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10:30am – Mentee/Mentor Workshop 

   ! ! “The art and skill of career collaboration”

   ! !  Dr. Joan King – Beyond-Success, LLC

12pm – Posters, Vendor Interactions, Lunch

3pm – Student presentations
! ! Andrea E. Kudwa (Colorado State University)

! ! Dane D. Jensen (University of Wyoming)

! ! Danielle E. Harlow (University of Colorado Denver)

! ! Marc S. Weinberg (University of Colorado Boulder)

4pm – Posters, Vendor Interactions, Coffee Break

5pm – Grass Keynote Lecture
Dr. Larry Young (Emory University)

“Molecular Neurobiology of Social Bonding”

6pm – Award Announcements, Raffle Prizes, Reception

Local Chapter



Mentee/Mentor Workshop: 10:30-11:50am
‘The art and skill of career collaboration’

Organized by Dr. Joan King of Beyond-Success, LLC
Nature awards for creative mentoring in science were created in 2006 on the premise 
that the mentorship of young researchers is underappreciated (Nature 444:966; 2006 
and 447: 791; 2007). It is likely that there are no established definitions of what 
constitutes good scientific mentoring. This session begins a process of remedying that 
situation, drawing on the experience of successful life and business coaches in 
Colorado.  The format will utilize small breakout groups, each group facilitated by an 
expert coach from the local area.

Personal/Professional Coaches

Joan King
Beyond Success LLC
joanking@beyond-success.com
http://www.beyond-success.com

Tiffany Lehman
Living on Purpose Business and Life Coaching
coach@livingonpurposecoaching.com
http://www.livingonpurposecoaching.com/

Kristen Truman
Pulp Life Coaching
kristentruman@yahoo.com
http://www.pulplifecoaching.com/pages/

Cathy Hawk
Clarity International
cathyhawk@getclarity.com
http://www.getclarity.com/

Gary Hawk
Clarity International
garyhawk@getclarity.com
http://www.getclarity.com/

Judith Hamman
Judith Hamman
jkh@frii.com

Marci Haabestad
True Potential Consulting
marci@truepotentialconsulting.com 
http://www.truepotentialconsulting.com

Carmen Mendoza
Connections
LUEVANE3@aol.com
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Colorado State University

Program in Molecular, Cellular and 
Integrative Neurosciences

Department of Biomedical Sciences

Program in Cell and Molecular Biology

Office of Economic Development

University of Wyoming

The Graduate School

The Neuroscience Program

University of Colorado at Boulder

College of Arts and Sciences

Howard Hughes Biological Sciences 
Initiatives

Corporate Sponsors 2007

ADInstruments, Inc.
2205 Executive Circle
Colorado Springs, CO 80906
Contact: Greg Boulet
Toll Free: 888-965-6040 x223
Tel: 719-459-6272
CO Phone: 719-576-3970 x223
Fax: 719-576-3971
Email: gboulet@adinstruments.com
Website: http://www.adinstruments.com

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

A.G. Heinze Colorado (NikonUSA)
3773 Cherry Creek Dr. 
North Suite #117 
Denver, CO 80209 
Contact Person: Andrew Cahill
Voice: 303-217-0824
Email: AndrewC@agh.com
Website: http://www.agheinze.com/

North Central Instruments Inc. (Leica)
Formerly: E. Licht Company
5961 E. 38th Ave. 
Denver, CO 80207 
Contact Persons: Gary Hanson,
Cathy Johnson, and Lance Russell
Phone: 303-322-8900 
Email: cathyj@ncimicro.com
lancer@ncimicro.com
Website: http://
www.northcentralinstruments.com/

Carl Zeiss, Inc
One Zeiss Drive
Thornwood, NY 10594
Contact Person: Kaili L. Weil
Voice: 970-222-2423
Email: email: kweil@zeiss.com
Website: http://www.zeiss.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



Bio-Rad Laboratories-Life Science Group
2000 Alfred Nobel Drive 
Hercules, CA  94547 
Contact Person: Cammie Austin-Bilo and 
David Miller
VoiceMail 800-876-3425 x1555
Phone for orders & support: 800-4-BIORAD 
Email: cammie_austin-bilo@bio-rad.com 
and David_Miller@bio-rad.com
Website: http://www.discover.bio-rad.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

Fisher Scientific Company
4700 Moline St.
Denver, CO 80239 
Contact Person: David Holden 

and Wade Whitcomb
Customer Service: 800-766-7000
D Holden: 823-385-2187
Email: david.holden@thermofisher.com
wade.whitcomb@thermofisher.com
Website: http://www.fishersci.com

Millipore Corporation
80 Ashby Road
Bedford, MA 01730-2271
Contact Person: Irv Crump, Candace Sotwick
Phone: IC 303-396-3580
Phone: CS 800-645-5476 x6870
Email: irv_crump@millipore.com
Email: Candace_Sotwick@millipore.com
Website: http://www.millipore.com

Promega US
2800 Woods Hollow Road 
Madison, WI 53711 
Contact Person: Jennifer Naylor, Ph.D.
Phone: 303-324-9746
Toll Free: 800-356-9526, ext. 2804
Email: jennifer.naylor@promega.com
Website: http://www.promega.com

Mettler Toledo, Inc.
1900 Polaris Parkway
Columbus, OH  43240
Contact: Brett Ingle
Voice: (303) 470-6290
Email: Brett.Ingle@mt.com
Website: http://www.mt.com

PhosphoSolutions

Colorado Bioscience Park

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

Novus Biologicals, Inc

8100 Southpark Way A-8

Littleton, CO 80120 USA

Contact Person: Mark A. Parker, PhD

Telephone:303.730.1950 or 1.888.506.6887

FAX: 303.730.1966

Technical Email: technical@novusbio.com

General Email: novus@novusbio.com
Website: http://www.novusbio.com/

Konica Minolta Business Systems
2800 Woods Hollow Road 
Madison, WI 53711 
Contact Person: Dennis Moe
Phone: 970-226-3500, ext. 3
Email: dmoe@kmbs.konicaminolta.us
Website: http://kmbs.konicaminolta.us
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ORAL PRESENTATIONS

1) A Selective Androgen Receptor Modulator Enhances Male-Directed Sexual Preference 
Behavior in Sexually Experienced, but not Sexually Naïve, Female Rats
Kudwa, A.E., López, F.J., McGivern, R.F., Handa, R.J.
Dept. of  Biomedical Sciences, Colorado State University, Fort Collins, CO. Dept. of Psychology, 
San Diego State University, San Diego, CA. Ligand Pharmaceuticals Inc, San Diego, CA.

2) Nuclear Trafficking of the Neurokinin 3 Receptor in Rat Hypothalamus
Dane D. Jensen, Zhaojie Zhang and Francis W. Flynn
Graduate Neuroscience Program, University of Wyoming

3) Neurotrophic Support of Cranial Sensory Neurons Prior to Target Innervation
Danielle E. Harlow & Linda A. Barlow, Dept. of Cell and Developmental Biology, University of 
Colorado Denver

4) Repeated ferret odor exposure induces same-stressor habituation and novel-stressor 

sensitization of neuronal activity across numerous forebrain regions in the rat

Marc S. Weinberg, Aadra P. Bhatt, Milena Girotti, Cher V. Masini, Serge Campeau and
Robert L. Spencer.  Behavioral Neuroscience Program, Department of Psychology, University of 
Colorado at Boulder.



1) A Selective Androgen Receptor Modulator Enhances Male-Directed Sexual 
Preference Behavior in Sexually Experienced, but not Sexually Naïve, Female Rats
Kudwa, A.E., López, F.J., McGivern, R.F., Handa, R.J.
Dept. of Biomedical Sciences, Colorado State University, Fort Collins, CO. Dept. of 
Psychology, San Diego State University, San Diego, CA. Ligand Pharmaceuticals Inc, 
San Diego, CA.
Androgen signaling influences many aspects of reproductive behavior in mammals, 
including social preference of  females for males.  In oophorectomized women with 
sexual desire disorder, testosterone patches improve libido, but their use is limited due 
to adverse side effects. In both males and females, selective androgen receptor 
modulators (SARMs) offer an improved safety profile because they enhance libido, and 
aid muscle and bone in a manner similar to steroidal androgens but with fewer adverse 
effects such as hirsutism, acne, and prostate growth. The current study investigated the 
action of a novel SARM (LGD3303; Ligand Pharmaceuticals, San Diego, CA) on male-
directed social preference of female rats.  Young adult female rats were gonadectomized 
and 1 week later placed on a daily regimen of either 3 mg/kg or 30 mg/kg dose of  the 
LGD3303, or vehicle (VEH; carboxymethylcellulose).  LGD3303 is a non-steroidal, non-
aromatizable, highly selective ligand for the androgen receptor and possesses no affinity 
for other nuclear receptors.  In addition, the compound has desirable tissue selective 
properties (muscle versus prostate) in a rat model of  hypogonadism, and effectively 
crosses the blood-brain barrier.  LGD3303 and its vehicle were administered by oral 
gavage and all the animals received blank Silastic capsules.  An additional group of 
females received a Silastic capsule containing crystalline dihydrotestosterone (DHT) one 
week prior to VEH gavage to ascertain whether the effects of  LGD3303 mimicked those 
of the endogenous androgen.  All subjects underwent social preference testing both prior 
to and after sexual experience.  In addition, preference tests were conducted at one and 
seven days following the start of the treatment regimen.  Results indicate that the effects 
of LGD3303 on partner preference are dependent upon sexual experience.  In sexually 
naïve females, 3 mg/kg LGD3303 had no effect on the preference for males, while the 
30 mg/kg dose significantly inhibited preference.  In contrast, social preference for males 
was increased in sexually experienced females, with the low  dose of LGD3303 showing 
a slightly higher efficacy than the high dose.  These effects were observed after both one 
day and seven days of treatment initiation.  DHT increased the female preference for 
males only in sexually naïve subjects.  These results indicate that LGD3303 significantly 
increases male-directed social preference in sexually experienced female rodents, and 
that this effect occurs following both an acute (1-day) and a 7-day dosing paradigm. 
These data support the concept that activation of androgen receptors is important for 
male-directed social preference in adult female rodents.

2) Nuclear Trafficking of the Neurokinin 3 Receptor in Rat Hypothalamus.
Dane D. Jensen, Zhaojie Zhang and Francis W. Flynn
Graduate Neuroscience Program, University of Wyoming
The Neurokinin 3 receptor (NK3R) is a G-protein coupled receptor that is expressed on 
vasopressin and oxytocin magnocellular neurons in the paraventricular nucleus of the 
hypothalamus.  The NK3R is internalized by these neurons in response to an osmotic 
challenge.  This activation and internalization is thought to be mediated by the 
preferential binding of the tachykinin, Neurokinin B (NKB) to the receptor.  One unique 
property of the NK3R is that it contains a nuclear localization sequence (NLS) on the 
cytoplasmic tail of the receptor.  A small percentage of the NK3R has been shown to be 
transported to the nucleus of the neuron after activation and this transport is thought to 
be driven by this NLS.   Using transmission electron microscopy we confirm these 
findings that the NK3R enters the nucleus and show that the density of immunogold 
labeling for the NK3R changes due to an osmotic challenge.  A 12 fold increase in the 
labeling density was seen 40 minutes after the rat was given an osmotic stimulus as 



compared to a control stimulus.  Apart from the increase in labeling density the 
immunogold labeling of the NK3R was observed in clusters within isolated nuclei.  
Labeling was also seen within the nucleolus and along the nuclear membrane.  Different 
antibodies for the NK3R have been used to confirm the nuclear transport of the receptor.  
Each antibody used has been pre-absorbed to test for specificity.  Along with pre-
absorption siRNA constructs targeted against the NK3R have shown the reduction of the 
peptide labeled by each antibody in western blots.  Although the actions mediated by the 
NK3R in the nucleus are still uncertain, the large increase in the labeling of the NK3R 
suggests that it is helping to shape how these neurons respond to osmotic challenges.  
(Supported by NIH RO1 DK50586 and P20 RR15640 to FWF.)

3) Neurotrophic Support of Cranial Sensory Neurons Prior to Target Innervation.
Danielle E. Harlow & Linda A. Barlow, Dept. of Cell and Developmental Biology, 

University of Colorado Denver
Sensory neurons in cranial ganglia VII, IX and X arise from two distinct embryonic 
populations, neural crest and epibranchial placodes. Only placodal neurons give rise to 
gustatory afferents (Harlow & Barlow, 2007), which are lost in BDNF null mice prior to 
target innervation (Nosrat et al., 1997; Liebl et al., 1997), suggesting an early local 
supply of BDNF is required for gustatory neuron survival. We have examined the 
requirement of gustatory (placodal) neurons in culture and found that BDNF supports 
neurons survival and axonal outgrowth during early developmental periods, prior to 
innervation of peripheral and central targets. The likely source of BDNF during this 
period of development is from within the developing ganglia. We are testing the idea that 
BDNF regulates gustatory neuron survival in either an autocrine (from placodal neurons) 
or paracrine (from neural crest neurons) manner using several strains of transgenic 
mice. BDNF expression is first found in the developing ganglia of BDNFlacZ mice at 
E9.5, prior to expression in the central target, the hindbrain, or the peripheral target, the 
taste papillae, consistent with a local supply of neurotrophic support. Using crest specific 
(Wnt1cre) and placode specific (CRECT) cre lines crossed with a floxed reporter allele of  
BDNF, we have found that BDNF within the ganglia is produced by placodal neurons, 
indicating that prior to target innervation gustatory neurons support their own survival 
through autocrine neurotrophic support. We are using these same cre lines to selectively 

delete BDNF from placodal neurons to test this prediction.
[NIDCD DC003947 to LAB & NIDCD DC007796 to DEH]

4) Repeated ferret odor exposure induces same-stressor habituation and novel-

stressor sensitization of neuronal activity across numerous forebrain regions in 
the rat.

Marc S. Weinberg, Aadra P. Bhatt, Milena Girotti, Cher V. Masini, Serge Campeau and
Robert L. Spencer.  Behavioral Neuroscience Program, Department of Psychology, 
University of Colorado at Boulder.

 

Repeated exposure to a moderate stressor produces an attenuation of the 
hypothalamic-pituitary-adrenal (HPA) axis stress response (habituation) upon re-
presentation of the same stressor; however, if a novel stressor is presented to the same 
rats, the HPA axis stress response may be augmented (sensitization). The exact 
mechanism(s) of these phenomena are not well understood, and while neural correlates 
of habituation have been well documented, little is known with regard to neural 
correlates of HPA axis sensitization. Moreover, no studies have tested whether 
habituation and sensitization are manifest in the same brain regions. This study tested 
whether repeated ferret odor (FO) exposure, a moderately intense unconditional 
psychological stressor for rats, leads to both same-stressor habituation and novel-
stressor sensitization of neuronal activity, and whether this habituation and sensitization 



are manifest in the same populations of neurons. Rats were presented with FO in their 
homecages thirty minutes a day for up to two weeks and subsequently challenged with 
FO or restraint. Our results indicate that rats express widespread habituation of  c-fos 
gene expression (in situ hybridization for c-fos mRNA) throughout the brain in as few as 
three repeated presentations of FO, with little additional habituation apparent beyond 
this point. However, repeated exposure to FO leads to a linear increase in sensitization 
of c-fos mRNA expression to restraint, evident over many of the same brain regions that 
express habituation, including primary sensory cortices and the prefrontal cortex. The 
shared spatial expression, but separate temporal development of habituation and 
sensitization neural response patterns suggests two independently developed processes 
with opposing influences across overlapping brain systems.



POSTER PRESENTATIONS

Development

1) New Roles for Voltage Gated Calcium Channel ! Subunits in Zebrafish. A. M. Ebert, 

C. A. McAnelly, J. Barczi, W A. Horne, D. M. Garrity

2) Roles for Calcium Channel " Subunits in Morphogenesis of the Early Danio rerio 

Embryo. Kathryn Gately, Alicia M. Ebert, Deborah M. Garrity

3) Lindsay Parrie and Deborah Garrity

4) Calcium Channel !-subunits are Essential for Convergence and Extension 

Movements. N. Kalani, A. M. Ebert, and D.M. Garrity 

5) Developmental Effects of Vinclozolin on the GnRH Neuronal System in Rabbits. 
Brandon Wadas, Cheryl Hartshorn, Jennifer Palmer, Emily Aurand, DNR 
Veeramachaneni and Stuart Tobet

6) Possible Role for GABA in the Development of the Paraventricular Nucleus of the 
Hypothalamus. Kristy McClellan, Cory Wolfe, and Stuart Tobet

7) The Role of Bone Morphogenetic Protein and Retinoic Acid Inducible Neuronal 
Protein-3 (BRINP3) in Radiation-Induced and de novo Glioblastoma. AJ Knox, M Xu, AM 
Donson, BK Demasters, KO Lillehei, NK Forman and ME Wierman 

8) Role of Axl and Tyro3 in GnRH Neuronal Migration and/or Survival in vivo. A Pierce, B 
Bliesner, M Xu, S Tobet and ME Wierman  

9) Fibroblast Growth Factor 8 is Required for Gonadotropin-Releasing Hormone Neuron 
Development. Wilson C.J. Chung, Sarah S. Moyle and Pei-San Tsai

10) The Role of Fibroblast Growth Factor Receptor 3 in Mouse Gonadotropin-Releasing 
Hormone Neuron Development. Wilson C.J. Chung, Sarah S. Moyle, Tynesha A. 
Matthews and Pei-San Tsai

11) Rohon-Beard Sensory Neurons are Induced by BMP4 Expressing Non-Neural 
Ectoderm in Xenopus laevis. Christy Cortez Rossi, Laura Hernandez-Lagunas, Chi 
Zhang, Irene F. Choi, Letitia Kwok, Michael Klymkowsky, and Kristin Bruk Artinger

Neural Excitability and Synaptic Transmission

12) Does the C2A Domain of Synaptotagmin Play a Role in the Calcium Triggering of 
Synaptic Transmission? Amelia Striegel and Noreen Reist.

13) Evidence for Serotonin Synthesis-Dependent Regulation of in vitro Neuronal Firing 
Rates in Subdivisions of the Rat Midbrain Raphe Complex. Andrew K. Evans, Niels 
Reinders, Katie Ashford, Isabel Christie, Jonathan B. Wakerley and Christopher A. Lowry



14) Mice Lacking the Beta3 Nicotinic Subunit Exhibit Differences in Nicotine-Stimulated 
[3H]Dopamine Release and Nicotine Consumption that Depend on Genetic Interactions. 
J.E. Nash, O. Salminen, S.R. Grady, M. Sharma, K. C. Moon, T. K. Booker and C. M. 
Butt

15) Localization and Phosphorylation of Hippocampal NMDA Receptors in Extrasynaptic 
Versus Synaptic Membranes Following Tyrosine Phosphatase Inhibition. S.M. Goebel, 
R.K. Freund, R.M. Alvestad, and M.D. Browning

16) The Role of Intracellular Chloride Concentration in Mediating Synaptic Vesicular pH 
Gradient and Glutamate Content in Bipolar Cell Terminals. J. Vigh, C. Guatimosim, H. 
Von Gersdorff

17) Single Channel Analysis Of Kv2.1 Indicates That Channels In Cell Surface Clusters 
Are Not Active K+ Channels. Kristen M. O'Connell and Michael M. Tamkun

18) Increased Paired-Pulse Suppression after Slight Increases in Excitability or 
Reductions in GABAA-Receptor Mediated Inhibition: Does the Paired-Pulse Technique 
Provide Artifactual Evidence for “Hyperinhibition” During Epileptogenesis? S. Waldbaum 
and F.E. Dudek.

19) Metabotropic Glutamate Receptor Expression and Modulation in Neocortical 
Inhibitory Networks of Barrel Cortex Layer IV of GAD67-GFP Mouse. Yuanyuan Jiao, 
Chunzhao Zhang, and Qian-Quan Sun

20) Regulation of Proopiomelanocortin Neurons by Endocannabinoid-Sensitive 
Terminals at Distal Dendrites. Shane T. Hentges

Sensory and Motor Systems

21) Light-Evoked Calcium Responses of Isolated Melanopsin-Expressing Retinal 
Ganglion Cells. A.T.E. Hartwick, J.R. Bramley, J. Yu, K.T. Stevens, C.N. Allen, W.H. 
Baldridge, P.J. Sollars, G.E. Pickard

22) Expression of Epithelial Na Channels in Taste Cells. Aurelie Vandenbeuch and Sue 
C. Kinnamon 

23) Are Type III Taste Cells Normal in P2X2/P2X3 Double Knockout Mice? Leslie M. 
Stone, Tod R. Clapp and Sue C. Kinnamon

24) Expression of the Scaffold Protein AKAP79/150 in Select Dorsal Root Ganglion 
Sensory Neurons. K.E. Barlow, M. L. Dell'Acqua, S. R. Levinson

25) Microglial Changes in the Nucleus of the Solitary Tract Following Peripheral 
Gustatory Nerve Transection. D.L. Bartel, T. E. Finger

26) Changes in Peripheral Color Appearance Linked to Changes in Rod Input. Lucinda 
S. Baker, Armando R. Trujillo, Katie T. Youngpeter, Janice L. Nerger and Vicki J. 
Volbrecht        



Neuroendocrine Systems

27) Further Characterization of the Rat Central Extended Amygdala: A Dual in situ 
Hybridization Study. Heidi E. W. Day, Aadra Bhatt, Elisa M. Kryskow, Lauren Herlihy, 
Tara Nyhuis and Serge Campeau

28) HPA Axis Response to Acute Audiogenic Stress in Male and Female Rats: Influence 
of Estrous Cycle. Jessica A. Babb, Cher V. Masini, Tara J. Nyhuis, Serge Campeau, 
Heidi E.W. Day

29) Reversible inactivation of the auditory thalamus blocks habituation to repeated 
audiogenic stress. Serge Campeau & Heidi E.W. Day

30) Voluntary Physical Activity, but Not Enriched Environment, Attenuates the HPA Axis 
Response to Chronic Audiogenic Stress in Rats. T. J. Nyhuis, C. V. Masini, S. K. Sasse, 
J. A. Babb, H. E. W. Day, S. Campeau

31) Short-Term Voluntary Wheel Running Facilitates HPA-Axis Response Habituation to 
Repeated Audiogenic Stress in Male Sprague-Dawley Rats.  Sarah K. Sasse, Cher V. 
Masini, Tara J. Nyhuis, Heidi E.W. Day, and Serge Campeau

32) Ibotenic Acid Lesions of the Medial Amygdala Reduce Corticosterone and Behavioral 
Responses to Acute Ferret Odor Exposures in Rats. C.V. Masini, T.J. Nyhuis, H.E.W. 
Day, S. Campeau

33) Exposure to an Open-Field Arena Increases C-Fos Expression in a Distributed 
Anxiety-Related System Projecting to the Basolateral Amygdaloid Complex. Matthew W. 
Hale, Anders Hay-Schmidt, Jens D. Mikkelsen, Birgit Poulsen, Anantha Shekhar and 
Christopher A. Lowry

34) Effect of Restricted Feeding on Immediate Early Gene and Clock Gene Expression 
in the Rat HPA Axis and Suprachiasmatic Nuclei. Milena Girotti, Marc Weinberg and 
Robert L. Spencer

35) Age-Dependent Loss of the Gonadotropin-Releasing Hormone (GnRH) System in 
Transgenic Mice Expressing a Dominant Negative FGF Receptor in GnRH Neurons.
Sarah S Moyle and Pei-San Tsai 

36) Dietary Sodium Manipulation During Critical Periods in Development Sensitize Adult 
Offspring to Amphetamines. Shawna M. McBride, Bruce Culver, and Francis W. Flynn

37) Blockade of the NK3 Receptor Alters the Systemic Release of Vasopressin and 
Oxytocin in Response to Exogenous Cholecystokinin Administration. Gwendolen E. 
Haley and Francis W. Flynn

38) Evaluation of Kisspeptin in the Estrous Mare. C Magee, CD Foradori, JE Bruemmer, 
C Corning, TA Farmerie, PM McCue, RJ Handa, and CM Clay

39) Estrogen Receptor Beta Regulates C-Fos-Immunoreactivity Within Tryptophan-
Hydroxylase-2 Neurons of the Dorsal Raphe Nucleus.  N. C. Donner, M. J. Weiser, A. E. 
Kudwa, R. J. Handa



40) Estrogen Receptor Beta Activation Leads to Increased Anxiolytic Behaviors and 
Decreased Helplessness in Female Rats. Michael J Weiser, T. John Wu, Mark Day, and 
Robert J Handa

Cognition and Behavior

41) The Firing Rate of Neurons in the Piriform Cortex is Influenced by Association With 
Reward and Can Be Altered by Learning. Jennifer D. Whitesell, Wilder Doucette, and 
Diego Restrepo

42) Long Term Modifications in the Strength of Excitatory Associative Inputs in the 
Piriform Cortex. Andrew N Young and Qian-Quan Sun

43) Modulation of the Feedback Related Negativity by Expectation and Learning in a 
Categorization Task. Dan Lopez Paniagua and Carol A. Seger

44) Social Stress as an Inducer of Depressive-Type Behaviors in Female Rats. D. L. 
Jost, J. M. Truitt, L. F. Barrows, G. Leedy

45) C-Fos Expression in the Hippocampus Increases in Response to the Initiation of a 
Spatial Memory Retrieval Process, but Does Not Require Successful Memory Retrieval.  
M. Van Elzakker, B. Spencer, E. Jarvis, P.R. Zoladz, C.R. Park, J. Halonen and D.M. 
Diamond

Disorders of the Nervous System

46) Behavioral Deficits Following West Nile Virus Infection: A Preliminary Study Using a 
Hamster Model. Cynthia Smeraski and Richard Bowen

47) hfis1 Mediated Changes in Mitochondrial Fission/Fusion Alters Intrinsic Neuronal 
Apoptosis. Thomas A. Precht and Kim A. Heidenreich. 

48) NF-#B Mediates Selective Induction of Neuronal Nitric Oxide Synthase in Astrocytes 

During Mild Inflammatory Stimulation with MPTP. David L. Carbone and Ronald B. 
Tjalkens

49) NF-#B-Dependent Expression of Nitric Oxide Synthase 2 in Astrocytes is Potentiated 

by Manganese via Activation of Soluble Guanylate Cyclase and Extracellular Regulated 
Kinase Signaling Pathways. Julie A. Moreno, Kelly A. Sullivan, David Carbone, William 
H. Hanneman and Ronald B. Tjalkens

50) P2 Receptor Expression in Cultured Striatal Astrocytes. Karin Streifel and Ron 
Tjalkens

51) Suppression of Nuclear Co-Repressor via Small Inhibitory RNA in a Model of 
Manganism. Sean McGrath and Ron Tjalkens

52) The Cellular Stress of Processing Alzheimer’s Causing Peptides in the Absence of 
the Proteasome. Elizabeth Curran, Alicia Goossens, Francisco Arteaga, Nicki Aubuchon, 
Kirk Hansen and Christina Coughlan



53) Identification of C-Terminal Binding Proteins as Novel Targets of Caspase-
Dependent Degradation in Neurons Undergoing Apoptosis. Emily K. Schroeder, F. 
Alexandra Loucks, Ron J. Bouchard, and Daniel A. Linseman 

54) Mitochondrial Oxidative Stress is a Molecular Determinant of the Neuroprotective 
Efficacy of Green Tea Epigallocatechin-3-gallate. Ingrid R. Anderson, F. Alexandra 
Loucks, Jeanne Doyle, Emily K. Schroeder, Ron J. Bouchard, and Daniel A. Linseman

55) Insulin and IGFs Act in Concert to Prevent Brain Atrophy in Diabetes Independently 
of Persisting Hyperglycemia. P. !erbed"ija, J. E. Madl, and D. N. Ishii

56) Statin-Induced Inhibition of the Rho Pathway Decreases CSPG Expression. Doolen 
S., Sarmiere P., Zhang S., White J., Kluge B. and Holmberg E

57) The Glial Activation Inhibitor AV411 Reduces Morphine-Induced Nucleus Accumbens 
Dopamine Release And Morphine Conditioned Place Preference. Sondra T. Bland, Mark 
R. Hutchinson, Benjamin D. Coats, Robert R. Rozeske, Steven F. Maier, Kirk W. 
Johnson, & Linda R. Watkins



Development

1) New Roles for Voltage Gated Calcium Channel ! Subunits in Zebrafish

A. M. Ebert1, C. A. McAnelly1, J. Barczi1, W A. Horne2, D. M. Garrity1 
1Department of Biology, Colorado State University, Ft Collins, CO 2Department of 
Veterinary Medicine, Cornell University, Ithaca, NY
Voltage-gated calcium channels are comprised of a pore forming "1 subunit and 

auxiliary subunits.  The ! auxiliary subunits chaperone the "1 subunit to the membrane 

and modulate gating properties of the channel.  Mutations in the !4 subunit lead to 
ataxia and seizures in mice and have been associated with epilepsy in humans.  Since 
known mutant alleles of !4 are not embryonic lethal, the developmental functions of the 

!4 protein are unclear.  Targeted knockdown of !4 genes in zebrafish led to arrest or 

delay of epiboly with cell death on the blastoderm margin. Yolk syncytial layer nuclei had 
abnormal size and distribution, consistent with defects in mitosis or nuclear attachment 
to the cytoskeleton. Since a requirement for calcium channel function is not known in 
pre-gastrula embryos, the !4 loss-of-function phenotypes suggest potentially novel roles 

for the !4 subunit. 

2) Roles for Calcium Channel " Subunits in Morphogenesis of the Early Danio 

rerio Embryo        

Kathryn Gately, Alicia M. Ebert, Deborah M. Garrity

Department of Biology, Colorado State University, Fort Collins, CO 

Voltage-gated calcium channels (VGCC’s) contribute to multiple cellular 

responses including contraction, secretion, excitation, and electrical 

signaling. Much remains to be learned about the direct and indirect functions 

of VGCCs in embryonic development.  The calcium channel auxiliary â-subunits 

facilitate VGCC function by chaperoning the á-subunit to the membrane and 

modulating the electrophysiological properties of the channel.  The embryonic 

functions of â-subunits are not well understood. We investigated the 

developmental function of â2- and â4-subunits by analyzing loss-of-function 

phenotypes. Antisense morpholino targeted to either â-subunit resulted in 

lethal cardiac defects. To determine whether cardiac gene expression is 

altered in â2 or â4 loss-of-function (“morphant”) embryos, we used 

cardiac-specific probes in situ hybridization experiments.  We found that 

heart morphology was severely affected in morphants at 48 hpf, and differences 

occurred in the extent or domain of expression of one cardiac marker, 

suggesting cellular differentiation defects.   We also tested the L-type 

calcium channel blocker Nifedipine and found phenotypes similar to our 

morphant embryos.  The cardiac phenotypes could be partially rescued by adding a 

channel agonist BayK.  These results imply that the cardiac phenotype seen in the 

morphant embryos was due to a defect in L-type calcium channels.

3) Tbx5 Gene Expression and Regulation in Zebrafish Cardiac Development
Lindsay Parrie and Deborah Garrity
Colorado State University, Fort Collins, CO
Tbx5, a member of the T-box transcription factor family, is required for normal cardiac 
development and forelimb formation.  Tbx5 is expressed in a gradient with the highest 
expression in the atrium and lower levels in the ventricle. Graded tbx5 expression is 
hypothesized to play a role in chamber differentiation and valve formation.  The 



phenotypes of the tbx5 mutant heartstrings (hst) include bradycardia, failure of the heart 
to loop, cardiac edema and absence of pectoral fin formation.  Homozygous recessive 
hst mutant embryos begin to show morphological defects only at mid-cardiogenesis 
stages (~48hpf; chamber morphogenesis stages), followed by quick deterioration of 
function (Garrity et al, 2002).  
This project examines two areas of Tbx5 function.  First, we hypothesize that hst cardiac 
degeneration is the consequence of an earlier requirement for graded tbx5 expression in 
patterning the heart tube.  We will determine the developmental timepoints at which tbx5 
is necessary for normal cardiac function.  To accomplish this we will create a transgenic 
line of fish that will allow us to induce tbx5 expression in a tbx5-deficient mutant 
background.  This experiment will also help elucidate the importance of the graded 
expression pattern.  Second, we will investigate several candidate genes as downstream 
targets of Tbx5.  To examine whether the expression of potential target genes is altered 
in tbx5 mutants, we use Quantitative real-time PCR (QPCR) and in situ hybridization 
techniques.  Our results suggest that tbx5 mRNA expression is auto-regulated in 
zebrafish hearts from 24 to 48 hours post fertilization (hpf). Investigation of another T-
box gene, tbx2b, as a potential target of Tbx5 regulation suggests that, indeed, tbx5 
regulates tbx2b expression at mid-embryonic stages of heart development. 

4) Calcium Channel !-subunits are Essential for Convergence and Extension 

Movements 

N. Kalani, A. M. Ebert, and D.M. Garrity 

Department of Biology, Colorado State University, Fort Collins, CO 

Voltage-dependent calcium channels (VDCC’s) are a group of voltage gated ion 

channels permeable to Ca+2. These channels are often found in excitable cells 

such as neuron, glial, and muscle cells. VDCC’s are comprised of four 

subunits: the pore-forming á1-subunit, and auxiliary á2-ä, â1-4, and ã 

subunits. The intracellular â-subunit functions to regulate the amount of 

á1-subunit expressed on the membrane, and the electrophysiological gating of 

VDCC’s. Recent evidence from our lab and others suggests that â proteins also 

may have calcium channel independent functions. By using morpholino 

inhibition, we reduced gene function of the two zebrafish â4-subunits (â4.1 

and â4.2). The phenotypes suggest defects in morphogenetic movements of 

gastrulation, including epiboly, convergence and extension. Epiboly movements 

spread and thin germ layers during gastrulation, while concurrent convergence 

and extension movements narrow and elongate the embryo from head to tail. The 

delayed epiboly and wavy notochord phenotypes observed in a portion of 

affected embryos led us to further investigate the role of VDCC â4-subunits in 

gastrulation. To study the implications of â4-subunits knockdown on tissue 

patterning and cell fates, we used a panel of in situ probes in order to track 

the movement and differentiation of cells during embryonic development. Our 

data indicate that that â4-subunit function is required for early 

morphogenetic movements in the embryo; however, the mechanism by which it is 

acting remains unknown. 

5) Developmental Effects of Vinclozolin on the GnRH Neuronal System in Rabbits
Brandon Wadas, Cheryl Hartshorn, Jennifer Palmer, Emily Aurand, DNR 
Veeramachaneni and Stuart Tobet



Colorado State University, Fort Collins, CO
Previous work has demonstrated that developmental exposure to a commonly used 
agricultural fungicide, vinclozolin, impairs male reproductive function in experimental 
animals.  Recently, we reported that 6-week-old Dutch-Belted rabbits exposed prenatally 
to vinclozolin had fewer cells containing immunoreactive gonadotropin-releasing 
hormone (ir-GnRH) in the region of the organum vasculosum of the lamina terminalis 
and preoptic area/anterior hypothalamus (Bisenius et al., 2006).  GnRH neurons, which 
are the central nervous system controllers of the reproductive axis, reach their final 
destinations in the mammalian forebrain early in development.  In the current study, 
pregnant rabbits were orally dosed with vinclozolin (10 mg/kg/day) or vehicle for the last 
two weeks of gestation (gestation length: 30 days) and offspring were analyzed for ir-
GnRH either at postnatal day 1 or at 24 (male) or 30 (female) wk of age.  In vinclozolin-
treated rabbits the number of ir-GnRH neurons was decreased in a region-dependent 
manner both at birth and in adulthood.  However, in block-dissected brain regions of 
females total GnRH (by radioimmunoassay) was increased at 6 weeks of age.  Further 
work is in progress to elucidate the potential mechanisms underlying disruption of the 
GnRH neuronal system following developmental exposure to vinclozolin.  Supported by 
NIEHS ES013810

6) Possible Role for GABA in the Development of the Paraventricular Nucleus of 
the Hypothalamus
Kristy McClellan, Cory Wolfe, and Stuart Tobet
Colorado State University, Fort Collins, CO
The paraventricular nucleus of the hypothalamus (PVN) as part of the hypothalamic-
pituitary-adrenal (HPA) axis plays a role in stress responses and potentially in mood 
disorders such as depression. It is also important in the regulation of feeding behavior 
through its connections with the arcuate nucleus among others. Little is known about the 
development of the PVN and what factors are involved in coordinating the organization 
of neurons into this functional nucleus. The current study suggests that GABA may be 
important for the formation of the PVN in a similar manner to its role in the development 
of the ventromedial nucleus (McClellan et al., 2006; Front Neuroendocrinol 27:193-209). 
Using immunocytochemistry; GABA and glutamic acid decarboxylase (GAD-67) were 
found in the cells surrounding the region of the developing PVN as early as embryonic 
day (E)13. By the time of birth, immunoreactive GABA was seen within fibers entering 
the PVN. Subunits for both GABAA and GABAB receptors were expressed within the 
region of the PVN at embryonic ages – contrasting with the content of GABA outside the 
nucleus. To determine whether early exposure to GABA might influence PVN formation, 
we utilized GABABR1 knockout mice (Prosser et al., 2001; Mol Cell Neurosci 
17:1059-1070). At birth, cells immunoreactive for estrogen receptor(ER)" are normally 

located adjacent to the third ventricle within the PVN as well as just outside the lateral 
boundaries of the PVN. In female GABABR1 knockout mice, fewer cells containing 
immunoreactive ER" were located lateral to the PVN and more cells were adjacent to 

the third ventricle – this effect was not seen in males. There was also a change in BDNF 
expression, an important factor in cell survival, within the region of the PVN. At E17, 
GABABR1 knockout mice had less immunoreactive BDNF than wild type littermates. 
There is growing evidence that developmental changes and events can lead to 
behavioral changes later in life. Cell positioning within the PVN is likely important to its 
role in regulating the stress and/or feeding circuits. Alterations in PVN development such 
as those seen in mice deficient in GABA(B) receptor signaling may contribute to 
physiological and behavioral phenotypes in adulthood.

7) The Role of Bone Morphogenetic Protein and Retinoic Acid Inducible Neuronal 
Protein-3 (BRINP3) in Radiation-Induced and de novo Glioblastoma. 



AJ Knox, M Xu, AM Donson, BK Demasters, KO Lillehei, NK Forman and ME Wierman 
Depts of Medicine, Physiology and Biophysics, Pediatrics, Pathology and Neurosurgery, 
UCDHSC Aurora, CO 80045, Research Service VAMC, Denver, CO 80220, and Division 
of  Pediatric Oncology, Children’s Hospital, Aurora, CO 80045
We recently identified a novel gene, BRINP3, as selectively overexpressed in 
gonadotrope cell human pituitary tumors 235.3-fold compared to normal pituitary by 
cDNA microarrays.  BRINP3 overexpression increased proliferation, migration and 
invasion of #T3 pituitary cells in culture. It is a mitochondrial localized protein, but did not 
influence rates of pituitary cell apoptosis (1). BRINP3 has no homology to any known 
protein and little is known about its potential physiologic function other than it was 
thought to be a brain specific transcript.  To investigate its potential role in brain 
tumorigenesis, we asked whether BRINP3 might be overexpressed in subsets of human 
brain tumors.  A brain tumor registry sample set included tissue from glioblastoma 
multiforme (GBM), a prevalent brain tumor that is often malignant and lethal, and 
radiation induced glioblastomas (RIGs), that can occur after exposure to CNS radiation.  
91 pediatric and adult brain tumors were analyzed by individual cDNA arrays (Affymetrix 
Human Genome U133 plus 2.0) and per-chip normalization was performed (GeneSpring 
GX 7.3).  BRINP3 was expressed 15.9-fold higher in RIGs (n=6) and to a lesser extent, 
8.9-fold higher, in pilocytic astrocytomas (PA) (n=6), compared to other brain tumors 
(n=79) (2).  Semiquantitative RT-PCR of cDNA from these tumors confirmed this 
upregulation and demonstrated BRINP3 mRNA expression in some medullablastoma, 
astrocytoma, and GBM samples.  Immunoblot analysis confirmed BRINP3 protein 
expression in RIGs, one PA, and one pilomyxoid astrocytoma but not in ependymomas. 
To investigate the possible functional significance of BRINP3 upregulation, studies were 
performed in 2 human brain tumor lines: the RIG-derived tumor cell line U145 and the 
GBM-derived line U118 which both express both high levels of BRINP3 mRNA and 
protein.  Since BRINP3 colocalized with a mitochondrial marker in U118 (GBM) cells, we 
asked if it modulated rates of program cell death in brain tumor cells. Studies tested the 
ability of SiRNA-mediated BRINP3 knockdown to modify growth factor withdrawal-
induced apoptosis in U145 (RIG) cells.  In contrast to pituitary cells, suppression of 
BRINP3 function using BRINP3 SiRNAs resulted in a 1.6-fold (SiRNA#253) or 2.8-fold 
(SiRNA#899) increase in apoptosis in RIG cells, suggesting that elevation of BRINP3 
may protect RIG tumor cells or their precursors from programmed cell death.  Other 
experiments tested the ability of BRINP3 or control SiRNAs to modulate the invasive 
potential of U118 cells.  The BRINP3 SiRNA reduced invasion of U118 cells through 
Matrigel to serum-depleted media 2.6-fold.  Overall, BRINP3 is a promising candidate for 
uncovering molecular mechanisms underlying brain tumorigenesis and potentially as a 
therapeutic target.  

1.Shorts-Cary, L. et al. Endocrinol 148:967, 2006
2.Donson, A et al. J Neuropathol Exp Neurol 66:740, 2007

Supported by VA Merit Review to MEW and The Morgan Adams Foundation to NF.

8) Role of Axl and Tyro3 in GnRH Neuronal Migration and/or Survival in vivo. 
A Pierce, B Bliesner, M Xu, S Tobet and ME Wierman  
Dept of Medicine, UCDHSC, Research Service, Denver VAMC and Dept of  Biomedical 
Sciences, CSU
Gonadotropin releasing hormone (GnRH) neurons originate in or near the olfactory 
placodes and migrate into the forebrain during embryogenesis. Disruption of GnRH 
neuronal migration results in abnormal reproductive function in humans. Axl and Tyro3 
are members of a unique family of receptor tyrosine kinases whose extracellular domain 
functions as a cell adhesion molecule.  NLT GnRH neuronal cells are derived from  
migratory mouse GnRH neurons express large amounts of Axl mRNA and protein, while 
GT neuronal cells are derived from post-migratory mouse GnRH neurons in the 
forebrain, and express little Axl mRNA and no detectable Axl protein. Tyro3 is expressed 



at similar levels in both GnRH neuronal cells. Prior studies showed that Axl ligand, Gas6, 
promotes migration of GnRH neuronal cells, protects from apoptosis, and negatively 
regulates GnRH synthesis. To examine the significance of Axl family proteins in vivo, we 
obtained mice that are null for either Axl (Axl KO), Tyro3 (Tyro KO), or both Axl and Tyro3 
(DKO). We hypothesized that mice deficient in Axl family members might be infertile or 
exhibit other reproductive defects, and initiated studies of fertility, vaginal opening, first 
estrus, and estrus cyclicity. While DKO and Axl KO mice show a normal age of vaginal 
opening and are fertile, DKO mice show consistently abnormal estrus cycles. By age two 
months, DKO mice exhibited prolonged and irregular estrus cycles from 5.5 to 15d 
(average 9.8d), compared to WT mice with regular cycles of 4.7d. DKO mice continued 
to exhibit abnormal estrus cycles at 4 and 6 months of age. Preliminary analysis of Axl or 
Tyro3 null mice suggests they have normal estrus cycles at 2 mo. Careful analysis of 
GnRH neuron number showed a decrease of 28.5% in adult DKO brain (469+/-20) 
compared to WT (656+/-13) at 2 mo. This was accompanied by a rostral shift in the 
positioning of GnRH neurons. Together these data suggest that the functional roles of 
Axl and Tyro3 may overlap, and the absence of both proteins is required for the 
manifestation of reproductive phenotype. Studies are currently underway to determine 
the precise timing of the defect and assess if the abnormalities are related to abnormal 
migration and/or survival of GnRH neurons in the absence of Axl and Tyro3. (supported 
by NICHD RO1 to MEW)

9) Fibroblast Growth Factor 8 is Required for Gonadotropin-Releasing Hormone 
Neuron Development 
Wilson C.J. Chung1, Sarah S. Moyle1 and Pei-San Tsai1. 1Department of Integrative 
Physiology and Center for Neuroscience, University of Colorado at Boulder, Boulder, CO
The vast majority of gonadotropin-releasing hormone (GnRH) neurons are scattered 
throughout the septal-preoptic-hypothalamic region and represent the most upstream 
neuroendocrine regulators of the hypothalamus-pituitary-gonadal axis. Developmental 
studies showed that GnRH neurons are born in the nasal pit from where they migrate 
through the cribriform plate to reach their final destination in the brain. Fibroblast growth 
factor (FGF) signaling has been implicated in the organization of the GnRH system 
during embryonic and perinatal vertebrate development. For example, loss-of-function 
mutations in human FGF receptor (FGFR) 1 results in an autosomal dominant form of 
Kallmann syndrome, which is characterized by hypogonadotropic hypogonadism 
associated with anosmia. Mice expressing a dominant-negative form of FGFR1 showed 
a 30% decrease in the number of GnRH neurons, which coincided with a 50% decrease 
in GnRH content in the median eminence. Although there is ample evidence supporting 
a role of FGF signaling in GnRH neuronal development, the precise FGF ligand 
mediating this process is unclear. Because FGF8 is strongly expressed in the embryonic 
nasal pit and is required for the development of the olfactory system including the 
olfactory epithelium, nasal cavity and the olfactory bulbs, we sought to elucidate the role 
of FGF8 in the development of the GnRH system. Homozygous hypomorphic fgf8neo/
neo mice do not contain GnRH-immunoreactive (IR) neurons at birth. In line with this 
observation, we show that heterozygous fgf8neo mice on postnatal day 29 contain about 
36% less GnRH-IR neurons than wild-type mice. GnRH peptide content was also 
dramatically decreased in heterozygous fgf8neo mice during the first 26 days of life 
compared to wild-type mice. These data and the observation that hypomorphic fgf8neo/
neo mice show only a 40% decrease in FGF8 protein expression illustrate the 
importance and sensitivity of the developing GnRH system to FGF8. Together, these 
results indicate FGF8 is absolutely indispensable for the development of the GnRH 
neuronal system. Further, our data provide a new avenue for exploring the etiology of 
autosomal dominant forms of Kallmann syndrome.



10) The Role of Fibroblast Growth Factor Receptor 3 in Mouse Gonadotropin-
Releasing Hormone Neuron Development 

Wilson C.J. Chung, Sarah S. Moyle, Tynesha A. Matthews and Pei-San Tsai. Department 

of Integrative Physiology and Center for Neuroscience, University of Colorado at 

Boulder, Boulder, CO

Fibroblast growth factor (FGF) signaling plays an important role in the development of 

gonadotropin-releasing hormone (GnRH) neurons in the mouse brain. GnRH neurons 

originate from the olfactory placode, which contains high levels of FGF receptor (FGFR) 

1, 2 and 3 proteins on embryonic day (E) 10.5. Recently, we showed that the genesis of 

GnRH neurons depends critically on the presence of FGF8. Since FGF8 binds 

preferentially to FGFR3, and GnRH neurons express FGFR3, we hypothesized that the 

developmental organization of the GnRH system may be impaired in FGFR3-null mice. 

Our results showed that the number of GnRH immunoreactive neurons, their positions, 

and intensity of fibers in preoptic/hypothalamic area of FGFR3-null mice on postnatal 

(PN) day 0 (day of birth) were not affected. Similarly, GnRH peptide content at the level 

of the median eminence was not affected in PN0 FGFR3-null mice. Interestingly, the 

variation in GnRH neuron number increased dramatically with age in FGFR3-null mice.  

Although GnRH neuron number was not significantly different between wildtype and 

FGFR3-null mice at PN 25-26, by PN 53-55, two out of three FGFR3-null mice had 

markedly reduced number of GnRH neurons. These results suggest that the absence of 

FGFR3 does not affect the early developmental organization of GnRH neuron number in 

mouse. Instead, FGFR3 may be required for the maintenance of the postnatal GnRH 

system, possibly acting as a trophic factor to prevent GnRH neuron loss or enhance 

GnRH expression in the adult mouse.

11) Rohon-Beard Sensory Neurons are Induced by BMP4 Expressing Non-Neural 
Ectoderm in Xenopus laevis
Christy Cortez Rossi, Laura Hernandez-Lagunas, Chi Zhang, Irene F. Choi, Letitia Kwok, 
Michael Klymkowsky, and Kristin Bruk Artinger
University of Colorado Health Sciences Center, Aurora, CO
Rohon-Beard (RB) mechanosensory neurons arise at the border of the neural- and non-
neural ectoderm during embryonic development in vertebrate anamniotes.  Neural crest 
cells and neurogenic placodes also arise from this region, and neural crest cells require 
BMP expressing non-neural ectoderm for their induction.  To determine if the epidermal 
ectoderm is also involved in the induction of RBs, the medial region of the neural plate 
(NP) from donor Xenopus laevis embryos was transplanted into the non-neural ventral 
ectoderm of stage-matched hosts.  RBs were induced at the sites where transplants 
made contact with the non-neural ectoderm, as shown by expression of XHox11L2 and 
XN-tubulin.  Using NP tissue from pigmented donor embryos and albino embryos as 
hosts, we found that the induced neurons form both in the donor neural and host 
epidermal tissue.  Because an intermediate level of BMP4 signaling in the ectoderm is 
required to induce NP border fates, we tested its ability to induce RBs.  An intermediate 
level of BMP4 activity induced RBs as demonstrated by culturing medial NP tissue with 
beads containing 1 or 10 ng/ml hBMP4 protein.  When BMP activity is decreased in NP 
tissue by injection of mRNA encoding noggin or a dominant negative BMP receptor into 
donor embryos, RBs fail to form at transplantation sites, indicating that BMP activity is 
required for induction of ectopic RBs.  We conclude that contact between neural and 



non-neural ectoderm is capable of inducing RBs and that BMP4 can induce RBs in NP 
tissue and substitute for epidermal ectoderm.

Neural Excitability and Synaptic Transmission

12) Does the C2A Domain of Synaptotagmin Play a Role in the Calcium Triggering 
of Synaptic Transmission?
Amelia Striegel and Noreen Reist
Colorado State University, Fort Collins, CO
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, are being made in the C2A domain to test whether this 
calcium binding motif plays a functional role in synaptic transmission.

13) Evidence for Serotonin Synthesis-Dependent Regulation of in vitro Neuronal 
Firing Rates in Subdivisions of the Rat Midbrain Raphe Complex
Andrew K. Evansa, Niels Reindersa, Katie Ashforda,b,  Isabel Christiea, Jonathan B. 
Wakerleyb and Christopher A. Lowrya

aHenry Wellcome Laboratories for Integrative Neuroscience and Endocrinology, 
University of Bristol, Dorothy Hodgkin Building, Bristol BS1 3NY, UK
bDepartment of Anatomy, University of Bristol, Bristol, UK
Serotonin (5-HT) modulates stress-related physiological and behavioral responses. An 
important determinant of serotonergic activity is the availability of tryptophan (TRP), the 
amino acid precursor to 5-HT, concentrations of which fluctuate in the brain in response 
to stress-related stimuli and diet.  5-HT synthesis and 5-HT1A receptor-mediated 
autoinhibition are impaired in an in vitro slice preparation in the absence of exogenous 
TRP. The aims of this study were 1) to characterize the effects of perfusion of living brain 
slices with artificial cerebrospinal fluid (aCSF) containing TRP on tissue concentrations 
of TRP, 5-HT and 5-hydroxyindoleacetic acid (5-HIAA) in subregions of the midbrain 
raphe complex and 2) to determine how these effects relate to those of TRP on neuronal 
firing rates in the dorsal raphe nucleus (DR) in conjunction with drugs expected to alter 
synaptic concentrations of 5-HT through effects on 5-HT metabolism, storage, release, 
and clearance.  To examine the effect of TRP on indices of 5-HT synthesis, living rat 
brain slices were exposed to aCSF lacking TRP for 4 h followed by exposure to aCSF 
containing either 1) 40 mM TRP (0-60 min) or 2) 0-400 mM TRP (23 min); brain slices 
were then microdissected for HPLC analysis of tissue indole concentrations.  In a similar 
paradigm, single unit extracellular electrophysiological recordings of putative 
serotonergic neurons were studied with respect to a response to 40 mM TRP followed by 
exposure to drugs expected to alter synaptic concentrations of 5-HT. We demonstrated 
that continuous perfusion of brain slices with TRP resulted in regionally specific, time-



dependent and concentration-dependent increases in tissue concentrations of TRP, 5-
HT, and 5-HIAA in subregions of the midbrain raphe complex, effects which were 
temporally correlated with a restoration of an in vivo-like autoinhibition of neuronal firing 
rate in the DR.  Additionally, we demonstrated that exogenous TRP modulates the 
effects of an inhibitor of serotonin synthesis (NSD-1015), a selective 5HT1A receptor 
antagonist (WAY-100635), a monoamine oxidase inhibitor (pargyline), a selective 
serotonin reuptake inhibitor (fluoxetine), and an amphetamine reverser of the vesicular 
monoamine transporter (MDMA) on neuronal firing rates in the dorsal raphe nucleus. 
The present study demonstrates that 5-HT synthesis can be restored to an in vitro slice 
preparation with bath application of exogenous TRP in a region- time- and concentration-
dependent manner, and provides a model in which to study autoregulatory mechanisms 
of serotonergic neurons with a high level of neuroanatomical resolution across 
subregions of the raphe complex.
Support contributed by a Wellcome Trust Research Fellowship to CAL (RCDF 068558/Z/
02/Z) and an ORS scholarship to AKE.

14) Mice Lacking the Beta3 Nicotinic Subunit Exhibit Differences in Nicotine-
Stimulated [3H]Dopamine Release and Nicotine Consumption that Depend on 
Genetic Interactions
J. E. NASH1, O. SALMINEN2, S. R. GRADY3, M. SHARMA1, K. C. MOON1, T. K. 
BOOKER4, C. M. BUTT1; 
1Neurosci., WV Sch. of Osteo. Med., Lewisburg, WV; 2Div. of Pharm. & Tox., Univ. of 
Helskinki, Helsinki, Finland; 3Inst. Behav. Genet., Boulder, CO; 4Mol. Neurobiology, Salk 
Inst., La Jolla, CA
Previous work in our research group indicates that the beta3 subunit of the nicotinic 
acetylcholine receptor is involved in dopamine-related and anxiety-related phenotypes 
[Booker et al. (2007) Pharmacol Biochem Behav]. In addition, some of these phenotypes 
are altered by genetic interaction in manners that are not necessarily predicted by 
genetic background [Butt et al. (2004) Soc Neurosci Abs]. Dopamine release has been 
associated with addictive behaviors, and nicotine is both addictive and anxiolytic in many 
circumstances. We were therefore curious whether genetic interactions would be 
detected in potential beta3 -/- phenotypes in assays of nicotine-stimulated striatal 
[3H]dopamine release and in 2-bottle choice assays of nicotine consumption. Consistent 
with our previously published work, null mutation of Chrnb3 on a mixed 129/JxB6 genetic 
background was associated with an increase in maximal nicotine-stimulated 
[3H]dopamine release from striatal synaptosomes. No such effect was detected in beta3 
knockouts on a congenic B6 genetic background, but the effect was recovered when 
B6Chrnb3-/-129 F2 outcross animals were assayed. Similarly, nicotine preference and 
consumption were decreased in beta3 -/- animals from the mixed background compared 
to their wildtype littermates. This effect was reversed in the B6 congenics and, again, 
recovered in the F2 outcross animals. The results strongly suggest that the beta3 
nicotinic subunit is involved in both nicotine consumption and dopamine release in the 
brain’s reward areas. In addition, the findings indicate that genetic interactions lead to 
different effects of a single gene deletion in these 2 phenotypes. The data are also 
consistent with recent clinical studies showing that the gene for beta3 is associated with 
nicotine addiction in humans. Thus, our animal models may be an avenue for gaining 
increased understanding of the polygenic nature of nicotine addiction.

15) Localization and Phosphorylation of Hippocampal NMDA Receptors in 
Extrasynaptic Versus Synaptic Membranes Following Tyrosine Phosphatase 
Inhibition
S.M. Goebel*1,2, R.K. Freund1, R.M. Alvestad1, and M.D. Browning1,2, 



Dept of Pharmacology1 and Program in Neuroscience2, Univ. Colorado Hlth. Sci. Ctr., 
Aurora, CO
We have previously reported that bpV(phen), a broad spectrum tyrosine phosphatase 
inhibitor, enhances NMDAR tyrosine phosphorylation and surface expression.  However, 
unanswered questions remained, including where the changes in tyrosine 
phosphorylation occurred within the neuron and whether the increase in NMDAR surface 
expression happened in synaptic or extrasynaptic membrane compartments.  Functional 
studies on field excitatory post-synaptic potentials (fEPSPs) show that bpV(phen) 
enhances NMDAR responses. These results led us to hypothesize that bpV(phen) might 
be acting to increase the expression of NMDARs specifically within the synaptic 
membrane.  To address these issues, we took advantage of the fact that the 
postsynaptic density is insoluble in the non-ionic detergent Triton X-100. Using this 
detergent, we prepared synaptic and extrasynaptic membranes from a crude membrane 
fraction isolated from hippocampal slices that had been incubated in the absence or 
presence of 10$M bpV(phen) for 25 minutes.  Treatment with bpV(phen) significantly 
increased the concentration of NR1 and NR2B in synaptic and extrasynaptic 
membranes.  In addition, selective NR2B tyrosine phosphorylation changes were 
observed in synaptic and extrasynaptic membranes.  Specifically, NR2B tyrosine 1472 is 
enhanced in synaptic membranes, whereas NR2B tyrosine 1336 is enhanced in 
extrasynaptic membranes.  Interestingly, both residues are contained within tyrosine-
dependent endocytic motifs.  These findings reveal that enhanced phosphorylation of 
key tyrosine residues on NMDAR subunits correlate with increased expression of the 
NMDAR in both synaptic and extrasynaptic membrane.  

16) The Role of Intracellular Chloride Concentration in Mediating Synaptic 
Vesicular pH Gradient and Glutamate Content in Bipolar Cell Terminals 
J. Vigh1,3, C. Guatimosim2, H. Von Gersdorff3
1 Department of Biomedical Sciences, Colorado State University, Fort Collins, CO
2Departamento de Anatomia, Universidade Federal de Minas Gerais, Belo Horizonte, 
Brazil
3The Vollum Institute, Oregon Health & Since University, Portland, OR
Synaptic vesicles are acidified by an ATP-dependent H+ pump (V-ATPase) establishing 
pH ($pH) and electrical gradients ($%) to provide driving force for vesicular transporters 

to concentrate various transmitters in these vesicles. Through vesicular membrane 
channels and transporters, chloride ions (Cl-) are thought to enter the vesicle lumen 
providing a charge balance. We investigated the long debated relationship between 
intracellular [Cl-]i and vesicular pH with respect to vesicular glutamate content and 
exocytosis by recording from Mb bipolar terminals in goldfish retinal slice preparation. In 
monitoring the vesicular pH we took advantage of the fast, transient reciprocal inhibition 
of the voltage-gated calcium influx is provided by protons, co-released with glutamate 
from the synaptic vesicles. Vesicular glutamate content was monitored indirectly by the 
glutamate evoked reciprocal feedback or by the glutamate transporter current, both 
recorded from the bipolar terminals. We found that blocking the vesicular glutamate 
transporter by intracellular fluoride perfusion increased the vesicular $pH. The non-

specific chloride channel blocker DIDS or lowered [Cl-]i reduced vesicular $pH. 

Reduction of [Cl-]i  in the bipolar terminals appeared to reduce the vesicular glutamate 
content as well. This later effect, however, was independent of the vesicular $pH, since 
$pH could be buffered with intracellular methylamine perfusion without an apparent 

change in the vesicular glutamate content. We conclude that the vesicular $pH is 

sensitive to [Cl-]i   in the Mb terminals, as predicted by synaptosomal experiments. The 
vesicular glutamate content also seems to be influenced by [Cl-]i , nevertheless, it 
appears to be independent of the $pH.



17) Single Channel Analysis Of Kv2.1 Indicates That Channels In Cell Surface 
Clusters Are Not Active K+ Channels
Kristen M. O'Connell and Michael M. Tamkun.
Colorado State University, Fort Collins, CO, USA.
Voltage-gated K+ channels regulate action potential duration and spike frequency. The 
delayed rectifier Kv2.1 is frequently found localized in high-density clusters on the cell 
surface. The channel is constitutively phosphorylated and changes in phosphorylation 
state are associated with dispersion from these clusters as well as a hyperpolarizing shift 
in the voltage-dependence of activation. Recently we demonstrated that even at steady-
state, a population of Kv2.1 channels resides outside these cluster domains. Since these 
clusters can be recapitulated in heterologous expression systems, we expressed GFP-
Kv2.1 in HEK293 cells and used cell-attached patch clamp in physiological K+ 
concentrations to investigate the functional difference between Kv2.1 inside and outside 
these clusters. Using confocal microscopy, we were able to position the patch pipette 
directly on GFP-Kv2.1 clusters. Under these conditions, patches on clusters typically 
contained 1 - 3 channels, with a slope conductance of 9 pS, consistent with previous 
estimates of Kv2.1 single channel conductance. The average open probability at -35 mV 
was 0.1. In contrast, patches outside the cluster domain yielded large (>200 pA) delayed 
rectifier currents consistent with those derived from Kv2.1. It was not possible to 
measure single channel activity in these patches. These results are consistent with a 
model in which the channels within the cluster domain are silent, whereas channels 
outside the cluster function as K+ channels. We hypothesize that the channels within the 
cluster may be a reserve pool of surface channel to be recruited during periods of 
hyperexcitability, while the active channels outside the cluster are responsible for the 
whole-cell current under basal conditions. Additionally, though they appear to minimally 
flux K+, these channels may still act as voltage sensors, coupling changes in membrane 
excitability to intracellular signaling pathways.

18) Increased Paired-Pulse Suppression after Slight Increases in Excitability or 
Reductions in GABAA-Receptor Mediated Inhibition: Does the Paired-Pulse 
Technique Provide Artifactual Evidence for “Hyperinhibition” During 
Epileptogenesis? 
S. Waldbaum and F.E. Dudek
Dept. Biomedical Sciences, Colorado State University, Fort Collins, CO 80524; Dept. 
Physiology, University of Utah School of Medicine, Salt Lake City, UT 84108
Rationale: The paired-pulse technique has been widely used to study synaptic inhibition 
in the hippocampus, particularly in epilepsy research. Nearly all of the physiological 
evidence in support of increased inhibition (i.e. the “hyperinhibition” hypothesis) following 
epilepsy-associated synaptic reorganization in the hippocampus (e.g., mossy fiber 
sprouting) derives from this technique. We previously showed that measures of 
“inhibition” using paired-pulse suppression, particularly with repetitive paired-pulse 
stimulation, greatly depend on the stimulus parameters and can provide erroneous data 
on GABA-mediated inhibition (Waldbaum and Dudek, 2005, Soc. Neurosci. Abstr. 
276.12). The present study investigated the effects of relatively small changes in 
membrane excitability and of GABAA-receptor mediated inhibition on paired-pulse 
suppression.  Methods: Paired-pulse suppression was analyzed as a function of 
perforant-path stimulus intensity and interpulse interval with field-potential recordings 
from the granule cell layer in hippocampal slices. Results: Increasing [Ca++]o from 1.3 to 
2.5 mM, which is known to raise action potential threshold, reduced paired-pulse 
suppression. Raising [K+]o from 3.0 to 6.0 mM and lowering [Ca++]o from 1.3 to 1.0 mM, 
which elevated membrane excitability, significantly increased paired-pulse suppression.  
Under physiological ionic conditions, increased levels of paired-pulse suppression were 
also measured during bath application of the GABAA-receptor antagonist SR-95531 
(Gabazine, 0.3 $M), which reduced GABAA-receptor mediated inhibition. Conclusions: 



Modest increases in membrane excitability and small reductions in GABAA-receptor 
mediated inhibition lead to an increase in paired-pulse suppression. One likely 
mechanism for these effects is that the treatments enhance the amplitude of the 
response to the conditioning stimulus, and thus are presumably similar to an increase in 
stimulus intensity of the conditioning pulse. These data indicate that the paired-pulse 
technique erroneously measures increased levels of “inhibition” when excitability is 
modestly increased or when GABAA-receptor mediated inhibition is slightly decreased.  
Thus, measurements of increased suppression using the paired-pulse technique have 
high potential to be misleading, because this can occur when excitability is increased 
and/or when GABA-mediated inhibition is decreased. These results challenge the 
physiological evidence supporting the “hyperinhibition” hypothesis after epilepsy-
associated synaptic reorganization in the hippocampus. Supported by NS45465 (SW) 
and NS16883 (FED).

19) Metabotropic Glutamate Receptor Expression and Modulation in Neocortical 
Inhibitory Networks of Barrel Cortex Layer IV of GAD67-GFP Mouse
Yuanyuan Jiao, Chunzhao Zhang, and Qian-Quan Sun
Graduate Neuroscience Program, University of Wyoming
MGluRs are involved in many critical physiological processes, including neuronal 
development, synaptic modulation, learning, memory, and neurological disorders such 
as epilepsy (Wong et al., 2004) and Fragile-X syndrome (Bear et al., 2004). In several 
subcortical regions, including the limbic system and thalamus, recent studies have 
revealed very important roles of mGluRs in regulating inhibitory circuits (McBain and 
Fisahn, 2001; Pelkey et al., 2005; Desai et al., 1994). For example, virtually all mGluRs 
are highly expressed in interneurons located in different subdivisions of the CA1 
hippocampus (Lujan et al., 1996; Shigemoto et al., 1997; Corti et al., 2002). Group I 
mGluRs induce a depolarization of O/A interneurons (Gee and Lacaille, 2004), and exert 
excitatory effects on CA1 pyramidal cells by increasing cell firing (Mannaioni et al., 1999) 
and decreasing GABA-mediated inhibition (Gereau and Conn, 1995; Fitzsimonds and 
Dichter, 1996). In the thalamus, activation of specific mGluR subtypes (Group I, II & III) 
can regulate information transfer by up-regulating or down-regulating inhibitory and 
excitatory synaptic integration (Govindaiah and Cox, 2004). Functionally, mGluRs 
mediate synchronous activity (van Hooft et al., 2000), or bidirectional plasticity of feed-
forward inhibition (Pelkey et al., 2005) in these subcortical structures. The effects of 
mGluRs on the inhibitory circuits are target specific, i.e. distinct mGluRs have distinct 
functions based on their postsynaptic target interneurons (Toth and McBain, 2000; 
McBain et al., 1994). However, little is known about the expression and physiological 
roles of mGluRs in neocortical interneurons. We hypothesed that multiple mGluRs 
played a similar role in the inhibitory networks of the neocortex.

20) Regulation of Proopiomelanocortin Neurons by Endocannabinoid-Sensitive 
Terminals at Distal Dendrites.
Shane T. Hentges
Colorado State University, Fort Collins, CO
Hypothalamic proopiomelanocortin (POMC) neurons integrate various signals of  energy 
balance and release transmitters to effectively inhibit food intake. The majority of  studies 
examining factors that regulate
POMC neuron activity have focused on peptides and rapid neurotransmitters released 
from terminals in the region of the POMC cell bodies.  However, the majority of afferent 
inputs to a neuron generally terminate on dendrites. The anatomical distribution of 
POMC neuron dendrites has not been well characterized nor has the extent to which 
POMC neuron dendrites can extend beyond the soma. Previous work has demonstrated 
that arcuate nucleus POMC neurons release endocannabinoids that inhibit presynaptic 
GABA release onto POMC neurons. Endocannabinoids are released from dendrites 



where they act in a retrograde manner to inhibit presynaptic transmitter release from 
nearby terminals. Here, the endocannabinoid inhibition of GABA release was used as a 
physiological sensor to determine that POMC neuron dendrites extend much farther 
from the soma than previously recognized. Whole-cell voltage-clamp recordings were 
made from identified POMC neurons. Endocannabinoids inhibited GABAergic inhibitory 
postsynaptic currents in POMC neurons only in intact sagittal brain slices, but not 
coronal, horizontal, or sagittal slices that were truncated rostrally at the level of the optic 
chiasm. Confocal images demonstrated the presence of putative POMC neuron 
dendrites extending rostrally beyond the arcuate nucleus.

Sensory and Motor Systems

21) Light-Evoked Calcium Responses of Isolated Melanopsin-Expressing Retinal 
Ganglion Cells 
A.T.E. Hartwick1, J.R. Bramley1, J. Yu2, K.T. Stevens2, C.N. Allen3, W.H. Baldridge2, P.J. 
Sollars1, G.E. Pickard1 
1Biomedical Sciences, Colorado State University, Fort Collins, CO, 2Anatomy & 
Neurobiology, Dalhousie University, Halifax, NS, CANADA. 3CROET, Oregon Health & 
Science University, Portland OR.
A small number (< 2%) of mammalian retinal ganglion cells express the photopigment 
melanopsin and are intrinsically photosensitive (ipRGCs).  Light depolarizes ipRGCs and 
increases intracellular calcium levels ([Ca2+]i) but the signaling cascades underlying 
these responses have yet to be elucidated.  To facilitate physiological studies on these 
rare photoreceptors, highly enriched ipRGC cultures from neonatal rats were generated 
using anti-melanopsin-mediated plate adhesion (immunopanning).  This novel approach 
enabled experiments on isolated ipRGCs, eliminating the potential confounding influence 
of rod/cone-driven input.  Light induced a rise in [Ca2+]i (monitored using fura-2 imaging) 
in the immunopanned ipRGCs and the source of this Ca2+ signal was investigated.  The 
Ca2+ responses were inhibited by 2-aminoethoxydiphenyl borate, SKF-96365, flufenamic 
acid, lanthanum and gadolinium, consistent with the involvement of canonical transient 
receptor potential (TRP) channels in ipRGC phototransduction.  However, the 
contribution of direct Ca2+ flux through a putative TRP channel to ipRGC [Ca2+]i was 
relatively small, as most (~ 90%) of the light-induced Ca2+ responses could be blocked 
by preventing action potential firing with tetrodotoxin.  The L-type voltage-gated Ca2+ 
channel (VGCC) blockers verapamil and (+)-cis-diltiazem significantly reduced the light-
evoked Ca2+ responses, while the internal Ca2+ stores depleting agent thapsigargin had 
negligible effect.  These results indicate that Ca2+ influx through VGCCs, activated upon 
action potential firing, was the primary source for light-evoked elevations in ipRGC 
[Ca2+]i.  Furthermore, concurrent Ca2+ imaging and cell-attached electrophysiological 
recordings demonstrated that the Ca2+ responses were highly correlated to spike 
frequency, thereby establishing a direct link between action potential firing and somatic 
[Ca2+]i in light-stimulated ipRGCs. 
Support: NIH Grants MH062296 and EY017809, CIHR Grant MOP-15683, CIHR 
Fellowship, Grass Foundation

22) Expression of Epithelial Na Channels in Taste Cells
Aurelie Vandenbeuch and Sue C. Kinnamon
Dept. of Biomedical Sciences, Colorado State University, Fort Collins, CO 80523 
Taste buds are the sensory elements for taste perception. They are onion-shaped 
structures made up of 50-75 taste cells expressing taste receptors in their apical 
membrane. Three types of taste cells have been described according to morphological, 
biochemical and physiological properties. Type I cells, comprising approximately 50% of 



the taste bud, have voltage-gated K+ outward currents, but lack voltage-gated inward 
currents. These cells have been presumed to play only a support role in the taste bud. 
Type II cells have voltage-gated Na+ and K+ currents, and the receptors and transduction 
machinery for bitter, sweet and umami taste stimuli. Type III cells have voltage-gated Na
+, K+ and Ca2+ currents and make prominent synapses with afferent nerve fibers. Among 
the different taste modalities, the transduction mechanism of Na+ salt involves amiloride-
sensitive epithelial sodium channels (ENaCs). In rodents, these channels are located in 
taste cells of fungiform papillae on the anterior part of the tongue innervated by the 
chorda tympani gustatory nerve. However, the taste cell type that expresses ENaCs is 
not known. Using whole cell recordings of single fungiform taste cells isolated from 
transgenic mice expressing GFP in the Type II cells, we have identified the cells 
responding to amiloride (30$M). Our results suggest that amiloride affects primarily taste 
cells that lack voltage-gated Na+ current, likely Type I cells. Neither Type II cells, 
identified by GFP fluorescence, nor Type III cells, identified by the pattern of voltage-
gated currents, responded to amiloride. These results suggest a role of Type I cells in Na
+ salt transduction and raise the question of how the signal is transmitted to gustatory 
afferent nerve fibers.  

23) Are Type III Taste Cells Normal in P2X2/P2X3 Double Knockout Mice?
Leslie M. Stone, Tod R. Clapp and Sue C. Kinnamon
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 
Taste buds use ATP to communicate with gustatory fibers and this communication is 
dependent upon the presence of P2X2 and P2X3 ionotropic ATP receptors.  Mice lacking 
these receptors (P2X2/X3 DKO) are unable to detect certain tastants although the exact 
signaling mechanism of ATP is unclear.  Taste buds comprise a heterogeneous 
population of cells.  Type II cells, which contain the transduction machinery for bitter, 
sweet and umami transduction lack classical chemical synapses which instead are found 
associated with Type III taste cells.  This suggests that upon stimulation, Type II cells 
may communicate with Type III cells, which then relay the signal to the nervous system.  
The inability of P2X2/X3 DKO animals to detect bitter, sweet and umami tastes thus may 
reflect an inability of Type II cells to communicate effectively with Type III cells.  In fact, 
Type III cells may be abnormal or absent in P2X2/X3 DKO animals.  To test this 
hypothesis, we used immunocytochemistry and calcium imaging to identify and evaluate 
Type III taste cells in P2X2/X3 DKO mice.  We found that Type III cells are present in the 
double knockout animals, and that these cells express immunoreactivity to SNAP-25 and 
NCAM.  Further, these cells respond to K+- mediated depolarization with increases in 
intracellular Ca2+, suggesting that they possess voltage-gated Ca2+ channels.  We 
conclude that the lack of responses to bitter, sweet and umami taste stimuli in the DKO 
mice is not due to a defect in the Type III taste cells.
Supported by NIH grant DC007495-02

24) Expression of the Scaffold Protein AKAP79/150 in Select Dorsal Root Ganglion 
Sensory Neurons
K. E. Barlow, M. L. Dell'Acqua, S. R. Levinson
University of Colorado Health Sciences Center, Neuroscience Program
A-kinase anchoring protein AKAP79/150 has been widely studied in the central nervous 
system, but little is known about its role in the peripheral nervous system.  Using 
immunocytochemistry, we examined the expression levels of AKAP79/150 in rat dorsal 
root ganglia (DRG).   We found that AKAP79/150 is highly expressed in a subpopulation 
of small diameter DRG cell bodies and their initial segments.  To investigate the sensory 
modalities served by AKAP79/150 positive cells, we looked at the co-expression of a 
number of DRG soma markers. Thus we found that AKAP79/150 is expressed in all 
DRG cells expressing the vanilloid receptor TrpV1, but expressed in only 11% of cells 
expressing Substance P. Cells expressing both TrpV1 and AKAP79/150 were 



significantly smaller than cells expressing Substance P and AKAP79/150.  Overall, we 
suggest that AKAP150 is expressed in a unique subclass of DRG neurons and is likely 
involved in heat sensation pathways.

25) Microglial Changes in the Nucleus of the Solitary Tract Following Peripheral 
Gustatory Nerve Transection 
D. L. BARTEL1,2, T. E. FINGER1,2

1Rocky Mtn Taste & Smell Ctr, 2Neurosci program, Univ Colo Denver, Anschutz Medical 
Campus, Aurora, CO 
The gustatory system of adults exhibits unusual plasticity in that nerves innervating the 
sensory endorgans must maintain connectivity with taste cells that are undergoing 
replacement throughout the life of the animal (Farbman, Cell & Tissue, 1980). This 
plastic nature of the innervation of new cells is evidenced by the presence of growth-
associated protein 43 on fibers innervating taste buds (Wakisaka et al., Cell & Tiss Res. 
1998). In rodents, sectioning the chorda tympani nerve results in disappearance of taste 
buds in the anterior tongue and their reappearance upon reinnervation (Cheal and 
Oakley, J Comp Neurol., 1977). In humans, the chorda tympani nerve is vulnerable to 
injury via 
a variety of dental and inner ear procedures. In other sensory systems, peripheral nerve 
damage result in glial changes in the central nervous system, yet the gustatory system 
remains unexplored regarding these phenomena. We sought to test whether microglia 
and astrocytes in the first gustatory relay, the nucleus of the solitary tract (NTS), respond 
by changes in number and/or size following unilateral chorda tympani transection. In 
adult mice, the chorda tympani nerve was exposed on the ventral surface of the neck, 
between the masseter and digastric muscles and sectioned with forceps proximal to its 
junction with the lingual nerve. The mice were allowed to survive for various periods 
(5-33 days) before sacrifice. Immunohistochemical staining for microglia and astrocytes, 
with Iba1 and GFAP respectively, reveals a dramatic increase in the number of microglia 
affiliated with the injured side of the NTS although the GFAP staining remains similar to 
that of the uninjured side. The microglial response occurs at the earliest time point 
examined, five days, and by 33 days seems to have returned to baseline. Because 
microglia have been implicated in synaptic reorganization, this could be a mechanism of 
central reorganization reported to occur after nerve injury (Reddaway and Hill, 2007) 
even after successful reinnervation in rodent models. Such reorganization in humans 
may contribute to reported perceptual disturbances following damage to peripheral 
gustatory nerves.

26) Changes in Peripheral Color Appearance Linked to Changes in Rod Input.
Lucinda S. Baker1, Armando R. Trujillo1, Katie T. Youngpeter2,
Janice L. Nerger1 and Vicki J. Volbrecht1
1Department of Psychology, Colorado State University
2Department of Psychology, Metropolitan State College of Denver
Color appearance data for eight dim (20 td) monochromatic test stimuli (480-620 nm, 20 
nm steps) were obtained at 4-min intervals following a 10-sec exposure to a 
photoreceptor pigment-bleaching stimulus (9.62 deg, 5500K, 6.55 scot td).  Both the test 
and photobleaching stimuli were centered at 10 deg temporal retinal eccentricity.  The 
2.55 deg test stimulus size (500 msec duration) was selected to completely fill the 
perceptive fields of the four basic hues (blue, green, yellow, red). The data collection 
time intervals were chosen to correspond to points before and along the cone and rod 
plateaus of the dark adaptation function.  Data from four observers show the largest 
change in hue ratios across time for middle-wavelength stimuli.  As expected, as rod 
contribution increased, observers perceived the stimuli as more desaturated, though no 
decrease in saturation was observed for the shortest- and longest-wavelength stimuli.  
An enhancement of blue perception was seen with time, and a pronounced increase in 



yellow perception was found for longer-wavelength stimuli with increasing time and rod 
contribution.      

Neuroendocrine Systems

27) Further Characterization of the Rat Central Extended Amygdala: A Dual in situ 
Hybridization Study.
Heidi E. W. Day, Aadra Bhatt, Elisa M. Kryskow, Lauren Herlihy, Tara Nyhuis and Serge 
Campeau
University of Colorado, Boulder, CO
The central nucleus of the amygdala (CEA) and the bed nucleus of the stria terminalis 
(BST) have been implicated in the regulation of many processes, including those 
occurring in response to stress and anxiety. We have shown previously that two 
structures within the central extended amygdala, the lateral CEA (CEAl) and related oval 
division of the BST (BSTov) contain two distinct cell GABAergic populations. The first 
contains enkephalin, and the second contains corticotropin releasing hormone (CRH). 
Subpopulations of each contain neurotensin. A series of studies has demonstrated that 
neurons expressing enkephalin, but not CRH, are activated by many systemic stimuli, 
including amphetamine and interleukin-1%, as demonstrated by an increase in c-fos 
mRNA and protein levels. Further, the enkephalin containing cells are inhibited by 
psychological stress. However, the significance of the activation and inhibition of 
selective cell populations is unclear, because their precise functions are not known. In 
the present study, dual in situ hybridization was used to firstly investigate the 
colocalization patterns of mRNA encoding two additional neuropeptides that are widely 
expressed in the CEAl and BSTov: somatostatin (SST) and dynorphin (DYN). The 
colocalization patterns were highly similar between the CEAl and BSTov. Both SST and 
DYN mRNAs were invariably expressed within GABAergic cells in these regions. In 
addition, DYN and SST were highly colocalized with each other. In contrast, DYN and 
SST mRNAs were rarely colocalized with enkephalin mRNA. There was some 
colocalization of SST and DYN mRNAs with neurotensin or CRH mRNAs, but it was not 
very extensive (approximately 10-20%). This suggests there is an additional population 
of cells that contains SST, DYN and GABA, but not CRH or enkephalin. One way to 
determine the functions of these different cell populations, would be to target them 
pharmacologically or to selectively lesion them. To this end, we have selected a number 
of neuropeptide receptors (calcitonin gene related peptide (CGRP) type 1, oxytocin, and 
neuropeptides B/W type 1 receptors) that have both a relatively specific localization to 
the CEA and BSTov and a selective ligand for neurotoxic lesion development. We are in 
the process of determining the colocalization of these receptor mRNAs with 
neurotransmitters within the BSTov and CEAl, with the aim of being able to selectively 
target a specific cell group. Thus far we have demonstrated that the majority of CGRP 
type I receptors are expressed in enkephalinergic neurons. In contrast, neuropeptide B/
W type 1 receptor is not expressed in enkephalin neurons. Ultimately, it is hoped that 
understanding the functions of specific neuronal populations within the central extended 
amygdala, and how stress influences these functions, will further our understanding of 
stress and anxiety-related disorders.

28) HPA Axis Response to Acute Audiogenic Stress in Male and Female Rats: 
Influence of Estrous Cycle.
Jessica A. Babb*, Cher V. Masini, Tara J. Nyhuis, Serge Campeau, Heidi E.W. Day
Department of Psychology and Center for Neuroscience, University of Colorado at 
Boulder, Boulder, CO 80309



Stress can be a major causative or exacerbating factor for many physical and mental 
disorders in humans, and women have a higher prevalence of several mental illnesses, 
including depression and certain anxiety disorders.  Studies in rats have suggested that 
female rats have different responses to stressors across the estrous cycle as well as 
larger stress responses when compared to males.  It is unclear from these studies 
whether females show a lower threshold and/or larger amplitude HPA axis response to 
stressful events.  Our lab has previously characterized the threshold of stress 
responsiveness in male rats exposed to a single audiogenic stressor.  Unlike other 
commonly used stressors, both the intensity and duration of noise can be controlled, 
allowing the determination of both response threshold and amplitude.  The current study 
was performed to examine whether the estrous cycle can affect HPA axis response to 
audiogenic stress in female rats, and whether female rats have the lower threshold of 
HPA axis activation than male rats.  Because of the large number of animals included in 
this study, the experiment was run in two cohorts.  One week after arrival in our animal 
colony, female Sprague-Dawley rats were monitored daily for estrous cyclicity.  After 
displaying at least two full 4-5 day estrous cycles, female rats were exposed to 30 
minutes of either 60(background), 75, 80, or 90dB of noise on one of three different days 
of the estrous cycle: diestrus, proestrus, or estrus.  Groups of age-matched male rats 
(that were housed in a separate room) were also exposed to one of the following noise 
intensities: 60, 75, or 80dB.  Immediately following the noise exposure, trunk blood was 
collected.  Extracted plasma was then analyzed for corticosterone (CORT) and ACTH 
concentrations in order to measure HPA axis activation.  Female rats showed a 
significantly higher baseline concentration of both CORT and ACTH compared to males, 
regardless of estrous cycle stage.  However, despite these baseline differences, there 
was no sex difference at either 75 or 80dB of noise stress.  Females in proestrus had 
significantly higher CORT and ACTH concentrations than females in estrus after 
exposure to 80 dB of noise, but only in one cohort.  There was no effect of estrous cycle 
at 75 or 90 dB of noise.  These results suggest the threshold of HPA axis activation does 
not differ in male and female rats.  In addition, estrous cycle may influence the amplitude 
of HPA axis response of female rats to audiogenic stress, however this effect was 
inconsistent across cohorts.

29) Reversible inactivation of the auditory thalamus blocks habituation to 
repeated audiogenic stress.
Serge Campeau & Heidi E.W. Day
Department of Psychology and Center for Neuroscience, University of Colorado, 
Boulder, Colorado.
The neural mechanisms associated with stress reduction in response to repeated stress 
exposure (habituation) are not well understood.  To help delineate the underlying brain 
areas and mechanisms responsible for habituation to stress, repeated audiogenic stress 
was employed to begin to determine the auditory region(s) necessary for this form of 
plasticity.  Prior work from our laboratory indicated that the auditory thalamus is 
necessary for acute loud noise-induced activation of the hypothalamo-pituitary-
adrenocortical (HPA) axis, as indexed by corticosterone and ACTH release in rats.  The 
goal of the present study was to determine if auditory regions below or at/above the 
auditory thalamus are necessary for habituation to repeated loud noise.  Rats (N = 16) 
were implanted bilaterally with guide cannullae targeted at posterior regions of the 
auditory thalamus.  One week later, they were given the first of three daily 30-min loud 
noise exposures (95 dB) 10 min following injections of ACSF (0.5 ul/side, n = 8) or 
muscimol (1 mg/ml, 0.5 ul/side, n = 8), and a blood sample was taken immediately after 
noise termination.  The second loud noise exposure was performed 24 hrs later, in a way 
similar to the initial noise exposure, without blood sampling.  The final noise exposure 
was performed 48 hrs after the second exposure, without any pre-noise injections, and 
rats were sacrificed immediately following noise termination for blood sampling and brain 



collection.  As reported previously with permanent auditory thalamic inactivation, auditory 
thalamic muscimol inactivation significantly reduced corticosterone release on Day 1 (8.6 
± 2.9 ug/dl), as compared to ACSF-treated rats (18.9 ± 2.0 ug/dl).  Furthermore, the 
significant habituation of corticosterone release to loud noise exposure observed in the 
ACSF-treated rats on Day 3 (6.0 ± 2.2 ug/dl) was blocked in the muscimol-treated rats 
(20.8 ± 4.7 ug/dl).  These results strongly suggest that regions at or above the auditory 
thalamus, but not below (brainstem and midbrain), are necessary for the development of 
habituation to repeated audiogenic stress.  Supported by K02 MH068016.

30) Voluntary Physical Activity, but Not Enriched Environment, Attenuates the 
HPA Axis Response to Chronic Audiogenic Stress in Rats.
T. J. Nyhuis, C. V. Masini, S. K. Sasse, J. A. Babb, H. E. W. Day, S. Campeau
Univ. Colorado, Boulder, Boulder, CO
Voluntary physical activity (exercise) has repeatedly been shown to reduce 
hypothalamic-pituitary-adrenocortical (HPA) axis activity in response to certain acute and 
chronic stressors. The beneficial effects of enriched environment (EE) have also been 
recognized since the 1950s. The majority of existing data is based on enrichment 
paradigms that either directly include exercise wheels or involve objects such as ladders, 
platforms, and cage mates that increase animals’ physical activity. To determine whether 
voluntary exercise improves HPA axis adaptation to repeated stress because of the 
added environmental enrichment or the physical activity itself, habituation to 11 days of 
repeated audiogenic stress in male rats was examined. In this experiment, all animals 
were singly housed. The exercised group (X) had voluntary access to running wheels in 
their cages; the enriched environment group (EE) was given 4 objects (such as toys and 
bedding material) that were exchanged every 3 days; and the homecage control group 
(HC) was housed in the same standard cages without any further manipulations. 
Animals remained in these conditions without further experimental manipulation for 6 
weeks. Beginning on week 7 of the experiment, animals were exposed to 30 minutes 98-
dBA noise for 11 consecutive days. Stress indices (plasma corticosterone and ACTH) 
were measured from blood collected directly after noise exposure on days 1, 4, 8, and 
11. Animals in the X group had significantly lower corticosterone levels on days 4 and 8 
of noise exposure than animals in the EE or HC conditions. ACTH levels for the X group 
were also significantly less than the EE and HC groups on days 1 and 4. The results 
therefore suggest that it is the physical activity, but not the enriched environment that 
leads to a reduced ACTH response to acute audiogenic stress and faster habituation of 
ACTH and corticosterone release to repeated audiogenic stress.

31) Short-Term Voluntary Wheel Running Facilitates HPA-Axis Response 
Habituation to Repeated Audiogenic Stress in Male Sprague-Dawley Rats. 
Sarah K. Sasse, Cher V. Masini, Tara J. Nyhuis, Heidi E.W. Day, and Serge Campeau
Department of Psychology and Center for Neuroscience, University of Colorado - 
Boulder
We have previously demonstrated that 6 weeks of voluntary wheel running significantly 
facilitated the rate and extent of HPA-axis response habituation to 11 consecutive days 
of 30-minute 98dB noise stress presentations in young adult, male Sprague-Dawley rats.  
This duration of running wheel access was initially chosen based on previous work 
showing that various exercise-induced changes in neurochemistry and behavior 
depended on the duration of wheel access, with 6 but not 3 weeks having a significant 
effect.  Here, we determined whether 1 or 3 weeks of running wheel access would be 
sufficient to see the facilitation of HPA-axis habituation we previously observed.  Thirty-
two young adult, male Sprague-Dawley rats were individually housed and divided into 4 
groups (n=8/group).  Two of the groups had either free running wheel access (1Wk-Ex) 
or remained sedentary (1Wk-Sed) for 1 week.  The other two groups had either free 



wheel access (3Wk-Ex) or remained sedentary (3Wk-Sed) for 3 weeks.  After 1 or 3 
weeks, all animals were presented with daily 30-min exposures to 98dB loud noise for 11 
consecutive days.  HPA-axis activation was assessed by corticosterone ELISA and 
adrenocorticotropin hormone (ACTH) IRMA using blood plasma collected on days 1, 4, 
8, and 11, immediately after the noise exposures.  For both the 1Wk and 3Wk cohorts, 
no differences between exercised and sedentary animals were found in corticosterone or 
ACTH responses to the first, acute noise stress presentation.  And while the HPA-axis 
responses in both exercised and sedentary animals habituated with repeated noise 
stress exposures, the rate of habituation was reliably facilitated in exercised animals.  
Rats running for 1 week had significantly lower corticosterone responses on Days 4 and 
8 and lower ACTH responses on Day 4 (all p’s < 0.05), as compared to sedentary 
controls.  Those running for 3 weeks had a trend for lower corticosterone responses on 
Day 4 (p = 0.08), significantly lower corticosterone responses on Days 8 and 11 (p’s < 
0.05), a trend for lower ACTH responses on Day 8 (p = 0.07), and significantly lower 
ACTH responses on Day 11 (p < 0.05), as compared to sedentary controls.  In addition, 
a second experiment is also presented that resulted in similar findings following 1 week 
of voluntary wheel running on habituation, with the inclusion of no stress controls.  
Together, these results suggest that even a single week of running wheel access prior to 
stressor exposure was sufficient to significantly facilitate HPA-axis response habituation 
to repeated exposures, and, more generally, that some of the effects of physical activity 
may take place rather quickly to reduce the impact of stress on certain responses.

32) Ibotenic Acid Lesions of the Medial Amygdala Reduce Corticosterone and 
Behavioral Responses to Acute Ferret Odor Exposures in Rats.  
C.V. Masini, T.J. Nyhuis, H.E.W. Day, S. Campeau
Univ. of Colorado, Boulder, CO 
Exposures to predators or cues associated with them are very effective methods to 
evoke a variety of stress responses in rodents.  We have previously found that ferret 
odor exposures lead to changes in endocrine hormones (corticosterone and ACTH), 
behavior and autonomic nervous system responses in rats, indicative of a stress 
response.  Investigations of the neural pathways associated with responses to cats, cat 
odor, and TMT, a component of fox feces, have implicated the medial amygdala (MeA) 
as an important region involved in defensive behaviors.  To our knowledge, however, the 
involvement of the MeA in the hypothalamic-pituitary-adrenal (HPA) axis response to 
predator odor exposure has not been examined.  Therefore, the present study examined 
the effects of MeA disruption in rats exposed to ferret odor or control odor on both 
defensive behavior and HPA axis activation.  Bilateral lesions of the MeA were made in 
Sprague-Dawley rats with the neurotoxin ibotenic acid (10 µg/µl; 0.3 µl / side injected).  
One week after recovery, the rats were tested in a defensive withdrawal paradigm during 
their dark (active) phase with either a piece of ferret odor towel or strawberry odor towel 
to examine defensive behavior.  The next morning (light phase) the rats were then 
exposed to ferret or strawberry control towels in small home-cages to examine HPA axis 
responses.  Rats with complete bilateral MeA lesions displayed significantly less 
defensive behavioral responses (visits to towel, time with towel, and chews on towel; 
Tukey’s HSD, p’s < 0.05) and corticosterone release (Tukey’s HSD, p < 0.004) 
compared to sham-operated control rats only in the ferret odor conditions.  This study 
suggests that the MeA is an important structure involved in both the defensive behavioral 
responses and the HPA axis responses to predator odors.  
This research was supported by NIMH R01 MH065327. 

33) Exposure to an Open-Field Arena Increases C-Fos Expression in a Distributed 
Anxiety-Related System Projecting to the Basolateral Amygdaloid Complex.
Matthew W. Hale1, Anders Hay-Schmidt2, Jens D. Mikkelsen3, Birgit Poulsen2, Anantha 
Shekhar4 and Christopher A. Lowry1. 



1 Department of Integrative Physiology, University of Colorado at Boulder, CO, USA
2 Department of Neuroscience and Pharmacology, The Panum Institute, University of 
Copenhagen, Denmark
3 Department of Translational Neurobiology, NeuroSearch A/S, Ballerup, Denmark
4 Department of Psychiatry and Pharmacology and Toxicology, Indiana University School 
of Medicine, Indianapolis, IN, USA
Anxiety states and anxiety-related behaviors appear to be regulated by a distributed and 
highly interconnected system of forebrain structures including the basolateral 
amygdaloid complex. Our previous studies demonstrated that open-field exposure in 
both high- and low-light conditions resulted in a marked increase in c-Fos expression in 
the anterior part of the basolateral amygdaloid nucleus (BLA) compared to either home 
cage or handled control groups. The neural mechanisms underlying the anatomically 
specific effects of open-field exposure on c-Fos expression in the BLA are not clear, 
however, it is likely that this reflects activation of specific afferent input to this region of 
the basolateral amygdaloid complex. In order to identify candidate brain regions 
mediating anxiety-induced activation of the basolateral amygdaloid complex in rats, we 
used Cholera Toxin B subunit (CTb) as a retrograde tracer to identify neurons with direct 
afferent projections to this region in combination with c-Fos immunostaining to identify 
cells responding to exposure to an open-field arena in low-light (8-13 lux) conditions (an 
anxiogenic stimulus in rats). Adult male Wistar rats (N = 34) each received a unilateral 
injection of 4% CTb in phosphate-buffered saline into the basolateral amygdaloid 
complex. CTb was applied iontophoretically into the basolateral amygdaloid complex 
(AP: -2.8 mm; ML: 4.8 mm; DV: -8.5 mm Bregma) using positive current pulses of 10 µA 
(7 s on; 7 s off) for 10 minutes. Rats were housed individually for 11 days after CTb 
injections and handled for 2 min each day. On the test day rats were either 1) exposed to 
open-field in low-light conditions (8-13 lux) for 15 minutes, 2) briefly handled or 3) left 
undisturbed (control). Dual immunohistochemical staining for c-Fos and CTb revealed an 
increase in the percentage of c-Fos-immunopositive BLA-projecting neurons in open-
field-exposed rats compared with handled and control rats in several brain regions 
including the dorsal raphe nucleus, paraventricular nucleus of the thalamus and the 
subiculum. These data are consistent with the hypothesis that exposure to the open-field 
arena activates an anxiety-related neuronal system with convergent input to the 
basolateral amygdaloid complex.
This work was supported by NIMH R01 MH065702 and R01 MH52619 to AS and a 
Wellcome Trust Research Career Development Fellowship to CAL (RCDF 068558/Z/02/
Z).

34) Effect of Restricted Feeding on Immediate Early Gene and Clock Gene 
Expression in the Rat HPA Axis and Suprachiasmatic Nuclei.
Milena Girotti, Marc Weinberg and Robert L. Spencer
Behavioral Neuroscience, Department of Psychology, University of Colorado, Boulder 
Basal corticosterone secretion in rats reaches a peak in the evening and a nadir in the 
morning, a diurnal rhythm mainly dictated by the suprachiasmatic nuclei (SCN). 
However, confining the time of meals to few hours during the day (restricted feeding, RF) 
can shift the peak of basal corticosterone secretion to 2-3h prior to the presentation of 
meals, irrespective of light-dark phase or presence of intact SCN. This suggests the 
existence of a food-entrainable oscillator (FEO) that can be functionally dissociated from 
the SCN-dependent light entrainable clock. Although the anatomical location of the FEO 
remains elusive, several nuclei of the medio-ventral hypothalamus may constitute 
putative components of the FEO. Among them are the dorsomedial and ventromedial 
hypothalamic nuclei (DMH and VMH) and the first component of the hypothalamus-
pituitary-adrenal (HPA) axis, the paraventricular nucleus of the hypothalamus (PVN). 
Despite the strong effects of RF on glucocorticoid secretion, no systematic study of 
functional changes within HPA axis components under RF has been reported.



In this study we began to address this question by analyzing the effects of RF on gene 
expression in the PVN. c-fos and CRH genes  were used respectively as reporters of 
general neuronal activation levels and functional output of PVN neurons. We also 
measured levels of clock genes (Per1, Per2 and Bmal) mRNA to determine the effects of  
RF on endogenous clock function. Finally, we compared c-fos and clock gene 
expression in the PVN to the expression patterns in the SCN, DMH and VMH to obtain a 
more comprehensive map of RF-dependent changes in FEO components versus SCN. 
Animals on a 12h LD schedule were given food ad libitum or fed a normocaloric diet for 
3 h during the early light phase (zeitgeber time (ZT) 2 - ZT5). After 3 weeks animals 
were killed and brains and plasma were collected at ZT2 and ZT11.
RF shifted the peak of corticosterone to pre-meal time and affected diurnal c-fos 
expression in the SCN, PVN and DMH. Interestingly, diurnal patterns of CRH gene 
expression in the PVN were also changed by RF. Among the clock genes studied, RF 
influenced mainly expression of Per1 in the PVN and VMH and Bmal in the PVN and 
DMH, whereas Per2 gene expression was only marginally affected. RF did not have 
significant effects on clock genes in the SCN.
These results indicate that RF has the capacity to alter both the diurnal activity level and 
functional output of the PVN. Moreover, RF has the capacity to alter the phase of clock 
gene expression within the PVN and other components of the FEO. Future analyses will 
investigate the effects of RF on gene expression in the other two HPA axis components, 
the pituitary and adrenal glands.
Supported by NIH grant MH62456

35) Age-Dependent Loss of the Gonadotropin-Releasing Hormone (GnRH) System 
in Transgenic Mice Expressing a Dominant Negative FGF Receptor in GnRH 
Neurons.
Sarah S Moyle and Pei-San Tsai 
University of Colorado, Boulder, CO
Gonadotropin-releasing hormone (GnRH) neurons are critical for the initiation and 
maintenance of vertebrate reproduction. Ample evidence suggests the formation of a 
functional GnRH system during development requires the guidance of fibroblast growth 
factor (FGF) signaling. In the present study, we investigated if the maintenance of the 
postnatal GnRH system is also dependent upon FGF signaling. Transgenic mice 
(dnFGFR mice) with the targeted expression of a dominant negative FGF receptor 
(dnFGFR) in GnRH neurons were used for this study. The cell-specific expression of 
dnFGFR ensures the disruption of FGFR function only in GnRH neurons. We 
investigated whether a progressive age-dependent loss of the GnRH system occurs in 
postnatal dnFGFR mice. Since androgens have been shown to restore fertility in 
humans with FGFR1 mutations, we also tested if 5-dihydrotestosterone (DHT) treatment 
could prevent the age-dependent loss, if any, of the GnRH system in dnFGFR mice. At 
30 days of age (young), male dnFGFR mice exhibited only 30% fewer GnRH neurons in 
the preoptic area (POA) and 50% less immunoreactive GnRH in the hypothalamus 
compared to their age-matched controls. By 325 days of age (old), male dnFGFR mice 
exhibited 70% fewer GnRH neurons in the POA and 95% less immunoreactive GnRH in 
the hypothalamus compared to controls. Animals implanted with 400 mg DHT for 7 days 
(young mice) or 10 days (old mice) prior to sacrifice did not differ significantly in GnRH 
neuron number and GnRH content compared to oil-implanted controls. Overall, our 
results showed a marked age-dependent loss of the GnRH system in mice with FGF 
signaling deficiency, suggesting FGF signaling is required not only for the development, 
but also for the postnatal maintenance, of GnRH neurons. This rapid postnatal loss of 
the GnRH system partly explains the early reproductive senescence seen in dnFGFR 
mice. Further, short-term androgen treatment was ineffective in reversing this age-
dependent loss, suggesting the reversal by androgen requires either a longer treatment 
regimen or does not occur in mice.



Supported by NIH Grant R01HD042634 to PST.

36) Dietary Sodium Manipulation During Critical Periods in Development Sensitize 
Adult Offspring to Amphetamines 
Shawna M. McBride1, Bruce Culver1,3, and Francis W. Flynn1,2

1Graduate Neuroscience Program, 2Department of Zoology and Physiology, and 
3Department of Pharmaceutical Sciences, University of Wyoming, Laramie, WY
The objective of this study was to determine if there is a critical period in development 
when offspring are most susceptible to dietary sodium manipulation leading to 
amphetamine sensitization.  Wistar dams (n=6-8/group) were fed chow containing low 
(0.12% NaCl, LN), normal (1% NaCl, NN), or high sodium (4% NaCl, HN) during either 
the prenatal period, from conception to birth, or the early postnatal period, from birth 
through two weeks post-weaning.  All offspring were maintained on normal chow 
thereafter until testing at six months.  Body weight, blood pressure (BP), fluid intake, salt 
preference, behavioral response to amphetamine, behavior in a novel environment, 
plasma ACTH and CORT levels, and adrenal gland weight were measured.  Body 
weights were similar for all offspring.  HN offspring had significantly higher BP, sodium 
solution intake, salt preference, and decreased water intake relative to NN offspring.  LN 
and NN offspring had similar BP and fluid intake.  In response to amphetamine, both the 
prenatal and postnatal LN and HN offspring had increased locomotion compared to NN 
offspring.  Stereotypy in response to amphetamine was increased in postnatally exposed 
LN offspring and rearing was increased in prenatally exposed LN and HN offspring 
compared to NN offspring.  In response to a novel environment locomotion was 
increased in LN and HN offspring compared to NN offspring.  Additionally, ACTH and 
CORT levels following a stressor and adrenal gland weight were greater in LN and HN 
offspring compared to NN offspring.  These results indicate that early life experience with 
both low and high sodium diets, whether prenatal or postnatal, produces long-term 
changes in responsiveness to amphetamines.  Because the LN offspring had normal 
fluid and salt intake, but increased psychomotor responses to amphetamine there is a 
dissociation between the dietary manipulation and the increased behavioral responses 
to amphetamine.  However, both the low and high NaCl diets altered the adult rat’s 
response to stress, which may therefore attribute to the enhanced psychomotor 
stimulatory effect of amphetamine. (Supported by NIH awards RO1 DK 50586 and P20 
RR15640 to F.W.F.)

37) Blockade of the NK3 Receptor Alters the Systemic Release of Vasopressin and 
Oxytocin in Response to Exogenous Cholecystokinin Administration.
Gwendolen E. Haley and Francis W. Flynn
Graduate Neuroscience Program, University of Wyoming, Laramie, WY 
Neurokinin 3 receptor (NK3R) signaling has an integral role in the stimulated 
vasopressin (VP) and oxytocin (OT) release in response to hyperosmolarity and 
hypotension.  Peripheral injections of cholecystokinin (CCK) receptor agonists for the 
CCK-A (sulfated CCK-8) and CCK-B (non-sulfated CCK-8) receptors elicit an OT release 
in rat.  It is unknown if NK3R contributes to this endocrine response.  Freely behaving 
male rats were administered an intraventricular pretreatment of 250 pmol or 500 pmol of 
SB-222200, a specific NK3R antagonist, or 0.15 M NaCl prior to an intraperitoneal or 
intravenous injection of CCK-8 (50 $g/kg; non-sulfated or sulfated) or 0.15 M NaCl.  
Blood samples were taken prior to intraventricular treatment and 15 minutes after 
intraperitoneal or intravenous injection, and plasma samples were assayed for OT and 
VP concentration.  Intraperitoneal injection of both non-sulfated and sulfated CCK-8 
significantly increased plasma OT levels and had no effect on plasma VP levels.  
Intravenous injection of sulfated CCK-8 stimulated an increase in plasma OT levels and 
did not alter plasma VP levels.  However, intravenous injection of non-sulfated CCK-8 
stimulated a significant increase in plasma levels of both OT and VP.  No other studies 



have demonstrated CCK-8 stimulated release of VP in rat.  NK3R antagonist did not 
alter baseline levels of either hormone.  However, pretreatment of NK3R antagonist 
significantly blocked the CCK-stimulated release of OT in all CCK treatment groups and 
blocked VP release in response to intravenous injection of non-sulfated CCK-8.   
Therefore NK3R signaling is needed for OT and VP release in response to CCK 
administration. Taken together with previous studies, we hypothesize that NK3R 
activation is essential for the systemic release of OT and VP.  (Supported by NIH awards 
DK 50586 and P20 RR15640 to F.W.F.)

38) Evaluation of Kisspeptin in the Estrous Mare.
C Magee, CD Foradori, JE Bruemmer, C Corning, TA Farmerie, PM McCue, RJ Handa, 
and CM Clay
Animal Reproduction and Biotechnology Laboratory, Department of Biomedical 
Sciences, Colorado State University
Kisspeptin and its receptor, GPR54, are crucial elements in the onset of pubertal 
development and may play a role in seasonal estrous and induction of ovulation via a 
mechanism of signaling GnRH release at the hypothalamus.  The purpose of this series 
of experiments was to evaluate the role of kisspeptide and GPR54 in the seasonally 
estrous mare.  To elucidate a physiologic role for kisspeptide in the mare, LH response 
profiles to kisspeptide administration  using three doses of rat decapeptide (1.0 $g, 0.5 
mg, 1.0 mg KiSS-10a, iv) were compared to that of native GnRH (25 $g LHRHb, iv) in 
diestrus mares (n=12 per treatment).  Our equine LH (eLH) radioimmunoassay data from 
dose response trials suggest that the mare has a threshold response to iv rat KiSS-10 
administration between 1.0 $g and 0.5 mg (P < 0.0001, ANOVA), such that iv 0.5 mg and 
1.0 mg of KiSS-10 elicits a mean eLH fold response similar to that of 25 $g LHRH 
(P=0.56, t-test).  To determine if a single intravenous injection of the decapeptide 
formulation was sufficient to induce ovulation in the estrus mare, 1.0 mg KiSS-10 was 
compared to a known ovulation inducing agent (2,500 IU hCGc, iv), and a negative 
control (1.0 mls saline, iv).  No significant difference (P > 0.3, t-test) was observed in the 
time (mean hours ± standard error) from treatment to ovulation in the saline (n=11, 64.5 
±  9.5 hr) and kisspeptide (n=11, 69.1 ± 10.1 hr) mares.  When compared with 
kisspeptide treated mares, hCG treated mares consistently ovulated within a predicted 
and significantly shorter (n=12, 41.4 ± 0.5 hr) period of time (P < 0.005, t-test). Using 
dual-labeling immunohistochemistry, KiSS fiber and GnRH neuron contacts were 
identified in the pre-optic area (POA), anterior hypothalamic area (AHA), and medial 
basal hypothalamus (MBH) of six diestrus mares.  Contacts were quantified as a percent 
of immunoreactive GnRH neurons (GnRH-ir) with immunoreactive KiSS (KiSS-ir) fibers 
in close association. The mean percent of GnRH-ir neurons with KiSS-ir fiber contact for 
each region was not significantly (P > 0.12, ANOVA) different between the examined 
areas (n= number of mares with intact regions, mean percent contacts  standard error; 
POA: n=3, 42.3  10.7; AHA: n=3, 15.3  8.7; MBH: n=6, 31.8  5.1).  The total percentage 
of contacts between GnRH-ir neurons and KiSS-ir fibers was 33.7%.  In conclusion, we 
have demonstrated that the estrous mare can respond to exogenous administration of 
kisspeptide by releasing LH.  Upon further investigation of the decapeptide and its 
receptor, a dose regimen of kisspeptide sufficient to induce ovulation will be determined.  
Evaluation of the role of kisspeptin in the hypothalamic-pituitary-gonadal axis and 
differential expression of KiSS-ir and GnRH-ir fibers with season or sex steroid 
administration would enable future application of kisspeptide for ovulation induction in 
the estrous mare or management of seasonal transition.

39) Estrogen Receptor Beta Regulates C-Fos-Immunoreactivity Within 
Tryptophan-Hydroxylase-2 Neurons of the Dorsal Raphe Nucleus.
N. C. Donner, M. J. Weiser, A. E. Kudwa, R. J. Handa



Biomed. Sci., Colorado State Univ., Fort Collins, CO
Disruption of serotonergic (5-HT) systems are important in emotion-related dysfunctions 
and diseases. Neurons that express tryptophan hydroxylase (TPH), the rate limiting 
enzyme for 5-HT synthesis, exist within the dorsal raphe nucleus (DRN) and these have 
been shown to contain the %-form of estrogen receptor (ER-beta). In contrast, ER-alpha 
is not found in TPH neurons. Recently, it has been shown that ER-beta agonists can 
attenuate anxiety- and despair-like behaviors in rodent models. Therefore, to determine 
if ER-beta is involved in regulating the function of 5-HT neurons, we examined the 
effects of the ER-beta agonist, diarylpropionitril (DPN), on 5-HT neurons in the DRN of 
young adult female rats.
Animals were ovariectomized and, one week later, started on a regimen of daily 
injections of DPN (2mg/kg), ER-alpha agonist propyl-pyrazole-triol (PPT, 1mg/kg), or 
vehicle (hydroxypropyl-beta-cyclodextrin). After 7 days of treatment, animals were 
subjected to forced swim stress and then sacrificed by intracardial perfusion with 4% 
paraformaldehyde, one hour later. Dual-label immunocytochemistry was employed to 
determine stress-induced c-Fos and TPH-2 immunoreactivity in the DRN. Compared 
with vehicle treated animals, PPT caused an increased number of c-Fos immunoreactive 
cells within TPH-2-positive neurons in the dorsal mid-DRN. In contrast, DPN decreased 
the number of c-Fos-ir TPH-2 cells within the lateral subregions and in the dorsal mid-
DRN.
In a second study, animals were injected with DPN (2mg/kg) or vehicle once daily for 8 
days. On day 7, animals were tested for anxiety-like behavior on the elevated plus maze 
(EPM). The behavioral results confirmed the anxiolytic nature of DPN, as DPN-treated 
rats spent more time in the open arms, and entered open arms more frequently and with 
a shorter initial latency than controls. The following morning, rats were sacrificed 4 hours 
after the last injection under non-stress conditions. Basal neuronal tryptophan 
hydroxylase-2 (TPH-2) immunoreactivity in the DRN was examined using 
immunocytochemistry. Compared with the vehicle group, significantly fewer TPH-2 
positive cells were counted throughout the entire rostro-caudal DRN axis of DPN treated 
animals. However, subregion-discriminatory densitometry indicated locally increased 
TPH-2 levels within the dorsal mid-DRN.
These results suggest that ER-beta and ER-alpha act within and around the DRN in an 
antagonistic, subregion-specific manner, influencing the function of 5-HT neurons.
Supported by USPHS grant R01 NS039951  (RJH) 

40) Estrogen Receptor Beta Activation Leads to Increased Anxiolytic Behaviors 
and Decreased Helplessness in Female Rats
Michael J Weiser1, T. John Wu2, Mark Day3, and Robert J Handa1

1Department of Biomedical Sciences, Colorado State University, Fort Collins, CO 80523 
2Department of Obstetrics and Gynecology, Uniformed Services University of the Health 
Sciences, Bethesda, MD 20814
3Wyeth Research, Discovery Neuroscience, Princeton, NJ 
Estrogen has been shown to have positive and negative effects on anxiety and 
depressive-like behaviors.  This dichotomous action of estrogen could be explained by 
the existence of two distinct estrogen receptor (ER) systems, ER alpha (ER#) and ER 
beta (ER%).  In brain, ER# plays a critical role in estrogen regulating reproductive 
neuroendocrine function and behavior, whereas recent studies have suggested a role for 
ER% in anxiety and mood. To determine whether estrogens’ anxiolytic and anti-
depressant effects are via ER%, we examined the effect of several ER%-selective ligands 
on anxiety-like behaviors using the elevated plus maze (EPM) and open field (OF) test, 
or helplessness, using the forced swim test (FST).  Young adult female Sprague-Dawley 
rats were ovariectomized and one week later administered one of several selective ER% 
agonists: racemic diarylpropionitrile (racemic DPN), the S enantiomer of DPN (S-DPN), 



the R enantiomer of DPN (R-DPN), WAY-200070 (Wyeth, Princeton, NJ), or the ER# 
agonist propylpyrazoletriol (PPT), or vehicle daily for seven days.  In vitro binding studies 
utilizing recombinant ER% revealed that S-DPN has a 6.7 fold greater relative binding 
affinity (RBA) for ER% than does R-DPN.  After four and five days of treatment, anxiety-
type behaviors were measured on the OF and EPM, respectively.  After seven days of 
treatment, depressive-like behavior was examined during the FST.  Rats treated with 
racemic DPN, S-DPN, and WAY-200070 showed significantly decreased anxiety-like 
behaviors in both the open field and elevated plus maze.  In the OF, these animals made 
more rears, interacted more with a novel object, and spent more time in the middle 
squares of the OF arena than did control, PPT, or R-DPN treated animals (p<0.01).  In 
the EPM, racemic DPN, S-DPN, and WAY-200070 treated females had significantly 
higher open arm entries, open arm time, rearing and head dips than did control, PPT, or 
R-DPN treated animals (p<0.01).  Rats treated with racemic DPN, S-DPN, and 
WAY-200070 showed significantly less depressive-like behaviors in the FST.  These 
animals spent significantly more time struggling, and less time immobile than did control, 
PPT, or R-DPN treated animals (p<0.01).  In concordance with the calculated RBA, 
these results demonstrate that S-DPN is the behaviorally active enantiomer of DPN. 
These studies also indicate that estrogen’s positive effects on mood, including its 
anxiolytic and anti-depressive actions, are likely due to its actions at ER% and raise the 
possibility that selective ER% agonists can be used in the treatment of anxiety or mood 
disorders.
Supported by USPHS  R01 NS039951
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41) The Firing Rate of Neurons in the Piriform Cortex is Influenced by Association 
With Reward and Can Be Altered by Learning.
Jennifer D. Whitesell, Wilder Doucette, and Diego Restrepo
Neuroscience Program and Rocky Mountain Taste and Smell Center 
University of Colorado, Denver
The piriform cortex is the primary target of afferent input from the olfactory bulb and is 
believed to function in the synthesis of odor objects.  Complex odors are detected as 
individual molecular features that activate a pattern of glomeruli in the olfactory bulb.  
Mitral cells then transmit this information to the piriform cortex where these signals are 
recombined to form the coherent perception of complex odors, but this process is not 
well understood.  In addition to the olfactory bulb, the piriform cortex has extensive 
connections with many higher order cortical areas including the prefrontal, perirhinal and 
entorhinal cortices, and the amygdala.  To detect changes in the firing pattern of neurons 
in the piriform cortex during odor detection, mice were implanted with electrode arrays 
and spiking patterns were recorded during olfactory behaviors.  The mice were exposed 
to a variety of odors in the context of a water rewarded task or in the absence of a 
meaningful context.  Most cells did not have a strong odor response unless the odor was 
related to the rewarded task; only 1 of 98 units responded to odor alone while there were 
59 responses in 32 units in the water-rewarded task.  Mice were then subjected to a go/
no-go task in which they learned to discriminate a mixture of two odors (binary mixture) 
from one of its components.  The firing rate of cells changed depending on odor 
meaning (whether the odor predicted reward), and this response sometimes reversed 
when the meaning of odors was reversed.  We conclude that cells in the piriform cortex 
are highly plastic as their responsiveness to odors is modulated by odor meaning.

42) Long Term Modifications in the Strength of Excitatory Associative Inputs in the 
Piriform Cortex.



Andrew N Young and Qian-Quan Sun
University of Wyoming, Laramie, WY
The piriform cortex (PC) is an excellent model system for the study of associational 
learning, due to its three-layered architecture, extensive connections to other brain 
regions and well elucidated excitatory circuitry.    Taking advantage of a coincidental, 
pre- and post-synaptic stimulation protocol, long term depression (LTD) in synaptic 
strength was induced at associative, excitatory synapses onto layer II pyramidal neurons 
of the PC in mice (P15-27).  Using whole-cell recording methods, both spontaneous and 
evoked excitatory post-synaptic currents (EPSCs) were recorded from principal cells of 
the olfactory cortex.  The LTD was mimicked and occluded by metabotropic glutamate 
receptor (mGluR) agonists and blocked by the nonselective mGluR antagonist (RS)-#-
Methyl-4-sulfonophenylglycine (MSPG), but not by the NMDA receptor antagonist 2-
amino-5-phosphonovaleric acid (APV).  Analysis of the paired-pulse ratio, the AMPA/
NMDA mediated current ratio, and miniature excitatory postsynaptic currents (mEPSCs) 
indicates that the electrically induced LTD was mediated predominantly by postsynaptic 
mechanisms.   Immunohistochemical analysis supports the presence of multiple 
subclasses of mGluRs throughout the PC, with large concentrations of receptors present 
in layer II. These observations provide further evidence of activity-dependent, long-term 
modification of associative inputs and its underlying mechanisms.

43) Modulation of the Feedback Related Negativity by Expectation and Learning in 
a Categorization Task.
Dan Lopez Paniagua and Carol A. Seger
Colorado State University, Fort Collins, CO
The feedback related negativity (FRN) is an event related potential (ERP) component 
that follows the receipt of negative feedback during learning, and is believed to signal 
activity in the medial prefrontal brain regions involved in performance monitoring.  
Moreover, medial prefrontal regions are modulated by ascending dopaminergic 
projections that signal violations of reward expectancy.  We examined how the FRN was 
modulated by feedback expectancy and learning using a simple categorization task.  On 
each trial, subjects viewed individual abstract line drawings, decided for each which of 
two categories it belonged to, and then received feedback as to whether the decision 
was right or wrong.  Of the eight images studied, two had a deterministic relationship 
with the category (always in category A or always category B), four had a probabilistic 
relationship (In category A 80% of trials and in category B 20% of trials, or vice versa), 
and two were random (50% of trials in each category).  We examined the FRN, which 
was time-locked to the receipt of feedback, and found that the FRN was modulated by 
feedback expectancy rather than the mere presence of negatively valenced feedback.

44) Social Stress as an Inducer of Depressive-Type Behaviors in Female Rats. 
D. L. Jost, J. M. Truitt, L. F. Barrows, G. Leedy
University of Wyoming, Laramie, WY
While the relationship between stress and depression is well documented, the majority 
of findings are based on males and utilize physical stressors for inducing depression. 
Developing an etiologically relevant model of stress-induced depression for females is a 
priority for understanding the neurobiological mechanisms underlying the behaviors. In 
this study, we used a battery of behavioral tests and physiological measures to compare 
the effectiveness of four housing conditions for inducing depression in female rats. 
Female Sprague-Dawley rats were ovariectomized and allowed to recover for two weeks 
before being assigned to one of the following four housing conditions (n = 8 per group): 
social isolation, paired housing, social instability, or mixed-sex visible burrow system. 
Animals in the social instability group alternated every 24 hours between social isolation 
and crowded housing. The VBS has been used as a stressor for male rats but the effects 
on females has not been determined. This system, constructed with one large open 



space (60 cm X 60 cm) interconnected with two smaller darkened chambers, housed 
four intact males and four experimental females. Behavioral testing began two weeks 
after the initiation of such housing. Sucrose consumption, measured as a percent of 
body weight, was lowest in the rats in the VBS condition, while the social isolation, social 
instability and pair-housed groups did not differ from each other. Social exploration was 
measured by placing the experimental rat into a chamber with visual, olfactory and 
limited tactile interaction with a male rat at one end of the testing chamber and a female 
at the opposite end. A social exploration score was determined by measuring the amount 
of time the subject spent in the male or female end of the chamber, and the number of 
times the experimental animal poked her nose into a chamber containing the stimulus 
male or female. Male preference was highest in VBS animals, with no differences seen 
across the other groups. In open field tests, the VBS rats had the lowest activity scores, 
with no differences seen across the remaining three groups. Finally, exploratory behavior 
was measured by placing individual rats in a large chamber, with four novel objects (e.g. 
wooden bridge or rubber ball). Scoring was based on time spent in contact with the 
items as well as number of grid crossing. Again, the VBS group had the lowest 
exploration scores, with no differences seen across the other three groups. Thus the 
VBS appears to be a good method for inducing depression in female rats. Ongoing 
research includes measurements of hippocampal BDNF levels and analysis of CA1 
hippocampal dendrites and dendritic spines.

45) C-Fos Expression in the Hippocampus Increases in Response to the Initiation 
of a Spatial Memory Retrieval Process, but Does Not Require Successful Memory 
Retrieval.  
M. Van Elzakker1*, B. Spencer1, E. Jarvis1, P.R. Zoladz2,4, C.R. Park2,4, J. Halonen2,4 and 
D.M. Diamond2,3,4

1. Psychology, Univ. of Colorado, Boulder, CO, USA, 2. Psychology, 3. Molecular 
Pharmacology and Physiology, Univ. of South Florida, Tampa, FL, USA, 4. Medical 
Research, VA Hospital, Tampa, FL, USA
Our group has shown that exploratory and stressful experiences can induce 
hippocampal immediate–early gene expression. Here, we have examined the effects of 
radial arm water maze (RAWM) training, with or without cat exposure, on c-fos 
expression in the rat brain using in situ hybridization.
Naïve adult male rats were given 12 acquisition trials to learn the location of a hidden 
platform in the RAWM, and then twenty-four hours later they were given a single 
memory test trial. Stressed rats were exposed to a cat for 30 min either before training 
on Day 1 (Pre-Train Stress) or before the memory test trial 24 hr later (Pre-Trial Stress). 
There were 5 experimental groups: (1) Standard Training/No Stress; (2) Pre-Train 
Stress; (3) Pre-Trial Stress; (4) No Platform swim control; and (5) No Train/Home Cage. 
Rat brains were extracted 30 min after the 24 hr memory test trial. c-fos mRNA was 
analyzed separately in septum, piriform cortex, basolateral amygdala, as well as CA1, 
CA2, CA3, CA4 and the dentate gyrus (DG) of the hippocampal structure.  After probe 
trial, Pre-Training stressed rats were separated into “Good” and “Bad” performers, to 
enable investigation of brain and plasma differences associated with memory probe trial 
performance.
The most consistent effect across all brain regions was that Pre-Trial cat exposure 
increased c-fos expression. As c-fos is sensitive to novelty and stress, the pre-retrieval 
stress effect is likely to have been caused by cat exposure occurring recently before 
brain extraction. Rats given pre-retrieval stress also had impaired memory. The only 
brain region showing performance differences was the basolateral amygdalar nucleus, in 
which Bad performers showed increased c-fos.   Therefore, c-fos activation in the 
hippocampus is not linked to accurate memory retrieval under stress conditions. A 
second and more selective effect was found in rats that were trained without stress. This 
group had intact 24 hr memory and increased c-fos in CA1 and DG. As there was no 



increase in c-fos in the water yoked group, the increase in c-fos in the trained group 
indicates that spatial memory retrieval, per se, caused the increased c-fos. We therefore 
speculate that increased c-fos expression in the hippocampus is associated with the 
novelty of an experience, as well as with the active retrieval of spatial memory under 
non-stress conditions. 
Support Contributed by the VA and NIH

Disorders of the Nervous System

46) Behavioral Deficits Following West Nile Virus Infection: A Preliminary Study 
Using a Hamster Model.
Cynthia Smeraski and Richard Bowen
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO
West Nile virus (WNV) is an arthropod–borne agent and member of the antigenic 
complex of  flaviviruses that include Japanese encephalitis, Kunjin, Murray Valley 
encephalitis and St. Louis encephalitis. Recent assessments of WNV infection suggest 
long term neurological and functional sequelae may represent a considerable source of 
morbidity long after recovery from acute illness, even in seemingly mild cases of 
disease. Clinical studies in humans have indicated that persistent neurological and 
neurobehavioral symptoms (sometimes lasting & 18 months after acute illness) include 
fatigue, cognitive impairments, memory disturbance, irritability, altered mental states, 
abnormal executive functions, tremors, acute flaccid paralysis, muscle weakness, 
difficulty walking, and headache. Viral infections of  the nervous system can also activate 
immune responses in the central nervous system that may induce neural injury in 
addition to the virally mediated neuropathy. In this pilot study, we evaluate changes in 
the ability of hamsters to perform in behavioral tasks that were designed to test 
locomotion and spatial learning and memory (Morris Water maze) prior to and following 
WNV infection. Preliminary data suggest that although surviving animals recovered from 
sickness behavior within a few  days, half (2/4) exhibited learning or memory deficits 
(without corresponding locomotor dysfunction) several weeks following acute infection. 
This study is part of  a research program aimed at understanding the interactions of  the 
neural and immune systems to potentially elucidate the pathogensis and variability of 
host responses to neurotropic viruses across individuals/species. 

47) hfis1 Mediated Changes in Mitochondrial Fission/Fusion Alters Intrinsic 
Neuronal Apoptosis
Thomas A. Precht and Kim A. Heidenreich, 

Department of Pharmacology, University of Colorado Health Sciences Center and the 
Denver Veterans Affairs Medical Center, Denver, CO
Cerebellar granule neurons require depolarization (extracellular 25mM K+) for their 
survival in culture.  When deprived of this stimulus, these neurons die via an intrinsic 
mitochondrial apoptotic cascade involving Bim upregulation, Bax translocation, 
cytochrome c release, and caspase-9 and -3 activation.  Recent evidence indicates that 
changes in the balance of mitochondrial fission and fusion may regulate the progression 
of neuronal apoptosis.  Blockade of mitochondrial fission has recently been reported to 
prevent apoptosis of neurons after certain neurotoxic insults and may present a novel 
target for neuroprotective strategies.  To explore the role of mitochondrial fission in 
cerebellar granule neurons, we transfected neurons with a mitochondrial targeted 
protein, DsRed2Mito, using Amaxa electroporation procedures and induced apoptosis by 
lowering the extracellular potassium concentration (5mM K+).  In healthy neurons, 
DsRed2Mito stained intact, continuous strands of mitochondria, that co-stained with 
Mitotracker green and extended the length of each neuronal process (10-100µm).  In 



contrast, apoptotic neurons showed mitochondria along the processes with many breaks 
and gaps, indicating fission events had occurred.  To quantify fission we measured the 
length of each mitochondrion along a process, originating at the cell body, and counted 
the number of breaks over the length of each mitochondrion.  We collected 
measurements every four hours, from zero to 24 hours, following induction of apoptosis.  
Data indicated that enhanced fission occurred in apoptotic neurons and increased over 
each timepoint with a maximum amount of fission at 16hrs; a 3 fold induction over the 
control condition.  Additionally IGF-I, a neurotrophic factor that prevents apoptosis, 
blocked the increased fission at 16hrs.  To determine the role of enhanced fission during 
intrinsic apoptosis, we utilized the inhibitor ethacrynic acid (EA), previously shown to 
block fission in non-neuronal cells.  EA blocked fission observed in apoptotic granule 
neurons.  Inhibition of mitochondrial fission, in turn, blocked the activation of caspase-9 
and -3.  To more directly investigate the role of fission in apoptotsis, we utilized plasmids 
expressing hfis1WT and a C-terminal deletion mutant of hfis1 (hfis1'C), which acts as a 
dominant negative when expressed.  Overexpression of hfis1WT has been shown to 
induce mitochondrial fission and apoptosis, in some cell types.  Conversely dominant 
negative hfis1 has been reported to protect against some toxic insults.  Granule neurons 
transfected with hfis1WT show an increase in overall death, correlated with an increase 
in expression of total hfis1 shown by western.   Additionally, neurons expressing hfis1'C 
displayed a significant decrease in cell death.  These data suggest a role for hfis1 and 
mitochondrial fission in the initiation and propagation of intrinsic neuronal apoptosis.  
Supported by DOD Grant No. W81XWH-04-1-0001 and VA merit Award.

48) NF-#B Mediates Selective Induction of Neuronal Nitric Oxide Synthase in 

Astrocytes During Mild Inflammatory Stimulation with MPTP. 
David L. Carbone and Ronald B. Tjalkens
Department of Environmental and Radiological Health Sciences, Program in Molecular, 
Cellular and Integrative Neurosciences, Colorado State University, Fort Collins, CO, 
USA. 
Recent advances in understanding the progression of Parkinson’s disease (PD) 
implicate perturbations in astrocyte function and induction of constitutively expressed 
neuronal nitric oxide synthase (NOS1) in both human PD and the 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyradine (MPTP) disease model. Transcriptional regulation of 

Nos1 is complex, however, recent data suggest that nuclear factor kappaB (NF-#B) is an 

important transcription factor involved in inducible expression of the gene. The data 
presented here demonstrate that mild activation of astrocytes with low or ‘sub-optimal’ 
concentrations of MPTP (1 µM) and the inflammatory cytokines tumor necrosis factor 
alpha (10 pg/ml) and interferon gamma (1 ng/ml) results in selective induction of Nos1 
mRNA and protein, an ensuing increase in intracellular nitric oxide (NO), and a 
significant elevation in global protein nitrosylation. This mild inflammatory stimulus also 
resulted in activation and recruitment of NF-#B to a potential NF-#B response element 

located in the Nos1 promoter region flanking the first exon. A role for NF-#B was 

confirmed through overexpression of a NF-#B “super repressor” which prevented 
significant induction of the NOS1. The data presented here thus demonstrate a role for 
NF-#B in selective induction of NOS1 during early inflammatory activation of astrocytes 

with low-dose MPTP and TNF-#/ IFN-(.

49) NF-#B-Dependent Expression of Nitric Oxide Synthase 2 in Astrocytes is 

Potentiated by Manganese via Activation of Soluble Guanylate Cyclase and 
Extracellular Regulated Kinase Signaling Pathways.
Julie A. Moreno1,2, Kelly A. Sullivan3, David Carbone2,3 William H. Hanneman3 and 
Ronald B. Tjalkens1,2,3*



1Cell and Molecular Biology Program, 2Molecular, Cellular, and Integrative Neuroscience 
Program, and 3Department of Environmental and Radiological Health Sciences, College 
of Veterinary Medicine and Biomedical Sciences, Colorado State University
Inflammatory activation of glial cells is associated with neuronal injury in several 
degenerative movement disorders of the basal ganglia, including manganese (Mn) 
neurotoxicity. Overexposure to Mn can produce neurotoxic levels of inflammatory 
mediators such as nitric oxide (NO) and pro-inflammatory cytokines, including interferon-
gamma and tumor necrosis factor-alpha (I/T). It has been hypothesized in the present 
studies that upstream signaling events involving MAP kinases and soluble guanylyl 
cyclase (sGC) pathways underlie the capacity of Mn to enhance cytokine-dependent 
activation of NF-kappa B (NF-#B).  Coexposure of primary astrocytes to 10 mM Mn and 

I/T significantly potentiated both steady state levels of nitric oxide synthase 2 (NOS2) 
mRNA, protein and production of NO when compared to Mn and I/T alone. In order to 
determine NF-#B’s role, a dominant negative mutant of IkBa was used and significantly 

decreased NOS2 mRNA, protein and NO production, which was normally induced by co-
exposure of Mn and cytokines. Activation of ERK, p38 and JNK rapidly increased upon 
exposure to Mn and I/T, as well as an increase in NF-#B promoter activity. Upon 

inhibition of ERK activation a decrease in NF-#B activity and NO production is seen 
indicating ERK precedes NF-#B in astrocytes exposed to Mn and I/T. Independent of 

cytokines, Mn increases cGMP synthesis and sGC inhibition decreased ERK and NF-#B 

activity as well as synthesis of NO. These data indicate that near physiologic 
concentrations of Mn potentiate cytokine-induced expression of NOS2 and production of 
NO in astrocytes via activation of sGC that promotes ERK-dependent enhancement of 
NF-#B signaling.

50) P2 Receptor Expression in Cultured Striatal Astrocytes. 
Karin Streifel and Ron Tjalkens
Department of Environmental and Radiological Health Science, College of Veterinary 
Medicine and Biomedical Science, Colorado State University
ATP-activated purinergic receptors in astrocytes regulate Ca2+ oscillations that mediate 
cell communication. Previous studies from our laboratory reported dramatic differences 
in the characteristics of ATP-dependent intercellular calcium waves between 
telencephalic and diencephalic astrocytes (Peters et al., 2005) but the basis for these 
differences is not well understood. We postulated that differences in the expression of 
P2X and P2Y receptors subtypes in astrocytes influence regional patterns of intracellular 
calcium wave propagation. To begin to address this hypothesis, we examined the 
expression of ionotropic P2X1-7 receptors and metabotropic P2Y1, 2, 4, 6,12,13,14 
receptors by reverse transcription PCR in astrocytes cultured from telencephalon (cortex 
and corpus striatum). We detected the presence of all P2X receptors, as well as 
P2Y1,2,6,12,14 in cortical astrocytes.  Expression of P2Y 4, 13, was not detected in 
cortical astrocytes.  In striatal astrocytes the presence of all P2X and P2Y receptors 
have been detected.  It is concluded that cultured astrocytes express a variety of 
purinergic receptors and therefore likely represent a suitable model to study purinergic 
signaling in the glia.  The expression of these receptors could influence key physiological 
functions of astrocytes such as the regulation of synaptic activity and neurovascular 
coupling. In addition these receptors could render certain brain subregions more 
susceptible to dysfunction and injury.

51) Suppression of Nuclear Co-Repressor via Small Inhibitory RNA in a Model of 
Manganism.
Sean McGrath and Ron Tjalkens
Colorado State University, Fort Collins, CO



Manganism is a parkinsonian-like neurodegenerative disease that is accompanied by 
astrogliosis, an inflammatory response in neuron-supporting astrocytes. Astrogliosis 
involves activation of nuclear factor-kappa B (NF-#B) which regulates induction of 

inducible nitric oxide synthase (iNOS), a gene linked to the progression of this disorder. 
In previous studies, several novel diindolymethane (cDIM) compounds have been shown 
to suppress iNOS in a model of manganese-induced astrogliosis. Data from these 
studies also suggest that induction of iNOS is prevented by the cDIMs through 
stabilization of the nuclear co-repressor (NCoR) complex. This complex is constitutively 
bound to the iNOS promoter under non-pathological conditions, preventing transcription 
of the gene.  The project described here involves the production and testing for efficacy 
of a small inhibitory RNA (siRNA) which targets NCoR2 expression (siNCoR2). siRNA is 
a short strand of engineered RNA that compliments a target strand of mRNA. The 
siRNA then binds to and causes rapid degradation of the mRNA, effectively silencing the 
target gene.  Preparation of this siRNA includes transforming it into a strain of lentivirus, 
which will deliver the siRNA into astrocytes. Expression of iNOS in astrocytes will then 
be determined by measuring both mRNA and protein. With NCoR expression silenced, it 
is our hypothesis that there should be no suppression of iNOS expression with the 
addition of the cDIM ligands in manganese-treated astrocytes. This work was supported 
by NIH/NIEHS 1R01ES012941 (RBT) and an individual research grant from the 
American Parkinson Disease Association (RBT).

52) The Cellular Stress of Processing Alzheimer’s Causing Peptides in the 
Absence of the Proteasome.
Elizabeth Curran(1)*, Alicia Goossens(1)*, Francisco Arteaga(1)*, Nicki Aubuchon(1), Kirk 
Hansen(2) and Christina Coughlan(1)

(1) University of Denver (2) University of Colorado Health Sciences, Fitzsimmons 
*These authors contributed equally to this work
A distinguishing feature of Alzheimer’s Disease (AD) is the build up of plaques with in the 
brain.  These plaques are believed to interfere with brain function and are composed 
primarily of small amyloidogenic fragments generated from Amyloid Precursor Protein 
(APP). The generation of C99, a large peptide fragment of APP, is believed to be the 
rate-limiting step in the generation of all other amylodogenic pieces. We wished to 
examine the exact role of the proteasome in the proteolytic processing of C99 for many 
reasons: the activity of the proteasome is believed to decrease with age, individuals who 
develop AD exhibit compromised proteasome function, and previous reports suggest a 
role for the proteasome in the processing of C99. Using the C99 yeast expression 
system, along with Zip Tip isolation, a specific anti-A! antiserum (6E10) and MALDI-
TOF mass spectrometry, we identified over a dozen peptide fragments in wild type cells 
(PRE1PRE2) and three dozen unique fragments in proteasome mutant cells 
(pre1-1pre2-1) expressing C99. We wished to investigate the physiological effect of 
generating these fragments in a cell. Our results indicate that the processing of C99 in 
the absence of a proteasome leads to the activation of the Unfolded Protein Response 
(UPR), the upregulation of stress chaperones such as BiP, growth defects and the onset 
of apoptosis. 

53) Identification of C-Terminal Binding Proteins as Novel Targets of Caspase-
Dependent Degradation in Neurons Undergoing Apoptosis.
Emily K. Schroeder2, F. Alexandra Loucks2, Ron J. Bouchard2, and Daniel A. 
Linseman1,2,3 
1Biological Sciences and Eleanor Roosevelt Institute, University of Denver
2Research Service, Denver Veterans Affairs Medical Center
3Division of Clinical Pharmacology and Toxicology, Department of Medicine, UCHSC



C-terminal binding proteins (CtBPs) are key transcriptional co-repressors of pro-
apoptotic genes. In several non-neuronal cell types, apoptotic stimuli induce 
proteasome-mediated CtBP downregulation. Alternative mechanisms that inhibit or 
degrade CtBPs have yet to be elucidated, and the role of CtBPs in neuronal survival is 
unknown. Here, we show that in primary cerebellar granule neurons (CGNs), apoptosis 
induced by diverse agents stimulated CtBP degradation. While some pro-apoptotic 
insults caused proteasome-dependent CtBP degradation, a pan-caspase inhibitor (BOC) 
effectively blocked CtBP downregulation elicited by distinct pro-apoptotic stimuli 
demonstrating a novel caspase-dependent modulation of CtBP function. To assess the 
relevance of CtBP degradation to neuronal survival, CGNs were incubated with 
morpholino antisense oligonucleotides to CtBP1. Antisense-mediated downregulation of 
CtBP1 was sufficient to significantly induce CGN apoptosis, suggesting that CtBP 
degradation is a major contributor to neuronal death. Analysis of the CtBP protein 
sequence revealed a consensus caspase-3 motif, DNID, at residues 103-106 of human 
CtBP1. Multiple proteins (tyrosine kinase receptor MET, tumor suppressor adenomatosis 
polyposis coli, and death receptor binding protein F1Aalpha) have been shown to be 
cleaved by caspase-3 at a similar DNID motif. Cleavage of CtBP at this site would 
dissociate the N-terminal PXDLS binding domain that forms the interaction site between 
CtBP and its transcriptional repressor partners (eg., KLF, ZEB). We predict that this N-
terminal caspase-3 cleavage product of CtBP would act in a dominant negative manner 
to suppress transcriptional repressor function and we are currently examining CtBP for 
caspase-3 cleavage at this DNID site. These data are the first to describe CtBP 
degradation in neurons undergoing apoptosis, and identify a novel caspase-dependent 
and proteasome-independent mechanism for regulation of these transcriptional co-
repressors. Moreover, the caspase-dependent degradation of CtBPs may contribute 
significantly to neuronal apoptosis via the de-repression of pro-apoptotic genes.   

54) Mitochondrial Oxidative Stress is a Molecular Determinant of the 
Neuroprotective Efficacy of Green Tea Epigallocatechin-3-gallate.
Ingrid R. Anderson1, F. Alexandra Loucks2, Jeanne Doyle2, Emily K. Schroeder2, Ron J. 
Bouchard2, and Daniel A. Linseman1,2,3

1Biological Sciences and Eleanor Roosevelt Institute, University of Denver
2Research Service, Denver Veterans Affairs Medical Center
3Division of Clinical Pharmacology and Toxicology, Department of Medicine, UCHSC
Epigallocatechin-3-gallate (EGCG) is a major flavonoid component of green tea that 
displays protective effects in numerous in vitro and in vivo models of neurotoxicity.  
Although the intrinsic antioxidant function of EGCG likely plays a significant role in its 
neuroprotective mechanism, other modes of action have recently been suggested.  
These alternative neuroprotective attributes include modulation of kinase signaling 
cascades (eg., PKC, AKT, ERK, JNK pathways), alteration of calcium homeostasis, and 
regulation of pro-survival or pro-apoptotic gene transcription.  Given the diverse models 
and experimental paradigms utilized to investigate the mechanism that underlies EGCG 
neuroprotection, it is presently unclear what specific factors are involved in determining 
the pro-survival efficacy of this compound in neurons.  Here, we took a systematic 
approach to elucidate the principal molecular elements that are necessary to observe a 
significant neuroprotective effect of EGCG in vitro.  Primary rat cerebellar granule 
neurons (CGNs; 7 DIV) were incubated with eight different stimuli that each induce 
neuronal death via a distinct mechanism.  These stimuli included trophic factor 
withdrawal (removal of serum and depolarizing extracellular potassium; 5K), Rho 
GTPase inhibition (C. difficile toxin B), excitotoxicity (glutamate/glycine), proteasome 
inhibition (MG132), endoplasmic reticulum stress (brefeldin A), Bcl-2 inhibition (the Bcl-2 
homology-3 domain mimetic, HA14-1), oxidative stress (tert-butylhydroperoxide; tBH), 
and peroxynitrite generation (SIN-1).  CGNs were exposed to each of these neurotoxic 
insults +/- co-incubation with EGCG (5, 10 or 20 micromolar).  Under these conditions, 



EGCG provided significant protection only from HA14-1, tBH and SIN-1.  We have 
recently shown that the Bcl-2 inhibitor, HA14-1, induces localized mitochondrial oxidative 
stress in CGNs.  Similarly, neurotoxicity elicited by either tBH or SIN-1 has previously 
been shown to occur via specific induction of mitochondrial oxidative stress.  In contrast, 
stressors that evoke CGN death which is alleviated by AKT activation (5K), JNK 
inhibition (5K, toxin B, MG132), calcium sequestration (Glu/Gly, brefeldin A), or 
suppression of pro-apoptotic gene expression (5K, toxin B), were unaffected by EGCG.  
These data suggest that mitochondrial oxidative stress is a key determinant of the 
neuroprotective action of EGCG.  Since many neurodegenerative disorders are 
associated with enhanced mitochondrial oxidative stress in neurons, identification of the 
precise mechanism of action of EGCG at this organelle may be clinically relevant.            

55) Insulin and IGFs Act in Concert to Prevent Brain Atrophy in Diabetes 
Independently of Persisting Hyperglycemia. 
P. !erbed"ija1, J. E. Madl2, and D. N. Ishii1,2

1Department of Biochemistry and Molecular Biology; 2Department of Biomedical 
Sciences, Colorado State University, Fort Collins, CO. 
Diabetes and Alzheimer’s Disease (AD) share brain atrophy, dementia, and reduced 
insulin and well as insulin-like growth factor (IGF) signaling. Insulin does not regulate 
learning/memory nor glucose utilization in brain, and its relationship to brain atrophy has 
been cryptic. The hypothesis that insulin regulates brain mass by non-glucoregulatory 
processes was tested by continually infusing into the lateral brain ventricles for 10 or 12 
weeks either artificial cerebrospinal fluid (D+aCSF) or a dose of insulin (D+ins) too small 
to alter hyperglycemia or avert body weight loss in streptozotocin-induced diabetic rats. 
There was a significant reduction in wet, water, and dry weights in brains of (D+aCSF) 
vs. non-diabetic rats at 10 and 12 weeks (P<0.001 to 0.02). Data obtained at 10 weeks 
suggest that a catabolic state of reduced RNA and protein content precedes the loss of 
DNA observed at 12 weeks. Insulin treatment prevented the loss of brain wet, water, and 
dry weights at both 10 and 12 weeks (P<0.02) despite unabated hyperglycemia and 
sharply reduced body weight. These data show that insulin regulates brain mass by non-
glucoregulatory processes in diabetes and possibly AD. 
Because insulin and IGFs can regulate a common biochemical pathway in cultured 
neurons, we tested the additional hypothesis that insulin may work in concert with IGFs 
to maintain brain mass. An additional group of diabetic rats received a combination of 
insulin with 26 times lower amount of IGF-I (D+ins+IGF) over a period of 12 weeks. Wet, 
water, and dry weights were significantly increased in (D+ins+IGF) vs. (D+aCSF) and (D
+ins) groups (P<0.003 to 0.04). Dry weight was significantly higher in (D+ins+IGF) group 
vs. non-diabetic rats (P<0.002), while wet and water weights trended higher (P<0.05 and 
P<0.14, respectively). The combination, but not insulin alone prevented the loss of DNA 
and protein content observed in (D+aCSF) and (D+ins) groups (P<0.001). Both 
parameters were higher in comparison to non-diabetic control rats as well (P<0.001). 
Preliminary immunohistochemical analysis of the cerebellum indicated reduced glial 
acidic fibrillary protein (GFAP) levels in both molecular and granule cell layers of (D
+aCSF) rats. Abnormal GFAP levels in cerebellar astrocytes has been co-localized with 
activated caspase-3 and TUNEL in diabetes. The decrease in GFAP levels was not 
ameliorated by insulin alone. However, (D+ins+IGF) animals demonstrated stronger 
GFAP IHC staining compared to all other groups. Western blots of whole brain 
homogenates showed significantly reduced GFAP levels in diabetes, and significantly 
higher GFAP levels in (D+ins) vs. (D+aCSF) animals. As in the cerebellum, there was an 
even stronger GFAP staining in whole brain of (D+ins+IGF) rats vs. all other groups.
Taken together, these data show that insulin can prevent the loss of brain mass and 
certain associated global brain biochemical abnormalities. The combination of insulin 
and IGF-I delivers a much stronger effect, preventing the loss of all measured 
parameters, including brain DNA content. What’s more, insulin and IGF demonstrate 



higher parameter measurements in comparison to the non-diabetic controls. We propose 
the hypothesis that insulin and IGFs work in concert and/or act permissively in joint 
regulation of brain mass. This vital role is independent of glucoregulation in the brain and 
may have implications for AD.
Many thanks for technical assistance to Mark Goodwin II, Daniel Kipp, Shana Nelson, 
and Dana Rioux-Forker. This work was supported in part by CCHE Technology 
Advancement Group grant TAG06-01, and NIH grant 1T32NS43115.
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Spinal cord injury (SCI) activates the rho pathway within neurons.  SCI-induced 
activation of the rho pathway inhibits axon growth, while pharmacological inhibition of 
this pathway stimulates axonal regeneration (Dergham et al., 2002).  Recent studies 
have shown that a commonly used inhibitor of this pathway, Y27632, causes astrocyte 
activation and increased chondroitin sulfate proteoglycan (CSPG) expression in cultured 
astrocytes as well as in a rat model of SCI (Chan et al., 2007).  Statins (3-hydroxy-3-
methylglutaryl-CoA (HMG-CoA) reductase inhibitors) inhibit the synthesis of cholesterol, 
but also block synthesis of isoprenoids that transport rho to the cell membrane, a step 
required for rho function (Hori et al., 1991; Bonetti et al., 2003).  Since statins and 
Y27632 both inhibit the rho pathway, but via different mechanisms, we were interested to 
see if statins had similar effects on astrocyte activation and CSPG expression.  Post-
natal rat astrocytes treated with simvastatin for 48 h showed a decrease in CSPG 
immunoreactivity.  Western blot analysis on astrocyte lysates treated with either 
simvastatin or atorvastatin also showed a decrease in CSPG expression, with no 
significant change in GFAP levels.  These data agree with previous in vivo data showing 
that statins decrease CSPG levels in SCI (Holmberg et al., 2006).  The differences in the 
drug-induced effects on CSPG expression seen here underscore the need for caution 
and close attention to the multitude of the effects of any therapy being used for SCI.
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Glial activation has recently been discovered to modulate several effects of morphine, 
including analgesia, tolerance, and dependence. The present studies extend this line of 
investigation by exploring whether glial activation may also affect neurochemical and/or 
behavioral indices of morphine-induced drug reward; namely, extracellular levels of 
dopamine (DA) in the nucleus accumbens (NAc) shell during a challenge dose of 
morphine in experiments both with and without precipitated withdrawal, as well as 
morphine conditioned place preference (CPP). For the microdialysis studies, morphine 
or vehicle was administered s.c. for 4 days (starting at 15 mg/kg/day up to 20 mg/kg/
day), and the glial activation inhibitor AV411 (7.5 mg/kg) or vehicle was administered 
twice daily.  A challenge dose of morphine (22.5 mg/kg) or saline was then given during 
dialysis.  In one experiment, naloxone (10 mg/kg) was administered 1 hr after morphine 
during dialysis in AV411- or vehicle-treated rats.  In another experiment, using the same 
dosing regimen, sampling continued 3 hr after morphine or saline in AV411- or vehicle-
treated rats.  Finally, rats were conditioned to morphine (7.5 mg/kg) or saline in distinct 
environments with concurrent AV411 or vehicle and then tested for CPP in a drug-free 
state.  NAc DA increased in vehicle-treated rats significantly more than in AV411-treated 
rats before naloxone treatment, and withdrawal symptoms were significantly reduced in 



AV411-treated rats.  The decrease in morphine-induced NAc DA by AV411 was 
persistent, lasting 3+ hr post-morphine.  AV411 treatment also reduced morphine CPP.  
These results suggest an involvement of glial activation in mechanisms of morphine 
reward.


