-term labile to long-term stable memory traces and that this
effect was specific to the basal lateral amygdala. This mechanism may also
prove to be important in memory consolidation processes associated with drug
addiction. Magaschak, K.A. and Ressler, K.J. B-catenin is Required for Memory
Consolidation. Nature Neurosci., 11, pp. 1319-1326, 2008.

Pharmacotherapies Targeted at Alpha 6 Nicotinic Acetylcholine
Receptors May Be Useful in Treating Human Disorders Involving
Changes in Dopamine

Nicotinic acetylcholine receptors (NAChRs) modulate dopaminergic transmission
within the nervous system. One subtype of nAChR, the alpha6-containing
(alpha6*) nAChR, is selectively expressed in dopamine neurons. Previous
studies using gene knockouts (alpha6é knockout mice) or pharmacological
inhibition of alpha6é NAChRs have identified behavioral and physiological
responses that are regulated by alpha6é nAChR function. This recent study
takes these previous results further by generating and studying mice with gain-
of-function alpha6* nAChRs that amplify rather than inhibit cholinergic control
of dopaminergic transmission. These gain-of-function mice show increased
dopamine neuron excitability and dopamine release. And intriguingly, these
mice display behavioral phenotypes consistent with increased dopaminergic
transmission. Alpha6 gain-of-function mice exhibited locomotor hyperactivity in
their home cage and failed to habituate to a novel environment. Selective
activation of alpha6* nAChRs with low doses of nicotine, thereby stimulating
dopamine but not GABA neurons, exaggerated these phenotypes and produced
a hyper-dopaminergic state in vivo. Experiments with additional nicotinic drugs
showed that altering agonist efficacy at alpha6* receptors provided fine tuning
of dopamine release and locomotor responses. Thus, alpha6*-specific agonists
or antagonists may, by targeting endogenous cholinergic mechanisms in
midbrain or striatum, provide a method for treating neural disorders that result
from aberrant dopaminergic transmission. Drenan, R.M., Grady, S.R.,
Whiteaker, P., McClure-Begley, T., McKinney, S., Miwa, J.M., Bupp, S., Heintz,
N., MclIntosh, J.M., Bencherif, M., Marks, M.J., and Lester, H.A. In Vivo
Activation of Midbrain Dopamine Neurons Via Sensitized, High-affinity alpha 6
Nicotinic Acetylcholine Receptors. Neuron. 60(1), pp. 123-136, 2008.

Tolerance to Short-Term Repeated Morphine Administration is
Associated with Increased, As Well As Decreased, Potency of
Opioid Agonists

Tolerance to the pain-relieving effects of opiates limits their clinical use.
Morphine tolerance is associated with desensitization of mu-opioid receptors.
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However, one problem with the desensitization hypothesis is that acute
morphine does not readily desensitize mu-opioid receptors. Thus, studies of
opioid tolerance have been typically performed after prolonged, continuous
opioid pretreatment. These studies have routinely shown that continuous opioid
pretreatment decreases opioid activation of G-protein-mediated inwardly
rectifying potassium (GIRK) currents, subsequently altering neuronal activity
within the periaqueductal gray region that then contributes to the expression of
antinociceptive tolerance. The paper cited here sought to determine whether
similar changes occurred with short-term repeated morphine exposure. Using
this exposure paradigm, it was found that short-term repeated exposure to
opioids produced a biphasic effect on GIRK currents in morphine tolerant rats.
Unexpectedly, opioid activation of GIRK currents was initially potentiated in
morphine compared to saline pretreated rats. These currents were inhibited by
the mu-opioid receptor antagonist beta-funaltrexamine suggesting that short-
term repeated morphine administration enhances agonist stimulation of mu-
opioid receptor coupling to G-proteins. Longer application of opioids produced
mu-opioid receptor desensitization consistent with results obtained with
continuous opioid exposure. However, peak GIRK currents from short-term
repeated exposure and tolerant rats desensitized more than currents from
saline pretreated rats. These data indicate that antinociceptive tolerance due to
short-term repeated opioid exposure may be triggered by enhanced agonist
potency followed by an increased desensitization of mu-opioid receptors. Thus,
this paper may have uncovered a novel action of opioids at mu-opioid
receptors. Ingram, S.L., Macey, T.A., Fossum, E.N., and Morgan, M.M.
Tolerance to Repeated Morphine Administration is Associated with Increased
Potency of Opioid Agonists. Neuropsychopharmacology, 33(10), pp. 2494-504,
2008.

Striatal Misregulation of Cdk5 Alters Locomotor Responses to
Cocaine, Motor Learning, and Dendritic Morphology

Cyclin dependent kinase 5 (Cdk5), an enzyme expressed primarily in neural
cells, regulates dopamine (DA) neurotransmission and striatal neuron
excitability and may play a role in mediating synaptic plasticity and learning. In
the striatum, medium spiny neurons (MSNs) receive midbrain dopaminergic
and cortical glutamergic inputs which influence reward and motor learning
pathways. Recently, James Bibb and colleagues investigated the effects of
Cdk5 misregulation on striatal-mediated behavior and learning. Cdk5 regulation
of DA signaling alters behavioral and biochemical responses to stimulants such
as cocaine. Cleavage of the Cdk5 cofactor p35 to form a Cdk5/p25 complex
results in abnormal Cdk5 activity and, in turn, neurotoxicity and
neurodegeneration. In this study, the investigators generated a transgenic
mouse in which p25 could be selectively overexpressed. Using this mouse
strain, Bibb and colleagues demonstrated that overexpression of p25 and the
resultant misregulation of Cdk5 leads to reduced locomotor sensitization to
cocaine over a five day exposure period. In addition, these mice displayed
decreased motor coordination, which further indicates that p25-mediated Cdk5
misregulation results in abnormal DA- and striatal-dependent motor behavior.
Histological evaluation of p25 overexpression in striatum revealed elevated
amounts of glial fibrillary acidic protein (GFAP) and altered cellular morphology,
including abnormally shaped cell bodies and decreased dendritic spine density.
GFAP is a marker of activated astrocytes and astrogliosis, which accompanies
excitotoxic neuronal cell loss. However, in the case of p25 overexpression-
dependent Cdk5 misregulation within the striatum, MSNs remained alive,
although with significant loss of function. The above findings show that
abnormal Cdk5 regulation results in impaired function of this brain region
without the neurodegeneration and neuronal cell loss normally associated with
p25 overexpression and, as a result, may prove useful for investigation of non-
neurodegenerative neurological disorders. Meyer, D.A., Richer, E., Benkovic,
S.A., Hayashi, K., Kansy, J.W., Hale, C.F., Moy, L.Y., Kim, Y., O'Callaghan, J.P.,
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Tsai, L.H., Greengard, P., Nairn, A.C., Cowan, C.W., Miller, D.B., Antich, P., and
Bibb, J.A. Striatal Dysregulation of Cdk5 Alters Locomotor Responses to
Cocaine, Motor Learning, and Dendritic Morphology. Proc. Natl. Acad. Sci. U S
A., 105, pp. 18561-18566. Epub, 2008.

Cdk5 Regulates Neurogenesis in Adult Hippocampus

Many substances of abuse affect the dopaminergic neural circuits by inducing
specific gene expression. One of the genes substantially affected by substances
of abuse, such as cocaine and nicotine, is Cdk5, as it is immediately
downstream of several upregulated transcription factors, and is significantly
upregulated. During brain development, Cdk5 plays a role in neuronal
differentiation and migration, but its role in the adult brain, is not clear. A
group of NIDA researchers at University of Texas Southwestern, led by Dr.
Amelia Eisch, report that Cdk5 has an essential role in the survival of adult-
generated neurons in hippocampus. These researchers assessed the role of
Cdk5 in the generation of dentate gyrus (DG) granule cell neurons in adult
mice. They demonstrate that Cre recombinase- mediated conditional knockout
(KO) of Cdk5 from stem cells and their progeny in the DG subgranular zone
(SGZ) prevented maturation of new neurons. In addition, selective KO of Cdk5
from mature neurons throughout the hippocampus reduced the number of
immature neurons. Furthermore, Cdk5 gene deletion specifically from DG
granule neurons via viral-mediated gene transfer also resulted in fewer
immature neurons. In each case, the total number of proliferating cells was
unaffected, indicating that Cdk5 is necessary for progression of adult-
generated neurons to maturity. In addition, they found that the role for Cdk5 in
neurogenesis was activating-cofactor specific, as p35 KO but not p39 KO mice
also had fewer immature neurons. These findings suggest that abnormal
regulation of Cdk5, induced by substances of abuse, may result in abnormal
neurogenesis in hippocampus, with consequences in learning and memory.
Lagace, D.C., Benavides, D.R., Kansy, J.W., Mapelli, M., Greengard, P., Bibb,
J.A., and Eisch, A.J. Cdk5 is Essential for Adult Hippocampal Neurogenesis.
PNAS 105, pp. 18567-18571, 2008.

Cocaine Binge Alters Cellular Signaling Through Akt-GSK3

The mechanism of cocaine addiction, initiated through blocking dopamine
transporters in the dopaminergic neural circuits in the brain, is well known.
However, the cellular signaling pathways inside the cell membrane upon
cocaine exposure and challenge are not well understood. lkeda et al (2006),
showed, that Akt, also called Protein kinase B, is involved in the cellular
mechanisms of addiction. Akt negatively regulates GSK3 activity. Typically,
following dopamine receptor activation, a time-dependent decrease in
phosphorylated Akt in striatum is observed which leads to increased GSK3
activity (by decreasing phosphorylated GSK3) and subsequent increase in gene
transcription. Whether cocaine initiates the same signaling pathway, and where
such signaling events occur in the dopaminergic circuits are not known. Dr.
Ellen Unterwald, at Temple University, reports that cocaine induces a spatially
restricted pattern of phosphorylation of Akt and GSK3, wherein the nucleus
accumbens and amygdala but not caudate putamen and hippocampus are
affected. Regulation of these signaling molecules is also dependent on the
length of cocaine exposure. In their study, rats were injected with cocaine (15
mg/kg) or saline (1 mL/kg) in a binge-pattern (three injections at 1 h intervals
beginning at 9 AM) for 1, 3, or 14 days. After the last injection, brains were
dissected, and the phosphorylation level of Akt and GSK3 in amygdala, nucleus
accumbens, caudate putamen, and hippocampus were decided in protein
assay. The team found that phosphorylation of Akt on the threonine-308
(Thr308) residue was significantly reduced in the nucleus accumbens and
increased in the amygdala after 1 day of cocaine treatment; however, these
effects were not accompanied by a significant decrease in GSK3

https://archives.drugabuse.gov/DirReports/DirRep209/DirectorReport1.html[11/17/16, 11:14:03 PM]



NIDA - Director's Report - February, 2009

phosphorylation. Phosphorylation of Akt and GSK3 was significantly reduced
after 14 days of cocaine administration, an effect that was only observed in the
amygdala. Cocaine did not alter Akt or GSK3 phosphorylation in the caudate
putamen or hippocampus. The researchers suggest that these findings in
nucleus accumbens may reflect dopaminergic motor-stimulant activity caused
by acute cocaine, whereas the effects in amygdala may be associated with
changes in emotional state that occur after acute and chronic cocaine
exposure. Since GSK3 is downstream of the gene Wnt and catenin which are
involved in axonal growth, dendritic remodeling and synaptic regulation, this
study may also suggest roles for Wnt signaling pathway in substance abuse.
Perrine, S.A., Miller, J.S., and Unterwald, E.M. Cocaine Regulates Protein
Kinase B and Glycogen Synthase kinase-3 Activity in Selective Regions of Rat
Brain. J. Neurochem. 107, pp. 570-577, 2008.

Translational Profiling Approach for the Analysis of CNS Cell Types

In the November 14th issue of Cell Dr. Paul Greengard, in collaboration with
Dr. Nat Heintz, report the development of a method to identify cell types in the
nervous system based on a molecular phenotype. This method, called,
translating ribosome affinity purification (TRAP), overcomes the problems
associated with isolating the highly heterogenous and highly intermixed cell
types in the nervous system. Dissocation of neuron induces changes in gene
express resulting from mechanical stress and the properties of neurons may
change when not in contact with their local environment. To overcome this
problem the Greengard and Heintz laboratory have invented a rapid isolation
strategy for isolation of polysomal RNA from genetically targeted cell types. In
this method an enhanced green fluorescent protein is fused to the N terminus
of the large-subunit ribosomal protein L10a (EGFP-L10a). This protein is
incorporated into the polysomes where mRNA is translated into protein. An
EGFP-L10a antibody attached to magnetic beads is used to isolate and purify
the polysomes and the message is then profiled on a silicon chip or sequenced.
This method eliminates the expression profiling of RNAs that are not translated
into cells. The reporter, EGFP-L10a, is genetically targeted to neurons by
inserting the reporter into a large piece of mouse genomic DNA in a bacterial
artificial chromosome. The elements inside the BAC that control expression of
the gene direct EGFP-L10a to be expressed in specific cell types. To profile
striatalnigal cells and striatalpallidal cells, two different populations in the
striatum, EGP-L10a was inserted into a Drdla and Drd2 receptor BACs,
respectively. Striatalnigral and striatalpallidal neurons could be distinguished
from one another on the basis of expression with translation of Eyal, Isl1,
Gng2, and Crym in striatonigral neurons and Gpr6, Lhx8, Gpr88, Trpc4, and
Tpm2 in striatopallidal neurons. Mice were then chronically treated with cocaine
and gene expression profiling was performed on striatopallidal (Drd2) and
striatalnigral cells (Drd1). The GABA signaling pathway (Gabrb3, Gabral,
Cacnb4, and Gabra4) was observed to be significantly increased in striatalnigral
cells but not in striatalpallidal neurons. This change in the expression of these
GABA receptors was associated with an increase in the frequency of small-
amplitude GABAergic mIPSCs in striatalnigral neurons but not in striatalpallidal
neurons. To show that the approach can be generalized to other cell types in
the nervous system, the Greengard and Heintz labs used the translating
ribosome affinity purification (TRAP) technique to profile 24 CNS populations.
They report the identification of thousands of cell specific mMRNAs not detected
by whole tissue gene expression profiling experiments. Gene expression
obtained from these cells using TRAP matched the expression of known genes
using other methods. Hierarchial clustering, a statistical method, suggests that
gene expression of cortical projection neurons are more similar than cortical
interneurons, motorneurons, and Purkinje cells. Similarly, gene expression of
astroglial from different regions of the brain show greater similarity in pattern
of gene expression than other types of glia. This suggests that cells with similar
functions share similar gene expression patterns. They also show that much of
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the diversity of cell types is marked by cell surface proteins. This method
provides a means by which cells in the nervous system can be defined by a
molecular phenotype. This method provides the basis by which investigators
can induce human induced pleuripotent stem (iPS) cells derived from fibroblast
to become defined cell types in the nervous system. These neuronal derived
human iPS cells can be used for studies of human cell in culture or used for
restoring function in the nervous system. Furthermore, the effects of mutations
on the expression of genes in single cells can now be studied by crossing the
TRAP transgene into the genetic background of the mutant. Doyle, J.P.,
Dougherty, J.D., Heiman, M., Schmidt, E.F., Stevens, T.R,, Ma, G., Bupp, S.,
Shrestha, P., Shah, R.D., Doughty, M.L., Gong, S., Greengard, P., and Heintz,
N. Application of a Translational Profiling Approach for the Comparative
Analysis of CNS Cell Types. Cell. 135(4), pp. 749-762, 2008; Heiman, M.,
Schaefer, A., Gong, S., Peterson, J.D., Day, M., Ramsey, K.E., Suarez-Farinas,
M., Schwarz, C., Stephan, D.A., Surmeier, D.J., Greengard, P., and Heintz, N.
A Translational Profiling Approach for the Molecular Characterization of CNS
Cell Types. Cell, 135(4), pp. 738-748, 2008.

A Radiolabeled Alpha7 nAChR Antagonist Probe

Occurrence of the alpha7 subtype of nicotinic acetylcholine receptors has been
documented in brain hippocampus and cortex, and further reported in
keratinocytes, lymphocytes, macrophage, astrocytes, microglia, and retinal
neurons. Besides the use of alpha7 subunit-detecting antibodies, the most
commonly used probes are the peptide alpha-bungarotoxin (alpha-Bgt) and the
non-peptide methyllycaconitine (MLA). These antagonists have some
limitations: MLA also binds to alpha6-containing subtpyes, while alpha-Bgt also
binds to other non-alpha7 subtypes (alphal, alpha 8, and alpha 9/10), and
displays a rather slow rate of dissociation from the receptors, which makes it
difficult to determine equilibrium binding. Previous work by Drs. Paul Whiteaker
and J. Michael MclIntosh has produced two modified c. arenatus conotoxin
peptide antagonists, with high selectivity for the alpha7 nAChR subtype. These
researchers now report that one of these conotoxins has been modified at the
single histidine residue with one or two iodine atoms (either 1-127 or 1-125),
and the association/dissociation kinetics, saturation binding, and
autoradiographic properties examined. In mouse hippocampal membranes, the
monoiodo and diiodo nonradioactive ligands (1-127) had inhibition of 1-125
alpha-Bgt greater than that of their parent peptide (low nM Ki values), and
their radioactive counterparts produced association (specific binding) with the
hippocampal membranes which was complete in about 120-180 minutes, and
with reversible dissociation of this binding complete in 180 minutes at 22
degrees Celcius. The binding density (Bmax at saturation) of both the mono-
iodo-125 and di-iodo-125 ligands was approximately equal to that of iodo-125
alpha-Bgt. Autoradiographic results for both iodinated ligands showed labeling
of wild-type mouse brain in the hippocampus, amygdala, and cortex regions,
with only background labeling in the alpha 7 null mouse brain. In terms of
stability, the monoiodinatedq 1-125 derivative displayed only slight decay over
a twelve week period, based on its value of Kd, Bmax, and signal/noise ratio.
Both iodinated derivatives showed a selectivity of more than 100-fold for
alpha7 compared to alpha6beta2* and alpha9alphalO subtypes, using a 1 nM
concentration of iodinated peptide, displacing appropriate tritiated standards in
various membranes. Whiteaker, P., Marks, M.J., Christensen, S., Dowell, C.,
Collins, A.C., and Mclntosh, J.M. Synthesis and Characterization of 1-125-
alpha-Conotoxin ArIB[V11L;V16A], a Selective alpha7 Nicotinic Acetylcholine
Receptor Antagonist. The Journal of Pharmacology and Experimental
Therapeutics, 325(3), pp. 910-919, 2008.

Isolation and Characterization of New Cannabis Constituents

Cannabis sativa L., one of the oldest plants known in medicine, is the most

https://archives.drugabuse.gov/DirReports/DirRep209/DirectorReport1.html[11/17/16, 11:14:03 PM]



NIDA - Director's Report - February, 2009

widely used illicit drug in the world today. A total of almost 500 natural
constituents have been isolated and/or identified from Cannabis, with 9-THC as
the main biologically active component. The availability of high potency
marijuana on the illicit market with unprecedented 9-THC concentrations
(>20% by dry weight) has led researchers to discover new constituents from
Cannabis. This publication reports the isolation and structure elucidation of six
new metabolites, (+/-)-6,7-trans-epoxy-cannabigerolic acid, (+/-)-6,7-cis-
epoxycannabigerolic acid, (+/-)-6,7-cis-epoxycannabigerol, (+/-)-6,7-trans-
epoxy-cannabigerol, 5'-methyl-4-phenylbiphenyl-2,2*,6-triol, and 7-
methoxycannabispirone along with seven known compounds namely,
cannabigerolic acid, 5'-methoxycannabigerolic acid, cannabispirone, ss-
cannabispiranol, dehydrocannabifuran, cannflavin B, and cannabigerol. Their
antimicrobial, as well as the antileishmanial activities, were also investigated.
Radawan, M.M., Ross, S.R., Slade, D., Ahmed, S.A., Zulfiqar, F., and ElISohly,
M.A. Isolation and Characteri-zation of New Cannabis Constituents from a High
Potency Variety. Planta Med.,74(3), pp. 267-272, 2008.

Selective Blockade of 2-Arachidonoylglycerol Hydrolysis Produces
Cannabinoid Behavioral Effects

2-Arachidonoylglycerol (2-AG) and anandamide are endocannabinoids that
activate the cannabinoid receptors CB1 and CB2. Endocannabinoid signaling is
terminated by enzymatic hydrolysis; for anandamide this process is mediated
by fatty acid amide hydrolase (FAAH), and for 2-AG is thought to involve
monoacylglycerol lipase (MAGL). FAAH inhibitors have been shown to generate
a subset of the behavioral effects observed with CB1 agonists, which suggests
a functional segregation of endocannabinoid signaling pathways in vivo. Testing
this hypothesis, however, requires specific tools to independently block
anandamide and 2-AG metabolism. Dr. Cravatt and his colleagues describe a
potent and selective inhibitor of MAGL (JZL184) that raises brain 2-AG by
eight-fold without altering anandamide. JZL184-treated mice exhibited a broad
array of CB1l-dependent behavioral effects, including analgesia, hypothermia
and hypomotility. These findings indicate that 2-AG endogenously modulates
several behavioral processes classically associated with the pharmacology of
cannabinoids and suggest overlapping and distinctive functions for 2-AG and
anandamide in vivo. Long, J.Z., Li, W., Booker, L., Burston, J.J., Kinsey, S.G.,
Schlosburg, J.E., Pavon, F.J., Serrano, A.M., Selley, D.E., Parsons, L.H.,
Lichtman, A.H., and Cravatt, B.F. Selective Blockade of 2-arachidonoylglycerol
Hydrolysis Produces Cannabinoid Behavioral Effects. Nature Chem. Bio.,
Published online 23 November 2008.

Nicotinic Acetylcholine Receptors Contribute to Neural Processing
of Sensory Stimuli and Sensory-Cognitive Behaviors

Dr. Raju Metherate and his colleagues at the University of California, Irvine,
have continued their studies on the role of nicotinic acetylcholine receptors
(nAChRs) in modulating tone-evoked responses in auditory cortex. In this
study they sought to test the prediction that nicotinic enhancement of sensory
physiology had a direct relation to behavioral performance. They trained adult
rats in an auditory-cued, active avoidance task and classified their performance
as good, intermediate, or poor. Next, they anesthetized the animals and
recorded tone-evoked local field potentials in layer 4 of the auditory cortex,
before and after a test dose of nicotine or saline. The investigators found that
nicotine enhanced the amplitude and decreased the threshold of responses of
neurons to the smallest sound intensities in rats classified as good performers,
but not in rats considered as intermediate or poor performers. Interestingly,
nicotine had the opposite effects on responses to spectrally distant stimuli, in
effect showing that cortical receptive fields became more selective to the
appropriate stimuli, but once more only in the good performers. Nicotine did
reduce onset latencies in all three groups, which the investigators interpreted

https://archives.drugabuse.gov/DirReports/DirRep209/DirectorReport1.html[11/17/16, 11:14:03 PM]



NIDA - Director's Report - February, 2009

as evidence that the drug did attain appropriate dose levels. These findings do
not answer the questions of whether or not poor learning is associated with
nonfunctional AChRs, whether higher doses of nicotine would be effective in
poor performers, or whether robust learning results from or produces improved
NAChR expression. These findings do, however, suggest that nicotine-enhanced
receptive field selectivity in auditory cortex may contribute to improved
cognitive function by enhanced responses to relevant stimuli and suppression
of distracters. Liang, K. Poytress, B. Weinberger, N. and Metherate, R. Nicotinic
Modulation of Tone-Evoked Responses in Auditory Cortex Reflects the Strength
of Prior Auditory Learning. Neurobiology of Learning and Memory, 90, pp. 138-
146, 2008.
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Research Findings - Basic Behavioral Research

Exercise Decreases the Motivation for Cocaine in an Animal Model
of Self-Administration

Much is now known about the neurobiological effects of exercise, at the
systems and cellular level. Exercise has positive 'psychological’ effects,
produces interoceptive effects that are phenomenologically similar to those
produced by addictive drugs and activates the same central dopamine
neurotransmitter systems that are stimulated by drugs of abuse. Adolescents
who participate in physical fitness programs have a lower incidence of tobacco
and substance abuse, suggesting that exercise should be incorporated in
prevention and treatment programs where it might serve as a form of
alternative reinforcement. However, until recently, the causal relationship
between aerobic exercise and the vulnerability for engaging in drug abuse
behaviors had not been investigated. Dr. Mark Smith recently gave female rats
24 h access to running wheels and compared them to sedentary counterparts
on measures of drug reward and motivation. Exercise was available for six
weeks prior to training for i.v. self-administration of cocaine. All animals were
first trained on a fixed ratio schedule of reinforcement and then assessed for
their "willingness to work" for cocaine using a progressive ratio (PR) schedule
to generate individual break-points (i.e., the maximum number of responses an
animal is willing to make for cocaine). Animals in the exercise group continued
to have access to running wheels during the self-administration training and
testing in this study. Group comparisons revealed no difference between
exercising and sedentary rats on the rate of acquisition for self-administration,
but PR break-points were greater in sedentary rats. Interestingly, the
investigator found significant differences for both low, and high, doses of i.v.
cocaine (0.3 and 1.0 mg/kg/infusion). He also reports a positive correlation
(r2=.462) between the number of wheel revolutions per day (i.e., exercise
output) in the day proceeding access to cocaine and breakpoints for 1.0 mg/kg
cocaine, suggesting a protective effect of exercise with high dose availability.
These observations suggest that prior, and concurrent, exercise may reduce
the motivation for drugs of abuse without changing the vulnerability to acquire
self-administration. Smith, M.A., Schmidt, K.T., lordanou, J.C. and Mustroph,
M.L. Aerobic Exercise Decreases the Positive-reinforcing Effects of Cocaine.
Drug and Alc. Dep., 98, pp. 129-135, 2008.

Initial Behavioral Response to Cocaine Predicts Sensitization of
Reward

Initial "high"” or "low" locomotor response to acute cocaine in the rat predicts
the development of sensitization produced by repeated psychostimulant
administration - that is, low responders (LRs), but not high responders (HRs),
develop cocaine-induced behavioral sensitization. LRs are also more likely to
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. . Activities
develop cocaine conditioned place preference. In a recent study, male rats -

were habituated to a test environment and then treated with 10 mg/kg cocaine
to assess acute locomotor response. They were divided into LR and HR groups
on the basis of a median split. Half of the LR and half of the HR groups then
received 10 mg/kg cocaine for four days (repeated exposure group, RE), while
the other half received only one cocaine injection (single exposure group, SE).
After acquisition training for cocaine self-administration, animals were tested
on a progressive ratio (PR) schedule to assess "willingness to work" for
cocaine. Break-points, determined for each rat, measured the greatest number
of responses made to receive a single drug infusion. Findings revealed that
initial differences in acute locomotor activation (LRs versus HRs) were
eliminated by four daily injections of cocaine (the RE condition), attributed to
behavioral sensitization in the LR group only. RE enhanced acquisition in both
LR and HR groups. In addition to this escalated acquisition the researchers also
found that RE animals took more drug during the PR schedule (measured as
"break-point associated infusions™) than animals who received only a single
cocaine injection (SE) prior to catheter implantation. Furthermore, LR rats self-
administered more cocaine, at all doses tested, than did HR animals during the
PR testing (i.e., significant main effects for both exposure, and for initial
response), with no significant interactions between these variables. Overall
results indicate (1) initial response to the acute cocaine's locomotor effects
predicts development of chronic neuroadapations (i.e., only the LR group
showed sensitization, as previously reported); and (2) repeated exposure to
cocaine (RE) sensitizes animals to acquire self-administration and increases the
motivation to work for drug during the maintenance phase of drug intake (in
both LR and HR animals). Moreover, animals with an initial insensitivity to the
behaviorally stimulating effects of cocaine (LR) administer more drug on a PR
schedule, suggesting that they are more motivated to work for the drug. These
findings implicate a differential role for initial drug sensitivity in the initiation of
drug intake versus the motivation to work for drug, once a pattern of abuse
has begun. Furthermore, they also underscore powerful pharmacokinetic
and/or pharmacodynamic effects of repeated drug exposure, which can
overshadow individual differences in vulnerability. Mandt, B.H., Schenk, S.,
Zahniser, N.R. and Allen, R.M. Individual Differences in Cocaine-induced
Locomotor Activity in Male Sprague-Dawley Rats and Their Acquisition of and
Motivation to Self-administer Cocaine. Psychopharmacol., 201, pp. 195-202,
2008.
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Impulsivity as a Two-Dimensional Construct: Differences in
Vulnerability Phenotypes with an Animal Model

Dr. Marilyn Carroll and her colleagues have been using rodent models to
examine vulnerability phenotypes in the acquisition, maintenance, escalation
and relapse to drug seeking and drug taking behaviors. As animals that prefer
sucrose rich foods also self-administer more cocaine, alcohol and morphine,
sweet preference may be an important vulnerability phenotype that contributes
to the co-morbidity of obesity and drug addiction. Previous research by this
group also reveals that animals bred for high or low saccharin preference (HiS
versus LoS) differ on measures of behavioral impulsivity. Thus, sweet
preference and impulsivity may be traits shared by a common intermediate
phenotype for drug abuse vulnerability. Impulsivity is not a unitary construct,
however, and previous studies have compared HiS versus LoS animals on
measures of impulsive choice using delay discounting procedures. In a new
study, the authors examined aspects of impulsivity that reflect impaired
response inhibition with a Go/No-Go task to examine response inhibition. Male
and female rats, selectively bred for HiS or LoS preference, were trained to
administer i.v. cocaine under several different reinforcement schedules. The
schedules included a signaled Go component where responding was reinforced
with a drug infusion, alternating with two No-Go components where responses
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were without consequence. Responses made on the previously reinforced lever,
during No-Go components, were taken as a measure of impaired response
inhibition. Similar testing was conducted using food as the reward, instead of
cocaine. Results from the Go component resemble those from previous studies,
showing that: (1) female animals make more responses and infuse more drug
than males, and (2) HiS rats make more responses for the self-infusion of
cocaine. Of interest for the analysis of impulsivity as a vulnerability phenotype
is the finding that similar profiles were seen during No-Go components,
suggesting effects of sex and the ability to withhold responses contribute to
greater drug intake seen by female and HiS animals. Since females and HiS
animals responded significantly more during No-Go components than males
and LoS animals, the authors suggested that impulsivity is an identifiable
phenotype that characterizes female and HiS animals, implicating both
phenotype and sex differences in impaired inhibition. By contrast, no group
differences were seen on responding during No-Go periods of food reinforced
operant schedules; (with the exception of males > females at high fixed ratio
requirements). Therefore, sex and impulsivity selectively enhanced the
vulnerability for cocaine intake in this study. In a previous experiment, these
researchers found no effect for sex and sucrose preference on impulsive choice
using delayed discount procedures, suggesting that different aspects of this
trait may contribute selectively to vulnerability phenotypes for psychostimulant
abuse. Anker, J.J., Gliddon, L.A. and Carroll, M.E. Impulsivity on a Go/No-go
Task for Intravenous Cocaine or Food in Male and Female Rats Selectively Bred
for High and Low Saccharin Intake. Behav. Pharmacol., 19, pp. 615-629, 2008.

Long-Access Cocaine Self-Administration Induces Sustained
Cognitive Impairment in Rats

Animal models provide an opportunity to examine cognitive effects of repeated
cocaine and characterize the neurobiological processes responsible for these
effects. Recently, Dr. Terry Robinson and colleagues conducted a series of
experiments to study cognitive deficits induced by psychostimulant self-
administration in a rodent model. Rats in this study were trained on a
sustained attention task prior to i.v. cocaine self-administration. The task
required animals to discriminate a (1 sec) signaled versus non-signaled trial for
food reinforcement. Responses on one lever were reinforced if they followed a
signal, while responses on the other lever were reinforced if made during a
non-signaled trial. lllumination of the house light designated the beginning of
each trial and served to focus the animal's attention toward the intelligence
panel. Length of the signal was changed from 1 sec, to vary from 25 to 500
msec, randomly across trials. Rats self-administering cocaine were matched for
amount of drug taken during i.v. training, and for performance on the attention
task. They were divided into groups given short- (1 hr/day=SA) versus long- (6
hr/day=LA) access to cocaine for four weeks, and then were retested on the
sustained attention task. In study two, additional groups of animals were
tested on this task at one day, or one month, following six weeks of drug
administration and post-mortem tissue collected for in situ hybridization of
MRNA was collected as well. In a third study, on day 3 or day 30 after the final
self-administration session, rats were sacrificed to quantify D1 and D2 receptor
proteins in brain. Results from the first study reveal that LA rats showed
escalated drug intake over sessions (as typically reported) and were markedly
impaired on the sustained attention task 24 hr after the last self-administration
session, using an overall index of performance known as VI (vigilance index).
The SA rats, however, showed stable self-administration rates over the six
weeks and also did not differ from sham operated controls on VI measures. The
LA group was still significantly impaired on a VI measure 14 days after the last
drug session. This prolonged deficit was due to increased false alarms on signal
detection. Measures of mMRNA expression for dopamine receptors in brain
revealed decreases for D2 mRNA in the medial prefrontal cortex and the
orbitofrontal cortex, at 4 and 33 days after the last drug session, for LA
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animals only. Interestingly, D2 receptor mRNA levels in the prefrontal region
was positively correlated with VI scores for this group. In study three, analysis
of D2 receptor protein in the prefrontal cortex revealed that the LA group, only,
had a small, but statistically significant decrease of D2 protein. Differences in
D1 mRNA or proteins were not detected in any area. These findings suggest
that extended exposure to cocaine, in an animal model that mimics the
progressive, compulsive escalation of drug intake seen in human addiction, can
induce impairment of attention processes that are important for executive
functions. Furthermore, it appears that cocaine induces this effect, in part, by
perturbing D2 receptor function in cortical regions that subserve these
functions. Briand, L.A., Flagel, S.B., Garcia-Fuster, M.J., Watson, S.J., Akil, H.,
Sarter, M. and Robinson, T.E. Persistent Alterations in Cognitive Function and
Prefrontal Dopamine D2 Receptors Following Extended, but not Limited, Access
to Self-administered Cocaine. Neuropyschopharmacol., 33, pp. 2269-2980,
2008.

Nicotine Taken During Adolescence Decreases Aversive Effects of
Nicotine as Adults

Although adolescence has been reported to be a period of enhanced
vulnerability to tobacco dependence, little is known about what explains this
relationship. Dr. Laura O'Dell at the University of Texas, El Paso, used the
conditioned place preference paradigm to examine rewarding and aversive
effects of nicotine across different stages of development. In two studies, male
rats were conditioned to associate one environmental compartment with drug
(either nicotine or d-amphetamine), and to associate another environmental
compartment with saline. There were 4 conditioning sessions for each
environmental compartment, for a total of 8 counter-balanced conditioning
sessions. On the test day, undrugged rats were able to choose between the
two environments, indicating their conditioned place preference (CPP) for the
drug-paired environment. Since adolescence for rats is typically between
postnatal days 28 through 45, the initial conditioning session for adolescent
rats took place on postnatal day 34, with the preference test taking place on
postnatal day 42. For adult rats, the conditioning sessions started on postnatal
day 66, with the preference test taking place on postnatal day 74. The first
study compared drug-naive adolescent and adult rats who received one of
several doses of nicotine or d-amphetamine during the conditioning sessions.
The second study compared nicotine-induced CPP in adult rats that were
exposed to nicotine during adolescence (postnatal days 28 through 42) with
drug-naive adult rats. In study one, nicotine produced an inverted U-shaped
dose response curve, with lower doses producing conditioned place preference,
and higher doses producing conditioned place aversion. That is, the
environment associated with the lower doses of nicotine was preferred on test
day whereas it was avoided (e.g., the non-drug side was preferred) when the
environment was associated with higher doses of nicotine. Adolescent rats
displayed enhanced positive shifts in preference such that they displayed
greater CPP over a wider range of nicotine doses. The high dose that produced
aversion in adults still produced preference, albeit a small one, in adolescents.
Conditioning with d-amphetamine produced a similar inverted U-shaped dose
response curve, but there were no differences between the adolescent and
adult groups. In study 2, adults who were pre-exposed to nicotine during
adolescence failed to show the aversive effects produced by the highest dose of
nicotine. They also showed a smaller preference for the nicotine-paired
environment. That is, the dose-response curve for the pre-exposed rats was
relatively flat, and lacked the preference peak and aversion drop seen in the
naive adults. These findings suggest that not only do adolescents show
enhanced CPP - and thus are more sensitive to nicotine's rewarding effects or
less sensitive to its aversive properties, but exposure during adolescence
reduces the aversion to high-dose nicotine typically seen in naive adult
animals. Torres, O.V., Tejeda, H.A., Natividad, L.A., and O'Dell. L.E. Enhanced
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Vulnerability to the Rewarding Effects of Nicotine During the Adolescent Period
of Development. Pharmacol. Biochem. Behav., 90, pp. 658-663, 2008.

Daily Smokers, But Not Chippers, More Likely to be Alcohol
Dependent

People with alcohol-use disorders (AUD) and anxiety disorders (ANX) are more
likely to use tobacco than the general population. Dr. Sandra Morissette and
colleagues therefore evaluated the contribution of tobacco use to the co-
occurrence of AUD and ANX disorders by investigating differences between
daily smokers, chippers (non-daily smokers), and non-smokers that might
affect alcohol or anxiety symptoms. All subjects had co-occurring AUD-ANX
disorders and reported their smoking status. Each subject completed several
measures, including a TimeLine-Follow-Back to gather retrospective accounts
of daily drinking over the past 90 days, the alcohol dependence scale, anxiety
sensitivity index, depression anxiety stress scales, Albany phobia and panic
questionnaire, social interaction anxiety scale and the Penn State Worry
questionnaire. Some subject characteristic differences were noted, including
that nonsmokers were older than chippers and that, unlike the gender
breakdown in the anxiety literature that leans towards women, this sample was
80% male. Although there were no differences in emotional characteristics
reported, there were significant differences in alcohol dependence, average
drinks per drinking occasion, percent days alcohol-abstinent and highest and
second-highest blood alcohol concentrations in a day. Nonsmokers reported
lower alcohol symptoms as compared with daily smokers, with chippers falling
between these two groups. It was unexpected that there were no differences
with respect to percent heavy drinking days, and no difference in emotional
characteristics. The authors suggest that these negative findings may be due to
the small, mostly male sample. Despite these caveats, the data have potential
treatment implications. Since smoking status is associated with differences in
alcohol dependence, smoking status should be considered when treating
patients with co-occurring AUD-ANX. Morissette, S.B., Gulliver, S.B., Kamholtz,
B.W., Duade, J., Farchione, T., Devine, E., Brown, T.A., Barlow, D.H., and
Circaulo, D. Differences Between Daily Smokers, Chippers, and Nonsmokers
With Co-Occurring Anxiety and Alcohol-Use Disorders. Addictive Behav., 33,
pp. 1425-1431, 2008.

Nutritional Changes Produce Significant Alterations in Dopamine
Neurotransmission and Response to Dopaminergic Drugs

Since there is high co-morbidity between eating disorders and substance
abuse, NIDA Grantee Dr. Charles France and colleagues investigated whether
nutritional status impacts vulnerability to drug abuse as measured by
dopamine neurotransmission. Rats were food restricted by being placed on a
10 g/day diet. This resulted in significant weight loss, but no change in blood
glucose levels. Dopamine neurotransmission and behavior of food-restricted
rats were compared to free-feeding rats. The first experiment examined the
effects of food restriction on dopamine agonist (amphetamine) induced
locomotion and reinforcing properties measured using conditioned place
preference (CPP), and on dopamine clearance as measured by in vivo
chronoamperometric recordings. Food-restriction did not affect amphetamine
induced locomotion or CPP. However, it did reduce dopamine clearance,
suggesting a reduction in dopamine transporter activity. Reductions in
dopamine clearance were reversed by amphetamine treatment and by a return
to free-feeding schedules. The second experiment examined effects of food
restriction on dopamine receptor sensitivity by measuring raclopride (a
dopamine antagonist) induced cataplexy and quinpirole (a dopamine agonist)
induced yawning behavior. Food restriction reduced quinpirole-induced yawning
and raclopride-induced catalepsy. Thus, the food-restricted rats were less
sensitive to the behavioral effects of both drugs. Although animals remained
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hyposensitive to these drug challenges when amphetamine was administered,
normal sensitivity was restored once food-restricted rats were again provided
with unrestricted access. Taken together, food restriction reduced dopamine
neurotransmission, accompanied by relatively modest changes in behavioral
responses to dopaminergic drugs. While the mechanisms responsible for these
changes remain to be uncovered, understanding the effects of food restriction
on central dopaminergic systems may identify biological risk factors for co-
morbid drug abuse and eating disorders. Sevak, R.J., Koek, W., Owens, W.A.,
Galli, A., Daws, L.C., and France, C.P. Feeding Conditions Differentially Affect
the Neurochemical and Behavioral Effects of Dopaminergic Drugs in Male Rats.
Eur. J. Pharm. 592, pp. 109-115. 2008.

Deletion of the Type 1 Cannabinoid Receptor (CB1) Enhances
Preference for Cocaine in Mice

NIDA-grantee Dr. Linda Dykstra and colleagues (University of North Carolina,
Chapel Hill) have been examining the role of cannabinoid signaling via the CB1
receptor in the behavioral response to stressors and to drugs of abuse. In a
recent report, they examined the effects of exposure to chronic unpredictable
stress (CUS) in CB1 receptor knockout (CB1 KO) mice and their wild-type (WT)
littermates, on cocaine conditioned place preference (CPP). Mice were either
untreated or exposed to two weeks of CUS. After this period, the acquisition of
cocaine CPP was examined. Untreated CB1 KO and WT mice both acquired
cocaine CPP; however, exposure to CUS enhanced acquisition of cocaine CPP in
the CB1 KO mice. These findings support a role for CB1 receptors in the
responses to stress as well as in the subjective effects of cocaine. Miller, L.L.,
Ward, S. J., and Dykstra, L.A., Behav. Pharm., 19, pp. 575-581, 2008.

Peripheral Activation of Either Cannabinoid 1 and 2 Receptors
(CB1 and CB2) Attenuate Mechanical Hyperalgesia in a Rat Model
of Bone Cancer Pain

NIDA-grantee Dr. Donald Simone and colleagues (University of Minnesota)
have been examining the ability of peripherally administered cannabinoids to
attenuate tumor-evoked mechanical hyperalgesia. Unilateral injection of
osteolytic fibrosarcoma cells into and around the calcaneus bone of the hind
paw of rats resulted in tumor formation and mechanical hyperalgesia. WIN 55,
212-2 injected subcutaneously into the tumor-bearing hind paw produced a
dose-dependent decrease in paw withdrawal to painful mechanical stimulation
without measurable side effects. Administration into the contralateral paws was
ineffective. Co-administration of WIN 55,212-2 with either CB1 or CB2 receptor
antagonists attenuated the antihyperalgesic effects of WIN 55, 212-2. Thus,
peripherally administered WIN 55,212-2 attenuated tumor-evoked mechanical
hyperalgesia by activation of both peripheral CB1 and CB2 receptors,
suggesting that peripherally administering cannabinoids may be an effective
approach in attenuating cancer pain in humans. Potenzieri, C., Harding-Rose,
C., and Simone, D.A., Brain Res., 1215, pp. 69 -75, 2008.

Two Studies Show That Calcium Calmodulin-Dependent Kinase |1
(Camkii) Plays a Critical Role in Drug Seeking Behavior

Two recent reports elucidate important roles for CaMKII in the long-term
effects of previous exposure to psychostimulants. CaMKII has been proposed
as a candidate molecule for the long-term storage of information because it can
remain phosphorylated in the absence of calmodulin. In the first study, Dr. R.
Chris Pierce and his colleagues used reinstatement as an animal model of
relapse to cocaine seeking. They hypothesized that CaMKII is a biochemical
bridge between stimulation of D1-like dopamine receptors and increases in
glutamate transmission in the nucleus accumbens shell, known to
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independently promote reinstatement of cocaine-seeking. To test this
hypothesis, they used numerous approaches, including focal injections of
agonists, antagonists, and biochemical inhibitors; viral vectors to inhibit cell-
surface expression of AMPA glutamate receptors; and cross-linking followed by
immunoblotting to assess surface AMPA receptor levels. They found that
stimulation of D1-like receptors in the nucleus accumbens shell reinstated
cocaine seeking by activating L-type calcium channels and CaMKIlI.
Reinstatement was associated with D1-like receptor-dependent increases in
phosphorylation of CaMKII and of the glutamate receptor 1, which was
phosphorylated on a known CaMKII target site. In addition, there was an
increase in cell-surface expression of GluR1-containing AMPA receptors in the
accumbens shell, and reinstatement was attenuated by administration of a viral
vector that impairs the transport of GluR1-containing AMPA receptors. The
results support their hypothesis that CaMKII serves as an essential link
between accumbens shell dopamine and glutamate systems involved in
neuronal plasticity underlying cocaine craving and relapse. The second,
complementary study from Dr. Paul Vezina's laboratory used a different animal
model -- repeated exposure to amphetamine (AMPH), which enhances the
ability of AMPH to produce locomotor activation and dopamine overflow in the
accumbens, and also leads to enhanced AMPH self administration. In previous
work, Dr. Vezina demonstrated that this enhanced behavioral and
neurochemical sensitivity to AMPH is impaired by microinjecting a CaMKII
inhibitor into the accumbens shell. In the current study, he investigated the
effect of this inhibitor on enhanced AMPH self-administration in rats that were
trained to self-administer drug on a progressive ratio (PR) schedule to measure
the number of responses an animal emits to receive AMPH. Rats received either
5 injections of AMPH or saline, remained abstinent from drug for 14 days, and
then were tested for self-administration with PR. Results show that the AMPH-
exposed rats worked harder and obtained significantly more drug infusions
than saline-exposed rats. After 4 days of stable responding, a CaMKII inhibitor
was injected bilaterally into the accumbens shell just before self-administra-
tion. Inhibition of CaMKII reduced the enhanced drug intake in AMPH-exposed
rats to levels no different from those of saline-exposed rats. Together, these
two studies identify CaMKII, or L-type calcium channels, as potential targets for
treating psychostimulant addiction. Anderson, S.M., Famous, K.R., Sadri-Vakili,
G., Kumaresan, V., Schmidt, H.D., Bass, C.E., Terwilliger, E.F., Cha, J.H., and
Pierce, R.C. CaMKII: A Biochemical Bridge Linking Accumbens Dopamine and
Glutamate Systems in Cocaine Seeking. Nature Neuroscience, 11, pp. 344-353,
2008; Loweth, J.A., Baker, L.K., Guptaa, T., Guillory, A.M., and Vezina, P.
Inhibition of CaMKII in the Nucleus Accumbens Shell Decreases Enhanced
Amphetamine Intake in Sensitized Rats. Neurosci. Lett., 444, pp. 157-160,
2008.

Enhanced Methamphetamine Self-Administration in a Rat Model of
Schizophrenia

The high prevalence of dual-diagnosis drug abuse and other mental disorders is
well established, but the biological basis for this co-morbidity is not well
understood. Animal models of mental disorders can be used to test, for
example, the self medication hypothesis versus a hypothesis of shared
vulnerability and etiology. Although animal models cannot capture the full
spectrum of mental disorders, they can replicate some of the symptoms of
these diseases. One such model is the neonatal ventral hippocampal lesion
(NVHL), which reproduces several behavioral abnormalities observed in
schizophrenia, including hypersensitivity to stimulants, hyperactivity, reduced
social interactions, and impaired working memory. With respect to comorbidity,
NVHL rats exhibit enhanced reinstatement of cocaine-seeking behavior and
enhanced sensitization to cocaine and nicotine. The current study investigated
drug-seeking behavior in the NVHL model by assessing methamphetamine
(METH) self-administration. Rats received excitotoxic lesions of the ventral
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hippocampus, or sham lesions, when they were 7 days old and were then
trained as adults to self-administer METH or to respond for natural reinforcers
(water or food). NVHL rats were faster than shams to learn to respond for both
drug and natural rewards, but after stable responding was acquired, both
groups performed similarly for the two types of reward on a fixed ratio
schedule and were equally sensitive to METH dose changes. However, when
tested under a progressive-ratio schedule, the NVHL animals had significantly
higher break points compared to the shams for METH, but not for food
reinforcement. This result suggests that the motivation of NVHL rats to acquire
the drug was enhanced (they were willing to work harder for it) specifically for
the drug reinforcer. The result supports the hypothesis that schizophrenia and
drug abuse arise from neuropathology that confers vulnerability for both
disorders, which also appear to be characterized by similar dysfunctions in
corticolimbic dopamine and glutamate systems. Brady, A.M., McCallum, S.E.,
Glick, S.D., and O'Donnell, P. Enhanced Methamphetamine Self-administration
in a Neurodevelopmental Rat Model of Schizophrenia. Psychopharm (Berlin),
200, pp. 205-215, 2008.

Deep Brain Stimulation Successfully Attenuates Reinstatement of
Cocaine Self-Administration

Deep brain stimulation (DBS), originally developed as a therapy for Parkinson's
disease, has recently shown promise in treating psychiatric disorders, including
a case study indicating that DBS of the nucleus accumbens reduced alcohol
consumption in an alcohol-dependent patient. Thus, DBS is being considered as
a potential treatment in cases of extreme cocaine addiction. This study in rats
was designed to examine the effect of DBS of the accumbens shell on cocaine
priming-induced reinstatement of drug seeking. Rats were trained to self-
administer cocaine for 21 days and then cocaine-seeking behavior was
extinguished by replacing cocaine with saline. In the reinstatement phase of
the study, rats were given small priming doses of cocaine. Reinstatement was
assessed by number of lever presses on the lever previously associated with
drug delivery (although responses during reinstatement testing do not produce
a drug infusion). They also investigated several doses of cocaine used to prime
reinstatement in this paradigm, (0, 5, 10 or 20 mg/kg). DBS was delivered to
assess its ability to reduce the number of presses during reinstatement at
different doses of cocaine priming. DBS was administered bilaterally to the
accumbens shell after the priming injection. The two higher doses of cocaine
both produced robust reinstatement, and DBS significantly attenuated this
reinstatement of cocaine seeking at both doses. A separate experiment on
animals trained to respond for sucrose pellets showed that DBS had no effect
on reinstatement of food seeking. Additionally, DBS of the dorsal striatum had
no effect on cocaine reinstatement. Thus, the DBS in this study was both
anatomically and reinforcer specific. These results suggest that DBS of the
accumbens shell could be a therapeutic option in the treatment of severe
cocaine addiction. Vassoler, F.M., Schmidt, H.D., Gerard, M.E., Famous, K.R.,
Ciraulo, D.A., Kornetsky, C., Knapp, C.M., and Pierce, R.C. Deep Brain
Stimulation of the Nucleus Accumbens Shell Attenuates Cocaine Priming-
induced Reinstatement of Drug Seeking in Rats. J. Neurosci., 28, pp. 8735-
8739, 2008.

Single Neurons in the Amygdala Track the Moment-to-Moment
Value of the Animal's Current State

Neuroimaging studies in humans and animals have shown that the amygdala is
part of a distributed neural network that functions abnormally in addiction and
underlies altered decision-making, the processing of emotional information,
and the experience of "craving." Dr. C.D. Salzman and his colleagues are
interested in understanding how the brain encodes information about the value
of an organism's current state. In ordinary language, how does the brain

https://archives.drugabuse.gov/DirReports/DirRep209/DirectorReport2.htmli[11/17/16, 11:14:06 PM]



NIDA - Director's Report - February, 2009

monitor whether things are OK, or not OK, or sort of OK? They examined how
the brain mediates this process by recording the activity of neurons in the
amygdala while monkeys performed a trace-conditioning task during which the
presentation of different stimuli induced state transitions. The stimuli were both
unconditioned stimuli (USs) -- liquid rewards of two magnitudes, and a mildly
aversive airpuff -- and visual conditioned stimuli (CSs) that signaled which US
would follow. In each session, new arbitrary CSs were used. After the initial
values of the CS-US associations were learned in each session, values for the
large reward and the airpuff were reversed. In addition, they also monitored
neural activity in response to the fixation stimulus that started the trial, which
was considered to always induce a positive value state because the monkey
chose when to start the trial by fixating and two thirds of the trials produced
positive rewards. The complicated design and analysis of the neural responses
was necessary to answer the question of whether amygdala neurons reflect the
value of states induced by sensory events independent of the specific stimulus
properties of the events. About half of the 145 neurons recorded in 3 monkeys
showed differential responses indicating that they encoded value, with about
two thirds of these encoding positive value and one third encoding negative
value. Importantly, these neurons were not simply associated with rewarding
vs. aversive USs and the CSs that predicted them. Rather, they showed graded
responses indicating the relative value of the stimuli. As an example, a
negative value neuron would be most excited by the CS predicting the airpuff
and not fire much or at all when the large-reward CS was presented, but the
neuron would fire a modest amount in response to the small-reward CS. This
representation of state value could underlie how the amygdala helps coordinate
cognitive, emotional, and behavioral responses depending on the value of an
organism's state. Knowing the normal function of the amygdala will help us
understand how specific alterations of the amygdala in drug abuse contribute
to addiction. Belova, M.A., Paton, J.J., and Salzman, C.D. Moment-to-moment
Tracking of State Value in the Amygdala. J. Neurosci., 28, pp. 10023-10030,
2008.

Allopregnanolone Decreases Cocaine-Primed Reinstatement of
Cocaine-Seeking Behavior in Female But Not Male Rats

Recent studies by Marilyn Carroll, Justin Anker, Erin Larson and their
colleagues at the University of Minnesota have highlighted the influence of
gonadal hormones, and especially progesterone and its metabolite
allopregnanolone (ALLO), on cocaine self-administration in rodent models.
Using an escalation of cocaine self-administration procedure, which is
commonly used to model the transition from moderate drug use to addiction,
they found that progesterone prevented escalation, whereas estrogen
facilitated escalation, in ovariectomized female rats, (Larson et al., 2007). They
also found that progesterone has an inhibitory effect on reinstatement of
cocaine-seeking behavior in females (Anker et al., 2007). In a recently
published follow up to that study, they investigated the effects of both
progesterone and its metabolite allopregnanolone (ALLO) on cocaine
reinstatement in both females and males (Anker et al., 2008). They also tested
progesterone in combination with finasteride which is a 5-alpha reductase
inhibitor that prevents the metabolism of progesterone into ALLO. Following
acquisition and extinction of cocaine self-administration and prior to testing of
cocaine-primed reinstatement of responding, separate groups of rats were
administered either ALLO, progesterone, progesterone plus finasteride, or
saline. As the researchers had previously reported, progesterone suppressed
cocaine reinstatement of responding (measured in a paradigm proposed to
mimic human relapse); however, greater suppression was produced with ALLO.
The combination of progesterone + finasteride (to inhibit progesterone’s
conversion to ALLO) failed to suppress reinstatement, thus suggesting that
progesterone's suppressive effects may be mediated by its conversion to ALLO.
In contrast to ALLO's strong suppression of reinstatement in females, ALLO
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failed to suppress reinstatement in males. The authors discuss possible
neurobiological mechanisms for these suppressive effects of progesterone and
ALLO including their modulation of GABA-A receptors to inhibit cocaine-induced
dopamine release and their interaction with the HPA-axis to dampen the stress
response. The results of this study complements recent work from other NIDA-
supported investigators who have shown that cocaine cue-induced craving is
inversely related to circulating plasma progesterone levels in women (Sinha et
al., 2007) and that experimentally administered progesterone decreases the
positive subjective effects cocaine (Evans & Foltin, 2007) in women but not
men. The present results are also consistent with recent preclinical NIDA-
support research showing an inverse relationship between cocaine-primed
reinstatement and plasma progesterone levels in freely cycling female rats
across the estrous cycle (Feltenstein and See, 2007). This line of research
points to the potential clinical use of progesterone, ALLO or related compounds
in the treatment of cocaine use and addiction. Anker, J.J., Holz, N.A., Zlebnik,
N., and Carroll, M.E. Effects of Allopregnanolone on the Reinstatement of
Cocaine-Seeking Behavior in Male and Female Rats. Psychopharm. [Epub
ahead of print], 2008.
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Research Findings - Behavioral and Brain Development
Research

Children's Cognitive Ability from 4 to 9 years old as a Function of
Prenatal Cocaine Exposure, Gender, Environmental Risk, and
Maternal Verbal Intelligence

This study investigated the effects of prenatal cocaine exposure on children's
cognitive ability in a large sample of 231 children (91 cocaine exposed, 140
unexposed). The children were administered the Stanford-Binet IV Intelligence
test at ages 4, 6, and 9 years. The sample consisted of 120 boys and 111 girls.
Gender and age were used as potential moderators of the effects of cocaine
exposure. An interaction was observed between gender and prenatal exposure;
cocaine-exposed boys had lower composite 1Q scores. This gender-specific
effect on 1Q remained after controlling for covariates such as prenatal exposure
to other drugs, neonatal medical risk, environmental risk and maternal verbal
intelligence. Age at assessment did not moderate this relationship in that the
lower 1Qs for boys persisted across the age period. In boys exposed to cocaine,
lower scores were seen in a number of domains which included the
Abstract/Visual Reasoning subscale, as well as trends in lower scores for the
Short-Term Memory and Verbal Reasoning subscales of the Stanford-Binet IV.
Higher composite 1Q scores were also predicted by a stimulating home
environment and high maternal verbal 1Q. It is unclear the reasons for the
gender-specific effects; however, the results are consistent with prior research
that show the central nervous system in male fetuses may be more susceptible
to the influence of intrauterine factors. The findings of this study highlight the
importance of examining gender as a potential moderator of prenatal exposure
to cocaine. Bennett, D., Bendersky, M., and Lewis, M. Children's Cognitive
Ability from 4 to 9 years old as a Function of Prenatal Cocaine Exposure,
Environmental Risk, and Maternal Verbal Intelligence. Developmental
Psychology, 44(4), pp. 919-928, 2008.

Body Size and Intelligence in 6-year-olds Exposed to Drugs of
Abuse In Utero: Are Offspring of Teenage Mothers at Risk?

Prior research has indicated that the offspring born to adolescent mothers have
lower birthweight and shorter gestational age. However, little is known about
growth outcomes in older children and whether cognitive deficits in the
offspring of adolescent mothers can be solely attributed to young maternal
age. The purpose of this study was to examine differences in size and
intelligence between two cohorts of offspring born to adolescent (n = 357) and
adult (n = 668) mothers enrolled in prospective longitudinal studies of prenatal
substance exposure and developmental outcomes. Both cohorts were of low
socio-economic status and were assessed from gestation to 6 years of age. The
teen cohort was evaluated in the mid-1990s and the adult cohorts were studied
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. . . . . . Activities
in the mid-1980s. After adjusting for covariates, including exposure to prenatal

tobacco, alcohol, and marijuana, the results indicated that the offspring of
adolescent mothers scored significantly lower on the Stanford-Binet composite
score, as well as the quantitative, verbal reasoning and short-term memory
scores. These children of adolescent mothers also had significantly smaller
head circumference and higher weight to height ratio than the offspring of
adult mothers. Further studies should follow these children to determine if
additional problems are detected as the offspring of adolescent mothers mature
and whether early interventions such as parenting support, nutritional
information and enriched home environments may be beneficial to these
children. Cornelius, M., Goldschmidt, L., Willford, J., Leech, S., Larkby, C., and
Day, N. Body Size and Intelligence in 6-year-olds: Are Offspring of Teenage
Mothers at Risk? Maternal and Child Health Journal, Aug 6, 2008; DOI
10.1007/s10995-008-0399-0 (Epub ahead of print).
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Publications

Staff Highlights
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Using Umbilical Cord Tissue to Detect Fetal Exposure to lllicit
Drugs

The purpose of this study was to determine the utility of using an enzyme-
linked immunosorbent assay (ELISA)-based screening test to analyze drugs in
umbilical cord samples. The umbilical cord tissues were collected in a
multicenter study in Utah and New Jersey when high-risk criteria were met for
maternal illicit drug ingestion. The deidentified umbilical cord specimens were
analyzed for five drug classes: methamphetamine, opiates, cocaine,
cannabinoids and phencyclidine. A total of 498 umbilical cord samples were
analyzed using the ELISA, as well a 'gold standard' test, consisting of gas or
liquid chromatography tandem mass spectrometry. The mass spectrometric
testing revealed that thirty two percent of the umbilical cord samples were
positive for drugs. The sensitivity and specificity of the ELISA-based test for
each class of drugs tested were as follows: methamphetamine 97 and 97%,
opiates 90 and 98%, cocaine 90 and 100%, cannabinoids 96 and 98% and
phencyclidine (only 1 of the 498 umbilical cord sample was positive for
phencyclidine) 100 and 100%. These results reveal that the ELISA-based tests
on umbilical cord tissue are sufficient to detect fetal exposure to illicit drugs
and because of the rapid send-off time, may be more suitable than meconium
or hair-based methods. Montgomery, D., Plate, C., Jones, M., Jones, J., Rios,
R., Lambert, D., Schumtz, N., Wiedmeier, S., Burnett, J., Ail, S., Brandel, D.,
Maichuck, G., Durham, C., Henry, E., and Christensen, R. Using Umbilical Cord
Tissue to Detect Fetal Exposure to lllicit Drugs: A Multicenter Study in Utah and
New Jersey. Journal of Perinatology, 28(11), pp. 750-753, 2008.

Pregnancy Smoking in Context: The Influence of Multiple Levels of
Stress

Although smoking has steadily declined during the past 15 years,
approximately 10.2% of pregnant women smoke cigarettes during pregnancy.
Smoking during pregnancy is associated with numerous adverse perinatal
outcomes including low birth weight, premature delivery, infant mortality and
long-term behavioral sequelae. The current study utilized data from the Family
Health and Development Project which is a longitudinal study that examines
the effects of maternal smoking during pregnancy on infant behavioral
vulnerability. The purpose of the current project was to examine predictors of
persistent smoking and smoking intensity during the third trimester in a
sample of 113 pregnant women with a mean age of 29.7 years. Using a single
comprehensive structural equation model, latent variables comprised of
indicators of stress and resources were derived for three contextual levels:
intimate social context, broader social context and socioeconomic context. The
results revealed that the probability of being a persistent pregnancy smoker
was positively associated with a stressful socioeconomic context (probit

https://archives.drugabuse.gov/DirReports/DirRep209/DirectorReport3.htmli[11/17/16, 11:14:10 PM]



NIDA - Director's Report - February, 2009

regression coefficient = .70, p< .05). Smoking rate was predicted by the
broader social context with greater stress and fewer resources associated with
a greater number of cigarettes smoked during the third trimester (standardized
regression coefficient = .81, p< .05). Results suggest that pregnancy smoking
may be influenced by psychosocial context at multiple levels. Elucidating the
differences between pregnancy smokers and nonsmokers or quitters may
inform smoking cessation and reduction interventions with this population.
Weaver, K., Campbell, R., Mermelstein, R., and Wakschlag, L. Pregnancy
Smoking in Context: The Influence of Multiple Levels of Stress. Nicotine &
Tobacco Research, 10(6), pp. 1065-1073, 2008.

Neurodevelopmental Changes in Verbal Working Memory Load-
Dependency: An TMRI Investigation

Prior behavioral research has indicated that the development of working
memory (transient storage and manipulation of information) follows a
protracted course of maturation reaching adult-like levels around middle
adolescence. Structural changes in frontal-parietal association cortices are
important for performance on working memory (WM) aptitude. Also in support
of the postulated phonological loop of verbal working memory is the cerebellum
whose function along with the frontal and parietal cortices, has been shown to
exhibit linear WM load-dependent activation in adults. It remains unclear;
however, whether WM load-dependent relationships exist for cerebro-cerebellar
networks in developmental populations. The purpose of the present study was
to investigate developmental changes in WM load-dependent cerebro-cerebellar
activation using fMRI and a verbal Sternberg WM task. The sample consisted of
30 typically developing children, adolescents, and young adults between the
ages of 7 and 28. The results demonstrated that the extent to which cerebro-
cerebellar verbal working memory networks are activated in response to
increasing task difficulty changes significantly between childhood and
adolescence. In both adolescents and adults, increasing WM load was
associated with increasing activation in frontal, parietal and cerebellar regions.
In contrast, only the left ventral prefrontal cortex was recruited in response to
increasing WM load in children. O'Hare, E., Lu, L., Houston, S., Bookheimer, S.
and Sowell, E. Neurodevelopmental Changes in Verbal Working Memory Load-
Dependency: An fMRI Investigation. Neuroimage, 42(4), pp. 1678-1685, 2008.

Environmental Stimulation, Parental Nurturance and Cognitive
Development in Humans

Although animal models exist that examine the effects of environmental
stimulation and parental nurturance on brain development, little is known
about th