


 
2008 FRNG Annual Meeting 
Monday, December 8, 2008 

10a.m. – 7p.m. 
Marriot Fort Collins 

Fort Collins, CO 
 

Program 
 

10a.m. – Registration opens 
 
10:30a.m. – 11:50a.m. – Workshop  
Engineering your Career – organized by Dr. Joan King of Beyond-Success 
‘Meeting challenges, making choices, and understanding their impact on 

your continual career development’ 
 

12p.m. – Posters, Vendor interactions, Lunch 
 
3p.m. – Student Presentations 
  Anna G. Andrianakos (University of Denver) 
  Scott B. Baver (Colorado State University) 
  Albert L. Gonzales (Colorado State University) 
  Andrew N. Young (University of Wyoming) 
 
4p.m. – Posters, Vendor Interactions, Coffee Break 
 
5p.m. – Grass Keynote Lecture 

Kristen Harris, PhD, UT Austin 
“Structural Plasticity of hippocampal synapses, a cellular mechanism of 

learning” 
 

6p.m. – Awards, Raffle Prizes, Reception



Institutional Sponsors 2008 
Colorado State University 

Program in Molecular, Cellular and 
Integrative Neurosciences 

Department of Biomedical Sciences 

Program in Cell and Molecular Biology 

University of Wyoming 

The Graduate School 
 
The Neuroscience Program 

University of Colorado at Boulder 
 
College of Arts and Sciences, Dean’s 
Office 
 
Howard Hughes Biological Sciences 
Initiative 
 
Additional participating institutions: 
University of Colorado Health Sciences 
Center 
 
Denver University 
 
University of Northern Colorado 
 
University of Nebraska-Kearney 
 



Corporate Sponsors 2008 
PLATINUM: 
 
ADInstruments, Inc. 
2205 Executive Circle 
Colorado Springs, CO 80906 
Contact: Matthew Dilworth  
Toll Free: 888-965-6040 x223 
Tel: 719-459-6272 
CO Phone: 719-576-3970 x223 
Fax: 719-576-3971 
Email: 
mdilworth@adinstruments.com 
Website: http://www.adinstruments.com 
 
Martek Biosciences Corporation 
Christopher M. Butt, Ph.D. 
Principal Scientist 
Neuroscience Research, Discovery  
4909 Nautilus Court North, Suite 208 
Boulder, CO  80301  
303.357.2841 (phone) 
303.381.8181 (fax) 
Email: CButt@martek.com 
Website: http://www.martek.com/ 
 
GOLD: 
 
Leeds Precision Instruments 
800 Boone Avenue North  
Minneapolis, MN 55427  
Contact Person: Jeff Bright 
Phone: 303-683-5524  
Email: jbright@leedsmicro.com  
Website: http://www.leedsmicro.com 
 
North Central Instruments Inc. (Leica) 
Formerly: E. Licht Company 
5961 E. 38th Ave.  
Denver, CO 80207  
Contact Persons: Gary Hanson, 

and Lance Russell 
Phone: 303-322-8900  
Email: lancer@ncimicro.com 
Website: 
http://www.northcentralinstruments.com/ 

 
Nikon Instruments, Inc. 
3275 Denargo St. #930 
Denver, CO 80216 
 Contact Person: Andrew Cahill 
Voice: 303-217-0824 
Email: afcahill@Nikon.net 
Website: http://www.nikon.com 
 
Invitrogen Corporation 
1600 Faraday Avenue 
Carlsbad, CA 92008 
Contact Person: Dollie Horst 
Voice: 800.955.6288 X66552 
Email: dollie.horst@invitrogen.com 
Website: http://www.invitrogen.com 
 
Fisher Scientific Company 
4700 Moline St. 
Denver, CO 80239  
Contact Person: Wade Whitcomb and 

David Holden  
Customer Service: 800-766-7000 
D Holden: 823-385-2187 
Email: 
wade.whitcomb@thermofisher.com 
david.holden@thermofisher.com 
Website: http://www.fishersci.com 
 
NextGen Pharma Technologies, Inc. 
Contact Person: Patty Evers or Cheryl 
Hite 
Phone: 719-540-2888 or 970-222-3844 
Fax: 719-540-5003 
Email: patty@nextgenpharma.com 

chite@frii.com 
Web: http://www.nextgenpharma.com/ 
 
The Jackson Laboratory 
600 Main Street 
Bar Harbor, Maine 04609 
Contact Person: Christen Cottam 
Phone: 206-856-2397 
Email: christen.cottam@jax.org 
Web: http://jaxmice.jax.org/ 
 

 



 
SILVER: 
Promega US      Novus Biologicals, Inc 
2800 Woods Hollow Road     8100 Southpark Way A-8 
Madison, WI 53711      Littleton, CO 80120 USA 
Contact Person: Jennifer Naylor, Ph.D.  Contact Person: Mark A. Parker, PhD 
Phone: 303-324-9746     Telephone:303.730.1950 or 1.888.506.6887 
Toll Free: 800-356-9526, ext. 2804   FAX: 303.730.1966 
Email: jennifer.naylor@promega.com            Technical Email: technical@novusbio.com 
Website: http://www.promega.com   General Email: novus@novusbio.com 
       Website: http://www.novusbio.com/ 
Millipore Corporation 
80 Ashby Road     Fermentas Inc 
Bedford, MA 01730-2271    798 Cromwell Park Drive 
Contact Person: Irv Crump, Candace Sotwick Glen Burnie, MD 21061 
Phone: IC 303-396-3580    Contact Person: Dan Golin 
Phone: CS 800-645-5476 x6870   Cell Phone: 303-514-7584 
Email: irv_crump@millipore.com   Email: Golin@Fermentas.com 
Email: Candace_Sotwick@millipore.com  Ordering: 
Website: http://www.millipore.com   Voice:    (800) 340-9026 
       Fax:    (800) 472-8322 
PhosphoSolutions     e-mail:    info@fermentas.com 
Colorado Bioscience Park    Website: http://www.fermentas.com/ 
12635 E. Montview Blvd. # 213 
Aurora, CO 80045 
Contact person: Kristin Nixon 
Phone: 720-859-4051 
Fax: 720-859-4052 
Email: kn@phosphosolutions.com 
Website: http://www.phosphosolutions.com/ 
 
LightLabs 
PO Box 742513 
Dallas, TX 75374 
Contact Person: Matt Ver Meer 
Phone: 800-286-3103 x704 
Fax: 972-479-1910 
Email: Matt@lightlabsusa.com 
Website: http://www.lightlabsusa.com 
 
Integrated DNA Technologies  
1710 Commercial Park  
Coralville, IA 52241  
Contact Person: Carrie Burroughs 
Voice: (303) 362-0465  
Cell: 720-333-3097 
Email: cburroughs@idtdna.com 
Website: http://www.idtdna.com 
 



Acknowledgements: 
 
Cover Page: Designed by Michael Weiser 
Scientific images provided by Anna Andrianakos, Andrew Young, Scott Baver and Albert 
Gonzales.  Details will be in their presentations in the oral session.  The FRNG website header 
was created by Leif Saul in 2005 – see more images on our website: FRNG.colostate.edu. 
 

Special Thanks! 
 
Special thanks to faculty and postdoctoral fellows from all campuses for reading and judging 
abstracts and/or posters that provide the energy to create this meeting. 
 
Special thanks to Dr. Kristin Artinger and the Rocky Mountain Regional Neuroscience Group for 
partnering to make this a great Front Range event. 
 
Special thanks to the vendors listed in this program, and to Cheryl Hite for helping coordinate 
their participation.  These companies have declared by their contributions both in dollars and 
prizes that they value Front Range Neuroscience Group business.  We encourage you to buy 
from these vendors that support you. 
 
Special thanks to Martek Biosciences Corporation for creating the Martek Travel Award and 
congratulations to Dr. Kristy McClellan for winning!! 
 
Special thanks to the University departments and programs that provided financial support to 
help make the meeting possible; in particular Colorado State University, the University of 
Wyoming, and the University of Colorado at Boulder. 
 
Special thanks to the graduate student organizing committee for creating and polishing the 
program and fixing the details, and in particular for creating the program book. This includes 
Kristy McClellan Cheryl Hartshorn and Karin Streifel from CSU, Dane Jensen and Andrew 
Young from Univ Wyoming, Tianna Hicklin and Faye Doherty from UCHSC, and Leah Brooks 
and Jessica Babb from UC-Boulder.  And additionally to Erin Bisenius and the first year CSU 
students Krystle, Jonathan, and Phillip for help with attendee registration. 
 
Special thanks to the Marriott Fort Collins for providing the ideal venue and an extra 
contribution, and to Jamie Meyer in particular for help in making this all possible. 
 
Special thanks to you, the attendees, for making this a meeting that we can be proud to hold on 
a regular basis, and for forming Front Range Neuroscientists into a vibrant and interactive 
Community! 
 
Stay tuned for information on our FRNG Website that helps us communicate position openings, 
course offerings, seminars and a whole lot more!!! 
 
 
Sincerely yours, 
 
The Front Range Neuroscience Steering Committee, 
Noreen Reist, Stuart Tobet, Shane Hentges, Qian-Quan Sun, Pei-San Tsai, Serge Campeau, 
Nancy Lorenzon, and Patrick Burns. 
 



Thank you to all who 
donated raffle prizes 

 
Alley Cat  
120 W Laurel St 
Fort Collins, CO 80525 
970.495.0123 
 
Austin’s American Grill 
2815 E Harmony Road 
Fort Collins, CO 80528 
970.267.6532 
www.austinsamericangrill.com 
 
Bisetti’s Ristorante 
120 S. College 
Fort Collins, CO 80524 
970.493.0086 
www.bisettis.com 
 
Coopersmiths’ Pub & Brewing 
 #5 Old Town Square 
Fort Collins, CO 80524 
970.498.0483 
www.coopersmithspub.com 
 
The Cupboard 
152 S College Ave 
Fort Collins, CO 80524 
970.493.8585 
800.569.1873 
www.thecupboard.net 
 
Dr. Gubbels, Chiropractic & Wellness 
Center 
4103 Boardwalk Drive Suite 202 
Fort Collins, CO 80525 
970.207.4046 
 
Full Cycle 
230 S. College 
Fort Collins, CO 80524 
970.484.1800 
www.fullcyclebikes.com 
 
 
 
 

Great Harvest Bread 
2601 S. Lemay, Suite 1 
Fort Collins, CO 80525 
970.223.8311 
www.greatharvest.com 
 
Lyric Cinema 
300 E Mountain Ave 
Fort Collins, CO 
970.493.0893 
www.lyriccinemacafe.com 
 
Mad Greens 
2120 E Harmony Rd 
Fort Collins, CO 80528 
970.223.1447 
www.madgreens.com 
 
Mugs Lounge 
261 S College Ave 
Fort Collins, CO 80524 
970.214.9605 
 
Noodles & Company 
4733 S Timberline Rd 
Fort Collins, CO 80528 
970.223.2808 
email: fortcollins@noodles.com 
 
Old Chicago 
147 S College Ave 
Fort Collins, CO 80524 
970.482.8599 
www.oldchicago.com 
 
Red Robin 
701 E. Harmony Rd. 
Fort Collins, CO 80525 
970.223.0111 
www.redrobin.com 
 



 
 
 
 
Rustic Oven 
2350 E. Harmony Rd 
Fort Collins, CO 80528 
970.226.2300 
www.rusticoven.com 
 
Spicy Pickle 
2120 E Harmony Rd 
Fort Collins, CO 80528 
970.377.2751 
www.spicypickle.com 
 
Steakout Saloon 
152 W Mountain Ave 
Fort Collins, CO 80524 
970.416.5989 
 
Starbucks Coffee 
700 S College Ave 
Fort Collins, CO 80524 
970.224.2956 
www.starbucks.com 
 
Sunflower Farmers Market 
2601 S Lemay Ave 
Fort Collins, CO 80525 
970.282.8003 
www.SFMarkets.com 
 
Trail Head Tavern 
148 W Mountain Ave 
Fort Collins, CO 80524 
970.221.5757 
 
Walrus Ice Cream 
125 W Mountain Ave 
Fort Collins, CO 80524 
970.482.5919 
www.walrusicecream.com 
 
 



ORAL PRESENTATIONS 
 
1. Role of pro-apoptotic Bcl-2 homology-3 domain (BH3)-only proteins in the mutant 
SOD1 mouse model of ALS 
Anna G. Andrianakos, Emily K. Schroeder, Ron J. Bouchard and Daniel A. Linseman 
Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver; 
Research Service,Veterans Affairs Medical Center, Denver, CO, U.S.A. 
 
2. Differential Protein Expression in Two Types of Melanopsin-Containing Retinal 
Ganglion Cell 
Scott B. Baver, Andrew T.E. Hartwick, Gary E. Pickard, Patricia J. Sollars 
Department of Biomedical Sciences, Colorado State University, Fort Collins CO 
 
3. Sustainable TRPM4 Channel Activity in Freshly-Isolated Cerebral Artery Smooth 
Muscle Cells 
Albert L. Gonzales, Gregory C. Amberg, Rachael Crnich, and Scott Earley 
Department of Biomedical Science, Colorado State University, Fort Collins, CO  
 
4. GABAergic Inhibitory Interneurons in the Posterior Piriform Cortex of the GAD67-GFP 
Mouse 
Andrew N. Young and Qian-Quan Sun 
Graduate Neuroscience Program, University of Wyoming 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. Role of pro-apoptotic Bcl-2 homology-3 domain (BH3)-only proteins in the mutant 
SOD1 mouse model of ALS 
Anna G. Andrianakos, Emily K. Schroeder, Ron J. Bouchard and Daniel A. Linseman 
Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver; 
Research Service,Veterans Affairs Medical Center, Denver, CO, U.S.A. 
Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease characterized 
by decreased muscle strength and paralysis, ultimately leading to death. The pathology 
underlying ALS involves rapid degeneration of motor neurons from the ventral horn of the spinal 
cord and retraction of their axonal projections to the neuromuscular junctions. A known mutation 
linked to some familial cases of ALS occurs in Cu/Zn superoxide dismutase (SOD1). Mutations 
in SOD1 result in mitochondrial oxidative stress and intrinsic apoptosis. Transgenic mice 
expressing a G93A mutant of SOD1 provide an in vivo model to investigate motor neuron death 
during disease progression. The principal regulators of intrinsic apoptosis are the Bcl-2 family 
proteins. While some members of this family are pro-survival, the BH3-only proteins are pro-
apoptotic. A recent study revealed a key role for the BH3-only protein, Bim, in motor neuron 
death in the mutant SOD1 mouse (Hetz et al, 2007. Cell Death Differ 14, 1386). Another recent 
study identified the distinct BH3-only protein, Puma, as an inducer of motor neuron death in the 
mutant SOD1 mouse (Kieran et al, 2007. Proc Natl Acad Sci USA 104, 20606).Since 
cooperation of various BH3-only proteins is often necessary to induce apoptosis, we 
hypothesized that multiple BH3-only proteins are induced in spinal motor neurons during the 
progression of ALS. Furthermore, we postulated that these pro-apoptotic proteins act in a 
coordinated manner to cause motor neuron death.  We utilized laser capture microdissection 
(LCM) to collect a highly enriched population of spinal motor neurons from wild-type vs. SOD1 
mutant mice. Enrichment of motor neurons by LCM should provide enhanced sensitivity for 
detecting low abundance BH3-only transcripts in comparison to their relatively dilute expression 
in whole spinal cord homogenates, as previously used by Hetz et al, 2007 and Kieran  et al, 
2007.  RNA was then isolated from the captured motor neurons and used for quantitative real 
time PCR analysis of BH3-only transcript expression. We did not detect any significant 
differences in the expression of BH3-only transcripts between end stage SOD1 mutant mice and 
age matched wild type animals. In contrast, immunohistochemical staining for the BH3-only 
proteins, Bik, Bad, BNip3, Bid, Noxa, Puma, and Hrk/Dp5, demonstrated selective staining of 
Hrk/Dp5 and Bid in astrocytes of lumbar spinal cords from end stage mutant SOD1 mice. 
Hrk/Dp5 and Bid were not observed in astrocytes of wild type mouse spinal cords. These novel 
findings indicate a potentially important role for astrocytes expressing Hrk/Dp5 or Bid in ALS 
disease progression. Future studies examining the role of BH3-only proteins Hrk/Dp5 and Bid in 
astrocytes expressing mutant SOD1 may establish BH3-only proteins as critical inducers of 
motor neuron apoptosis that significantly contribute to disease progression in ALS. (Supported 
by a VA Merit Review award to D.A.L.) 
 
 
2. Differential Protein Expression in Two Types of Melanopsin-Containing Retinal 
Ganglion Cell 
Scott B. Baver, Andrew T.E. Hartwick, Gary E. Pickard, Patricia J. Sollars 
Department of Biomedical Sciences, Colorado State University, Fort Collins CO 
Melanopsin-containing retinal ganglion cells (RGCs) are intrinsically photoreceptive and the 
photic information relayed by these neurons contributes to the regulation of non-image forming 
visual functions such as circadian rhythm entrainment and the pupillary light reflex. Recently, we 
have used a knock-in heterozygous mouse model, in which one melanopsin gene is replaced 
with the tau-lacZ gene, to identify two types of melanopsin-containing RGCs (Baver et al., 
2008).  The two cell-types could be distinguished by the immunocytochemical visualization of b-
galactosidase reporter protein.  In the present study, we used the same criteria to assess 



whether the relative proportion of melanopsin-containing RGCs assigned to each subtype varies 
over the diurnal cycle. Mice were killed either 1 h before, or 4 h after, light onset (zeitgeber time 
[ZT] 23 and 4, respectively) and the number of cells that were double-stained by b-
galactosidase and melanopsin (mouse N-terminus) antibodies were compared to the overall 
number of cells stained by melanopsin alone.  In ZT23 mouse retinas (N = 3 animals), 71.0% of 
the melanopsin-positive cells contained b-galactosidase, in contrast to 53.9% in ZT4 retinas (N 
= 2).  To test the hypothesis that dopaminergic signaling is involved in this diurnal fluctuation, 
we gave IP injections (2 mg/kg) of the D2 dopamine receptor agonist quinpirole to heterozygous 
tau-lacZ mice (N = 3) at ZT10, after which the animals were sacrificed at ZT23.  In these retinas, 
there was near-complete co-localization, as 94.6% of the melanopsin-containing RGCs were 
also stained by b-galactosidase antibodies.  These results suggest that the two subtypes of 
melanopsin-containing RGCs are differentiated by their relative levels of expressed melanopsin 
protein, and this protein expression exhibits a diurnal rhythm. Furthermore, the change in 
melanopsin protein may be related to rhythmic dopamine signaling in the retina. 
 
 
3. Sustainable TRPM4 Channel Activity in Freshly-Isolated Cerebral Artery Smooth 
Muscle Cells 
Albert L. Gonzales, Gregory C. Amberg, Rachael Crnich, and Scott Earley 
Department of Biomedical Science, Colorado State University, Fort Collins, CO  
Localized control of cerebral blood flow and arterial constriction in response to changes in 
intraluminal pressure are dependent on the intrinsic regulation of smooth muscle cell membrane 
potential.  The melastatin transient receptor potential (TRP) channel TRPM4 is highly selective 
for monovalent cations, is activated by elevated levels of intracellular Ca2+, and is a critical 
regulator of smooth muscle membrane depolarization, which serves to open voltage dependent 
Ca2+channels (VDCC), and resulting in myocyte contraction.  Interestingly, Ca2+ activates and 
inactivates TRPM4, causing the channel to rapidly inactivate under conventional whole-cell 
patch clamp conditions. When the slow Ca2+ buffer, ethylene glycol-bis(2-aminoethylether)-
N,N,N′,N′-tetraacetic acid (EGTA), was included in the pipette solution, we identified a transient 
tetraethylammonium (TEA)–insensitive inward Na+ current in freshly isolated cerebral arterial 
myocytes.  siRNA-mediated silencing of TRPM4 and the recently described TRPM4 inhibitor, 9-
phenanthrol, both diminish the open probability (NPo) compared to controls, strongly suggesting 
the molecular identity of the channel to be TRPM4.  This study demonstrates a practical method 
to record sustained TRPM4 activity and may be used to study other TRPM4-like Ca2+ sensitive 
channels in other excitable tissues, such as neurons. AHA0535226N; F31HL094145-01. 
   
 
4. GABAergic Inhibitory Interneurons in the Posterior Piriform Cortex of the GAD67-GFP 
Mouse 
Andrew N. Young and Qian-Quan Sun 
Graduate Neuroscience Program, University of Wyoming 
GABA releasing inhibitory interneurons, a critical component of cortical circuitry, are involved in 
myriad known functional roles. However, information regarding the cytoarchitectural, 
physiological and molecular properties of interneurons in the posterior piriform cortex (PPC) is 
sparse. Taking advantage of the GAD67-EGFP mouse, we used  in vitro whole cell patch clamp 
techniques to record from GABAergic interneurons across all three layers of the PPC in vitro 
and, subsequently, to reconstruct their morphology.  For the first time, five groups of 
interneurons are identified, whose firing types are comparable to those described within the 
neocortex.  Interestingly, each distinct firing type also exhibits unique morphological properties, 
laminar distributions, and excitatory synaptic properties.  The dendritic and axonal processes 
demonstrate subtype specific orientations, and a differential expression of spines and boutons, 



respectively. In addition, the active and passive electrophysiological properties of these cells 
show marked intergroup differences. Immunohistochemical techniques revealed a laminar-
specific distribution of calcium binding proteins and vasoactive intestinal peptide (VIP) 
expression.  Surprisingly, excitatory synaptic properties in several groups lack target-specific 
differences seen in neocortical circuits, reflecting a circuit arranged with less complexity. This 
data aids in the identification of PPC interneurons and allows us to make well supported 
postulations about functional properties. 
This research was supported by National Institutes of Health grants 5R01NS057415 and P20 
RR15640 (QQS) 
 
 



POSTER PRESENTATIONS 
 
Cognition and Behavior 
 
1. Event Related Potentials to Alcohol Related Stimuli in College-Aged Drinkers and Non-
Drinkers. BC Banz, AM Campbell, M Lott, E Burnette and DA Davalos. 
 
2. Event-Related Potentials of Emotional Pictures. A Campbell, D Davalos, B Banz, M Lott, E 
Burnette. 
 
3. Effects of neural progenitor cells implanted into the hippocampus of Ts65Dn mice on 
postnatal development. A. Rachubinski, S.K. Cornelius, K.N. Maclean, K.B. Bjugstad. 
 
Development 
 
4. Significance of the Tbx5 Expression Pattern in Zebrafish Cardiac Development. LE Parrie, K 
Lewicki, KP McCoy, DM Garrity. 
 
5. Multiplexed Micromosaic Immunoassays for Simultaneous Competitive/Non-Competitive 
Biomarker Analysis. Brian M Murphy, Charles S. Henry. 
 
6. The time evolution of entropy during the training of artificial neural networks. R. A. Nawrocki, 
S. E. Shaheen. 
 
7. Improving Electrochemical Detection Sensitivity of Catecholamines with Microchip 
Electrophoresis Using a Bubble Cell and Field Amplified Sample Injection. Qian Guan, Ryan E. 
Holcomb, James R. Kraly, Charles S. Henry 
 
8. Acute effects of neonatal inflammation on peripheral properties of myelinated but not 
unmyelinated cutaneous nociceptors. Y. Ye, C. J. Woodbury. 
 
Disorders of the Nervous System 
 
9. RNA interference targeting sodium channel β4 subunit in nucleus accumbens alters alcohol 
consumption. C Adams, A Lasek, J Gesch, U Heberlein, R Hitzemann, S Edmunds, A 
Poczobutt, B Tabakoff, P Hoffman, and M Zawada. 
 
10. Effect of uranium exposure on mouse catecholamine metabolism. Briner, W.  
 
11. Corticotropin-releasing factor receptor antagonism reduces social anxiety-like behavior 
following early-life social isolation. Jodi Lukkes, Shawn Vuong, Jamie Scholl, Harvey Oliver and 
Gina Forster.  
 
12. Distribution of serotonergic and non-serotonergic neuronal projections from the midbrain 
raphe complex to the basolateral nucleus of the amygdala. MW Hale, C E Stamper, C A Lowry. 
 
13. Pharmacokinetics of carbamazepine in serial samples of plasma and CSF following 
intravenous administration to conscious rats. Cheryl Hite, Victor Saldivia, Manhong Liu, Xia Liu, 
Ines A.M. de Lannoy.  



 
14. Objective assessment of a proprietary neuroprotective neutraceutical on short-term memory 
of aged dogs. Cheryl Hite, Gary Landsberg, Joseph A. Araujo, & Alda Miolo 
 
15. Insulin and its combination with insulin-like growth factor-I (IGF-I) prevent brain 
degeneration in a diabetic rat model of Alzheimer's disease (AD). P. Šerbedžija, S. E. Nelson, 
D. J. Kipp, M. C. Goodwin II, J. E. Madl, D. N. Ishii.  
 
16. CaMKII in Neuronal Excitotoxicity. RS Vest & KU Bayer. 
 
17. Non-phagocytic NADPH oxidase is present in dopaminergic neurons. GP Banninger, S 
Jones, J Thornton, B Marriot, D Cantu, AL Rachubinski, AM Poczobutt, M Das and M Zawada. 
 
Neural Excitability, Synapse and Glia 
 
18. Studies of LTP and NMDARs in STEP KO. TR Hicklin, D Venkitaramani, SJ Coultrap, P 
Lombroso. 
 
19. Green tea epigallocatechin 3-gallate accumulates in mitochondria and displays a selective 
anti-apoptotic effect against inducers of mitochondrial oxidative stress in neurons.         
DA Linseman, EK Schroeder, NA Kelsey, J Doyle, E Breed, RJ Bouchard, and FA Loucks. 
 
20. Glial inflammatory responses and age-dependent susceptibility to manganese-induced 
neurotoxicity. Julie Moreno, Karin Streifel, Kelly Sullivan, Marie Legare, and Ronald Tjalkens. 
 
21. Cofilin-Actin Rods in the Hippocampus: Potential Mediators of Synaptic Dysfunction in 
Neurodegenerative Diseases. Chi W. Pak, Richard C. Davis, Michael T. Maloney, Laurie S. 
Minamide, and James R. Bamburg. 
 
22. MPP+ targets purinergic calcium signaling in primary astrocytes. Karin M. Streifel and 
Ronald B. Tjalkens. 
 
23. Does the C2A Domain of Synaptotagmin Play a Role in the Calcium Triggering of Synaptic 
Transmission? Amelia Striegel, Laurie Biela, and Noreen Reist. 
 
Neuroendocrine 
 
24. Tachykinins may Induce Prolactin Release from the Ovine Pituitary via the NK1 Receptor. 
M Adetoye, D Skinner. 
 
25. Sex differences in neuroendocrine responses vary depending on the stressor. 
JA Babb, TJ Nyhuis, C Masini, S Campeau, HEW Day. 
  
26. Investigation of AMP-Activated Protein Kinase in summer fasted, summer fed, and 
hibernating golden-mantled ground squirrels (Spermophilus lateralis). Jenna L. Bateman, 
Jessica E. Healy, Gregory L. Florant, and Robert J. Handa. 
 
27. Fibroblast growth factor 8 deficiency affects olfactory placode morphogenesis from which 
gonadotropin-releasing hormone neurons emerge. WCJ. Chung and PS Tsai. 
 



28. Intermittent voluntary wheel running is sufficient to reduce HPA axis responses to low 
intensity noise stress. Heidi E. Day, Tara J. Nyhuis, Sarah K. Sasse, Cher V. Masini, Serge 
Campeau. 
 
29. Conditioned fear inhibits c-fos mRNA expression in the rat central extended amygdala. Heidi 
E. Day, Elisa M. Kryskow, Tara J. Nyhuis, Lauren Herlihy, Serge Campeau. 
 
30. Behavioral effects of estrogen receptor beta acting locally to regulate the expression of 
tryptophan hydroxylase 2 (TPH2) in serotonergic neurons of the dorsal raphe nuclei. Donner N., 
Handa R.J.  
 
31. Corticotropin-releasing factor in vitro and aversive acoustic stimulation in vivo increase 
tryptophan hydroxylase activity in the caudal dorsal raphe nucleus. AK Evans, J Heerkens, and 
CA Lowry. 
 
32. Effects of anabolic androgenic steroids and social subjugation on behavior and 
neurochemistry in male rats. K. A. Frahm, A.R. Lumia, R.L. Cunnigham, E. Fernandez, R. 
Strong, J. L. Roberts, M.Y. McGinnis. 
 
33. Characterization of the expression of importins in the paraventricular nucleus of the 
hypothalamus and cortex in rat brain and their association with the neurokinin 3 receptor.  
D. D. Jensen and F. W. Flynn. 
 
34. Sex differences in Kisspeptin mRNA expression during murine development. JG Knoll, GA 
Schwarting, SA Tobet. 
 
35. Co-operative Binding of Syntaxin Molecules to Microdomains in Live PC12 Cells 
MK Knowles, S Barg, L Wan, W Almers. 
 
36. Evaluation of the in vivo Equine FSH Response to Peripheral Kisspeptide Treatment 
Christianne Magee, Alejandro Arreguin-Arevalo, Mary Mrdutt, Jeremy Cantlon, Jason 
Bruemmer, Patrick McCue, Colin Clay. 
 
37. The Effect of Heterozygous FGF8 and FGFR3 Defects on Gonadotropin-Releasing 
Hormone Neuronal System. T Matthews, W Chung, P Tsai.  
 
38. Relationship among GABA, nitric oxide, and brain derived neurotrophic factor: Potential 
effector molecules for the development of the paraventricular and ventromedial hypothalamic 
nuclei. KM McClellan and SA Tobet. 
 
39. Differential effects of voluntary physical activity and environmental enrichment on 
hippocampal BDNF expression following chronic audiogenic stress in rats. Tara J. Nyhuis, Cher 
V. Masini, Sarah K. Sasse, Sarah Moreland, Heidi E.W. Day, and Serge Campeau. 
 
40. Chronic voluntary wheel running facilitates corticosterone response habituation to repeated 
audiogenic but not ferret odor or restraint stress exposures.  
SK Sasse, CV Masini, TJ Nyhuis, HEW Day, and S Campeau. 
 
41. Steps toward understanding the development of the paraventricular nucleus of the 
hypothalamus. Matt Stratton, Kristy McClellan, Gabe Knoll, Cheryl Hartshorn, Stuart Tobet. 
 



42. GNRH System Defects in a double transgenic mouse with reduced FGF responsiveness 
and FGF8 signaling. Sarah S. Moyle, Wilson C.J. Chung, and Pei-San Tsai.  
 
43. Neurokinin 3 receptor is not co-localized with the magnocellular oxytocin-releasing neurons 
in the paraventricular nucleus of the hypothalamus and supraoptic nucleus. X.Xu and F. W. 
Flynn. 
 
Sensory and Motor Systems 
 
44. Regeneration of Rhodopsin Alters Color Perception. Lucinda S. Baker, Janice L. Nerger, 
Vicki J. Volbrecht. 
 
45. A Configural Asymmetry’s Robustness to Changes of Spatial Structure. JR Edler, P. 
Monnier 
 
46. Effects of decoupled elliptical training on interlimb coordination. Megan A. Endrizzi, Abbey 
R. Keene, Leah N. Hitchcock, Raoul F. Reiser, Brian L. Tracy.  
 
47. Cytoarchitectonic and Immunohistological Profile of GABAergic neurons In the Posterior 
Piriform Cortex. Tyler Felton, Chunzhao Zhang and Qian-Quan Sun. 
 
48. Monaural and binaural response properties of single neurons in the inferior colliculus of the 
adult chinchilla. Heath G. Jones, Kanthaiah Koka, Jennifer Thornton, and Daniel J. Tollin. 
 
49. Linear and non-linear coding of sound spectra by discharge rate in cochlear nucleus and 
medial nucleus of the trapezoid body (MNTB) neurons. K. Koka, D. J. Tollin. 
 
50. Monaural and binaural response properties of single neurons in the inferior colliculus of the 
adult chinchilla. Jennifer Thornton, Heath G. Jones, Kanthaiah Koka,  and Daniel J. Tollin. 
 
51. Activity-dependent synthesis of BDNF mediates sensory-dependent maturation of cortical 
inhibitory circuits in the barrel cortex. Yuanyuan Jiao, Chunzhao Zhang, Kazuko Sakata, Bai Lu, 
Qian-Quan Sun. 
 
52. Cholinergic (starburst) amacrine cells express β-endorphin in the mouse retina. Shannon 
Gallagher, Paul Witkovsky, Kizzy English, Malcolm Low, Veronica Otero-Corchon, Shane 
Hentges, Jozsef Vigh. 
 
53. Role of CXCR7 Gene in Zebrafish Hematopoiesis. J Sneden, H Evans, DM Garrity 
 
 
 
 
 
 
 
 
 



Cognition and Behavior 
 
1. Event Related Potentials to Alcohol Related Stimuli in College-Aged Drinkers and Non-
Drinkers 
BC Banz, AM Campbell, M Lott, E Burnette and DA Davalos. 
Department of Psychology, Perceptual and Brain Sciences Program, Colorado State University, 
Fort Collins, CO.  
In recent years, researchers have begun to investigate whether there are neurophysiological 
differences in individuals who drink heavily compared to those who do not drink.  Research has 
shown significantly reduced P3 amplitudes in alcoholics and their children to visual stimuli, 
except when those images are alcohol-related. The purpose of the current study is to further 
investigate this phenomenon comparing event-related potentials (ERP) of high drinkers to non 
drinkers when presented, positive images, negative images and alcohol related images. 
Participants are determined to be a drinker or non drinker based on the AUDIT, a self report 
measure. Groups are compared based on differences in amplitude and latency of the late 
positive potential wave for the alcohol images. 
 
2. Event-Related Potentials of Emotional Pictures 
A Campbell, D Davalos, B Banz, M Lott, E Burnette. 
Department of Psychology, Perceptual and Brain Sciences Program, Colorado State University, 
Fort Collins, CO.  
The negativity bias is a robust response in which individuals value negative components of 
information more than positive.  The negativity bias appears in both behavioral and 
electrophysiological research and affects a number of cognitive processes including decision 
making and value judgments. Research suggests that the bias is diminished in older adults.  
The current study uses event-related potential (ERP) to investigate if this bias can be 
manipulated and diminished using framing in younger adults.  Participants’ brainwaves are 
recorded in response to positive, neutral and negative images.  Participants are split into two 
framing conditions; the positive condition must respond if the image viewed is positive or not 
while the negative are asked if the image is negative are not.  Comparisons between the groups 
are made based on changes in amplitude and latency of the late positive potential wave for the 
three types of images.  Preliminary results suggest that framing may significantly alter the 
amplitude of ERPs.  
 
3. Effects of neural progenitor cells implanted into the hippocampus of Ts65Dn mice on 
postnatal development 
A. Rachubinski*1, S.K. Cornelius1, K.N. Maclean1, K.B. Bjugstad1  
Department of Pediatrics, University of Colorado Denver, Aurora, CO. 
Infants with Down syndrome (DS) experience early developmental delays prior to their emerging 
cognitive impairments. Motor skills such as rolling over, crawling, and walking develop at a 
slower rate than that of their peers without DS. Currently, treatments for DS are directed at 
treating already impaired neurological functions in children and adults with DS.  However, a 
treatment that could be used earlier in development might postpone or prevent the later 
cognitive delays.  Neural progenitor cells (NPC) have been used in a wide range of adult 
neurodegenerative disorders with promising behavioral and neuroanatomical results.  The 
present study sought to determine if NPC could be used as a treatment for DS when implanted 
shortly after birth. This study used the Ts65Dn mouse model of DS, which has a delayed 
postnatal development, low birth weight, and age-associated cognitive impairment. Trisomic and 
disomic Ts65Dn littermates were bilaterally implanted in the hippocampus with 100,000 C17.2 
murine NPC or saline on postnatal day 2 (PND 2).  Developmental milestones (DM) including 



eye opening, ear opening, righting response, cliff avoidance, negative geotaxis and weight gain 
were assessed daily.  Overall, trisomic mice reached the DM of ear opening, eye opening, 
righting, and cliff avoidance 1 to 1 ½ days later than their disomic littermates. No differences 
between the groups were found in their achievement of negative geotaxis.  NPC did shorten the 
time to ear opening by about ½ day for both groups.  At present, no other NPC-induced 
changes have been detected. In all groups, the DM were reached by PND14, with some as 
early as PND 5. Thus, NPC may not have been present long enough to induce a measurable 
effect.  Subtle differences, like the time for the ears to open, suggest that the NPC could be 
causing changes in the brain that may not be evident until additional testing of the mice is done 
at a later age.  
Supported by:  Anna and John J. Sie Foundation NIH/NINDS 1F31NS060517-01A1    
 
 
 
Development 
 
4. Significance of the Tbx5 Expression Pattern in Zebrafish Cardiac Development 
LE Parrie, K Lewicki, KP McCoy, DM Garrity. 
Department of Biology, Colorado State University, Fort Collins, CO 
Tbx5, a T-box transcription factor, is required for normal cardiac development. Mutations of 
Tbx5 lead to Holt-Oram Syndrome (HOS) in humans. As in HOS, mutation of zebrafish tbx5 
affects both heart and forelimb structures. Homozygous tbx5/heartstrings (hst) mutants exhibit 
bradycardia, failure of the heart tube to loop, cardiac edema and absence of pectoral fins. The long-
term goal of our work is to investigate the role of tbx5 in heart tube formation, to probe the 
functional significance of graded levels of tbx5 expression in the forming heart, and to determine 
downstream targets of Tbx5. 
We will create two novel transgenic lines designed to modulate the level, distribution and timing of 
cardiac tbx5 expression. To determine the developmental timepoints at which tbx5 is necessary for 
normal cardiac function we are creating a Tg(hsp70:tbx5-GFP) line in which tbx5 expression can be 
conditionally induced in a hst mutant background. tbx5 expression will be induced at specific 
time points during development, and embryos scored for whether they develop the hst 
phenotype, or develop more normally. Graded tbx5 expression is hypothesized to play a role in 
chamber differentiation and valve formation. To test the functional relevancy of this graded tbx5 
expression, we are creating a Tg(cmlc2:tbx5-GFP) line that expresses tbx5 uniformly throughout 
the heart. Cardiac differentiation and morphology of transgenic embryos will be compared to 
wildtype.   
Finally, we will validate putative Tbx5 targets in the heart. Our initial results suggest that tbx5 
mRNA expression is auto-regulated from 24 to 48 hours post fertilization (hpf). Investigation of 
another T-box gene, tbx2b, as a potential target suggests that, indeed, tbx5 regulates tbx2b 
expression at mid-embryonic stages of heart development.  
 
5. Multiplexed Micromosaic Immunoassays for Simultaneous Competitive/Non-
Competitive Biomarker Analysis 
Brian M Murphy, Charles S. Henry. 
Department of Chemistry, Colorado State University, Fort Collins, CO  
High-throughput, multiplexing systems are important analytical tools for diagnostic applications 
which require the quantification of several targets. Here we discuss the realization of 
micromosaic immunoassays for simultaneous analysis of metabolites (competitive format) and 
macromolecules (non-competitive “sandwich” format). Specifically, we demonstrate analysis of 
biomarkers for oxidative stress for which no single clinical biomarker currently exists. Side-by-



side analyses of 3-nitrotyrosine by competitive immunoassay and the enzymes catalase and 
superoxide dismutase by sandwich immunoassay are presented. Immunoassays are performed 
on a modified silicon nitride wafer substrate, using PDMS microchannels to pattern and deliver 
proteins to the substrate surface. Assays are optimized for time (<45 minutes) and sample 
volume (<1µl). Statistical analyses of dose-response curves for LOD calculations will be 
discussed. We will also discuss the effect of patterned protein geometries on signal variation 
and apparent error. This work demonstrates for the first time that micromosaics can serve as an 
effective platform for simultaneous sample analysis using both competitive and sandwich 
immunoassay formats.  
 
6. The time evolution of entropy during the training of artificial neural networks 
R. A. Nawrocki, S. E. Shaheen 
Department of Computer Engineering, University of Denver, Denver, CO 
Department of Physics and Astronomy, University of Denver, Denver, CO 
This research presents an application of the measurement of entropy to artificial neural 
networks for the purposes of identifying statistical information that may be embedded in the 
connection weights. In This work, the entropy of a neural network is measured throughout its 
training session. Several different classes of neural network architectures were examined, and 
large differences in behaviors were seen. Also, depending on network architecture, the relative 
percentage of increase, or decrease, seems to be related to, or facilitated by, the data 
distribution. As a preliminary conclusion, we propose that a statistical physics measure such as 
entropy could be successfully used either as an alternative to or compliment of currently used 
training metrics, namely the percentage error to elucidate information about how the structure of 
the network evolves in time. We further suggest that this technique could be used to aid 
researchers investigating small scale networks of biological neurons by providing a means to 
extract relevant information about the network structure from data collected on the network 
activation strengths. 
 
7. Improving Electrochemical Detection Sensitivity of Catecholamines with Microchip 
Electrophoresis Using a Bubble Cell and Field Amplified Sample Injection 
Qian Guan, Ryan E. Holcomb, James R. Kraly, Charles S. Henry 
Department of Chemistry, Colorado State University, Fort Collins, CO  
Catecholamine neurotransmitters such as dopamine, epinephrine, norepinephrine and catechol 
have been most frequently studied using microchip capillary electrophoresis coupled with 
electrochemical detection (MCE-ECD). These compounds play an important physiological role 
in the transmission of nerve impulses and exhibit nearly ideal electrochemical properties for 
detection purposes, making them ideal candidates for MCE-ECD analysis. MCE-ECD is capable 
of highly efficient separations and sensitive detection of multiple biomarkers. Furthermore, ECD 
has the advantages of selectivity through potential control and specificity through redox 
chemistry. Two efforts to improve the detection sensitivity of our current MCE-ECD system will 
be presented. One is the implementation of a capillary expansion (bubble cell) at the detection 
zone to increase the exposed working electrode surface area. Here, bubble cell widths were 
varied from 1 to 10× the separation channel width (50 µm) to investigate the effects of electrode 
surface area on detection sensitivity and limit of detection (LOD). Results from different bubble 
cell widths will be shown using fluorescent imaging and amperometric detection. Also, the 
separation performance for model analytes will be compared using pinched, gated and 
hydrodynamic injection methods. Another effort for improving detection sensitivity involves using 
field amplified sample injection (FASI) for gated injection and field amplified sample stacking 
(FASS) for hydrodynamic injection. Stacking effects will be shown for both methods. Improved 
detection sensitivity obtained with use of a bubble cell, and sample stacking will enable nM 
detection limits for catecholamines in metabolite profiling studies.  



 
8. Acute effects of neonatal inflammation on peripheral properties of myelinated but not 
unmyelinated cutaneous nociceptors 
Y. YE, C. J. WOODBURY. 
Grad Neurosci Prog, Zoology & Physiol, Univ. Wyoming, Laramie, WY 
There is mounting evidence that cutaneous nociceptors are susceptible to inflammation during 
early postnatal life. The extent to which neonatal inflammation affects all nociceptors equally or 
exerts selective effects on specific nociceptor subclasses is poorly understood, although such 
information may provide important targets for future pediatric pain management. Towards this 
end, we examined the acute effects of neonatal inflammation on physiological properties of 
putative myelinated and unmyelinated nociceptors in neonatal mice. Back skin inflammation 
was produced under cold-induced analgesia on the day of birth (P0) via five 8 µl injections of 
complete Freund’s adjuvant (CFA) emulsion spaced ~2-3 mm apart along the dorsal midline; 4-
8 days later, intrasomal recordings were obtained from sensory neurons innervating inflamed 
skin in ex vivo somatosensory system preparations. Among myelinated nociceptors, neonatal 
inflammation produced a marked expansion in receptive field (RF) size (6.8 ±3.1 mm2, n=57) 
compared to normal age-matched neonates (i.e., untreated; 1.7±1.4 mm2, n=46) or control 
mouse pups that had received the same number of saline injections (2.21±1.21 mm2; n=21; 
P<0.001 for both comparisons). Surprisingly, mechanical thresholds of inflamed myelinated 
nociceptors were also significantly elevated (median = 1.6 mN) relative to normal (0.7 mN) and 
saline controls (0.7 mN; P<0.05 for all comparisons). In contrast to these pronounced acute 
effects on myelinated nociceptor peripheral properties, neonatal inflammation appeared to have 
no effect on unmyelinated (C) nociceptors, as RF size and median mechanical thresholds of the 
latter were indistinguishable (<1 mm2 and 0.4 mN, respectively) across inflamed (n=13), normal 
(n=17) and saline controls (n=18; P>0.4 for all comparisons). The present results therefore 
identify myelinated nociceptors as highly sensitive to neonatal inflammation. These alterations 
were observed from the earliest time point investigated (P4) and persisted into the second 
week; whether early inflammation leads to permanent alterations in this important nociceptor 
subclass and whether these changes are dependent on inflammatory model remains to be 
determined. (Supported by Grants: RO1 NS44094 and P20 RR15640) 
 
 
 
Disorders of the Nervous System 
 
9. RNA interference targeting sodium channel β4 subunit in nucleus accumbens alters 
alcohol consumption 
C Adams1,2, A Lasek3, J Gesch3, U Heberlein3, R Hitzemann4, S Edmunds4, A Poczobutt1, B 
Tabakoff5, P Hoffman5, and M Zawada1,2.  1University of Wyoming School of Pharmacy, 
2Neuroscience Program, Laramie, WY, 3Ernest Gallo Clinic and Research Center, San 
Francisco, CA, 4Oregon Health Science University, Portland, OR, 5Dept of Pharmacology, 
School of Medicine, University of Colorado Denver.  
Microarray analyses of gene expression in brains of mice bred for either high and low alcohol 
preference revealed that a voltage-gated sodium channel β4 subunit (Scn4b) is upregulated in 
alcohol preferring mice. Scn4b modulates sodium currents and neurite outgrowth. We have 
tested the hypothesis that reducing the expression of Scn4b in the nucleus accumbens (NAC) 
using a lentiviral vector encoding short hairpin RNA (shRNA) targeting Scn4b would alter 
alcohol consumption. A shRNA sequence found to silence the expression of Scn4b in Neuro2a 
cells by 80% was used to construct a lentiviral vector for silencing in vivo. Naïve male C57/B6-J 
mice received bilateral injections of the vector targeting Scn4b or a control vector encoding a 



scrambled shRNA sequence designed not to target expression of any genes into NAC. Two 
weeks after vector injection, all mice were entered into a protocol designed to examine alcohol 
preference and consumption using an unlimited access two-bottle choice test with ethanol 
concentrations of 6, 10, 15, 20 and 25%. Preliminary results indicate that, when tested with 10-
20% ethanol, alcohol consumption was significantly higher in mice receiving the Scn4b vector 
than in mice injected with the control vector. Furthermore, mice injected with the Scn4b shRNA 
vector showed a trend toward higher alcohol preference compared to control mice. The 
preference for saccharin and quinine was identical in the two groups. Although these data 
support the notion that Scn4b modulates the development of preference for alcohol, 
examination of other brain areas involved in the accusition of alcohol preference is necessary 
for more complete understanding of the role of the Scn4b in the reward circuitry. Supported by 
the NIH RNAi Core of the Integrative Neuroscience Initiative on Alcoholism Consortium 
(U01AA016654) grant (WMZ); the NIH CoBRE grant P20 RR15640 (the Neuroscience Program 
at the University of Wyoming); and the Office of Research and Development at the UW. 
 
10. EFFECT OF URANIUM EXPOSURE ON MOUSE CATECHOLAMINE METABOLISM 
Briner, W.  
Department of Psychology, University of Nebraska at Kearney, Kearney, NE, 68849.  
Background: Depleted uranium (DU) has been shown to have a variety of neurocognitive and 
hormonal effects.  Humans demonstrate differences in cognitive testing and serum prolactin 
levels.  Animals demonstrate differences in developments, activity levels and responses to 
novel stimuli.  Central nervous system (CNS) lipid oxidation has also been demonstrated.  
Aims: Determine if DU effects the catecholamine synthetic pathway in mice.  Methods: Mice 
were exposed to DU acetate at 0 or 75mg/L in drinking water for 2 weeks.  At the end of two 
weeks the animals were tested in an open field apparatus for 5 minutes, line crossing was 
measured.  Two days after the initial open field trial animals from each group were injected 
apomorphine at 10mg/kg or of normal saline.  The animals were again tested in the open field.  
The brains were then quickly removed and the midbrain prepared and the concentrations of 
dopamine, tyrosine, L-Dopa, NE, E, and HVA were determined by ion pairing HPLC with UV 
detection.  Lipid oxidation was assayed using the thiobarbituric acid method.  Results: 
Behavioral and lipid oxidation of mice reflected previous findings.  Apomorphine challenge did 
not produce significant differences in open field behavior.  Significant relationships were found 
between DU dose and midbrain tyrosine, norepinephrine and  epinephrine levels.  Conclusion: 
These preliminary findings indicate that DU exposure alters the metabolism of catecholamines 
in the mouse midbrain.  
 
11. Corticotropin-releasing factor receptor antagonism reduces social anxiety-like 
behavior following early-life social isolation 
Jodi Lukkes, Shawn Vuong, Jamie Scholl, Harvey Oliver and Gina Forster.  
From the Department of Basic Biomedical Sciences and Neuroscience Group, Sanford School 
of Medicine, University of South Dakota, Vermillion, SD. 
Social isolation of rats during the early part of development increases social anxiety-like 
behavior in adulthood.  Furthermore, early-life social isolation increases the levels of 
corticotropin-releasing factor (CRF) receptors in the serotonergic dorsal raphe nucleus (dRN) of 
adult rats.  Interactions between serotonin and CRF systems are thought to mediate anxiety 
behavior.  Therefore, we investigated the effects of CRF receptor antagonism within the dRN on 
social anxiety-like behavior following early-life social isolation.  Rats were reared in isolation or 
in groups from weaning until mid-adolescence, and re-housed in groups and allowed to develop 
into adulthood.  Adult rats underwent surgery to implant a drug cannula into the dRN.  Following 
recovery and acclimation to the testing arena, rats were infused with vehicle or the CRF 
receptor antagonist d-Phe CRF (50 or 500 ng) into the dRN prior to a social interaction test.  



Isolation-reared rats pretreated with vehicle exhibited increased social anxiety-like behavior as 
compared to rats reared in groups.  Pretreatment of the dRN with d-Phe CRF significantly 
reduced social anxiety-like behaviors exhibited by isolation-reared rats.  Overall, this study 
shows that CRF antagonism within the dRN reduces social anxiety-like behavior following early-
life social isolation.  These data suggest that CRF receptor antagonists could provide a potential 
treatment of social anxiety.   
Supported by:  NIH P20 RR15567 and RO1 DA019921 
 
12. Distribution of serotonergic and non-serotonergic neuronal projections from the 
midbrain raphe complex to the basolateral nucleus of the amygdala 
MW Hale, C E Stamper, C A Lowry. 
Department of Integrative Physiology, University of Colorado at Boulder, CO. 
The neurotransmitter serotonin plays an important role in the regulation of anxiety. Serotonergic 
projections arising from the midbrain raphe complex in the brainstem are thought to regulate 
anxiety through interactions with multiple forebrain structures, including the basolateral complex 
of the amygdala (BLA). Previous research has demonstrated that the midbrain raphe complex 
sends projections to the BLA; however it is unclear whether these BLA-projecting neurons are 
serotonergic. To examine the distribution of BLA-projecting neurons in the midbrain raphe 
complex we injected a retrograde tracer, Cholera Toxin B (CTb), into the BLA. Dual labeling 
immunofluorescence histochemistry for CTb and tryptophan hydroxylase (a marker of 
serotonergic neurons) was used to identify BLA-projecting serotonergic neurons across four 
rostrocaudal levels of the midbrain raphe nucleus. Our results revealed that the majority of BLA-
projecting neurons were serotonergic. An analysis of the sub-regions of the dorsal raphe 
nucleus indicated that the proportion of BLA-projecting neurons that were serotonergic varied 
depending on the anatomical subdivision. Among the subdivisions of the dorsal raphe nucleus, 
the lowest percentages of serotonergic BLA-projecting neurons were in the ventrolateral part of 
the dorsal raphe nucleus at both -8.00 and -8.18 mm Bregma, and the highest percentages of 
serotonergic BLA-projecting neurons were in the dorsal part of the dorsal raphe nucleus at -8.00 
and -8.18 mm Bregma. These results demonstrate that the BLA receives projections from both 
serotonergic and non-serotonergic neurons in the dorsal raphe nucleus. This may represent a 
critical pathway through which serotonin regulates anxiety. 
 
13. Pharmacokinetics of carbamazepine in serial samples of plasma and CSF following 
intravenous administration to conscious rats. Cheryl Hite, Victor Saldivia, Manhong Liu, Xia 
Liu, Ines A.M. de Lannoy.  
Carbamazepine (CBZ) is an anticonvulsant used for the treatment of generalized tonicclonic 
and both simple and complex partial seizures, as well as trigeminal neuralgia and psychiatric 
disorders, particularly bipolar disorder. As its primary site of action is in the brain and spinal 
cord, a complete pharmacokinetic profile of CBZ in the brain and cerebrospinal fluid (CSF) is of 
interest. In the present study, the relationship between CBZ concentration in plasma and CSF 
was investigated in freely moving conscious rats. An i.v. bolus dose of 4 mg/kg CBZ was 
administered to 7 male Sprague-Dawley rats via a femoral vein catheter. CSF was then 
continuously collected at a rate of 2uL/min over 6 hours via a catheter implanted in the cisterna 
magna. Blood was sampled from a femoral artery catheter pre-dose and at the midpoint of each 
CSF collection interval. Following sampling, the blood sample volume was replaced with an 
equivalent aliquot of fresh blood collected from undosed animals. Plasma and CSF 
concentrations of CBZ were determined by a qualified tandem liquid chromatography mass 
spectrometry (LC-MS/MS) method. Following administration, CBZ appeared rapidly in the CSF 
and reached maximum concentration of 197+36.6 ng/ml by 63.6+23.6 (tmax) following dosing. 
Plasma concentrations of CBZ declined in a biexponential manner. The estimated total body 
clearance and steady state volume of distribution of CBZ were 25.9+2.53mL/min/kg and 



170+151 mL/kg (n=7), respectively. Unlike several other compounds that we have examined, 
CSF concentrations did not parallel plasma concentrations following tmax. The estimated terminal 
elimination half-lives of CBZ in plasma and CSF were 75.0+11.7 and 115+16.8 min, 
respectively, and the mean residence times were 63.5+12.2 and 186+14.9 min, respectively. 
The ratio of the CSF to plasma area under the concentration versus time curves 
(AUCCSF/AUCPLASMA) is 0.234+0.0245. Not surprisingly, this ration is lower than the whole brain 
to plasma concentration ration (1.62+0.197, n+3) determined 1 h (tmax) following 4 mg/kg i.p. 
administration of CBZ. After correction of AUCPLASMA for the unbound fraction of CBZ in rat 
plasma (f=0.331+0.00323, n=3), the AUCCSF/AUCPLASMA ratio is increased to 0.708+0.0747. In 
fact, CSF concentrations, which were initially much lower than plasma concentrations, 
exceeded unbound CBZ plasma concentrations shortly after tmax. The results suggest that CBZ 
does not freely cross the blood-CSF barrier; possibly as a result of drug transporter activity. 
 
14. OBJECTIVE ASSESSMENT OF A PROPRIETARY NEUROPROTECTIVE 
NEUTRACEUTICAL ON SHORT-TERM MEMORY OF AGED DOGS 
Cheryl Hite, Gary Landsberg1, Joseph A. Araujo1,2, & Alda Miolo1,2  

1Doncaster Animal Clinic, Thornhill, Canada, 2CanCog Technologies Inc., Toronto, Canada, 
3CeDIS Innovet, Innovet Italia Srl, Rubano, Italy 
Like aged humans, aged dogs demonstrate decline in visuospatial processing and episodic 
short-term memory. Cognitive decline is linked to neuropathology including amyloid deposition. 
Cognitive impairment in dogs is linked to behavioral changes that are consistent with behavioral 
signs associated with canine cognitive dysfunction syndrome (CDS). The present study 
examined if a proprietary neuroprotective nutraceutical had an effect on canine short-term 
memory. The nutraceutical previously was found to have positive effects on signs associated 
with CDS in clinical studies. The proprietary nutraceutical contained: Phosphatidylserine – a 
major building block of cell membranes and thought to improve cholinergic function; Ginkgo 
biloba – stimulates neurotransmitters, exerts an antioxidant effect and may protect against 
amyloid pathology; Pyroxidine – cofactor in neurotransmitter synthesis; Vitamin E – a potent 
antioxidant. 10 Beagle dogs from the CanCog colony between 7 and 12.72 years old received 5 
baseline sessions of the Delayed-non-matching-to-position task (DNMP) that tests short-term 
memory and were divided into 2 cognitively equivalent groups. One group received the 
supplement over 60 days and the other placebo. Subsequently they were tested on 10 sessions 
of the DNMP. The groups were then switched under an identical design. The proprietary 
nutraceutical improved short-term memory performance in aged dogs.  The subjects reached 
their highest levels of performance while on the nutraceutical.  The effects were long lasting 
even when the nutraceutical was discontinued for 60 days.  The results suggest that the 
nutraceutical may have improved learning-like behavior.  These findings warrant further studies 
examining the effects of the nutraceutical on brain pathology.  The results are consistent with 
the effects of the nutraceutical in the clinic and support the use of laboratory cognitive tests for 
testing interventions for CDS.  
 
15. Insulin and its combination with insulin-like growth factor-I (IGF-I) prevent brain 
degeneration in a diabetic rat model of Alzheimer's disease (AD). 
P. Šerbedžija, S. E. Nelson, D. J. Kipp, M. C. Goodwin II, J. E. Madl, D. N. Ishii. Dept. 
Biomedical Sciences and Dept. Biochem. and Molec. Biol., Colorado State University, Ft. 
Collins, CO, USA. 
AD patients have an 81% prior association with diabetes or impaired glucose tolerance. Diabetic 
patients have increased risk of dementia even after correcting for cerebrovascular disease. 
Neither learning/memory nor glucose utilization are altered following conditional knock-out of the 
neuronal insulin receptor in mice. Several pathology reports show that amyloid-beta plaques 
and neurofibrillary tangles have the same frequency in age-matched demented and non-



demented subjects. AD, clinical diabetes, and diabetic rats share brain atrophy, impaired 
learning/memory, and reduced insulin and IGF signaling.  It was previously shown that IGF is 
required for learning, and subcutaneous IGF treatment prevented impaired learning in diabetic 
rats independently of hyperglycemia. However, loss of bulk brain mass was not ameliorated. 
The pathogenesis of brain atrophy was studied herein. 
The hypothesis that insulin or its combination with IGF-I regulates brain mass by non-
glucoregulatory processes was tested by continually infusing into the brain lateral ventricles for 
12 weeks either artificial CSF (D+aCSF), a dose of insulin too small to alter hyperglycemia 
(D+ins) or both insulin and IGF (D+ins+IGF) in streptozotocin diabetic rats. There was a 
significant reduction in brain wet, water and dry weights in (D + aCSF) vs. ND rats (p<0.01 to 
0.05). This was prevented in (D+ins) (p<0.02 to 0.03) and (D+ins+IGF) (p<0.01) vs. (D+aCSF). 
The losses in DNA and protein per brain were prevented in (D+ins+IGF) vs. (D+aCSF) rats 
(p<0.01). Western blots showed that loss of the glial proteins glial fibrillary acidic protein (GFAP, 
p<0.01), myelin basic protein (p<0.05), and proteolipid protein (p<0.01) in diabetic rats were 
prevented in (D+ins+IGF) vs. (D+aCSF), and some by insulin alone. GFAP and PLP 
immunoreactivities were also reduced in cerebellar Vibratome sections from cortex and 
hippocampus of diabetic rats, and this was prevented in (D+ins+IGF) vs. (D+aCSF) rats. Insulin 
or its combination with IGF corrected the above parameters despite unabated hyperglycemia 
and continued body weight loss. These data identify insulin and its combination with IGF as 
important regulators of adult brain mass by non-glucoregulatory processes.  
Supported by: Colo. Comm. Higher Ed. grant TAG 06-01 and NINDS grant T32NS43115. 
 
16. CaMKII in Neuronal Excitotoxicity 
RS Vest & KU Bayer 
Department of Pharmacology, University of Colorado Denver, Denver CO 
Glutamate-induced excitotoxicity is responsible for much of the neuron death caused by focal 
cerebral ischemia (stroke), traumatic brain injury, and neurodegenerative disease. In 
excitotoxicity, injured neurons release large quantities of glutamate into their environment, which 
activates glutamate receptors on near-by undamaged cells. Excessive activation of glutamate 
receptors increase intracellular Ca2+ levels, activating many Ca2+ sensitive proteins, leading to 
cell death through apoptosis and necrosis. The Ca2+/calmodulin dependent protein kinase II 
(CaMKII) is a major mediator of physiological glutamate and Ca2+ signaling.  CaMKII may also 
be important in excitotoxicity and may participate in apoptosis and/or necrosis in excitotoxicity.  
However, it is not clear if CaMKII is neurotoxic or neuroprotective, as previous research 
supports both conclusions. Nor is it clear if CaMKII has a role in apoptosis and/or necrosis.  It is 
clear that excitotoxic glutamate induces changes in CaMKII activity and localization. Cell 
survival following excitotoxic insult may be affected by these changes. Here we show that 
CaMKII activity is neurotoxic, as excitotoxic death was reduced with two different CaMKII 
inhibitors: KN93, and the new highly selective inhibitor of CaMKII, tat-CNtide21 (tatCN21).  
Additionally, excitotoxic death was increased by over-expression of CaMKIIα.  Autonomous 
CaMKIIα activity seems especially important, as tatCN21 but not KN93 reduced cell death even 
when added after insult, when autonomous activity is expected to be high; in contrast to 
tatCNt21, KN93 does not inhibit autonomous activity.  Neurons transfected with CaMKIIα-
T286A, a mutant incapable of becoming autonomously active, showed little increase in 
excitotoxic cell death compared to over-expression of GFP alone. Thus, autonomous CaMKII 
activity is a mediator of excitotoxic cell death, and neuroprotection by its inhibition even post-
insult opens a window of therapeutic opportunity. 
 
17. Non-phagocytic NADPH oxidase is present in dopaminergic neurons 



GP Banninger1, S Jones1, J Thornton1, B Marriot1, D Cantu1, AL Rachubinski1, AM Poczobutt1, 
M Das2 and M Zawada2,3.  1 Division of Clinical Pharmacology, School of Medicine, University of 
Colorado Denver, 2 University of Wyoming School of Pharmacy, and 3Neuroscience Program, 
Laramie, WY. 
Oxidative stress is a key contributor to the pathogenesis of Parkinson’s disease. NADPH 
oxidase is a membrane enzyme responsible for the oxidative burst in activated phagocytes. 
NADPH oxidase also exists in many types of non-phagocytic cells including vascular cells and 
neurons, with a wide distribution throughout the brain. Although the microglial NADPH oxidase 
is known to participate in dopaminergic neurotoxicity, whether NADPH oxidase also exists in the 
dopamine neurons in the substantia nigra pars compacta (SNpc) and whether it contributes to 
the ROS generation has not been explored. We have examined the role of NADPH oxidase in 
MPP+ induced oxyradical production in immortalized dopaminergic cell line (N27). MPP+ dose 
dependently led to upregulation of ROS in N27 cells, which was attenuated by 40% with 
treatment with NADPH oxidase inhibitors. N27 cells were observed to express mRNA for all the 
necessary components of the NADPH oxidase, Nox2, p22, p40, p47 and p67, as well as Nox1 
and Nox4. SiRNA-mediated knockdown of p22, a critical stabilizing subunit of the NADPH 
oxidase, reduced the amount of ROS generated. Immunocytochemical examination of mouse 
dopaminergic neurons in sections of the SNpc revealed that these neurons express Nox2, p47 
and p67. While our results suggest that NADPH oxidase is a contributor to ROS generation in 
dopaminergic neurons, the functional role of this process remains to be defined.  Supported by 
the NIH RNAi Core of the Integrative Neuroscience Initiative on Alcoholism Consortium 
(U01AA016654) grant (WMZ); the NIH CoBRE grant P20 RR15640 (the Neuroscience Program 
at the University of Wyoming); and the Office of Research and Development at the UW. 
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18. Studies of LTP and NMDARs in STEP KO 
TR Hicklin, D Venkitaramani1, SJ Coultrap, P Lombroso1, MD Browning Neuroscience Program 
and Dept of Pharmacology, University of Colorado at Denver, Aurora, CO, and 1Child Study 
Center, Yale University School of Medicine, New Haven, CT 
Striatal enriched tyrosine phosphatase (STEP) is a phosphatase that affects NMDAR trafficking 
to the synapse, as well as its function (Pelkey, et al., 2002; Snyder, et al., 2005).  Long-term 
potentiation (LTP) in the hippocampus requires NMDAR activation and is accompanied by 
NMDAR trafficking (Grosshans et al., 2002).  We have therefore been interested in the role of 
STEP in LTP.  We investigated LTP and NMDAR expression in STEP KO mice.  High-frequency 
stimulation (HFS) is the most widely used stimulation paradigm to evoke LTP, however, this 
stimulation is supraphysiological and may mask effects of the KO on LTP.  In order to 
investigate more physiologically relevant stimulation ex vivo, prime burst stimulation (PB) was 
designed to mimic the temporal components of in vivo hippocampal activity (Rose et al., 1986).  
In our current study using acute hippocampal slices from WT and STEP KO mice, we compared 
the percent potentiation and number of failures using HFS and primed burst stimulations at 45 
minutes after cessation of the stimulation.  STEP KO mice showed no differences in percent 
potentiation compared to WT mice after HFS.  However, PB stimulation produced a fewer 
number of LTP failures in KO mice compared to the WT mice.   Moreover, we looked at LTP of 
isolated NMDAR responses, and found significantly less potentiation and higher I/O rations in 



KO mice.  Interestingly, STEP KO mice show an increased surface expression, and increased 
tyrosine phosphorylation of NMDARs. 
 
19. Green tea epigallocatechin 3-gallate accumulates in mitochondria and displays a 
selective anti-apoptotic effect against inducers of mitochondrial oxidative stress in 
neurons 
DA Linseman, EK Schroeder, NA Kelsey, J Doyle, E Breed, RJ Bouchard, and FA Loucks 
Department of Biological Sciences and Eleanor Roosevelt Institute, University of Denver 
Research Service, Denver Veterans Affairs Medical Center, Denver, CO, U.S.A. 
Epigallocatechin-3-gallate (EGCG) is a major flavonoid component of green tea that displays 
anti-apoptotic effects in numerous models of neurotoxicity. Although the intrinsic free radical 
scavenging activity of EGCG likely plays a significant role in its anti-apoptotic effect, other 
modes of action have recently been suggested. These alternative properties include modulation 
of pro-apoptotic (eg., JNK) or anti-apoptotic (eg., AKT) kinase signaling cascades, alterations in 
calcium flux, and regulation of pro-survival or pro-apoptotic gene transcription. Given the diverse 
experimental paradigms utilized to investigate the neuroprotective action of EGCG, it is 
presently unclear what specific factors contribute most significantly to its anti-apoptotic effects in 
neurons. Here, we took a systematic approach to analyze the anti-apoptotic effects of EGCG in 
primary cultures of rat cerebellar granule neurons (CGNs).  The dose-dependent protective 
effects of EGCG were determined after co-incubation with eight different stimuli that each 
induce neuronal apoptosis via a distinct mechanism. These stimuli included trophic factor 
withdrawal, Rho GTPase inhibition, excitotoxicity, proteasome inhibition, endoplasmic reticulum 
stress, Bcl-2 inhibition (HA14-1), reactive oxygen species production (tert-butylhydroperoxide; 
tBH), and peroxynitrite generation (SIN-1). Under these conditions, EGCG provided significant 
protection only from insults known to induce apoptosis by causing mitochondrial oxidative stress 
(HA14-1, tBH, SIN-1). Despite this selective anti-apoptotic effect against mitochondrial oxidative 
stressors, EGCG had no significant effect on the endogenous activities or expression of 
manganese superoxide dismutase, glutathione peroxidase, Nrf2 or Bcl-2.  Sub-fractionation of 
CGNs following incubation with 3H-EGCG revealed that a striking 90-95% of the polyphenol 
accumulated in the mitochondrial fraction. These data demonstrate that EGCG selectively 
protects neurons from apoptosis induced by mitochondrial oxidative stress; an effect which is 
likely due to its accumulation in the mitochondrial compartment where it can then act as a free 
radical scavenger. These properties of EGCG make it an interesting therapeutic candidate for 
neurodegenerative diseases that involve neuronal apoptosis which is triggered by mitochondrial 
oxidative stress (eg., amyotrophic lateral sclerosis).  

 
20. Glial inflammatory responses and age-dependent susceptibility to manganese-
induced neurotoxicity 
Julie Moreno*§, Karin Streifel§, Kelly Sullivan§, Marie Legare§, and ¶Ronald Tjalkens*§ 
*Cell and Molecular Biology Program, §Department of Environmental and Radiological Health 
Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University 
Chronic exposure to manganese (Mn) produces a neurodegenerative condition of the basal 
ganglia characterized by gliosis and increased expression of inducible nitric oxide synthase 
(NOS2). Induction of NOS2 causes overproduction of nitric oxide (NO) and injury to surrounding 
neurons, resulting in neurochemical and motor deficits resembling those in parkinson’s disease. 
Inflammatory activation of astrocytes is believed to be an early event in Mn neurotoxicity but 
glial responses to Mn in developing animals remains poorly understood. In this study we 
investigated the effect of juvenile exposure to Mn in mice on the activation of glia and production 
of NO, postulating that developmental Mn exposure would lead to selective sensitivity to gliosis 
and increased expression of NOS2 and NO production in adult mice exposed again later in life. 
Mice were exposed to saline, 10 or 30 mg/Kg Mn by daily gavage as juveniles, adults, and 



juveniles + adults. Immunohistochemical analysis revealed increases in expression of IBA-1, a 
marker for microgliosis, proceeding elevated expression of GFAP, a marker for astrogliosis, in 
the striatum, globus pallidus, and substantia nigra pars reticulata of treated juvenile mice 
compared to controls. Co-immunofluorescence studies in Mn-treated adult mice pre-exposed as 
juveniles demonstrated increased expression of NOS2 in both astrocytes and microglia, as well 
as an increased neuronal staining in the striatal-pallidal pathway for 3-nitro-tyrosine (3-NTyr) 
protein adducts, a marker for NO/ONOO- formation. These data indicate that sub-acute 
exposure to Mn during development leads to inflammatory activation of microglia prior to 
astrogliosis, with subsequent expression of NOS2. Significantly, juvenile exposure to Mn 
resulted in greater levels of neuronal 3-NTyr protein adducts in mice re-exposed as adults than 
those that did not receive Mn as juveniles, suggesting that exposure to Mn early in life may 
predispose to neuronal injury upon subsequent challenge to the metal.  

 
21. Cofilin-Actin Rods in the Hippocampus: Potential Mediators of Synaptic Dysfunction 
in Neurodegenerative Diseases  
Chi W. Pak, Richard C. Davis, Michael T. Maloney, Laurie S. Minamide, and James R. Bamburg 
Dissociated rat hippocampal neurons exposed to a variety of degenerative stimuli form 
aggregates in their neurites composed of rod shaped linear bundles of actin and the actin-
binding protein cofilin (hereinafter called cofilin-rods). Cofilin-rods do not stain with fluorescent 
phalloidins suggesting that the actin is saturated with cofilin, which occludes phalloidin binding. 
Cofilin-rods form in response to several stimuli, including glutamate, ATP-depleting medium, 
peroxide, and the Alzheimer amyloid beta peptide, Aβ(1-42). Here, we have addressed 1) sub-
regional sensitivity of Aβ(1-42)-induced cofilin-rods in rat hippocampal slices as well as the 2) 
signalling mechanism of glutamate-induced cofilin-rods in dissociated rat hippocampal neurons. 
Cofilin-rods form in cultured organotypic hippocampal slices from postnatal rats. Cofilin-rods in 
slices have the same characteristics as rods in dissociated neurons both in terms of their 
immunostaining and ultrastructure. To quantify sub-regional specificity of cofilin-rod formation 
induced by Aβ(1-42), we have developed a method for mapping data from multiple slices onto a 
template of the hippocampus, which enables the identification of susceptible sub-regions using 
statistical analyses. Aβ(1-42)-induced cofilin-rods are significantly elevated within the dentate 
gyrus and mossy fiber (hilus) region and are reversible following washout of the Aβ(1-42) peptide. 
Cofilin-rods induced by other degenerative stimuli are localized differently. Our data suggest 
discrete signalling requirements for specific stress-inducing agents; however, signalling 
mechanisms for some of these stimuli, including glutamate, have not been well-studied. 
Therefore, we have also begun determining the signalling requirements for glutamate-induced 
cofilin-rod formation. AMPARs but not NMDARs or group I mGluRs are sufficient to induce 
cofilin-rods in dissociated rat hippocampal cultures. Ca2+ is also likely involved but the calcium-
dependent phosphatase, calcineurin, is likely not. Together, these data contribute to our 
understanding of the role of cofilin-rods in disease-states as diverse as Alzheimer to epilepsy, 
and suggest a novel mechanism of cognitive dysfunction that might be common amongst them. 
 
22. MPP+ targets purinergic calcium signaling in primary astrocytes 
Karin M. Streifel1,2 and Ronald B. Tjalkens1,2 
1Department of Environmental and Radiological Health 2Program in Molecular, Cellular and 
Integrative Neurosciences, Colorado State University, Fort Collins, CO 
Activation of metabotropic purinergic receptors (P2Y) in astrocytes causes release of both 
neuro- and glio-transmitters that modulate synaptic activity and induce calcium signaling 
throughout networks of astrocytes. Increased intracellular calcium [Ca2+]i in perivascular 
astrocytes also causes the release of vasoactive factors from filipodial endfeet that dilate 
arterioles and control regional cerebral blood flow (rCBF). Deprecations in cerebral blood flow 
are well described in patients with Parkinson’s disease (PD) but the mechanisms underlying 



these decreases are unknown. To examine the possible contribution of astrocyte dysfunction to 
this phenomenon, we postulated that MPP+, the active metabolite of the model parkinsonian 
neurotoxicant, 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine (MPTP), directly inhibits ATP-
induced  [Ca2+]i transients in astrocytes by interfering with purinergic signaling pathways. Based 
upon mRNA profiling, primary cortical astrocytes in culture broadly express P2X and P2Y 
receptors. Moreover, these cells respond to P2 receptor agonists with robust increases in 
[Ca2+]i. Using single-cell imaging approaches, we determined that activation of P2Y receptors 
and phospholipase c (PLC)-IP3 are required for maximal ATP-induced [Ca2+]i transients using 
low (0.1 – 1.0 µM) physiologic concentrations of ATP. MPP+ acutely attenuated the amplitude of 
ATP-dependent [Ca2+]i waves and transients in primary astrocytes. Based upon these initial 
results, we conclude that MPTP inhibits ATP-induced purinergic signaling in astrocytes by 
blunting PLC-IP3-induced [Ca2+]i transients following stimulation of metabotropic P2 receptors. 
Because these astrocytic signals are critical to regulation of rCBF, these data suggest a new 
target for MPTP that may provide insight into mechanisms of decreased blood flow in PD.  
 
23. Does the C2A Domain of Synaptotagmin Play a Role in the Calcium Triggering of 
Synaptic Transmission? 
Amelia Striegel, Laurie Biela, Noreen Reist 
Synaptotagmin, a calcium binding protein located on synaptic vesicles, functions as a major 
calcium sensor in fast synaptic transmission. Synaptotagmin is an integral membrane protein 
with a short intravesicular domain, a single transmembrane domain, and a pair of homologous 
cytoplasmic domains designated C2A and C2B. While it is generally agreed that the C2B 
domain is involved in mediation of synaptotagmin’s calcium sensing function, the role of C2A is 
still controversial.  
Aspartate to asparagine mutations in the C2B domain inhibit calcium-evoked transmitter 
release. Similar mutations in the C2A domain do not inhibit evoked release, suggesting that the 
C2A calcium binding motif is not required for synaptic transmission. Yet, one of these mutations 
actually increases the apparent calcium affinity of release. Together, these results suggest that 
neutralizing the negative charge at these sites in C2A may partially mimic the binding of 
calcium.  
A Drosophila line in which a critical aspartate residue in the C2B domain has been substituted 
with glutamate shows reduced transmission. Homologous mutations, which cannot mimic 
calcium binding since the negative potential is maintained, have been made in the C2A domain 
to test whether this calcium binding motif plays a functional role in synaptic transmission. One 
independent transgenic line has been crossed into the sytnull background, such that the only 
source of synaptotagmin I in this line is the mutant transgene. However, in the experimental 
crosses, less than 17% of the hatching larvae carried the transgene, as opposed to the 29% of 
the hatching larvae in the transgenic control cross. Electrophysiological recordings from these 
transgenic mutant larvae reveal a dramatic decrease in EJP size, indicating that calcium binding 
to the C2A domain is indeed important for synaptic transmission. 
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24. Tachykinins may Induce Prolactin Release from the Ovine Pituitary via the NK1 
Receptor 
M Adetoye, D Skinner 
Department of Zoology and Physiology, Graduate Neuroscience Program, University of 
Wyoming, Laramie, WY 
The tachykinins, substance (SP) and neurokinin A (NKA), are known to affect the secretory 
activity of the anterior pituitary gland.  We have recently discovered that the ovine pars tuberalis 
is a naturally enriched source of tachykinin-immunoreactive cells.   As the pars tuberalis 
contains the highest number of melatonin receptors, we hypothesize that SP and NKA (acting 
via the NK1 and NK2 receptors) may play a central role in seasonal prolactin release. Initial 
studies determined if the tachykinins could modulate prolactin release from the perifused ovine 
pars distalis as shown previously in rodents. Pars distalis tissue was allowed to acclimate to the 
system for 60 min then a 10-5 M dose of SP, NKA or both was administered for 10 min.  After 90 
minutes, a 10 min 10-7 M dose of the tachykinins was administered to the system.  SP induced 
prolactin release in response to both challenges, whereas NKA induced prolactin secretion only 
after the initial 10 min (10-5) challenge.  A combined challenge of SP and NKA did not have an 
additive effect.  In a second study, to establish if this tachykinin effect could be exerted directly 
on lactotropes, pituitary sections were double labeled by avidin-biotin and Texas red 
immunocytochemistry using an anti-NK1 receptor rabbit polyclonal, and an anti-prolactin mouse 
monoclonal. Co-localization of lactotropes and NK1 receptors was clearly evident in the ovine 
pituitary gland.  Collectively these data suggest that tachykinins can induce prolactin secretion 
from lactotropes and that the SP effect is mediated, at least in part, by the NK1 receptor. This 
study provides support for the hypothesis that tachykinins may play a central role in modulating 
prolactin release; whether these tachykinins are released by the pars tuberalis to exert this 
effect physiologically remains to be determined. This research was supported by NSF grant 
#0745084 and P20RR015640 from the National Center for research Resources (NCRR). 
 
25. Sex differences in neuroendocrine responses vary depending on the stressor 
JA Babb, TJ Nyhuis, C Masini, S Campeau, HEW Day. 
Department of Psychology and Center for Neuroscience, University of Colorado at Boulder, 
Boulder, CO 
Several mental illnesses such as depression and some anxiety disorders have a higher 
prevalence in women than men, and stress is implicated as a causal or exacerbating factor in 
these disorders. Previously, female rats have been shown to have more robust neuroendocrine 
responses than males to various psychological stressors, including restraint and loud noise. 
However, our investigations into sex differences in HPA axis responses to acute, low intensity 
noise stress have not demonstrated such robust effects. To determine whether the meager sex 
differences in the amplitude of HPA axis responses observed was due to stressor intensity or 
modality, ACTH and CORT secretion in response to restraint, 80 and 105 dB noise was 
measured in young adult male and female rats. All females were tested on the morning of 
proestrus. Rats first underwent 30 min of restraint stress, and blood samples were taken via a 
tail vein at 0, 30, and 60 minutes after the start of restraint. Two estrous cycles later, the same 
animals were exposed to 30 min of 80 dB noise and blood samples were taken via a tail vein 
immediately after the stressor. At least 2 weeks later, the same rats were exposed to 105 dB 
noise for 30 min, and trunk blood was collected immediately. Females had significantly higher 
basal and restraint-induced levels of both CORT and ACTH. Although levels of both hormones 
were higher in females than males following 80 dB noise, the magnitude of the effect was small 
and may reflect sex differences in basal levels. In response to 105 dB noise, females had a 



slightly higher CORT response than males, but there was no difference in ACTH response. 
Overall, although females had significantly greater HPA axis responses to all three stressors 
than males, the effect was smaller in magnitude following noise than restraint. These data 
suggest stressor modality (restraint vs. noise) may differentially affect HPA axis responses in 
males and females.  
 
26. Investigation of AMP-Activated Protein Kinase in summer fasted, summer fed, and 
hibernating golden-mantled ground squirrels (Spermophilus lateralis)  
Jenna L. Bateman, Jessica E. Healy, Gregory L. Florant1, and Robert J. Handa2 
1Dept. of Biology, Colorado State University, Fort Collins, CO 80523 
2Dept. of Basic Medical Sciences, University of Arizona College of Medicine, Phoenix, AZ 
85004  
AMP-activated protein kinase (AMPK) is activated in response to high levels of AMP within a 
cell.  Consequently, AMPK functions to initiate catabolic and inhibit anabolic pathways.  It has 
also been implicated in whole-body energy balance since it plays a role in the regulation of food 
intake by stimulating or inhibiting the activity of hypothalamic arcuate neurons.  The golden-
mantled ground squirrel, Spermophilus lateralis, is a mammalian hibernator which goes into 
torpor bouts throughout the winter months, and during this time metabolic activity, body 
temperature, and food intake are suppressed.  Since AMPK plays a strong role in the regulation 
of food intake, it may also be important in food intake suppression during hibernation.  We 
investigated whether AMPK expression in the brain differs between the summer 3-day fasted 
and summer fed (control) states using immunocytochemistry (ICC).  We hypothesized that the 
hypothalamic arcuate neurons of summer 3-day fasted animals would show more AMPK 
expression than the arcuate neurons of summer fed animals since AMPK is activated in 
response to low energy levels.  Our current ICC results show qualitative differences between 
AMPK expression in the summer fasted and summer fed states.  As this is the first study to 
apply ICC to animals that hibernate, it is difficult to quantify whether the fasted animals showed 
significantly more AMPK expression than controls.  Methods to quantify our results are in 
progress.  This winter, immunocytochemistry will be performed on brain slices from hibernating 
ground squirrels.  Therefore, AMPK levels in hibernating squirrels will be compared to AMPK 
levels in summer fasted and summer fed squirrels to determine relative levels of AMPK in 
hibernating animals.  This research should lead to interesting findings regarding the role of 
AMPK in hibernation.   
 
27. Fibroblast growth factor 8 deficiency affects olfactory placode morphogenesis from 
which gonadotropin-releasing hormone neurons emerge 
WCJ. Chung and PS Tsai. 
From the Department of Integrative Physiology and Center for Neuroscience, University of 
Colorado at Boulder, Boulder, CO 80309-0354.  
Gonadotropin-releasing hormone (GnRH) neurons reside in the preoptic-hypothalamus and 
represent the most upstream regulators of the hypothalamus-pituitary-gonadal axis. Studies 
showed that mouse GnRH neurons are first detected in the olfactory placode (OP) around 
embryonic day (E) 10.5-11.5. Recently, we showed that GnRH neurons failed to emerge from 
the OP of E11.5 fibroblast growth factor (FGF) 8 hypomorphic mouse embryos. To better 
understand the mechanism underlying this disruption, we examined OP morphogenesis in 
E11.5 Fgf8 hypomorphs. First, we examined whether FGF8 deficiency causes a general 
dysgenesis of the olfactory epithelium (OE) by verifying the presence of Olf-1 (an olfactory 
receptor neuron (ORN) marker) in the OE of E11.5 Fgf8 hypomorphs. Second, because FGF8 
regulates developmental cell survival, we examined whether the E11.5 OP in Fgf8 hypomorphs 
underwent aberrant levels of apoptosis. Our results showed that Olf-1 immunoreactive (IR) 
ORNs were present in the E11.5 OP of wildtype (WT), heterozygous (HET), and homozygous 



(HOMO) Fgf8 hypomorphs. Although HOMO Fgf8 hypomorphic embryos possessed a distinct 
OP with normal primary invagination, a secondary recess that presumably gives rise to the 
vomeronasal organ and GnRH neurons was reduced or absent. These results indicate that 
failure of GnRH neurons to emerge from the OP is not due to global dysgenesis of the OE. 
Instead, FGF8 deficiency seems to target the development of the GnRH system with some 
selectivity. Furthermore, the Olf-1-IR region of the OP contained very few apoptotic cells, and 
there were no gross differences in apoptosis between E11.5 WT, HET and HOMO Fgf8 
hypomorphs. Therefore, the altered OP morphology in Fgf8 hypomorphs cannot be attributed to 
increased apoptosis at E11.5. Future studies will address if apoptosis prior to E11.5 contributes 
to OP abnormality in Fgf8 hypomorphs, and if Fgf8 deficiency leads to reduced proliferation of 
the progenitors fated to become GnRH neurons.   
 
28. Intermittent voluntary wheel running is sufficient to reduce HPA axis responses to 
low intensity noise stress.  
Heidi E. Day, Tara J. Nyhuis, Sarah K. Sasse, Cher V. Masini, Serge Campeau  
Department of Psychology and Center for Neuroscience, University of Colorado, Boulder, CO  
It is well accepted that stressful experiences can be harmful to one’s health. In contrast, 
voluntary exercise is known to be beneficial to both physical and mental health and it is thought 
that exercise may buffer some of the deleterious effects of stress. We have shown that 6 weeks 
of voluntary wheel running can reduce the hypothalamic pituitary adrenal (HPA) axis response 
to low intensity stressors in rats. In these experiments, rats had constant access to the running 
wheels. However, most people do not choose to exercise on a daily basis, and the present 
experiment was designed to determine if an intermittent pattern of exercise would be sufficient 
to reduce the HPA axis responses to stress. Male Sprague Dawley rats (2 months) were housed 
individually with no running wheel (SED), with constant access to a running wheel (RUN) or 
intermittent access (24 out of 72 hours) to a running wheel (RUN-I). After 6 weeks under these 
housing conditions, animals were exposed, within their home cages, to background or 85 dB 
white noise, for 30 min. SED animals responded to 85 dB noise with significant increases in 
adrenocorticotropic hormone (ACTH) and corticosterone. Both RUN and RUN-I groups secreted 
significantly less ACTH and corticosterone in response to 85 dB noise compared with the SED 
group. This effect appears to be centrally mediated, because the paraventricular nucleus of the 
hypothalamus expressed significantly less c-fos mRNA in response to 85 dB noise in the RUN 
and RUN-I groups, compared to the SED group. In contrast, SED, RUN and RUN-I groups 
expressed similar levels of c-fos mRNA in brain areas associated with auditory processing, 
suggesting that changes in primary sensory processing are not responsible for the differential 
HPA axis response. These data suggest that exercise attenuates the HPA axis response to 
stress centrally, but not through changes in sensory processing, and that daily exercise may not 
be required to buffer the effects of stress. 

29. Conditioned fear inhibits c-fos mRNA expression in the rat central extended 
amygdala  
Heidi E. Day, Elisa M. Kryskow, Tara J. Nyhuis, Lauren Herlihy, Serge Campeau 
Department of Psychology and Center for Neuroscience, University of Colorado, Boulder, CO  
We have shown previously that unconditioned stressors inhibit c-fos mRNA expression in the 
lateral division of the central nucleus of the amygdala (CEAl) and oval division of the bed 
nucleus of the stria terminalis (BSTov), that form part of the central extended amygdala. This 
study investigated if conditioned fear also inhibits c-fos mRNA expression in these regions. Male 



rats were trained over 2 days to associate a visual stimulus (light) with footshock or were 
exposed to the light alone. The day after training, animals were replaced in the apparatus and 
given a highly abbreviated (to prevent excessive extinction) startle test to verify that the fear 
conditioning paradigm was effective. The following day, animals were replaced in the apparatus 
and 2 hours later injected remotely, via a catheter, with amphetamine (2 mg/kg i.p.), to induce c-
fos mRNA and allow inhibition of expression to be measured. The rats were then presented with 
15 visual stimuli over a 30 minute period. As expected, fear conditioned animals that were not 
injected with amphetamine, had extremely low levels of c-fos mRNA in the central extended 
amygdala. In contrast, animals that were trained with the light alone (no fear conditioning) and 
were injected with amphetamine had high levels of c-fos mRNA in the CEAl and BSTov. 
Animals that underwent fear-conditioning, and were re-exposed to the conditioned stimulus after 
amphetamine injection had significantly reduced levels of c-fos mRNA in both the BSTov and 
CEAl, compared to the non-conditioned animals. These data suggest that like unconditioned 
stressors, conditioned fear can inhibit neurons of the central extended amygdala. Although the 
functional significance of this inhibition is not known, because these neurons are GABAergic 
and project to the medial CEA (a major amygdaloid output region), this may be a novel 
mechanism whereby conditioned fear potentiates central amygdaloid output.  

30. Behavioral effects of estrogen receptor beta acting locally to regulate the expression 
of tryptophan hydroxylase 2 (TPH2) in serotonergic neurons of the dorsal raphe nuclei  
Donner N., Handa R.J.  
Colorado State University, Fort Collins, CO 
Affective disorders often involve disruption of the serotonin (5-HT) system and are twice as 
common in women compared to men. The dorsal raphe nuclei (DRN) constitute the main 5-HT 
system of the brain, innervating many forebrain and limbic areas. Further, all 5-HT neurons of 
the DRN express tryptophan hydroxylase-2 (TPH2), the brain specific, rate limiting enzyme for 
5-HT synthesis. Since we have previously shown that ERbeta agonists attenuate anxiety- and 
despair-like behaviors in rodent models, here, we addressed the possibility that ERbeta may 
also be involved in the regulation of 5-HT gene expression in DRN neurons. Therefore, we 
examined the effects of systemic versus local application of the selective ERbeta agonist 
diarylpropionitrile (DPN) on TPH2 expression within the DRN of female rats.  
For our first experiment, young adult, ovariectomized female rats were injected subcutaneously 
with DPN (2 mg/kg) or vehicle (hydroxypropyl-beta-cyclodextrin) once daily for 8 days. Animals 
were tested for anxiety-like behavior in the open field (OF) and on the elevated plus maze 
(EPM) after 6 and 7 days of treatment, respectively. Our results confirmed the anxiolytic nature 
of ERbeta, as DPN-treated rats displayed more rears at the wall of the OF, and spent more time 
in the open arms of the EPM while entering open arms more frequently and with a shorter initial 
latency than controls. ON day 8, all rats were sacrificed 4 hours after the last injection under 
non-stress conditions. In situ hybridization for TPH2 mRNA revealed that systemic DPN-
treatment had significantly elevated basal TPH2 expression in the caudal and mid-dorsal DRN. 
In a second experiment, young adult, ovariectomized female rats were implanted with two 
bilateral wax pellets flanking the DRN. Pellets contained either 17-beta-estradiol (E, 0.5 µM), 
DPN (0.5 µM) or no hormone. Unoperated individuals served as additional controls. DPN- and 
E-treated rats displayed a more active stress-coping behavior in the forced-swim test (FST), as 
they struggled more than controls. However, no significant anxiety differences were found 
between any of the treatment groups in the OF or on the EPM. TPH2 mRNA in the DRN was 
measured using in situ hybridization. DPN significantly enhanced the TPH2 mRNA expression 



in the mid-dorsal and in the caudal DRN, compared to both control groups. Similarly, animals of 
the E-treated group also expressed more TPH2 than controls in the mid-dorsal DRN. 
In summary, our data indicate that local actions of ERbeta agonist onto DRN neurons are 
sufficient to decrease despair-like behavior, whereas other brain regions are necessary to alter 
anxiety-like behaviors. These results suggest an important role of ERbeta for regulating cellular 
events in the DRN. ERbeta acts locally to control TPH2 expression and consequently the 
capacity for 5-HT synthesis in mid- and caudal subregions of the rat DRN.  
 Supported by USPHS R01 NS-039951 
 
31. Corticotropin-releasing factor in vitro and aversive acoustic stimulation in vivo 
increase tryptophan hydroxylase activity in the caudal dorsal raphe nucleus 
AK Evansa,b, J Heerkensb, CA Lowrya,b 
From the aDepartment of Integrative Physiology, University of Colorado, Boulder, CO and 
bHenry Wellcome Laboratories for Integrative Neuroscience and Endocrinology, University of 
Bristol, UK.  
Corticotropin-releasing factor (CRF) is implicated in regulation of serotonergic systems 
modulating stress responses.  Acoustic stimulation increases activity of the rate-limiting enzyme 
for serotonin synthesis, tryptophan hydroxylase (TPH), in the median raphe nucleus (MnR) and 
a mesolimbocortical serotonergic system.  Microinjections of CRF into the dorsal raphe nucleus 
(DR) mimic these increases in mesolimbocortical serotonergic activity.  In addition, CRF 
increases serotonergic neuronal firing rates in the caudal DR.  Actions of CRF in the caudal DR 
may underlie the effects of acoustic stimulation on TPH activity in both the MnR and a 
mesolimbocortical serotonergic system.  In this study an in vivo acoustic stimulation paradigm 
and an in vitro living brain slice preparation were designed to test the hypothesis that stress-
related stimuli and CRF receptor activation have convergent actions on TPH activity in the 
caudal DR.  In both studies, we measured 5-hydroxytryptophan (5-HTP) accumulation following 
inhibition of aromatic amino acid decarboxylase (with NSD-1015) as an index of TPH activity.  
To examine the effects of acoustic stimulation on TPH activity, male Wistar rats were treated 
with NSD-1015 and then exposed to a 30 min sham, predictable or unpredictable acoustic 
stimulation paradigm; brains were collected, frozen and sectioned for microdissection and HPLC 
analyses of 5-HTP concentrations. To examine the effect of CRF receptor-activation on TPH 
activity, brain slices were exposed to a 10 min CRF application (0-2000 nM) with NSD-1015; 
brain slices were frozen and microdissected for HPLC analysis of 5-HTP. We observed 
increased TPH activity in the caudal DR in both the acoustic stimulation paradigm and in the 
brain slice preparation following exposure to CRF. These findings are consistent with the 
hypothesis that stress-related increases in TPH activity are mediated via effects of CRF on a 
mesolimbocortical serotonergic system originating in the caudal DR. 
Support contributed by a Wellcome Trust Research Fellowship to CAL (RCDF 068558/Z/02/Z) 
and an ORS scholarship to AKE.  CAL is currently supported by a NARSAD Young Investigator 
Award. 
 
32. Effects of anabolic androgenic steroids and social subjugation on behavior and 
neurochemistry in male rats 
K. A. FRAHM, A. R. LUMIA, R. L. CUNNINGHAM, E. FERNANDEZ, R. STRONG, J. L. 
ROBERTS, M. Y. MCGINNIS 
This study examined the behavioral and neurochemical consequences of exposure to anabolic 
androgenic steroids (AAS), alone or in combination with social subjugation (SS). Gonadally 
intact, Long-Evans male rats were used. On postnatal day 26 (P26) 16 males received SS, 
while 16 controls were placed in a novel cage. SS consisted of pairings with an aggressive adult 
male for 10 minutes/day, 5 days/wk x 2 wks. On P40, the onset of puberty, half of the SS and 
half of the control males received the AAS, testosterone propionate (5mg/kg) 5 days/wk for 8 



wks; the other half received vehicle control. Beginning on P69, all males were tested for both 
sexual and aggressive behaviors towards females. Males were paired with 1) sexually receptive 
females (E+P), 2) E+P females with obstructed vaginas (OBS), 3) ovariectomized females 
(OVX) and 4) OVX females with provocation of the experimental male. Provocation consisted of 
a mild tail pinch once/min during a 10 min test. To assess the impact of environmental cues on 
the expression of aggression, SS and AAS males were paired with opponent males using the 
bedding of the experimental or opponent male in a neutral setting. All animals were tested with 
and without provocation. At the conclusion of behavior tests, the animals were sacrificed for 
HPLC analysis of neurotransmitter levels in the hypothalamus, hippocampus, brainstem, cortex 
and striatum. Our behavioral results showed that AAS males mounted OBS females significantly 
more than controls and displayed significantly more 
threats towards OVX females than all other experimental groups. In contrast, SS males 
mounted OBS females significantly less than controls. The results suggest that AAS increases 
aggression towards females whereas SS does not. Neither treatment affected male sexual 
behavior. There were no effects on inter-male aggression regardless of bedding or provocation, 
suggesting that the home cage environment modulates the expression of aggression by AAS 
and SS males. HPLC revealed a ubiquitous decrease in neurotransmitter levels in SS males. In 
brainstem, DA and DOPAC were significantly decreased compared to all other groups. 
Brainstem 5HIAA and striatal NE were decreased in SS males compared to controls. In 
contrast, AAS treatment resulted in a 
significant increase in DOPAC and NE in brainstem compared to controls. In the prefrontal 
cortex, 5HIAA was significantly increased in all groups relative to controls. Thus, AAS and SS 
had a differential impact on brain chemistry. These results suggest that factors such as 
hormonal status and environmental condition influence the aggressive behavior of AAS and SS 
males, and that changes in brain chemistry may underlie these effects. 
 
33. Characterization of the expression of importins in the paraventricular nucleus of the 
hypothalamus and cortex in rat brain and their association with the neurokinin 3 receptor 
D. D. Jensen and F. W. Flynn 
Graduate Neuroscience Program, Zoology & Physiology Dept., University of Wyoming 
More and more molecules are being discovered that have dual roles in the cytoplasm and within 
the nucleus. Transcription factors and hormone receptors are known proteins that have dynamic 
roles in the nucleus and are shuttled to and from cellular compartments as dictated by cellular 
activation.  Arrestins and G-protein coupled receptors, however, are also trafficked to the 
nucleus in an activation dependent manner.  The movement of large proteins into the nucleus is 
facilitated by the nuclear pore complex on the nuclear membrane.  This movement through the 
nuclear pore complex requires the facilitation of the nuclear import receptors, importins.  The 
role importins play in nuclear transport is well documented but there is little evidence as to 
which importins are present in brain.  We demonstrated previously that the neurokinin 3 
receptor (NK3R) is trafficked to the nucleus of neurons in the paraventricular nucleus of the 
hypothalamus (PVN) following an osmotic challenge.  There is no information regarding the 
mechanism for the nuclear transport of the NK3R with the exception of a putative nuclear 
localizing sequence (NLS) found on the NK3R.   This NLS provides for the interaction of the 
NK3R with importins during nuclear translocation.  In this study multiple importins were 
screened using western blot to determine which importins are present in the rat PVN and cortex; 
the identified importins may be involved in the nuclear transport of the NK3R.  Male Charles 
River rats (300-350 g) were sacrificed and the brains removed.  PVN and cortex tissue samples 
were extracted and screened for the presence of various importins by western blot analysis.  
Rats were also given an IV injection of hypertonic saline that has been shown to activate the 
NK3R or isotonic saline as control.  Samples were then screened to see if importins could be 
co-immunoprecipitated with the NK3R.  The importin ß-1 was co-immunoprecipitated with the 



NK3R. This demonstrates an activity dependent association between the two molecules.  This 
study shows that the importins are present in neurons and that they do have a role in the 
nuclear transport of the NK3R. (Supported by P20 RR15640 and NS 57823 to FWF.) 
 
34. Sex differences in Kisspeptin mRNA expression during murine development 
JG Knoll, GA Schwarting, SA Tobet 
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO Shriver 
Medical Center, Waltham, MA 
The hypothalamic-pituitary-gonadal axis is a complicated network involving multiple levels of 
regulation ultimately resulting in the proper circulating levels of gonadal hormones. This network 
is organized in early prenatal life through the influence of gonadal steroids and later activated 
through these same steroids. Recently, we have begun investigating the developmental 
expression profile of kisspeptin (using a Digoxygenin labeled mRNA probe generated to the 
Kiss-1 gene, accession# AA023588). Using this probe, kiss-1 mRNA expression is first 
detectable at approximately embryonic day 12 or 13 (E12/13) within the developing caudal 
hypothalamus. This expression is extremely restricted to a very small number of cells located 
exclusively in what might be called the presumptive arcuate nucleus (bordering the median 
eminence at the caudo-ventral extent of the hypothalamus). Within a relatively short time-span, 
by E15, dramatic sex differences are evident in both the number of cells expressing kiss-1 
mRNA and in the relative amount of expression per cell (darker labeling using the same amount 
of probe), with females having approximately 2 fold more cells than males. This expression 
profile (greater in females than males and restricted to the arcuate nucleus and the region just 
caudal to it) is maintained through birth and up until approximately the time of puberty, or post-
natal day 35 (P35). At this point, the level of expression in the arcuate nucleus decreases, 
although it is still sexually dimorphic in both the number and perhaps the location of cells. 
Additionally, at this point expression of kiss-1 mRNA is detectable in the antero-ventral 
periventricular region of the anterior hypothalamus (approximately OVLT to anterior 
commisure). The expression of kiss-1 mRNA in the AVPV/POA region is similarly sexually 
dimorphic (after P35) with females showing far greater number and intensity of labeling. 
Expression of kisspeptin has been shown to be sexually dimorphic in adolescent and adult 
mice. 
 
35. Co-operative Binding of Syntaxin Molecules to Microdomains in Live PC12 Cells 
MK Knowles1, S Barg2, L Wan3, W Almers3 

1From the Department of Chemistry and Biochemistry, University of Denver, Denver, CO 802082 

From the Department of Medical Cell Biology, Uppsala University, Uppsala, Sweden3 From the 
Vollum Institute, Oregon Health and Science University, Portland, OR 97239 
SNARE proteins mediate membrane fusion and allow for exocytosis to occur. In this work, we 
used TIRF microscopy to simultaneously image green Syntaxin, Syx-EGFP, and a red granule 
marker, NPY-mCherry. On the cell membrane of live PC12 cells Syx was clustered in 
microdomains that co-localized with secretory granules. We aimed to determine the number of 
Syx molecules in a granule-associated cluster by measuring the intensity of single Syx-EGFP 
molecules in the plasma membrane. We took movies of cells expressing low levels of Syx-
EGFP and averaged the first 5 seconds. The resulting image contained spots that were located 
by an automatic algorithm. The spots were transferred into the movie and their fluorescence 
was found to bleach in a single step. The step magnitude varied more than 10-fold within a 
single cell.  Using single molecules of Syx-EGFP as a calibration, we conclude that 
microdomains beneath granules contain 100 molecules.  However, the fluorescence of granule-
associated microdomains fluctuated strongly in time, with microdomains losing all their 10-30 
Syx-EGFP molecules in seconds, and re-gaining as many when they refilled. Such a large 



number are unlikely to bind or un-bind independently and suggests that Syx-EGFP 
microdomains empty and refill cooperatively. 
 
36. Evaluation of the in vivo Equine FSH Response to Peripheral Kisspeptide Treatment 
Christianne Magee, Alejandro Arreguin-Arevalo, Mary Mrdutt, Jeremy Cantlon, Jason 
Bruemmer, Patrick McCue, Colin Clay.  Animal Reproduction and Biotechnology Laboratory, 
Colorado State University, Fort Collins, CO.  
Evaluations of kisspeptin (KiSS) in the hypothalamic pituitary gonadal (HPG) axis have primarily 
focused on its role at the level of the hypothalamus and its ability to elicit a peripheral LH surge 
from the anterior pituitary.  The hierarchical role of KiSS in the HPG stems from the ability of 
GnRH antagonists to mitigate the KiSS initiated pituitary response and identification of KiSS 
immunoreactive neurons in key hypothalamic nuclei associated with GnRH neurons.  KiSS has 
been demonstrated to elicit a FSH response in a dose dependent-like manner in the ewe and at 
very low doses in other species, thus it was the objective of this series of experiments to 
evaluate the change in peripheral eFSH following three test doses of rat decapeptide (1.0µg, 
0.5mg, 1.0mg KiSS-10, iv) as compared to a known stimulus of eFSH release (25µg GnRH, iv) 
in the diestrus mare (d5-13 post-ovulation, n=12).  Jugular sampling occurred every 60mins with 
a 2hr period prior to test dose administration to establish a basal eFSH for each mare, test dose 
administration, followed 4hrs later by 250µg GnRH, iv and sampling continued for one additional 
hour to ensure an adequate hypothalamic-pituitary axis.  Using a Latin Square design, each 
mare received each of the four treatments, allowing for a 48hr washout period between 
sampling days.  Serum eFSH concentrations were analyzed using an eFSH RIA previously 
validated by our laboratory.  There were significant effects of both treatment and time such that 
both 0.5mg and 1.0mg of KiSS-10 were able to elicit a peak response within one hour of test 
dose administration, leading to a one fold increase in eFSH during the treatment period as 
compared to basal eFSH (P < 0.05, ANOVA Repeated Measures).  However, there was no 
significant difference in eFSH following administration of 1.0µg KiSS-10 as compared to the pre-
test dose period, none of the test KiSS-10 doses were able to increase the test dose period 
mean eFSH as greatly as the 25µg GnRH dose, and in all cases the mares had an intact 
hypothalamic-pituitary axis with no variation in eFSH response to 250µg GnRH (P > 0.05, 
Fisher’s LSD).  There was no effect of day of treatment on basal eFSH levels (P > 0.05, F-test).  
These data are consistent with the effect of KiSS-10 on eLH in the diestrus mare as previously 
reported by our laboratory.  Carefully distinguishing between the effect of KiSS-10 on LH vs. 
FSH in the equine will be a key component in understanding KiSS’s role in seasonal transition 
and induction of ovulation in the estrus mare.  This research was supported by the American 
Quarter Horse Foundation and the Preservation for Equine Genetics Foundation at Colorado 
State University.   
 
37. The Effect of Heterozygous FGF8 and FGFR3 Defects on Gonadotropin-Releasing 
Hormone Neuronal System  
T Matthews, W Chung, P Tsai  
Department of Integrative Physiology, University of Colorado at Boulder,Boulder,CO.  
Gonadotropin-releasing hormone (GnRH) neurons are essential for reproduction and are 
scattered across the preoptic and hypothalamic regions of the adult brain. In humans, 
hypogonadotropic hypogonadism (HH), a disease with low circulating gonadotropins are caused 
by mutations in fibroblast growth factor 8(Fgf8) and Fgf receptor 1(Fgfr1) genes. Studies from 
our lab showed that the organization of the mouse GnRH system is sensitive to FGF signaling. 
Collectively, the data support the notion the disruption of FgF signaling leads to the 
disorganization of the GnRH system and downstream reproductive defect. In addition to 
mutations on single genes, human studies suggest that HH may also be the result of multiple 
gene defects that produce a more severe HH phenotype. We therefore hypothesize that 



deficiencies in multiple FGF signaling components, could lead to a more profound disruption of 
the GnRH system. Double transgenic mice for Fgf8 and Fgfr3 were generated by crossing 
single transgenic mice hypormorphic for Fgf8 or Fgfr3. The mice were sacrificed at 3 months of 
age and their brains processed for GnRH immunocytochemistry. GnRH neurons in the brain 
were scored for all animals. Wild-type mice had the greatest number of GnRH neurons. All other 
genotypes had a ~ 40-50% decrease in GnRH neurons. There was a significant difference 
between the wild type mice and all other genotypes; however, there was no difference between 
the three transgenic groups. Our data suggest Fgf8 hypomorphy likely affects the same GnRH 
neurons as Fgfr3 hypomorphy since defects in both genes did not lead to a further loss of GnRH 
neurons compared to Fgf8 defect alone. This suggests Fgf8 deficiency also exerts more 
dominant negative effect on the GnRH system over Fgfr3 deficiency. 
 
38. Relationship among GABA, nitric oxide, and brain derived neurotrophic factor: 
Potential effector molecules for the development of the paraventricular and ventromedial 
hypothalamic nuclei. 
KM McClellan and SA Tobet 
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 
Development of a hypothalamic nuclear group requires factors that influence proliferation, 
migration, and differentiation. It is known that transcriptional regulation of various genes is 
necessary to form functional paraventricular (PVN) and ventromedial (VMN) hypothalamic 
nuclei (e.g. Sim-1 and SF-1 respectively). We are investigating three molecules that may play 
roles in the migration and differentiation of the PVN and VMN by virtue of their effecting cell-cell 
communication. Roles for nitric oxide (NO), produced by neuronal nitric oxide synthase (nNOS), 
have been postulated for proliferation, migration, or differentiation of various cell phenotypes 
and similar roles have been postulated for brain derived neurotrophic factor (BDNF) and GABA. 
Work of others has shown that GABA can influence BDNF expression and that BDNF might 
enhance nNOS expression. Early in development (E15 – E17) in the mouse, nNOS and BDNF 
are found in specific regions within the hypothalamus. Two dense regions of nNOS and BDNF 
immunoreactivity (ir) are the PVN and VMN. These regions are also unique for being 
surrounded by a network of cells and fibers containing ir-GABA early in development (Tobet et 
al., 1999; McClellan et al., SfN 2007abstr). We used a GABABR1 subunit knockout mouse to 
look at the potential role of GABAB receptor signaling on cell positions within the VMN 
(McClellan et al., 2008) and now the PVN. We found a significant decrease in ir-BDNF in the 
PVN of GABABR1 subunit knockout mice in a region dependent manner (p<0.05). We also 
found that ir-nNOS in the rostral PVN extended beyond the cells that contained ir-BDNF and 
this pattern was altered in the GABABR1 knockout mice. By contrast, ir-BDNF and ir-nNOS in 
the VMN was similar in wildtype and knockout mice. The patterned release of GABA, NO, and 
BDNF in and around the PVN during early development may play key roles in fine tuning the 
development and differentiation of cells in the PVN and ultimately influence the function of the 
hypothalamic-pituitary-adrenal axis.  
 
39. Differential effects of voluntary physical activity and environmental enrichment on 
hippocampal BDNF expression following chronic audiogenic stress in rats. 
Tara J. Nyhuis, Cher V. Masini, Sarah K. Sasse, Sarah Moreland, Heidi E.W. Day, and Serge 
Campeau; Psychology Department and Center for Neuroscience, University of Colorado, 
Boulder, CO 
In response to certain acute and chronic stressors, voluntary physical activity (exercise) has 
been shown to reduce hypothalamic-pituitary-adrenocortical (HPA) axis activity and prevent the 
stress-induced reduction in hippocampal brain derived neurotrophic factor (BDNF).  The 
beneficial effects of enriched environment (EE) on HPA axis function as well as BDNF 
expression have also been recognized. The majority of existing data confounds physical activity 



with enrichment by directly including exercise wheels or objects such as ladders, platforms, and 
cage mates that increase animals’ physical activity.  This study was designed to directly 
compare these variables by separating exercise and enrichment. Exercised rats (X) had 
voluntary access to running wheels in their cages; EE rats were given 4 objects that were 
exchanged every 3 days; and the homecage control rats (HC) were housed in the same 
standard cages without any further manipulations.  Exercised animals exhibited a reduced 
ACTH response to acute audiogenic stress and faster habituation of ACTH and corticosterone 
release to repeated audiogenic stress.  In contrast to X animals and enrichment literature which 
includes physical activity, EE animals did not exhibit reduced HPA axis response compared to 
controls.  In order to determine putative molecular mechanisms responsible for the observed 
differences between these groups, BDNF mRNA in the dorsal hippocampus was analyzed using 
in situ hybridization.  Both EE and X animals exhibited increased pan-BDNF expression in CA1, 
CA3, and the dentate gyrus compared to controls.  However, exercised animals exhibited 
significantly higher BDNF expression than the EE animals in both the dentate gyrus and CA3.  
These data suggest that the reported effects of enriched environments on stress 
responsiveness and BDNF expression may be due in large part to the physical activity provided 
by most EE paradigms rather than increased environmental stimulation.   
 
40. Chronic voluntary wheel running facilitates corticosterone response habituation to 
repeated audiogenic but not ferret odor or restraint stress exposures.  
SK Sasse, CV Masini, TJ Nyhuis, HEW Day, and S Campeau. 
Psychology Department and Center for Neuroscience, University of Colorado, Boulder, CO. 
We have shown that 6 weeks of voluntary wheel running reliably enhanced the rate of 
corticosterone (CORT) response habituation to repeated audiogenic stress exposures in male 
rats, compared to that of sedentary controls.  To assess the extent to which this effect might 
generalize to other types of psychological stress, these previous experiments were repeated 
utilizing predator (ferret) odor or restraint as stressors.  Forty young adult, male Sprague-
Dawley rats were divided into 4 groups matched for body weight and individually housed.  Two 
groups had 24-hr access to running wheels in their home cages while the other 2 groups 
remained sedentary.  After 6 weeks, one of the exercise and one of the sedentary groups 
(n=10/group) were exposed to 10 consecutive daily 30-minute ferret odor presentations in their 
home cages.  At the same time, the remaining exercise and sedentary groups (n=10/group) 
were restrained in ventilated plastic tubes for 30 minutes.  Blood was collected from tail vein 
bleeds on the 1st, 3rd, and 7th days, immediately following the termination of the stressor.  
Immediately after the 10th exposure, all rats were decapitated and trunk blood was collected.  
Plasma adrenocorticotropin hormone (ACTH) and CORT levels were assessed via 
radioimmunoassay and ELISA, respectively.  While responses to both stressors habituated with 
repeated exposures in all groups, plasma ACTH and CORT responses did not differ between 
exercised and sedentary rats on any of the 4 sampling days, in response to either of the 
stressors used.  These results suggest that the effect of wheel running on CORT response 
habituation to repeated stress may be sensitive to stressor intensity.  Thus, rather than 
promoting a general reduction in HPA axis responsiveness to any and all stressors, voluntary 
exercise may possess the remarkable capacity to enhance adaptation to relatively innocuous 
challenges while simultaneously preserving responsiveness to more intense or threatening 
stimuli.  
 
41. Steps toward understanding the development of the paraventricular nucleus of the 
hypothalamus 
Matt Stratton, Kristy McClellan, Gabe Knoll, Cheryl Hartshorn, Stuart Tobet 
The paraventricular nucleus of the hypothalamus (PVN) is a central player in the regulation of 
many physiological functions that include food intake, stress responses, and cardiovascular 



function. The PVN develops as a distinct nuclear group between embryonic day (E)15 and 17 in 
mice.  A cell proliferation assay using a modified nucleoside ethinyl deoxyuridine (EdU) has 
shown that cells within the PVN “born” at E10 migrate out to more lateral locations within and 
around the PVN.  Gamma-aminobutyric acid (GABA) is a neurotransmitter that during 
development, acts as a secreted factor that may influence developmental processes including 
neuronal migration, proliferation, differentiation and cell specification in specific brain regions.  
GABA acts through two classes of receptors, the ionotropic GABAA and GABAC receptors and 
the metabotropic GABAB receptors. While much is known of GABA receptor function in the 
adult brain, considerably less is known about its function in development. Recently, we found 
that neurons containing immunoreactive estrogen receptor (ER)a in the region of the PVN of 
GABAB receptor R1 subunit knockout mice are located more laterally than in wild type (WT) 
mice.  To investigate the impact of GABAA signaling in PVN development, pregnant mice were 
treated with the GABAA receptor antagonist bicuculline twice daily from embryonic days 11 thru 
17 at which time the embryos were perfusion fixed and immunohistochemical analysis was 
performed.  We have observed a significant decrease in the number of ERa containing cells in 
and around the PVN with bicuculline treatment when compared to controls.  The data suggest 
that GABAA signaling is required for normal development of the PVN.  Additionally, we are 
adapting our in vitro brain slice cultures for detecting and analyzing cell movement and kinase 
activation in the embryonic PVN.  These tools will allow us to investigate mechanisms of PVN 
development. 
 
42. GNRH SYSTEM DEFECTS IN A DOUBLE TRANSGENIC MOUSE WITH REDUCED FGF 
RESPONSIVENESS AND FGF8 SIGNALING 
Sarah S. Moyle, Wilson C.J. Chung, and Pei-San Tsai.  
Department of Integrative Physiology and Center for Neuroscience, University of Colorado, 
Boulder, Colorado 
Various components of the fibroblast growth factor (FGF) signaling system are important for the 
development of the gonadotropin-releasing hormone (GnRH) system. In humans, mutations in 
FGF receptor 1 (Fgfr1) and more recently, Fgf8, have been shown to cause hypogonadotropic 
hypogonadism (HH) alone or HH associated with anosmia (Kallmann syndrome; KS). Although 
KS has been conventionally thought of as a monogenic disorder, new evidence indicates that 
mutations on multiple genes may be required for the full manifestation of the diseased 
phenotype. The goals of the present study are to (1) characterize GnRH system defects in 
postnatal mice hypomorphic for the Fgf8 allele (FGF8 hypomorphs), and (2) examine if an 
additional defect in FGF responsiveness of GnRH neurons in FGF8 hypomorphs exacerbates 
the GnRH system system defects. Heterozygous FGF8 hypomorphs (mixed sex) exhibited a 
significant and consistent reduction in hypothalamic GnRH peptide content at postnatal day 
(PN) 0, 19, and 26 compared to wildtype (WT) age-matched controls.  Heterozygous FGF8 
hypomorphic mice were then bred with transgenic animals expressing a dominant negative 
FGFR (dnFgfr) in their GnRH neurons (dnFGFR mice) to generate animals with deficiencies in 
both FGF8 production and FGF responsiveness.  At PN0, animals with a single defect in either 
FGF8 production or FGF responsiveness had significantly lower hypothalamic GnRH peptide 
compared to WT (P < 0.05).  However, in PN0 double transgenic mice deficient in both FGF8 
production and FGF responsiveness, the reduction in hypothalamic GnRH was exacerbated 
(P<0.01). Our current findings indicate deficiencies in multiple components of the FGF system 
impact the GnRH system in an additive fashion.  Further, they support the conclusion from 
human studies that digenic mutations on Fgf8 and Fgfr1 are more deleterious to the GnRH 
system than monogenic mutations.  
 
 
 



43. Neurokinin 3 receptor is not co-localized with the magnocellular oxytocin-releasing 
neurons in the paraventricular nucleus of the hypothalamus and supraoptic nucleus 
X.Xu1 and F. W. Flynn1,2 
1Graduate Neuroscience Program, 2Department of Zoology and Physiology, University of 
Wyoming, Laramie WY  
Tachykinin neurokinin 3 receptor (NK3R) plays an important role in the release of vasopressin 
(VP) and oxytocin (OT) from magnocellular neurons of paraventricular nucleus (PVN) and 
supraoptic nucleus (SON). Intraventricular injection of an NK3R agonist, senktide, intragastric 
loads and intravenous injection of 2.0 M NaCl, and hypotension induced by intravenous injection 
of hydralazine activate NK3R expressed by magnocellular neurons, and significantly increase 
the plasma level of VP and OT. Intraventricular pretreatment with the specific NK3R antagonist, 
SB-222200, prevents the elevation of plasma VP and OT in response to these treatments. 
Further analysis demonstrates that NK3R is co-localized with the magnocellular VP neurons in 
PVN. It is suggested that NK3R agonists and antagonists may act directly on VP neurons in 
PVN. However, there are no reports on whether NK3R is co-localized with the magnocellular OT 
neurons in the PVN. To determine whether NK3R is co-localized with the magnocellular OT 
neurons in the PVN and SON, immunohistochemistry was used to detect the expression of 
NK3R and OT in PVN and SON nucleus of rat brain sections. Two groups of rats were used in 
this study—the first group were normal rats (n=3), and the second group of rats (n=3) were 
water-deprived for 24 hr. Thirty-micrometer brain sections were sequentially incubated in the 
primary antibodies against NK3R and OT, and secondary antibodies conjugated to a 
fluorochrome or HRP were used to visualize NK3R and OT. Images of double 
immunohistochemically labeled sections were captured. NK3R-expressing neurons were found 
in the magnocellular division of PVN and SON; OT neurons were also found in the 
magnocellular division of PVN and SON. However, there was no detectable co-localization of 
NK3R and OT in neurons in PVN and SON. Therefore, NK3R agonist and antagonist must act 
through an indirect pathway to contribute to OT release from the OT neurons in PVN and SON. 
Supported by RO1 DK50586, NS 57823 and P20 RR15640. 
 
 
 
Sensory and Motor Systems 
 
44. Regeneration of Rhodopsin Alters Color Perception 
Lucinda S. Baker, Janice L. Nerger, Vicki J. Volbrecht 
Perceptual & Brain Sciences Program, Department of Psychology, Colorado State University, 
Fort Collins, CO 
The well-known difference in appearance for monochromatic stimuli presented in the fovea 
compared to the peripheral retina is at least in part due to the presence of rod receptors.  
Whether the effects of rods enter into perception abruptly or gradually across time has not yet 
been investigated.  Here observers described the appearance of 8 monochromatic stimuli 
ranging from 480 to 620 nm using the "4+1" color naming procedure.  Stimuli presented at 10° 
temporal eccentricity were equated to 20 photopic tds.  Following a broadband (5500K) 
bleaching stimulus, stimuli were presented every 4 min for 28 min, allowing data collection at 
and between times associated with the cone and rod plateaus of the dark-adaptation function.  
Results indicate that as time following the bleach increased, the stimuli progressively decreased 
in saturation.  In general, hue percentages ascribed to green, yellow, and red decreased until 
about 16 minutes, after which they stabilized.  In contrast, the percentage ascribed to blue, and 
for some observers, short-wavelength red, systematically increased with time following the 
bleach.  The above procedure was repeated for the 480, 500, 520 and 540 nm stimuli equated 



to 100 scotopic tds.  Overall, the percentages of red, blue and saturation did not differ between 
the photopic and scotopic conditions, but the percentages of yellow and green did differ.  Thus, 
the effect of rods across time appears abruptly and data from the peripheral retina may differ if 
stimuli are equated photopically versus scotopically. 
 
45. A Configural Asymmetry’s Robustness to Changes of Spatial Structure 
JR Edler, P. Monnier 
From the Department of Perceptual Brian Sciences, Colorado University, Fort Collin, CO 
Configural asymmetries are phenomena in which target-distracter role reversal of search 
elements causes a disproportion in search performance. For example, bicolor elements split 
horizontally are searched more efficiently than identical elements rotated 90° or vertically split 
(Junge, VSS 08’) requiring left/right judgments. Yet how robust is this Effect to changes in 
spatial structure?  This study sought to answer that question by testing the Effect among several 
components of spatial structure including: varying set sizes (SS), overall element structure 
(OES), and element separation (ES). The study was split into two visual search latency 
experiments for which the same three observers participated. Experiment one investigated SS 
(4, 9, 16, or 25) and OES (regular, slightly irregular, moderately irregular, and pseudo-random) 
on the size of the asymmetry.  In experiment two, the Effect was tested against the two extreme 
OES conditions (regular and pseudo-random) and varying ES (.4°, .5°, .6°, .8°).  Although SS, 
OES, ES, and the Effect itself significantly affected search performance, the size of the Effect 
remained remarkably robust against the manipulations of spatial structure.  Interestingly 
individual differences in observers appeared to moderate the relationship between these 
effectors influence the size of the Effect.  Despite no significant findings, a trend in the data was 
observed showing that the Effect was partly diminished when elements were presented in low 
ES within a regular OES. However, due to noise this trend failed to be significant.   Overall, 
these results support that the horizontal/vertical configural asymmetry is extremely robust to 
spatial structure manipulations and prominent across individuals. 
 
46. Effects of decoupled elliptical training on interlimb coordination 
Megan A. Endrizzi, Abbey R. Keene, Leah N. Hitchcock, Raoul F. Reiser, Brian L. Tracy.  
Neuromuscular Function Laboratory, Department of Health and Exercise Science, Colorado 
State University, Fort Collins, CO. 
During locomotion, the spinal cord produces predictable alternating muscle activation to the 
lower limbs.  The Shifter is a novel elliptical trainer with mechanically decoupled foot pads, 
forcing the user to deliver precisely timed alternating foot forces to maintain cadence.  A 15-20 
hr training program consisted of learning a demanding progression of increasingly difficult skills 
that required the user to use the legs independently.  The purpose was to determine if the 
training produced neural adaptations that underlie more independent control of the leg muscles.  
It was hypothesized that progressed subjects (PS) would have enhanced interlimb coordination 
compared to control subjects (CON), as assessed by suppression of contralateral neural 
overflow. 
METHODS:  PS (N=5) and CON (N=5) subjects of similar age (p=0.37), leg press strength 
(p=0.5), adiposity (p=0.74), and VO2 max (p=0.17) were seated with the knees at a right angle 
and the pelvis and torso restrained to prevent accessory movements.  The subjects exerted a 
steady isometric force with the non-dominant knee extensors (KE) at 10% of maximal voluntary 
contraction (MVC) force in two conditions – alone (CF) or concurrently with an oscillating task by 
the dominant leg (OSC).  For the OSC task, subjects exerted an oscillating force with the 
dominant KE at a frequency of 0.25Hz between 0-50% of MVC, without visual feedback.  Ten 
trials of practice oscillations with visual feedback preceded the OSC task.  Both the CF and 
OSC tasks were performed with (VIS) and without (NOVIS) visual force feedback of the non-



dominant force.  Non-dominant target matching ability and the amplitude of force fluctuations 
were compared between CF and OSC conditions for VIS and NOVIS conditions.   
RESULTS: The force oscillations of the dominant leg were performed at approximately the 
same frequency, intensity, and peak force between PS and CON groups for both VIS and 
NOVIS. During VIS and NOVIS, respectively, the target matching (p=0.015, p=0.004) and 
control of fluctuations (p = 0.02, p=0.015) for the non-dominant leg was degraded for the CON 
group between CF and OSC. In contrast, the PS group showed no change in the ability of the 
non-dominant leg to stay on target (p=0.2) and control force fluctuations (p=0.07) during VIS. 
During NOVIS the PS group exhibited no change in target matching (p=0.47) and a slight 
increase in force fluctuations (p= 0.018) between CF and OSC. 
These results suggest an adaptation at some level of the nervous system that allowed the PS 
subjects to reduce the effects of contralateral neural overflow.  Prolonged use of the Shifter 
could produce enhanced interlimb control in rehabilitation, athletic, and elderly populations.     
 
47. Cytoarchitectonic and Immunohistological Profile of GABAergic neurons In the 
Posterior Piriform Cortex 
Tyler Felton, Chunzhao Zhang and Qian-Quan Sun* 
Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071 
In this study we examined cytoarchitectonic and immunohistological profile of GABAergic 
neurons in the posterior piriform cortex. Taking advantage of transgenic mice in which 
GABAergic neurons express green fluorescent proteins (GFP), we studied subtype specific 
expression of molecular markers in the GABAergic circuits and their developmental profile. In 
the first part of the study, several neuronal markers, including calcium binding proteins, voltage-
gated potassium channels, ionotropic glutamate receptors, were examined in GAD67-GFP and 
GAD65-GFP mice, respectively. The results of these experiments support the idea that 
GABAergic cells of the piriform cortex are composed of multiple subtypes, each of which 
expresses several different molecular markers. In the second part of the study, we examined 
the longevity of GAD67-GFP and GAD65-GFP cells. Mice of six different age groups were used 
including: 1 month 12 days, 1 month 22 days, 3 month, 6 month, 1 year 22 days, and 2 year. 
The results showed that the density of GAD65-GFP neurons in the posterior piriform cortex and 
cell body area maintain a fairly constant level throughout life, with the cell body area peaking at 
4-6 months of age. Also, the majority of cells found in layer II and the ratio of layer II cells/total 
GAD65-GFP cells remains constant throughout life. These results 1) provide detailed 
information regarding cell-type specific expression of cellular markers; 2) provide evidence that 
GABAergic neurons in the posterior piriform cortex maintain stable morphological and 
cytoarchitectonic properties from 1 month to 2 years of age in mice.  
Acknowledgement: This research is supported by National Institutes of Health Grants 
5R01NS057415-02 and P20 RR15640 (QQS). Tyler Felton is a recipient of NSF EPSCoR 
fellowship award. We thank Dr. Gábor Szabó, Laboratory of Molecular Biology and Genetics, 
Institute of Experimental Medicine, Hungary and Dr. Yuchio Yanagawa at the Department of 
Genetic and Behavioral Neuroscience, Gunma University Graduate School of Medicine for the 
generous gift of GAD65 and GAD67-GFP mouse. 
 
48. Monaural and binaural response properties of single neurons in the inferior colliculus 
of the adult chinchilla 
Heath G. Jones1,2, Kanthaiah Koka1, Jennifer Thornton1,2, and Daniel J. Tollin1,2 
Department of Physiology and Biophysics1, and Neuroscience Program2, University of Colorado 
Denver Medical School, Aurora CO 80045 
The chinchilla (Chinchilla laniger) auditory system exhibits similar physiological, anatomical, and 
behavioral characteristics as those of humans and higher primates.  These attributes make the 
chinchilla an excellent model for studies of the auditory system, including development.  Here 



we examined several basic response properties of single neurons in the central nucleus of the 
inferior colliculus (IC) of adult chinchillas.  The IC is an obligatory nucleus in the auditory 
midbrain and is of interest because it is a site of massive convergence of ascending inputs from 
all lower auditory brainstem nuclei.  The data are based on extracellular recordings of 176 
neurons.  Neurons were categorized by their responses to contralateral and ipsilateral acoustic 
stimulation as excitatory-inhibitory (EI; e.g., contralateral excitatory, ipsilateral inhibitory), 
excitatory-excitatory (EE), inhibitory-excitatory (IE), excitatory-no effect (EO) or no effect-
excitatory (OE). Frequency selectivity (frequency-intensity response areas) was measured from 
which the characteristic frequency (CF), threshold, Q10, and spontaneous activity were 
determined.  CFs ranged from 140 Hz to 21 kHz, thresholds from -15 to 50 dB SPL, and 
spontaneous activity from 0-20 spikes/sec.  CFs increased as the electrode depth increased 
from dorsal to ventral in the nucleus.  The sharpness of excitatory frequency tuning (Q10) 
increased with CF and was comparable to that found in other common species.  Frequency 
biases were observed amongst the classes of cells: 83% (82/99) of EE neurons had low CFs 
(<3 kHz) while 62% (30/48) of EO and 100% (29/29) of EI neurons had high CFs (>3 kHz).  50% 
of low-CF EE neurons were sensitive to interaural time differences (ITDs) for both CF tones and 
broadband noise stimuli.  The best (maximum rate response) ITDs of these neurons generally 
preferred delays of the ipsilateral-ear stimulus and also exhibited a dependence on CF, with 
best ITDs favoring larger ipsilateral delays with decreasing CF, consistent with that found in 
other species.  The best ITDs increased from ~190 µs for CFs of ~1500 Hz to ~850µs for CFs of 
~180 Hz.  For high-CF EI neurons, 90% were sensitive to interaural level differences (ILDs).  
The general features of the monaural and binaural responses of IC neurons in the chinchilla are 
comparable to that found in other common animal models, including the cat, guinea pig, gerbil, 
ferret, and rat.  Supported by NIDCD R01-DC6865. 
  
49. Linear and non-linear coding of sound spectra by discharge rate in cochlear nucleus 
and medial nucleus of the trapezoid body (MNTB) neurons 
K. Koka1, D. J. Tollin1 
1Department of Physiology and Biophysics, University of Colorado Health Sciences Center, 
Aurora, CO- USA. 
Because the peripheral receptors of the ear have no mechanism to sense sound source location 
on their own, location must be computed at more central levels in the auditory system based on 
the neural representations of the spectral and temporal characteristics of the sounds arriving at 
the ears.  Interaural level differences (ILDs), an important acoustical cue to sound location, are 
believed to be first encoded by neurons in the lateral superior olive (LSO). Accurate localization 
requires that cues such as ILDs be encoded by neurons accurately.  Thus, the sound spectra at 
the left and right ears must be encoded accurately by the afferents to the LSO in order for the 
LSO neurons to extract the ILD.  Here, we examine the spectral coding capabilities of the 
afferent inputs to the LSO: the globular (GBC) and spherical (SBC) bushy cells of the cochlear 
nucleus and the MNTB.  Extracellular recordings were made in the trapezoid body and were 
classified according to their responses to short tone bursts: primary-like (PL), PL-with-notch 
(PLN) and chopper, which correspond to the SBC, GBC, and stellate cell types, respectively.  
MNTB neurons were classified based on the presence of a “pre-potential” and contralateral-ear 
only response.  The Random Spectral Shape (RSS) method was used to examine the ability of 
the different neuron types to encode sound spectra via discharge rate. The RSS technique 
allows estimates of how spectral level is weighted, both linearly and non-linearly, across a wide 
band of frequencies.  Here, rate responses to an ensemble of 264 noise-like RSS stimuli were 
used to estimate first (linear) and second (non-linear) order spectral weighting functions for 25 
PL, 21 PLN, 15 chopper, and 42 MNTB neurons.  Weighting functions were measured at 
several stimulus levels spanning the dynamic range of each neuron.  The validity of the 
estimated weighting functions was tested for each neuron by predicting the rate responses to 



arbitrary RSS stimuli.  A goodness-of-fit metric (Q), ranging from 0 (poor fit) to 1 (perfect fit), 
was used to assess the quality of the model predictions for two cases: 1) the first–order weights 
only; and 2) the first- and second-order weights.  By including the second order (non-linear) 
terms the average Q value, computed across all neurons and all stimulus levels, increased 
significantly (p<0.0001) for all neuron types.  The significant improvement in Q value observed 
by adding the second-order weights suggests that spectral level is combined across frequencies 
in both a linear and a non-linear manner. Supported by NIDCD R01-DC6865. 
 
50. Monaural and binaural response properties of single neurons in the inferior colliculus 
of the adult chinchilla 
Jennifer Thornton1,2, Heath G. Jones1,2, Kanthaiah Koka1,  and Daniel J. Tollin1,2 
Department of Physiology and Biophysics1, and Neuroscience Program2, University of Colorado 
Denver Medical School, Aurora CO 80045 
The chinchilla (Chinchilla laniger) auditory system has been shown to exhibit similar 
physiological, anatomical and behavioral characteristics as those of humans and higher 
primates. These attributes make the chinchilla an excellent model for studies of the auditory 
system, including development. Here we examined several basic response properties of single 
neurons in the inferior colliculus (IC) of adult chinchillas. The IC is an obligatory nucleus in the 
auditory midbrain and is of interest because it is a site of convergence of ascending inputs from 
all lower auditory brainstem nuclei. The data are based on extracellular recordings of 176 
neurons. Neurons were categorized by their responses to contralateral and ipsilateral acoustic 
stimulation as excitatory-excitatory (EE; e.g., contralateral excitatory, ipsilateral inhibitory), 
excitatory-inhibitory (EI), inhibitory-excitatory (IE), excitatory-no effect (EO) or no effect-
excitatory (OE). Frequency selectivity was measured from which the characteristic frequency 
(CF), threshold, Q10, and spontaneous activity were determined. CFs ranged from 140 Hz to 21 
kHz, thresholds from -15 to 50 dB SPL, and spontaneous activity from 0-20 spikes/sec. 
Frequency biases were observed amongst the classes of cells: 83% (82/99) of EE neurons had 
low CFs (<3 kHz) while 62% (30/48) of EO and 100% (29/29) of EI neurons had high CFs (>3 
kHz). 50% of low-CF EE neurons were sensitive to interaural time differences for both CF tones 
and broadband noise stimuli. The best ITDs of these neurons generally preferred delays of the 
ipsilateral-ear stimulus and also exhibited a dependence on CF, with best ITDs favoring larger 
ipsilateral delays with decreasing CF. For high-CF EI neurons, 90% were sensitive to interaural 
level differences. The general features of the basic neural response data in the IC of the 
chinchilla are comparable to that found in other common animal models including the cat, 
guinea pig and rat. Supported by NIDCD R01-DC6865. 
 
51. Activity-dependent synthesis of BDNF mediates sensory-dependent maturation of 
cortical inhibitory circuits in the barrel cortex 
Yuanyuan Jiao, Chunzhao Zhang, Kazuko Sakata, Bai Lu, Qian-Quan Sun 
Graduate Neuroscience Program, Dept. Zoology and Physiology, University of Wyoming, 
Laramie, WY and Section on Neural Development and Plasticity, National Institute of Child 
Health and Human Development, Bethesda, Maryland 
During postnatal development, sensory experience and neuronal activity play critical roles in the 
refinement of cortical connections. Brain derived neurotrophic factor (BDNF) also regulates the 
development of cortical circuits.  It remains unclear whether the BDNF signaling pathway acts in 
parallel with or mediates the activity-dependent regulation of cortical circuits in vivo.  We utilized 
knock-in mice (BDNF-KI), in which the activity-dependent expression of BDNF through promoter 
IV is disrupted by insertion of the GFP gene into exon IV (Sakata et al., 2008). We found that 
the expression of BDNF protein exhibited activity-regulated pattern (i.e. barrel-like pattern) in the 
somatosensory cortex in wild-type mice. The barrel-like pattern of BDNF was totally abolished in 
the BDNF-KI mice, whereas basal, activity-independent BDNF expression was undisturbed, 



suggesting that the promoter-IV dependent synthesis of BDNF is a major source of endogenous 
BDNF protein in the somatosensory cortex. We also examined the intracortical inhibitory 
networks of layer IV in "sensory-spared" and "sensory-deprived" cortices, and found that the 
activity-dependent plasticity of inhibitory networks was blocked in the BDNF-KI mice. Our results 
suggest that sensory activities and the expression of BDNF act in concert to determine the 
mature phenotype of functional cortical inhibitory circuits in vivo.  
 
52. Cholinergic (starburst) amacrine cells express β-endorphin in the mouse retina 
 
Shannon Gallagher1, Paul Witkovsky2, Kizzy English1, Malcolm Low3, Veronica Otero-Corchon3, 
Shane Hentges1, Jozsef Vigh1 
1: Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 80523, 2: 
Department of Ophthalmology, New York University, New York, NY 10016, 3: Center for the 
Study of Weight Regulation, Oregon Health & Science University, Portland OR 97239 
 
The proopiomelanocortin (POMC) gene encodes a large precursor polypeptide that yields β-
endorphin, adrenocorticotropic hormone (ACTH), melanocyte-stimulating hormone (MSH), and 
other diverse biologically active peptides.  Using a transgenic model in which enhanced green 
fluorescent protein (eGFP) or DsRed is expressed under control of the mouse POMC gene 
promoter, we sought to: characterize the precise morphology of POMC expressing cells in the 
mouse retina; investigate whether POMC colocalizes with any of the other commonly described 
retinal cell markers; see if the final POMC peptide products are also present in the retina.  Using 
confocal microscopy, we were able to identify POMC fluorescent signaling in cholinergic 
(starburst) amacrine cell somas located at the inner border of the inner nuclear layer (INL) and 
in the ganglion cell layer (GCL), with two bands in the inner plexiform layer (IPL).  
Immunohistochemical techniques showed that: POMC-positive cells were clearly negative for 
GAD 65, but colocalized GAD 67; most POMC-positive cells colocalized ChAT at both soma 
and the bands in sublaminae 2 and 4 in the IPL; POMC-positive cells colocalized calbindin and 
calretinin calcium binding proteins; few POMC-positive cells are also positive for β-endorphin.  
Additional staining confirmed that wild-type mouse starburst amacrine cells colocalize ChAT and 
β-endorphin.  Although endogenous opioid peptides have previously been identified in the 
retina, to our knowledge this is the first evidence of endogenous β-endorphin expression in the 
mammalian retina.  While the function of such expression has not yet been elucidated, the 
evidence shows that in the mouse retina starburst amacrine cells express β-endorphin. 
 
53. Role of CXCR7 Gene in Zebrafish Hematopoiesis  
 
J Sneden, H Evans, DM Garrity 
Department of Biology, Colorado State University, Fort Collins CO  

 
The vertebrate CXCR7 chemokine receptor is a member of the G-protein coupled receptor 
family that controls migration of cells during development and can promote breast and lung 
tumor growth. We previously found that morpholino knockdown of the zebrafish CXCR7 gene 
caused defects in growth or formation of embryonic vessels. Here, we report a role for CXCR7 
in early hematopoiesis. Since vascular and hematopoietic tissues derive from a common 
progenitor cell, we hypothesized that embryos lacking CXCR7 might show aberrant 
hematopoiesis as well as circulation defects. We used a dual transgenic line to observe onset of 
circulation in zebrafish embryos as vessels formed. CXCR7 knockdown caused pooling of 
erythrocytes within the caudal vein plexus. The sluggish circulation was consistent with the 
morphological abnormalities observed in vessels in this region of the embryo. Next, we 
assessed hematopoietic cell differentiation in CXCR7 knockdown embryos by processing them 



for a marker for erythrocytes. Erythrocyte differentiation was initially delayed at 32 hpf (hours 
post-fertilization) but largely recovered by 48 hpf.  Again, we noted erythrocytes pooled in the 
caudal plexus, consistent with vessel abnormalities. Finally, we showed that CXCR7 is 
important for cell survival.  Increased cell death occurred in knockdown embryos along the trunk 
and tail as early as 16 hpf, but did not preferentially co-localize with vessel or hematopoietic 
cells, suggesting this function of CXCR7 is more general. In summary, we find CXCR7 is 
directly or indirectly required for normal growth of both vascular and hematopoietic tissue in the 
early embryo, and specifically required for erythrocyte differentiation. Clarification of role that 
CXCR7 plays in vascular and hematopoietic development could eventually impact therapeutics 
for breast and lung cancer. 
 
 
 
 
 
 
 


