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15TH ANNUAL MEETING
DECEMBER 6, 2017
Hilton Fort Collins
Registration opens at 9:30 AM SCHEDULE

Introduction to New Faculty

Discussion Panel on Pain and Pain Management

Poster Session, Vendors, and Lunch
12:30 - 1:45 Odd Posters; 1:45 - 3:00 Even Posters

 

Award-Winning Student Presentations
Jordan Buck (University of Colorado - Boulder)
Courtney Wilson (University of Colorado Denver - Anschutz)
Ben Johnson (Colorado State University)
 

Coffee Break

Keynote Lecture: “Recent progress toward 
high-performance neural prostheses”

Awards, Prizes, and Reception

10:30AM - 11:00AM

11:00AM - 12:00PM

12:00PM - 3:00PM

3:00PM - 4:00PM

4:00PM - 4:30PM

4:30PM - 5:30PM

5:30PM - 6:30PM

KEYNOTE SPEAKER

Andrew Schwartz, PhD
Distinguished Professor of Neurobiology
Chair in Systems Neuroscience
 

University of Pittsburgh
http://motorlab.neurobio.pitt.edu/

http://frng.colostate.edu



 
 

ACKNOWLEDGEMENTS 

 
Cover Page: Designed by Ashley Leek 
Scientific images provided by Ben Johnson (Colorado State University), Jordan Buck (Univ Colorado - Boulder), 
and Courtney Wilson (CU Denver-Anschutz). Details will be in their oral presentations. The FRNG website 
(http://FRNG.colostate.edu) was created by Leif Saul in 2005.  
 

Special Thanks! 
 
Special thanks to all of you that submitted abstracts for oral and poster presentations! We particularly thank the 
judges for the poster contest!! – and to Shane Hentges for managing the herculean task of organizing the 
judging operation for the meeting again – no easy task!!! 
 
Special thanks to the vendors listed in this program. These companies have declared by their contributions both 
in dollars and prizes that they value Front Range Neuroscience Group business.  We encourage you to buy from 
these vendors that support you. 
 
Special thanks to our Platinum Level Industry Supporters: DSM Nutritional Products, Olympus America, and 
Stoelting Inc. In addition, special thanks to the Hilton Fort Collins for stepping up to provide the ideal venue and 
for supporting the meeting in multiple ways. 
 
Special thanks to the University departments and programs that provided financial support to help make the 
meeting possible; in particular Colorado State University, the University of Wyoming, the University of Colorado 
at Boulder, The Pan American Neuroendocrine Society and the parent Society for Neuroscience. This year we 
also acknowledge a new category of Friends of FRNG and a gracious donation from Micah Velasquez. In the 
holiday season consider joining as a Friend of FRNG donor!! 
 
Special thanks to the graduate student organizing committee for creating and polishing the program and 
setting the details; as well as creating the program book. This includes Ashley Leek, Emily Maverick, and Nathan 
Byers from CSU, Paige Dingess and Emily Jorgensen from Univ Wyoming, Elizabeth McCullagh and Brooke 
Sinnen from UC Denver Anschutz Health Science Campus, Annie Miller and Anthony Martillotti from UC-
Boulder, Dani Hamilton from DU, and Jonna Jackson from Univ Northern Colorado. Additional thanks go to 
Graduate Student Advisors Erin Bisenius (Biomedical Sciences, CSU) and Brittany Runyan (Molecular, Cellular 
and Integrative Neuroscience, CSU) and the first year CSU MCIN students for helping with attendee registration. 
 
Special thanks to you, the attendees, for making this a meeting that we can be proud to hold on a regular basis, 
and for making Front Range Neuroscientists into a vibrant interactive Community! 
 
Stay tuned for information on our FRNG Website that helps us communicate position openings, course 
offerings, seminars and a whole lot more!!! 
 
Sincerely yours, 
The Front Range Neuroscience Steering Committee, 
Shane Hentges, Brett Fling, Bill Flynn, Serge Campeau, Kimberly Gorgens, Mark Basham, Sondra Bland, Mark 
Thomas, John Thompson and Stuart Tobet. 

http://frng.colostate.edu/
mailto:CCASSIDY@uwyo.edu


INSTITUTIONAL SPONSORS  

2017-18 

Society for Neuroscience 

• Chapter of the year award – 2016 

•  

• Pan American Neuroendocrine Society 

•  

Colorado State University  

• Program in Molecular, Cellular and 
Integrative Neurosciences  

• Department of Biomedical Sciences  

• Program in Cell and Molecular Biology  

• School of Biomedical Engineering 

• College of Veterinary Medicine and 
Biomedical Sciences 

University of Colorado Boulder  
 

• Department of Psychology & 
Neuroscience 
 

• Department of Integrative Physiology 

 

University of Wyoming  

• Wyoming Neuroscience Center 

 
  

 
 
 
 

BRAIN AWARENESS WEEK 2018 
 
 
Neuroscience Outreach Program at  
Fort Collins High Schools 
 

Spread the word, we need 
more scientists.  
Open to faculty, postdoctoral fellows, graduate 
students, undergraduate students, professional 
research associates, research scientists, staff 
and those affiliated with neurobiology that have 
an interest in teaching neuroscience and 
research methods to teens.  
 

• Share your knowledge about 
the nervous system, behavior 
and research 

• Practice your skills in 
communicating science 
concepts and refine your 
teaching style  

 

 
Find out more: Stop by our 
BAW Table during the POSTER 
Session of the FRNG 
conference 
Contact: Leslie Stone-Roy, PhD  
Dept. Biomedical Sciences, CSU 
email: leslie.stone-roy@colostate.edu   
Phone: 970-491-3801 

mailto:leslie.stone-roy@colostate.edu


CORPORATE SPONSORS 2017/18 
 

PLATINUM: 
 
DSM Nutritional Products 

Christopher M. Butt, Ph.D. Principal 
Scientist, Discovery Neuroscience  
4909 Nautilus Court North, #208  
Boulder, Colorado 80301  
Phone: 303-381-8100  
Phone Direct: 303-357-2841  
Email: Chris.Butt@dsm.com  
Website: www.lifesdha.com 

 
 

Olympus America Inc.  
3500 Corporate Parkway PO Box 
610 Center Valley, PA 18034-0610  
Contact Person: Michael Holland: 720-
556-9647 or Jeff Bright: 801-995-
2704 or 303-408-3088  
Email: Michael.Holland@olympus.com 
or 
Gavin.Ryan@olympus.com or 
Roxanna.goldmeyer@olympus.com or 
Jeff.Bright@olympus.com  
Website: www.olympusamerica.com 
 

Stoelting Co. 
620 Wheat Lane 
Wood Dale, IL  60191 
Contact person: Lauren Elolf 
Contact phone: 312-780-9085 
Contact email: lauren@stoeltingco.com 
Company Website: 
www.stoeltingco.com  
 

Hilton Fort Collins 
425 West Prospect Rd.  

Fort Collins, CO 80526 
Contact Person: Kelly Stine 
Direct line: 970-494-2945 
Fax: 970-224-9209 
Website: reservations.com/hotel/hilton
-fort-collins?rmcid=rcc14 
 

GOLD: 
 
Fisher Scientific Company 
4700 Moline St. 
Denver, CO 80239  
Contact Person: Richard Wons 

And David Holden  
Customer Service: 800-766-7000  
R Wons: 303-319-9368 
Email: richard.wons@thermofisher.com 
david.holden@thermofisher.com 
Website: http://www.fishersci.com 
 

Carl Zeiss Microscopy, LLC  

One Zeiss Drive Thornwood, NY 10954  
Contact Person: Kaili Porter  
Phone: 970-290-6629 or 800-233-2343  
Email: kporter@zeiss.com Website: 
www.zeiss.com/microscopy 
 

Cyagen Biosciences 
2255 Martin Ave, Ste E 
Santa Clara, CA 95050 
Contact Person: Cassandra Heighington 
Customer Service: 800-921-8930 
C Heighington: 408-915-9003 
Email: 
 cassandraheighington@cyagen.us 
Website: www.cyagen.com | 
 www.vectorbuilder.com 
 

SILVER: 
 
North Central Instruments/Leica  
Microsystems 
3700 Annapolis Lane, Suite 145 
Plymouth, MN 55447 
Contact Person: Lance Russell 

mailto:Chris.Butt@dsm.com
http://www.lifesdha.com/
mailto:Michael.Holland@olympus.com
mailto:Gavin.Ryan@olympus.com
mailto:Roxanna.goldmeyer@olympus.com
mailto:jeff.bright@olympus.com
http://www.olympusamerica.com/
mailto:lauren@stoeltingco.com
http://www.stoeltingco.com/
https://reservations.com/hotel/hilton-fort-collins?rmcid=rcc14
https://reservations.com/hotel/hilton-fort-collins?rmcid=rcc14
http://www.fishersci.com/
mailto:kporter@zeiss.com
http://www.zeiss.com/microscopy
mailto:cassandraheighington@cyagen.us
http://www.cyagen.com/
http://www.vectorbuilder.com/


Phone: 720-252-5458 
Email: lancer@ncimicro.com 
Website: www.ncimicro.com 
 

Laxco, Inc.  
22118 20th Ave SE 
Suite 142 
Bothell WA 98021-4424 
Contact person: Cory Culligan and Jon Boorom 
Phone: Cory: (928) 970-2901  
    Jon: (224) 277-2505 
Email: 
 cory.culligan@laxcoinc.com 
or sales@laxcoinc.com 
Website: www.laxcoinc.com 
 

 
 

 
PeproTech 
5 Crescent Ave. 
Rocky Hill, NJ 08553 
Contact person(s): Genevieve Soares 
Contact phone: (415)797-7531 
Contact email: gsoares@peprotech.com 
Company Website: www.peprotech.com 
 

Andor Technology, LTD. 
330 Baker Ave, Suite 150 
Concord, MA 01742 
Contact Person: Justin Spott 
Contact Phone: 303-249-6520 
Email: j.spott@andor.com 
Website: www.andor.com 
 

 
Friends of FRNG 
 
GOLD 
Micah Velasquez 
 

SILVER 
 
Thank you to additional 
businesses for donating raffle 
prizes 
 

 
Boulder 
  
CorePower Yoga 
645 27th Way 
Boulder CO 80305 
  

Boulder Beer 
2880 Wilderness Pl  
Boulder CO 80301 
  

Under the Sun Eatery and 
Pizzeria 
 627 South Broadway St 
Boulder CO 80305 
  
 
Denver 
  
Etai’s 
12700 E. 19th Ave 
Bldg. P-15 
Aurora CO 80045 

 
 
Fort Collins 
 
Connie King 
Pottery and textiles at Trimble Court 
Artisans, Fort Collins 
 

The Lincoln Center 
417 W. Magnolia St 
Fort Collins CO 80521 
 

Scrumpy’s 
219 N. College Ave 
Fort Collins CO 80524 
 

Walrus Ice Cream 
125 W. Mountain Ave 
Fort Collins CO 80524 
 

Kilwins Chocolates & Ice Cream 
114 S. College Ave 
Fort Collins CO 80524 
 

The Cupboard 
152 S. College Ave 
Fort Collins CO 80524 
 

The Chocolate Café 
102 W. Olive St 
Fort Collins CO 80524 
 

Nuance Chocolate 
214 Pine St 
Fort Collins CO 80524 
 

Chipper’s Lanes 
217 W. Horsetooth Rd 
Fort Collins CO 80525 
  

 
 
Laramie 
  
The Bent and Rusty 
308 S. 2nd St 
Laramie WY 82070 
 

Crowbar and Grill 
202 S. 2nd St 
Laramie WY 82070 
 

Turtle Rock Cafe 
270 N. 9th St 
Laramie WY 82072 
 

Cross Country Connection 
222 S. 2nd St 
Laramie WY 82070 
 

Altitude Chophouse and Brewery 
320 S. 2nd St 
Laramie WY 82070 
 

Born in a Barn 
100 E. Ivinson St 
Laramie WY 82070 

 
 

mailto:lancer@ncimicro.com
http://www.ncimicro.com/
mailto:cory.culligan@laxcoinc.com
mailto:sales@laxcoinc.com
http://laxcoinc.com/
mailto:gsoares@peprotech.com
http://www.peprotech.com/
mailto:j.spott@andor.com
http://www.andor.com/


KEYNOTE SPEAKER 
 

Andrew Schwartz, PhD 
Professor, University of Pittsburgh 

 
Keynote: Recent progress toward high-performance neural prostheses 
 
BIOGRAPHY: 
Dr. Schwartz received his Ph.D. from the University of Minnesota in 
1984 with a thesis entitled "Activity in the Deep Cerebellar Nuclei 
During Normal and Perturbed Locomotion". He then went on to a 
postdoctoral fellowship at the Johns Hopkins School of Medicine 
where he worked with Dr. Apostolos Georgopoulos, who was 
developing the concept of directional tuning and population-
based movement representation in the motor cortex. While there, 
Schwartz was instrumental in developing the basis for three-
dimensional trajectory representation in the motor cortex. In 1988, 
Dr. Schwartz began his independent research career at the Barrow 
Neurological Institute in Phoenix. There, he developed a paradigm 
to explore the continuous cortical signals generated throughout 
volitional arm movements. This was done using monkeys trained 
to draw shapes while recording single-cell activity from their motor cortices. After developing the 
ability to capture a high fidelity representation of movement intention from the motor cortex, Schwartz 
teamed up with engineering colleagues at Arizona State University to develop cortical neural 
prosthetics. The work has progressed to the point that human subjects can now use these recorded 
signals to control motorized arm and hand prosthetics to feed themselves and perform other tasks of 
daily living. Schwartz moved from the Barrow Neurological Institute to the Neurosciences Institute in 
San Diego in 1995 and then to the University of Pittsburgh in 2002. In addition to the prosthetics work, 
he has continued to utilize the neural trajectory representation to better understand the transformation 
from intended to actual movement using motor illusions in a virtual reality environment. 
 

Read more about his lab at: http://motorlab.neurobio.pitt.edu 
  

http://motorlab.neurobio.pitt.edu/


PAIN PANELISTS 
 
Dr. Steven Wright, M.D. 
Dr. Wright practiced family medicine for 32 years with specialties in medical pain 
management and addiction medicine. His recent departure from private practice has allowed 
him to address the needs of patients away from the bedside. He currently acts as a consultant 
and educator to pharmaceutical companies, liaison to the Colorado legislature, and public 
speaker on the topics of opioids, pharmacogenetics and risk management of controlled 
medication use. As vice president of the Colorado Pain Society, delegate to the Colorado 
Medical Society and member of the Colorado Consortium for Prescription Drug Abuse, Dr. 
Wright is dedicated to improving outcomes for addicted patients and patients in pain across 

Colorado.  
 
Dr. Slobodan Todorovic, M.D., PhD. 
Dr. Todorovic is a professor in the department of Anesthesiology at the CU Anschutz medical 
campus. His primary research interests include the action of low-threshold voltage-gated 
calcium channels in the peripheral nervous system and their contribution to pain signaling. 
He is especially interested in the pharmacology of Cav3.2 in dorsal root ganglion neurons for 
the treatment of neuropathic pain. He uses biochemical analyses, electrophysiology and 
pharmacology in animal models to investigate the molecular mechanisms implicated in 
neuropathic pain. 
 
Dr. Vesna-Jevtovic Todorovic, M.D., PhD., M.B.A. 
Dr. Todorovic is a professor and chair of the department of Anesthesiology at the CU 
Anschutz medical campus. Much of her research is focused on the neurotoxic effects of 
general anesthesia and ways to prevent those effects. She is also interested in the role of 
GABAergic signaling in the peripheral nervous system as a mediator of neuropathic pain and 
pharmacological intervention in this system. She uses immunohistochemistry and 
ultrastructural analysis along with electrophysiology and behavioral tests to study pain 
systems in animal models.    
 
Dr. Marta Čeko, PhD.  
Dr. Čeko is a post-doctoral researcher in the Cognitive and Affective Neuroscience Lab 
(CANLab) led by Dr. Tor Wager at UC Boulder. The CANLab seeks to relate brain processes to 
behavioral and physiological responses in order to develop interventions relevant to 
emotional health. Dr. Čeko’s work at the CANLab focuses on exploring the mechanisms of 
aversive processing. She is currently applying predictive computational modeling to fMRI, 
behavioral and physiological datasets with the hope of uncovering biomarkers for pain.  
 
Dr. Tim Sannes, PhD. 
Dr. Sannes is a clinical psychologist and assistant professor in the Blood Cancer and Bone 
Marrow Transplant (BMT) Program at the CU Anschutz Medical Campus. His interests lie in 
psychoneuroimmunology – the interactions between the psychological state of the mind 
and physiological states of the nervous and immune systems. This interest led him to study 
the connection between chronic pain and HPA-axis dysregulation, and to hypothesize a 
model for stress-related pain chronicity. He has significant experience in longitudinal 
modeling, running clinical trials and monitoring health outcomes. 



NEW FACULTY ON THE FRONT RANGE 
 
 
Torin Clark (University of Colorado Boulder) 
Dr. Clark has been at CU Boulder since 2015 in the Department of Aerospace Engineering Sciences. Dr. Clark 
received his bachelor’s from CU Boulder in 2008, followed by a masters and Ph.D. from MIT in 2010 and 2013 
respectively. Dr. Clark’s research interests include studying impacts on the vestibular function in altered gravity 
states. 
 
Brent Myers (Colorado State University) 
Dr. Myers is a faculty member in the Biomedical Sciences Department at Colorado State University. Dr. Myers 
received his Ph.D. from the University of Oklahoma Health Sciences Center. Broadly, his research interests 
include linking neurobiological mechanisms of depression, stress, and cardiovascular disease. 
 
Nicolas Pullen (University of Northern Colorado) 
Dr. Pullen has been a faculty member at the University of Northern Colorado since 2016. He received his Ph.D. 
from Virginia Commonwealth University, before continuing on to postdoc there as well. Dr. Pullen is interested 
in inflammatory signaling networks and cancer biomarkers.    
 
Cristin Welle (University of Colorado-Anschutz Medical Campus)  
Dr. Welle is a systems neurophysiologist with expertise in the interaction between medical devices and the 
nervous system. She completed her PhD in 2010 from the University of Pennsylvania, and then started the 
Neural Interfaces Program at the FDA Center for Devices and Radiological Health Office of Science and 
Engineering Labs. In 2016, she joined the faculty of Neurosurgery and Bioengineering at the University of 
Colorado.  
 
Daniel Paredes (University of Denver) 
Dr. Paredes has been part of the Knoebel Institute for Health Aging at the University of Denver since July, 2016. 
He previously served as an investigator at the Lieber Institute for Brain Development and an Assistant Professor 
of Neurology at Johns Hopkins University. Dr. Paredes lab focuses on Daniel's interests revolve around 
understanding the molecular mechanisms of neuronal circuit formation and developing new therapeutic 
approaches to target neuroplasticity and regeneration in aging and neurodegenerative disorders such as 
Parkinson's, Alzheimer's and Huntington's Diseases. 
 

Stephen Santoro (University of Wyoming) 
Dr. Santoro joined the Department of Zoology and Physiology at the University of Wyoming in 2014. He 
received a BS from the University of Wyoming and then went on to do his PhD with Gerald Joyce at the Scripps 
Research Institute. He entered the olfaction field during his post-doc at Harvard with Catherine Dulac. Dr. 
Santoro’s lab uses modern molecular and genetic tools in the olfactory system to understand how experiences 
are converted to long term changes in the brain. 
 



 
AWARD-WINNING STUDENT PRESENTATIONS 
 
  
 

1) Jordan Buck, Graduate Student at University of Colorado Boulder 
  

Parental nicotine exposure elicits multigenerational nicotine preference and ADHD-like brain, 
behavioral, and epigenetic anomalies in adolescent mice 
Jordan M. Buck1, HC O'Neill1, JA Stitzel1. From the 1Institute for Behavioral Genetics, University of Colorado Boulder. 
 

Parental nicotine (NIC) exposure (PNE) is associated with increased NIC use and neurodevelopmental disorders such as 
ADHD in adolescents. The present research addresses a void in the literature concerning the multigenerational effects of 
PNE on circadian and ultradian locomotor activity rhythms and anxiety-like/ risk-taking behaviors before, during, and after 
voluntary NIC consumption in the F1 (F1 NIC) and F2 (F2 NIC) generation adolescent offspring of mice exposed to NIC prior 
to and throughout breeding. The four-bottle choice test (FBCT) for NIC preference was conducted in an activity-
monitoring home cage apparatus. FBCT results imply a predisposition to NIC consumption in F1 NIC and F2 NIC mice. 
Home cage activity-monitoring data demonstrate ADHD-like anomalies in circadian and ultradian rhythmicity at baseline 
(BL) and during NIC consumption and withdrawal (WD) in F1 NIC and F2 NIC mice. ADHD-like home cage hyperactivity in 
F1 NIC and F2 NIC mice is attenuated by passive oral methylphenidate administration. Acute locomotor activity in a novel 
environment and anxiety-like/ risk-taking behaviors were assessed via the Open Field test (OFT) at BL and both prior to and 
following NIC WD. F2 NIC but not F1 NIC mice are hyperactive in the OFT and display an anxiolytic effect of voluntary NIC 
intake. F1 NIC mice alone exhibit an anxiogenic effect of NIC WD. Both F1 NIC and F2 NIC mice display increased risk-
taking behaviors at BL that are ameliorated by passive oral methylphenidate. Characterization of nicotinic acetylcholine 
receptors (nAChRs) in frontal cortex and striatum reveals down-regulation of nAChRs accompanied by dysfunctional 
nAChR-mediated dopamine release in F1 NIC and F2 NIC mice. Global DNA methylation analysis indicates methylome 
deficits in frontal cortex and striatum of F1 NIC and F2 NIC mice. Taken together, our data suggest that PNE enhances 
nicotine intake and precipitates multigenerational ADHD-like phenotypes that may be epigenetically mediated. 
 
 
 

2) Courtney E. Wilson, Graduate Student at University of Colorado Denver - Anschutz 
  

The taste of blue light 
Courtney E Wilson123, SC Kinnamon123. From the 1Neuroscience Program, University of Colorado School of Medicine 2Department of Otolaryngology, 
University of Colorado School of Medicine 3Rocky Mountain Taste and Smell Center. 

 
Type III cells in the mammalian taste bud are required for transmission of sour taste information (Huang et al., 2006), but 
whether stimulation of these cells represents a pure sour taste is still debated. Studies of Type III cells in the intact bud are 
confounded by off-target effects of acid (sour) on surrounding cells; acid application causes intracellular acidification in all 
cells, not just Type III cells. To avoid non-specific activation of other cell types, we developed a mouse that expresses light-
activated Channelrhodopsin (ChR2) under a Type III cell-specific Cre driver. This mouse features an IRES-Cre recombinase 
construct following the Polycystic Kidney Disease 2-Like 1 (Pkd2l1) stop codon. Thus, ChR2 is expressed only in PKD2L1+ 
Type III cells. Optogenetic activation of PKD2L1+ cells in anterior tongue produces a chorda tympani nerve response, which 
resembles responses to classic taste stimuli. To determine if blue light stimulation also elicits a behavioral response, we 
performed short-term two bottle preference tests, where one sipper bottle contained a blue LED and the other a green or 
amber LED to control for a general aversion to light. In experiments with the green LED, the avoidance of blue light for each 
mouse was significantly correlated to their avoidance of 10mM citric acid. Pkd2l1-Cre negative mice did not show this 
correlation. However, nerve recordings revealed that green light also elicits a chorda tympani nerve response. In 
experiments with the amber light (which does not elicit a nerve response), Pkd2l1-Cre, ChR2 mice avoided blue light while 
control littermates did not. Thus, activation of PKD2L1+ cells in anterior tongue is an aversive stimulus. Future experiments 
will explore the qualitative nature of this response using conditioned taste aversion. By isolating the activity of this cell 
population, we can gain a more thorough understanding of the role of Type III cells in the taste system. 
 
  



 
 

3) Ben Johnson, Graduate Student at Colorado State University 
  

How a neuron gets its spots: formation of ER/PM junctions via Kv2-VAP interactions  
Ben Johnson1, AN Leek1, EE Maverick1, MM Tamkun1. From the 1Department of Biomedical Sciences, Colorado State University. 
 

Kv2.1 exhibits two distinct forms of localization on the neuronal plasma membrane: one population is freely diffusive and 
regulates electrical activity via voltage-dependent potassium conductance while a second localizes to micron-sized 
clusters that contain densely-packed, but non-conducting, channels. We and others have demonstrated that these Kv2.1 
clusters are associated with endo and exocytosis. We have also established that clusters represent endoplasmic 
reticulum/plasma membrane (ER/PM) junctions and that Kv2.1 is instrumental in forming these membrane contact sites. 
Clustering and the formation of ER/PM contacts is regulated by phosphorylation within the channel C-terminus, offering 
cells fast, dynamic control over the physical relationship between cortical ER and the PM. Changes in clustering, and thus 
ER remodeling, occurs following repetitive-firing and ischemia. Given this regulation and the membrane trafficking 
functions associated with the Kv2.1-induced ER/PM junctions it is paramount to understand the mechanisms by which 
Kv2.1 interacts with the ER membrane. Using proximity-based biotinylation techniques in transfected HEK cells we identified 
ER VAPs as potential Kv2.1 interactors. VAPs were first identified as VAMP Associated Proteins required for neurotransmitter 
release in Aplysia and are now known to be abundant scaffolding proteins involved in membrane contact site formation 
throughout the ER. Confirmation that VAP-A and VAP-B bind Kv2.1 via a non-canonical FFAT motif within the channel C-
terminus employed FRAP-, paGFP-, FRET-based assays, colocalization/redistribution analysis, and CD4 chimeras. The VAP 
interactome includes not only membrane trafficking machinery but also proteins regulating non-vesicular lipid transport 
from the ER to PM. Thus the Kv2.1-induced VAP concentration at ER/PM contact sites is predicted to have additional wide 
ranging effects on neuronal cell biology. 
 



  POSTER PRESENTATIONS 
COGNITION AND BEHAVIOR 
  
1) High-fat diet and aging interact to produce neuroinflammation and impair hippocampal- and amygdalar-

dependent memory 
Sarah J. Spencer2, H D’Angelo1, A Soch2, LR Watkins1, SF Maier1, RM Barrientos1. From 1Dept. of Psychology & Neuroscience, and Center for 
Neuroscience, University of Colorado Boulder 2School of Health and Biomedical Sciences, RMIT University, Melbourne, Australia. 
 

2) Response inhibition represented by the N200 in adults in a Go/NoGo Task 
Alex Bicket1, MH Lin2, PL Davies2, WJ Gavin3. From the 1Department of Biomedical Sciences, 2Department of Occupational Therapy, 3Department of 
Human Development and Family Studies, Colorado State University. 

 

3) Behavioral control is not protective in female rats 
Isabella P. Fallon1, MV Baratta1, NR Leslie1, SD Dolzani1, 2, LE Chun1, AM Tamalunas, LR Watkins1, SF Maier1. 1Department of Psychology and 
Neuroscience, 2Institute for Behavioral Genetics, University of Colorado Boulder 

 

4) Basic Picture Identification and Recognition in Bilingual and Monolingual individuals 
Luis E. Gomez Wulschner3, JC Mascarenhas4, PL Davies1, WJ Gavin 2. 1Department of Occupational Therapy, 2Human Development and Family 
Studies Department, 3Molecular Cellular & Integrative Neurosciences Program, 4Physical Medicine and Rehabilitation Department, Kennedy Krieger 
Institute.  

 
5) Calibrating Atypical Timing in Clinical Populations Through Music 

Lisa Hirt 1, LN Pantlin 2. From the Department of Psychology, Colorado State University. 

 
6) Effects of physical activity on monoamine-dependent behavior in house crickets 

Oluwatosin Ibrahim1, MK Tanner1, EJ Sanders1, AN Bubak1, S Lailvaux1, JG Swallow1, BN Greenwood1. From the 1Department of Psychology, University 
of Colorado Denver. 

 
7) Midbrain neurons projecting to the dorsal medial striatum are differentially recruited during the acquisition and 

habituation phases of voluntary exercise behavior 
Jennifer Jaime1, MK Tanner1, 2, N Haddad3, M Ostrovskyy1, 2, N Moya1, M Miner1, BN Greenwood1. From the Department of Psychology1, Department 
of Integrative Biology2, and Chemistry Department3, University of Colorado Denver 

 
8) Auditory processing of mate choice cues in the female songbird 

Koedi S. Lawley, JF Prather. From the Department of Zoology and Physiology, University of Wyoming 

 
9) Diurnal variation in neuroplasticity-related intracellular signaling within the prefrontal cortex in response to 

conditioned fear extinction training 
Esteban C. Loetz1, NJ Tuta2, ER Woodruff2, B Lloyd1, K Browne1, ST Bland1, RL Spencer2. From the 1 Dept of Psychology, Univ of Colorado Denver, 
2Dept of Psychology and Neuroscience, Univ of Colorado Boulder. 

 
10) Performance of a clinical sample of justice involved individuals on two different neuropsychological screening 

methods 
Cory Marchi, H Pots, K Gorgens. From the Graduate School of Profession Psychology, University of Denver. 

 

11) Classification Accuracy of the P300 Speller in the Homes 
Stephanie The1, Jewel E. Mascarenhas2, Patricia L. Davies2, William J. Gavin3, Elliott M. Forney4, Charles W. Anderson4. From the 1Department of 
Neuroscience, 2Occupational Therapy, 3Human Development & Family Studies, 4Computer Science, Colorado State University 

 

12) Neural network differences between category learning strategies 
Madison A Propp1, V Deng12, L Lichtenhan1, CA Seger12. From the 1Department of Psychology, Colorado State University 2Department of Psychology, 
South China Normal University 

 
13) Exercise-augmentation of fear extinction: A question of timing 

Margaret K. Tanner1, J Jaime2, H Hake2, NA Moya2, BN Greenwood2. From the 1Department of Integrative Biology, University of Colorado Denver 
2Department of Psychology, University of Colorado Denver 

 

14) The role of mTOR signaling in enhanced fear extinction produced by acute exercise 
Nicolette A. Moya, BA Lloyd, MK Tanner, HS Hake, J Jamie, EC Loetz, BN Greenwood. From the Department of Psychology, University of Colorado 
Denver 

 

15) Prevalence of sport-related traumatic brain injuries in the criminal justice system: a pilot study 
Olivia R. Wyatt1, A Graf1, K Gorgens1. From the 1Graduate School of Professional Psychology, University of Denver. 
 

16) GluA2-lacking glutamate AMPA receptors in dopamine D1 receptor-expressed neurons influences multiple 
behaviors in mice 
Angelica Tran1, J Shou1, N Snyder1, E Bleem1, S Kim1. From the 1Department of Biomedical Sciences, Colorado State University. 
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17) GluA2-lacking glutamate AMPA receptors in dopamine D2 receptor-expressed neurons influences multiple 

behaviors in mice  
Natasha Snyder*, Jiayi Shou*, Angelica Tran*, E Bleem, and S Kim. From the Department of Biomedical Sciences, Colorado State University, Fort 
Collins, CO 80523. *These authors contribute equally. 
 

18) Synaptotagmin's C2A domain: no longer playing second fiddle  
Matthew Bowers1, NE Reist1. From the 1Department of Biomedical Sciences, Colorado State University. 
 

19) Neuroprotective role of slo2, a Na+-activated K+ channel, during over-excitation   
Nathan S. Byers1, E Hahm1, A Rothe1, and S Tsunoda1. From the 1Department of Biomedical Sciences, Colorado State University. 
 

20) β-Amyloid disrupts CaMKIIα synaptic targeting during NMDAR-dependent LTP  
Sarah G. Cook1, DJ Goodell1, V Zaegel1, & KU Bayer1 From the 1Department of Pharmacology, University of Colorado School of Medicine, Anschutz 
Medical Campus. 
 

21) Modulation of retinal ganglion cell excitation by muscarinic acetylcholine receptor  
Rachel L. Doser1 and J Vigh2. From the 1Molecular, Cellular, and Integrative Neuroscience Program, Colorado State University. 2Department of 
Biomedical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, CO. 
 

22) Bridging the Ultrastructural Gap at the Neuromuscular Junction 
Jasmin Hicks1, J McMahan2, N Reist1. From the 1Department of Biomedical Sciences, Colorado State University, 2Department of Biology, Texas A&M 
University. 
 

23) Cocaine conditioned place preference alters the firing properties of perineuronal net surrounded neurons in the 
prelimbic prefrontal cortex 
Emily T. Jorgensen1, CM Cassidy1, BA Sorg2, TE Brown1,3. From the 1Department of Neuroscience, University of Wyoming 2Department of Integrative 
Physiology and Neuroscience, Washington State University 3School of Pharmacy, University of Wyoming. 
 

24) Neuronal Kv2.1 clusters influence the diffusion landscape of the adjacent astrocyte membrane  
Ashley N Leek1, D Krapf2,3, MM Tamkun1 From the 1Department of Biomedical Sciences, 2Department of Electrical and Computer Engineering, 
3School of Biomedical Engineering, Colorado State University, Fort Collins, Colorado. 
 

25) Characterizing the non-conducting phenotype of Kv2 potassium channels  
Emily E. Maverick1, PD Fox1, MM Tamkun1. From the 1Department of Biomedical Sciences, Colorado State University. 
 

26) Dopaminergic D1 receptor effects on optogenetically activated commissural inputs targeting layer V pyramidal 
subtypes of the medial prefrontal cortex  
Jonna M. Leyrer-Jackson1, MP Thomas1. From the 1Department of Biological Sciences, University of Northern Colorado. 
 

27) The phosphatase ptp-3 regulates transport of ionotropic glutamate receptors (AMPAR) in the nematode c. 
elegans 
Dayton Pierce1, F Hoerndli1. From the 1Department of Biomedical Sciences, Colorado State University. 

 
28) The Requirement of AKAP79/150 Palmitoylation in Synaptic Plasticity 

Alicia M. Purkey1, KM Woolfrey1, KC Crosby1, J Aoto1 and ML Dell’Acqua1. From the 1Department of Pharmacology, University of Colorado Anschutz 
Medical Campus, Aurora, Colorado. 
 

29) Towards a cartographic and functional understanding of GABAergic inputs to hypothalamic 
proopiomelanocortin neurons  
Andrew R. Rau1, ST Hentges1. From the 1Department of Biomedical Science, Colorado State University, Fort Collins, CO. 
 

30) Synaptotagmin's role in asynchronous neurotransmitter release 
Mallory Shields1,2, M Fulcer1, M Bollig1, M Metz1,2, L Perinet1, N Reist1,2. From the 1Department of Biomedical Sciences, Colorado State University 
2Molecular, Cellular, and Integrative Neurosciences, Colorado State University. 
 

31) Engineering photoactivatable neurotoxins for light-dependent synapse silencing 
Brooke Sinnen, Q Liu, C Tucker, M Kennedy. From the Department of Pharmacology, University of Colorado-Anschutz Medical Campus. 
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32) Xenopus laevis tadpoles chronically exposed to sub-lethal concentrations of caffeine exhibit neural circuit 
deficits 
Katelynne B. Donnelly1, MA Merlino1, X Liu1, KG Pratt1. From the 1Department of Zoology & Physiology, University of Wyoming. 

 
33) Development of perineuronal nets during construction of the vertebrate nervous system 

Jacob Edwards1, K Hoke1. From the 1Department of Biology, Colorado State University. 

 
34) A unified model of event-related potentials as phases of stimulus-to-response processing 

William J Gavin1, BK Taylor2 & PL Davies1.  From the 1Occupational Therapy Department, Colorado State University 2Center for Neurobehavioral 
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35) Tuba1a expression and localization is precisely regulated for neuronal development   

Katlin Hahm1, G Buscaglia2, J Aiken3, J Moore3, E Bates2 From the 1 Neuroscience Graduate Program, University of Colorado Anschutz Medical 
Campus, 2 Department of Pediatrics, University of Colorado Anschutz Medical Campus, 3 Department of Cell and Developmental Biology, University 
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36) Essentiality of arachidonic acid (ARA) and docosahexaenoic acid (DHA) in primary neurons, microglia, astrocytes 
and oligodendrocytes 
C.M. Butt1, M.J. Weiser1, K.M. Wynalda Camozzi1, V. Grimshaw1, Josien Levenga1 and N. Salem, Jr2 From the 1Translational Biology, DSM Nutritional 
Products, Boulder, CO. 2Nutritional Lipids, DSM Nutritional Products, Columbia, MD.  

 
37) Retinoic Acid signaling during development of the adult hippocampal neurogenic niche 

Nicole Rumian1, S Mishra1, J Siegenthaler1 From the 1Department of Pediatrics, Anschutz Medical Campus, University of Colorado, Denver. 
 

 
 

DISORDERS OF THE NERVOUS SYSTEM 
 
38) Use of systematic stimulation mapping and functional/structural imaging to improve localization of seizure-

onset  
Rossana C. Blanco Prado1, JA Thompson2. From the 1Modern Human Anatomy Program, University of Colorado Anschutz Medical Campus 
2Department of Neurosurgery, University of Colorado Anschutz Medical Campus. 

 
39) Interferon signaling and pericyte loss contribute to blood-brain barrier disruption during viral encephalitis  

Stephanie Bonney1, S Seitz2, KL Tyler2, and JA Siegenthaler1 From the 1Department of Pediatrics, University of Colorado Anschutz Medical Campus 
and 2Department of Neurology, University of Colorado Anschutz Medical Campus. 

 
40) Inhibition of the Transient Receptor Potential Melastatin 2 (TRPM2) by a novel peptide tat-M2NX as a potential 

therapeutic target in cerebral ischemia 
Ivelisse Cruz-Torres1 and PS Herson1,2. From the 1Department of Pharmacology, 1,2Department of Anesthesiology; University of Colorado Anschutz 
Medical Campus  

 
41) Latent Toxoplasma gondii infection promotes neurodegeneration and increases soluble mutant huntingtin levels 

in a mouse model of Huntington disease 
David W. Donley1, T Jenkins2, R Campbell3, V. Chopra4, S. Hersch4, JP Gigley5, JH Fox1. 1Neuroscience Program, University of Wyoming 2University of 
Washington School of Medicine 3Department of Physiology, University of Wyoming 4Mass General Institute for Neurodegenerative Diseases 
5Department of Molecular Biology, University of Wyoming. 

 
42) Metacognition and neurophysiology as indices of prodromal development in neurotypical populations  

David P. Engel1, LN Pantlin1. From the 1Department of Psychology, Colorado State University. 
 

43) Modified roller tube method for precisely localized and repetitive intermittent imaging during long-term culture 
of brain slices in an enclosed system  
Benjamin B. Fixman*, Isaac W. Babcock*, Laurie S. Minamide*, AE Shaw, MI Oliveira da Silva, AM Runyan, MT Maloney, JJ Field, JR Bamburg. From the 
Department of Biochemistry and Molecular Biology and Molecular, Cellular and Integrated Neuroscience Program, Colorado State University, Fort 
Collins, CO 80523 *These three Authors contributed equally to this manuscript" 
 

44) Cholinergic Synaptic Homeostasis Drives the Progression of Aβ42-Induced Changes in Neural Activity 
Eu-Teum Hahm, RY Nagaraja, G Waro, S Tsunoda. From the Department of Biomedical Sciences, Colorado State University. 

 
45) Setting the thermostat for cerulean fire in Ts65Dn mice 

Eric D. Hamlett1, AM Fortress1, HA Boger2, AE Granholm1,2, and D Paredes1. From the 1Knoebel Institute for Healthy Aging, University of Denver, 
Denver, CO; and 2Department of Neurosciences and Center on Aging, Medical University of South Carolina, Charleston, SC. 
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46) Serotonin quantification by capillary zone electrophoresis: correlation of serotonin and traumatic brain injuries 

Sebastian DL Harvey1, SA Melgar2, C Hicks2, KA Gorgens1, A-C Granholm2, DA Paredes2. From the 1Graduate School of Professional Psychology, 
University of Denver, 2Knoebel Institute for Healthy Aging, University of Denver. 
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48) Feline immune deficiency virus induces changes in neuronal activity modeling HIV-associated neurological 

disorder  
Paige Ostwald1, J Shou2, C Miller3, S VandeWoude3, F Hofmann4, S Kim2. From the 1Cell and Molecular Biology Graduate Program 2Department of 
Biomedical Sciences, 3Department of Microbiology, Immunology, and Pathology, Colorado State University, Fort Collins, CO 80523 4Technical 
University of Munich, Germany.   

 

49) Cognitive abnormalities associated with the heterozygous loss of delta-catenin    
Henry Scott2, T Garver1, S Kim1. From the 1Department of Veterinary Studies and Biomedical Sciences, Colorado State University, 2Department of 
Biochemistry and Molecular Biology. 

 

50) Sucrose withdrawal-induced depression and anxiety-like behavior by Kir2.1 upregulation in the nucleus 
accumbens 
Jiayi Shou1, S Kim1,2, S Abera3, EB Ziff3. From the 1Department of Biomedical Sciences, 2Molecular Cellular and Integrative Neurosciences Program, 
Colorado State University, Fort Collins, CO 80523, 3Department of Biochemistry and Molecular Pharmacology, New York University Lagnone Medical 
Center, New York, NY 10016. 

 

51) Human and feline immunodeficiency virus induce cyclic-GMP kinase II-mediated excitotoxicity in the brain 
Keira Sztukowski1, J Shou2, C Miller3, S VandeWoude3, F Hofmann4, S Kim2. From the 1College of Veterinary Medicine and Biomedical Sciences, 
2Department of Biomedical Sciences, 3Department of Microbiology, Immunology, and Pathology, Colorado State University. 4Technical University of 
Munich, Germany.  

 
52) Effect of neonatal iron supplementation on microglial activation in N171-82Q huntington’s disease mice  

Marley Realing1, DW Donley23, JH Fox23. From the 1 Department of Microbiology 2Veterinary Sciences and 3Neuroscience Program, University of 
Wyoming, Laramie, WY, 82070. 

 

53) Inter-hemispheric analysis of compensatory neural activity in deep brain stimulation patients 
Daniel Uy1, J Thompson2. From the 1Department of Cell and Developmental Biology--Master of Science in Modern Human Anatomy, University of 
Denver-Anschutz, and 2Department of Neurosurgery, University of Denver-Anschutz. 

 
 

 

NEUROENDOCRINE 
 
54) Female Fgfr3-deficient mice display defects in pituitary-gonadal function without a defect in GnRH mRNA 

expression 
Samantha J. Bonelli1, LR Brooks1, PS Tsai1. From the 1Department of Integrative Physiology, University of Colorado Boulder. 
 

55) Sexually dimorphic consequences of chronic variable stress on hypothalamic neuropeptides and social behavior 
in the mouse  
Amanda P. Borrow, RJ Handa. From the Department of Biomedical Sciences, Colorado State University. 

 

56) Sexually dimorphic response to activating glucocorticoid receptors: RU28362 increases transcription of 
serotonin-related mRNA transcripts in the dorsal raphe of male, but not female mice 
M. Allie Holschbach, AL Turnidge, RJ Handa. From the Department of Biomedical Sciences, Colorado State University. 
 

57) Sex induces neuroplasticity in the reproductive brain of male transgenic mice  
Ann V. Miller1, LR Brooks1, PS Tsai1. From the Department of Integrative Physiology, University of Colorado Boulder. 
 

58) Glutamate transporter knockdown in the infralimbic cortex increases heart rate, blood pressure, and 
cardiomyocyte area in response to chronic stress  
Derek Schaeuble1, Amy Packard2, Jessica McKlveen2, Sarah Fourman2, James P. Herman2, and Brent Myers1. From the 1Department of Biomedical 
Sciences, Colorado State University, 2Department of Psychiatry and Behavioral Neuroscience, University of Cincinnati. 
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59) Fungiform papillae density is associated with higher perceived intensity and discrimination ability for 
electrotactile stimulation of the tongue 
Tyler S. Allison1, J Moritz, Jr.2, LM Stone-Roy1. From the 1Department of Biomedical Sciences, Colorado State University 2Department of Mechanical 
Engineering, Colorado State University. 

 

60) Clinical and biomechanical balance measurement sensitivity to acute concussion: A pilot prospective study  
MK Pryhoda1, C Badillo1, H Mitchel1, A Kirchhoff-Rowald1, A Ledreux2, A Gilmore2, K Gorgens3, AC Granholm2, and Bradley S. Davidson1. From the 
1Department of Mechanical and Materials Engineering, University of Denver 2Knoebel Institute for Healthy Aging, University of Denver 3Graduate 
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64) Reactive driving performance following stroke 
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David R. Ormond1, Shawn D'Souza2, JA Thompson1. From the 1Department of Neurosurgery, University of Colorado: School of Medicine 
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Bob Jacobs1, Madeline E Garcia1, NB Shea-Shumsky1, ME Tennison1, M Schall1, MS Saviano1, TA Tummino1, AJ Bull2, LL Driscoll1, MA Raghanti3, AH 
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Icahn School of Medicine at Mount Sinai, New York, NY 10029, 6 Center for Zoo and Wild Animal Health, Copenhagen Zoo, Fredericksberg, Denmark, 
7 Smithsonian National Zoological Park, Washington, DC 20008, 8 School of Anatomical Sciences, Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, South Africa, 9 Department of Anatomy, Des Moines University, Des Moines, IA 50312, 10 Biomedical Sciences, College 
of Veterinary Medicine, Iowa State University, Ames, IA 50011, 11 Department of Anthropology and Center for the Advanced Study of Human 
Paleobiology, The George Washington University, Washington, DC 20052. 
 

67) Mechanisms of stress-induced clock gene modulation in the prefrontal cortex of male rats 
Matthew J. Hartsock1, NA Droeger1, AC Tomczik1, LE Chun1, ER Woodruff1, SJ Morton1, RL Spencer1. From the 1Department of Psychology and 
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CO, USA, 2Department of Neurobiology, Yale University School of Medicine 
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University of Colorado Boulder 
 

71) Plasticity of perineuronal nets in developing frogs 
Makayla Risch1, J Edwards1, K Hoke1. From the 1Department of Biology, Colorado State University. 
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72) Extracellular vesicles of neurons are involved in the neural differentiation of mesenchymal stem cells 

Kelly CS Roballo1, AF Souza2, JC da Silveira2, FF Bressan2, DS Martins2, CE Ambrosio2. From the 1Department of Pharmacy, University of Wyoming, 2 
Faculty of Animal Science and Food Engineering, University of Sao Paulo. 
 

73) Affordable adaptive whole-brain light-sheet imaging for spatial transcriptomics 
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1Department of Physics, Colorado State University 2Department of Cell and Developmental Biology, University of Colorado Anschutz Medical 
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Benjamin W. Saccomano1, PV Wilson2, Q He2, D Pinto-Payares2, G Smerin2, K Repine1, J Repine1, 2 From the 1University of Colorado School of 
Medicine, 2Webb-Waring Center at University of Colorado School of Medicine. 
 

75) Mating-receptivity in female dipterans is mediated by daily fluctuations of dopamine levels 
Erin J Sanders1, AN Bubak2, KJ Renner3, JG Swallow1. From the 1Department of Integrative Biology, University of Colorado Denver, 2Department of 
Neurology, UC Denver- Anschutz Medical Campus, 3Department of Biology, University of South Dakota. 

 

76) Gut-brain axis: humoral highway or neuronal train-tracks?  
Luke A. Schwerdtfeger1, NJ Nealon2, EP Ryan2, SA Tobet1,3. From the 1Department of Biomedical Sciences, 2Department of Environmental & 
Radiological Health Sciences, 3School of Biomedical Engineering. 
 

77) Prebiotic nutrients improve sleep and promote stress resistance: The role of gut microbial metabolites 
Robert S. Thompson1,2, F Vargas3, P Dorrestein3 and M Fleshner1,2. From the 1 Department of Integrative Physiology, University of Colorado, Boulder, 
CO, 2 The Center for Neuroscience, University of Colorado, Boulder, CO, 3 Skaggs School of Pharmacy & Pharmaceutical Sciences, University of 
California, San Diego, CA 

 

78) Subunit-selective NMDA receptor modulation by a non-psychoactive cannabinoid analog dexanabinol (HU-211)  
Elijah Z. Ullman1, KB Hansen2. From the 1,2Department of Biomedical and Pharmaceutical Sciences, University of Montana, Missoula. 
 

79) Mapping Infralimbic Cortex Projections to Brainstem Nuclei: Establishing a Quantitative “Projectome” 
Tyler Wallace1, S Pace1, B Myers1. From the 1Department of Biomedical Sciences, Colorado State University. 
 

80) Preliminary biomarker and demographic findings pre- and post-concussion in a cohort of division 1 athletes in 
high impact sports 
Anah Gilmore1, A Kirchhoff-Rowald2, AC Granholm1, K Gorgens2, B Davidson3, M Pryhoda3, N Oduleye2, S Mason2, H Mitchel3, J Campbell4, C Badillo3, 
and A Ledreux1 From the 1Knoebel Institute for Healthy Aging, 2Graduate School of Professional Psychology, 3The Human Dynamics Lab, and 4Sports 
Medicine University of Denver, Denver, CO. 

 

81) Tissue oxygen estimation using digital adaptive filtering 
Saurabh Gupta1, A Mugdha1, W Hudson and J Wilson1. From the 1Department of Electrical and Computer Engineering, Colorado State University. 

 

82) Benzodiazepines and their dual administration with ethanol increase accumbal transient dopamine release events 
Dominic Isaacs1, Scott Schelp1, D Rakowski1, Z Brodnik1, R Espana1, K Pultorak1, EB Oleson1. From the 1Department of Biology, University of Colorado, 
Denver. 
 

83) Occupation Exposures and Brain Aging: Can Your Job Shrink Your Brain? 
Yuqin Jiao1, D Ganster2, E McAuley3, A Kramer3,4, AZ Burzynska1. From the 1BRAiN lab at the Human Development and Family Studies Molecular and 
Cellular Integrative Neuroscience, CSU, 2 Chair of the Management Department and Senior Associate Dean for Research for the College of Business, 
CSU, 3Beckman Institute, University of Illinois at Urbana-Champaign, 4Senior Vice Provost for Research and Graduate Education, Northeastern 
University. 
 

84) An adipokinetic hormone acts as an osmoregulatory factor in the gastropod mollusk, Aplysia californica 
Anthony W. Martillotti1, X Dai1, A Diaz1, P-S Tsai1. From the 1Department of Integrative Physiology, University of Colorado-Boulder. 
 

85) Brain content of polyamines in relation to AD pathology in Down Syndrome 
Stephanie Melgar, A Ledreux, C Hicks, S Harvey, ED Hamlett, A Gilmore, AC Granholm and D Paredes. From the Knoebel Institute for Healthy Aging, 
University of Denver, Denver, CO, USA. 
 

86) Investigating single molecule tracking of the mu opioid receptor as an effector-independent assay of receptor 
activity 
Marissa Metz1, D Krapf2,3, and ST Hentges1. From the 1Department of Biomedical Sciences, Colorado State University, 2Department of Electrical and 
Computer Engineering, 3School of Biomedical Engineering, Colorado State University. 
 

87) Microbial influences on the developing brain: gut microbes may be necessary for exercise-induced stress 
resistance 
Agnieszka Mika1,2, KA Hulen1, D Borchert1, Monika Fleshner1,2. From the 1Department of Integrative Physiology, University of Boulder 2Center for 
Neuroscience, University of Colorado Boulder. 
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88) Rise time changes in delta power after sleep restriction 

Sarah J. Morton1, CM Depner1, EL Melanson2,3, JR Guzzetti1, KP Wright Jr 1,2. From the 1Sleep and Chronobiology Laboratory, Department of 
Integrative Physiology, University of Colorado Boulder, Boulder, CO, USA, 2Division of Endocrinology, Metabolism, and Diabetes, 3Division of Geriatric 
Medicine University of Colorado Anschutz Medical Campus, Aurora, CO, USA. 
 

89) Baseline ImPACT data from a concussion biomarker project at the University of Denver 
Nimi Oduleye1, S Mason1, M Mackenzie1, G Nordeman1, C Yunker1, K Gorgens1, B Davidson2, AC Granholm3, A Ledreux3, O Wyatt1, A Gilmore3, M 
Pryhoda2. From the 1Graduate School of Professional Psychology, University of Denver, Denver, CO, 2The Human Dynamics Lab, Ritchie School of 
Engineering, University of Denver, Denver, CO, 3Knoebel Institute for Healthy Aging, University of Denver, Denver CO. 
 

90) In vivo electrochemical and optogenetic assessment of accumbal dopamine release events in a novel behavioral 
economic based footshock avoidance task 
Jonte Roberts1, K Pultorak1, S Schelp1, G Krzystyniak1, D Isaacs1, E Oleson1. From the 1Department of Psychology, University of Colorado Denver. 
 

91) A novel model of alphavirus-induced Parkinsonism in outbred CD-1 mice    
Collin M Bantle1, AT Phillips1, SL Hammond1,2, E Richman1 and RB Tjalkens1,2. From the 1Department of Environmental and Radiological Health 
Sciences, 2Program in Cell and Molecular Biology, Colorado State University, Fort Collins, CO, USA. 

 



   ABSTRACTS 
COGNITION AND BEHAVIOR 
  
1) High-fat diet and aging interact to produce neuroinflammation and impair hippocampal- and amygdalar-

dependent memory 
Sarah J. Spencer2, H D’Angelo1, A Soch2, LR Watkins1, SF Maier1, RM Barrientos1. From 1Dept. of Psychology & Neuroscience, and Center for 
Neuroscience, University of Colorado Boulder 2School of Health and Biomedical Sciences, RMIT University, Melbourne, Australia. 

More Americans are consuming diets higher in saturated fats and refined sugars than ever before, and based on 
increasing obesity rates, this is a growing trend among older adults as well. While high saturated fat diet (HFD) 
consumption has been shown to sensitize the inflammatory response to a subsequent immune challenge in 
young adult rats, the inflammatory effect of HFD in the already-vulnerable aging brain has not yet been assessed. 
Here, we explored whether short-term (3 days) consumption of HFD would serve as a neuroinflammatory trigger in 
aging animals, leading to cognitive deficits. HFD impaired long-term contextual (hippocampal-dependent) and 
auditory-cued fear (amygdalar-dependent) memory in aged, but not young adult rats. Short-term memory 
performance for both tasks was intact, suggesting that HFD impairs memory consolidation processes. Microglial 
markers of activation (Iba1 and cd11b) were increased in the aged rats, but were not further amplified by HFD. 
However, these HFD-induced long-term memory impairments were accompanied by IL-1β protein increases in 
both hippocampus and amygdala in aged rats. Central administration of IL-1RA in aged rats following conditioning 
mitigated both contextual and auditory-cued fear memory impairments caused by HFD, strongly suggesting that 
IL-1β plays a critical role in these effects. Voluntary wheel running, known to have anti-inflammatory effects in the 
hippocampus, rescued hippocampal-dependent but not amygdalar-dependent memory impairments caused by 
HFD. Together, these data suggest that short-term consumption of HFD can lead to memory deficits and 
significant brain inflammation in the aged animal, and strongly suggest that appropriate diet is crucial for cognitive 
health. 
 

2) Response inhibition represented by the N200 in adults in a Go/NoGo Task 
Alex Bicket1, MH Lin2, PL Davies2, WJ Gavin3. From the 1Department of Biomedical Sciences, 2Department of Occupational Therapy, 3Department of 
Human Development and Family Studies, Colorado State University. 

Event-related potentials (ERPs) are components extracted from electroencephalography (EEG) and indicate 
cognitive processes. N200, an ERP that occurs about 200ms after stimulus presentation has been associated with 
inhibitory control in tasks requiring decisions to respond or not respond and is significantly greater when 
participants successfully withhold responses. However, the reliability and validity of N200 have not been fully 
investigated. This study aims to establish the psychometrics of N200 amplitude in neurotypical adults. Participants 
aged 18-25 completed two Go/NoGo EEG tasks, food and zoo, with food or animal photos, respectively, during 
two sessions, 1 to 2 weeks apart. The Go/NoGo tasks require subjects to press a button for Go stimuli and withhold 
their response for NoGo stimuli. Preliminary data from 8 subjects were analyzed. Pearson correlations showed that 
N200 amplitude is reliable across two sessions for each task [food: Go, r= 0.992, p<.001; zoo: Go: r= .958, p=.001, 
NoGo: r=.888, p=.008] except for NoGo on food task [r=.478, p=.231]. Paired sample t-tests showed that N200 
amplitude was greater in NoGo than Go for both tasks regardless of session number [food task: p=.002; zoo task: 
p<.001]. The findings show that N200 amplitude demonstrates high psychometric properties, especially for the Go 
trials and could inform scientists within the clinical field about the development of biomarkers in inhibitory N200 
for people with impaired inhibitory control such as attention deficit hyperactivity disorder. 
 
 

3) Behavioral control is not protective in female rats 
Isabella P. Fallon1, MV Baratta1, NR Leslie1, SD Dolzani1, 2, LE Chun1, AM Tamalunas, LR Watkins1, SF Maier1. 1Department of Psychology and 
Neuroscience, 2Institute for Behavioral Genetics, University of Colorado Boulder 

Women are at a higher risk for developing neuropsychiatric conditions including generalized anxiety disorder, post-
traumatic stress disorder, and depression. The mechanisms underlying these differences are unknown, however it 
has been argued that they emerge, in part, from different coping responses to adverse life events. In humans, 
factors associated with resilience revolve around coping of which actual or perceived behavioral control over stress 
is a critical element. Work conducted almost entirely with male rats has demonstrated that behavioral control over 
stress potently modulates the neurochemical and behavioral outcomes of the stressor. Prior work in male rats has 
demonstrated that the protective effects of controllable stress depend on the medial prefrontal cortex and its top-
down inhibition of stress-induced limbic and brainstem structures. Whether stressor controllability phenomena are 
present and whether a similar resilience circuitry is engaged in females is unknown. The work I will present provides 
the first evidence of sex-based differences in an animal model of stress and coping, which may serve to inform 
treatment strategies for neuropsychiatric disorders in women.  
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4) Basic Picture Identification and Recognition in Bilingual and Monolingual individuals 

Luis E. Gomez Wulschner3, JC Mascarenhas4, PL Davies1, WJ Gavin 2. 1Department of Occupational Therapy, 2Human Development and Family 
Studies Department, 3Molecular Cellular & Integrative Neurosciences Program, 4Physical Medicine and Rehabilitation Department, Kennedy Krieger 
Institute.  

Introduction: Previous literature suggests both behavioral and neurological differences between bilingual and 
monolingual individuals when verbal responses are required during a picture identification task. Behaviorally this 
difference is displayed as delayed responses when presented with a picture identification task. To examine 
differences in brain activity between bilingual and monolingual individuals, some researchers have used 
electroencephalography (EEG). Previous research has shown that compared to monolingual individuals, bilinguals 
have larger amplitudes and longer latencies in the N2, P3, and N4 event-related potential (ERP) components.  
Purpose: The purpose of this study was to examine behavioral and neurological differences between bilingual and 
monolingual young adults using electromyography (EMG) and EEG.  
Methods: Participants in this study will include 20 neurotypical bilingual and monolingual individuals ages 18 to 25 
years. Monolingual participants must be proficient in only the English language. Bilingual individuals must be 
proficient in two or more languages, and must have begun learning English as a second language between 6 - 8 
years of age. Participants will be recruited as part of a convenience sample from Colorado State University. In this 
study, participants will be presented with a picture identification paradigm, which includes 3 sets of 56 images each. 
Participants will be instructed to verbally say the name of the image being displayed as fast as possible. EEG and 
EMG data will be recorded to track brain activity and word articulation respectively. Data will be analyzed using 
statistical procedures to compare the two groups on latency of word articulation and differences in ERP 
components.  
Implications: The results from this study will serve as a base for future research, allowing us to understand how 
neurological and behavioral differences in bilingual and monolingual individuals affect other areas of learning and 
problem solving. 
 

5) Calibrating Atypical Timing in Clinical Populations Through Music 
Lisa Hirt 1, LN Pantlin 2. From the Department of Psychology, Colorado State University. 

Music in clinical practice has been shown to be a powerful tool in rehabilitation therapies and integrating behavioral 
and psychological activity. This relationship insinuates why individuals with psychopathology often associate 
themselves with music. Often, those suffering from psychopathology also have impaired internal timing functions 
and music offers a repetitive beat that can synchronize irregular neurophysiological and behavioral timing 
functions. Clinical populations seek music to calibrate themselves to our societal clock. Thus, the hypothesis was 
(1) healthy controls who have had musical training would have improved behavioral and social timing as compared 
to controls that have no musical training. (2) People with musical training who self-report symptoms of a clinical 
diagnoses will exhibit behavioral and social timing improvements, compared to those with a clinical diagnosis and 
no musical training. Participants (N = 58) were selected from a large university and were screened for 
psychopathology. All participants’ brain activity was recorded using EEG during a passive auditory timing task 
(mismatch negativity). Participants then completed two behavioral timing tasks. Data was analyzed using a two-way 
ANOVA. As expected, those endorsing psychopathology had worse neurophysiological timing compared to 
controls; however, if these individuals had some music experience, they demonstrated the highest accuracy on 
behavioral measures. Individuals with impairments in neurophysiological timing, which also supports existence of 
psychopathology, and play a musical instrument may be using the repetitive beat in music to compensate for their 
timing deficits. Future studies will examine neuroplastic capacity for timing in individuals who may have 
psychopathology. 

 
6) Effects of physical activity on monoamine-dependent behavior in house crickets 

Oluwatosin Ibrahim1, MK Tanner1, EJ Sanders1, AN Bubak1, S Lailvaux1, JG Swallow1, BN Greenwood1. From the 1Department of Psychology, University 
of Colorado Denver. 

Physical activity in mammals has been shown to modulate behaviors important for survival by acting on 
monoamine neurotransmitters, such as dopamine and norepinephrine. Monoaminergic systems are present in 
invertebrate species; however, little is known about the effects of physical activity on monoamine-dependent 
survival behaviors in non-mammalian species. This is an important question, as factors related to activity can 
contribute to fitness, health and survival of species. In the common house cricket (Acheta domesticus), the 
norepinephrine analog octopamine is involved with experience-dependent changes in survival behaviors, such as 
aggressive behavior and bite-force. Here we investigated the effects of physical activity on bite-force in male and 
female common house crickets. Crickets were exercised by placement in rotating tubes at various speeds (160 
cm/min, 260 cm/min, 360 cm/min) and duration (2 – 5 min). Control crickets were placed in stationary tubes for 
equal amounts of time. Initial results reveal that physical activity at a rate of 260 cm/min for 5 min optimally 
increases bite force. Follow-up studies will incorporate the chosen speed and duration to verify these initial results 
and determine the effect of physical activity on monoaminergic systems. 
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7) Midbrain neurons projecting to the dorsal medial striatum are differentially recruited during the acquisition and 

habituation phases of voluntary exercise behavior 
Jennifer Jaime1, MK Tanner1, 2, N Haddad3, M Ostrovskyy1, 2, N Moya1, M Miner1, BN Greenwood1. From the Department of Psychology1, Department 
of Integrative Biology2, and Chemistry Department3, University of Colorado Denver 

Lack of physical activity could contribute to the increase in obesity and chronic illness. Identifying how Dopamine 
(DA) promotes exercise could help facilitate exercise behaviors. Rodents exposed to voluntary wheel running 
display distinct phases of 1) escalation, during which wheel running behavior is acquired, and 2) plateau, during 
which exercise behavior is maintained. The experimental goal was to begin to isolate the neural circuits underlying 
acquisition and maintenance of voluntary exercise behavior. DAergic projections from the midbrain to the 
dorsomedial striatum (DMS) are thought to be involved in goal-directed behavior, such as the acquisition phase of 
skill learning, and DA projections to the dorsolateral striatum (DLS) are thought to facilitate habit formation. Thus, it 
is hypothesized that midbrain DAergic neurons projecting to the DMS are preferentially recruited during the 
acquisition phase of voluntary exercise behavior compared to the habituation phase. Adult, male Long Evans rats 
received an injection of a retrograde tracer into the DMS to identify midbrain neurons projecting to this region. Rats 
were sacrificed after 1 h of running, following either 4 days (acquisition) or 4 weeks (habituation) of voluntary access 
to locked or mobile running wheels. Activation of identified DMS-projecting neurons was quantified using 
immunohistochemistry for pCREB. Results suggest that as voluntary exercise becomes habitual, exercise no longer 
recruits DMS-projecting midbrain neurons. However, activity of DMS-projecting midbrain neurons in the 4-day 
exercise group did not differ from the locked group, possibly due to recruitment of these neurons during 
exploration of the locked wheel. Future studies will look at the role midbrain projections to the DLS play in the 
habituation phase of voluntary exercise behavior, and assess possible sex differences in neural facilitation of 
exercise. 
 

8) Auditory processing of mate choice cues in the female songbird 
Koedi S. Lawley, JF Prather. From the Department of Zoology and Physiology, University of Wyoming 

In its essence, decision making consists of two components – evaluating sensory signals and using that 
information to direct specific motor responses. The first step in this process is identifying and evaluating sensory 
signals, however, it remains unknown how the brain assigns value to sensory stimuli. In many songbird species, 
including the Bengalese finches (Lonchura striata domestica) studied here, females recognize individual males by 
their songs and evaluate the features and quality of those songs to choose one mate from among many suitors. A 
key experimental advantage is that song is a unimodal stimulus that is so effective in driving female preference that 
females will perform behavioral indicators of mate choice (i.e. copulation solicitation displays and calls) in response 
to song even if no male is physically present. Studies of female responses to song have implicated auditory cortical 
regions such as the caudal mesopallium (CM) and the caudomedial nidopallium (NCM) in the expression of mate 
preferences. Here we chemically lesioned CM and NCM bilaterally to investigate the degree to which they play a 
role in: 1) preference for conspecific over heterospecific songs, and 2) higher-resolution preference for one 
conspecific song over others. Preliminary results indicate that there is little to no change in preference for 
conspecific or heterospecific male song following lesions to CM and NCM when using call numbers as a measure 
of preference.  Further investigations are ongoing to determine if the fibers of passage through and between these 
areas are intact and what occurs when they are damaged using electrolytic lesions. 
 

9) Diurnal variation in neuroplasticity-related intracellular signaling within the prefrontal cortex in response to 
conditioned fear extinction training 
Esteban C. Loetz1, NJ Tuta2, ER Woodruff2, B Lloyd1, K Browne1, ST Bland1, RL Spencer2. From the 1 Dept of Psychology, Univ of Colorado Denver, 
2Dept of Psychology and Neuroscience, Univ of Colorado Boulder. 

Conditioned fear is a form of learning and impairment in conditioned fear extinction learning contributes to the 
persistent pathology of post-traumatic stress disorder. We have previously found a reliable time of day variation in 
auditory tone conditioned fear extinction learning in rats (Woodruff et al., 2015). Rats trained and tested in their 
active period (4 hr after lights out ZT16) exhibit superior conditioned fear extinction memory compared to rats 
trained and tested in their inactive period (4 hr after lights on ZT4). Conditioned fear extinction learning and recall 
depends on medial prefrontal cortex (mPFC) and the amygdala (AMYG) fear circuit. In this study, we examined 
whether there may be diurnal differences in neuroplasticity related to intracellular signaling in the mPFC and AMYG 
in response to conditioned fear extinction training. Mammalian target of rapamycin (mTOR) regulates protein 
synthesis important for synaptic plasticity and memory formation. One of the targets of mTOR is ribosomal protein 
S6, when phosphorylated initiates mRNA translation, critical for memory consolidation. This study assessed diurnal 
modulation of conditioned fear extinction-induced expression of pS6. Adult male rats were subjected to a single 
trial of auditory conditioned fear. The next day, rats were re-exposed to the tone to produce extinction. Trials took 
place during ZT4 or ZT16. Control rats remained in their home cages.  pS6+ cells were counted in the prelimbic 
(PL), infralimbic (IL) subregions of the mPFC, and the AMYG. There were significant interactions of treatment by 
time of day on pS6 in both subregions; pS6 expression was greater when extinction occurred during ZT4. This 
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indicates that activation of the mTOR pathway resulting from conditioned fear extinction is influenced by the time 
of day in which extinction takes place, and perhaps paradoxically, we observed less activation during the time of 
day when we see superior extinction learning. 

 
10) Performance of a clinical sample of justice involved individuals on two different neuropsychological screening 

methods 
Cory Marchi, H Pots, K Gorgens. From the Graduate School of Profession Psychology, University of Denver. 

The purpose of the present study is to examine performance differences in the common domains of attention, 
spatial working memory, memory and response consistency as measured by a traditional paper and pencil 
neuropsychological screening test (Neuropsychological Assessment Battery, Screening Module [NAB-SM]; Stern & 
White, 2000) and a computerized screening assessment (Automated Neuropsychological Assessment Metrics 
[ANAM] Core Battery; Reeves, Winter, Bleiberg, & Kane, 2007). Individuals were screened by jail and probation staff 
using a revised version of the Ohio State University Traumatic Brain Injury Identification Method (OSU TBI ID; 
Corrigan & Bogner, 2007). Those persons with OSU TBI ID results indicating a positive lifetime history of TBI then 
participated in a neuropsychological screening battery including effort tests, a clinical interview and either the 
ANAM or the NAB-SM. Data were collected from 760 justice-involved individuals. 702 persons had completed the 
ANAM Core Battery and 58 completed the NAB-SM. Independent samples t-tests were used to compare the 
means of standard scores of each functional domain to determine if scores were significantly different. 44.59% of 
ANAM performance or effort test scores reflected response inconsistencies while 37.93% of effort test scores for 
persons completing the NAB-SM suggested invalid data. Results suggest that, in the same clinical population, 
scores are significantly higher across all domains on the NAB-SM relative to the ANAM. Results also suggest that 
NAB-SM screens had lower rates of effort test failure compared to ANAM screens. It is unclear which 
neuropsychological screening tool more accurately reflects cognitive function. Future research on the positive and 
negative predictive value of these instruments is warranted. 

 
11) Classification Accuracy of the P300 Speller in the Homes 

Stephanie The1, Jewel E. Mascarenhas2, Patricia L. Davies2, William J. Gavin3, Elliott M. Forney4, Charles W. Anderson4. From the 1Department of 
Neuroscience, 2Occupational Therapy, 3Human Development & Family Studies, 4Computer Science, Colorado State University 

Brain-computer interface (BCI) systems use non-invasive electroencephalography (EEG) to create communication 
between a user’s brain and a computer, which is ideal for individuals with severe motor impairments resulting in a 
‘locked-in’ syndrome. The P300 speller is commonly used in BCI systems. A 6 x 6 matrix with 36-character 
alphabet is displayed on a screen where rows or columns are randomly highlighted for 100 milliseconds (ms) with 
a 100ms interstimulus interval (ISI). When the user sees the target character highlighted either by the row or 
column, it elicits a P300 event-related potential (ERP) response. Highlighted non-target characters do not elicit a 
P300 ERP response. The computer uses linear discriminant analysis (LDA) to classify the brain’s response as one to 
a highlighted target or to a non-target. Previous studies in our lab have compared the accuracy of the LDA classifier 
between individuals with motor impairments in their homes and able-bodied individuals in the lab. We found that 
individuals with motor impairments had significantly smaller P300s and more spelling errors compared to the able-
bodied individuals, but this may be affected by differences in testing environments (i.e., lab vs home). The purpose 
of this study is to compare the differences of classification accuracy between individuals with motor impairments 
and able-bodied individuals while using the P300 speller in the homes. In this study, we hypothesize that there will 
be differences between the groups’ performance in their homes, suggesting the groups may have different brain 
processing characteristics rather than the differences observed in our previous research being due to the different 
environments. 
 

12) Neural network differences between category learning strategies 
Madison A Propp1, V Deng12, L Lichtenhan1, CA Seger12. From the 1Department of Psychology, Colorado State University 2Department of Psychology, 
South China Normal University 

The neural mechanisms underlying human learning are not well understood, particularly when considering that 
individuals can use different strategies while they learn. We examined the neural systems recruited by two distinct 
learning strategies in a category learning task: learning a rule via hypothesis testing (Rule) and learning by 
memorization (Memory). In the task participants categorized novel cartoon fantasy creatures using the different 
strategies in alternating blocks while neural activity was measured using BOLD fMRI. During rule blocks participants 
learned a rule via trial and error to categorize stimuli based on features such as beak color or back spikes. In the 
memory blocks participants had to memorize the category membership for each creature individually. We 
hypothesized that the Rule condition would be associated with more frontal and parietal lobe activation and the 
Memory condition would be associated with more hippocampal activation. Our results were largely consistent with 
our predictions. The memorization strategy utilized more visual cortex, frontal cortex and as expected 
hippocampus, while the rule strategy utilized more of the parietal lobes.  Additionally, using constrained principle 
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components analysis, we discovered interactions between different regions within the brain, suggesting network 
communication between these regions. 
 

13) Exercise-augmentation of fear extinction: A question of timing 
Margaret K. Tanner1, J Jaime2, H Hake2, NA Moya2, BN Greenwood2. From the 1Department of Integrative Biology, University of Colorado Denver 
2Department of Psychology, University of Colorado Denver 

Relapse of previously extinguished fear plays a role in the poor long-term success of fear extinction-based 
exposure therapy. Strategies taking advantage of the memory-enhancing effects of acute exercise could be used as 
inexpensive and noninvasive means to augment fear extinction and prevent relapse. An acute bout of voluntary 
exercise occurring in close temporal proximity to fear extinction can enhance fear extinction learning, indicating 
that transient neurochemical events happening during exercise are important for the memory-enhancing effects of 
acute exercise. If this is the case, then the timing of these neurochemical events in relation to extinction learning is 
likely a critical variable in determining the effectiveness of exercise on fear extinction learning. Differences in timing 
could explain discrepancies in the literature regarding the effects of acute exercise on fear extinction. The current 
study compared the effects of an acute bout of voluntary exercise performed either before or after auditory fear 
extinction on later fear extinction memory and relapse. Adult, male Long-Evans rats were given 2 h of wheel 
running access either immediately before or immediately after auditory fear extinction. Fear extinction memory was 
assessed 24 h later, either in the same context as extinction occurred (extinction memory) or in a novel context 
(renewal). The results indicate that an acute bout of exercise immediately following, but not immediately 
preceding, fear extinction enhances the consolidation of fear extinction memory and reduces fear renewal. These 
data suggest that timing could be a critical factor in determining the effectiveness of acute bouts of exercise as an 
adjunct therapy to fear extinction-based exposure therapy.  
 

14) The role of mTOR signaling in enhanced fear extinction produced by acute exercise 
Nicolette A. Moya, BA Lloyd, MK Tanner, HS Hake, J Jamie, EC Loetz, BN Greenwood. From the Department of Psychology, University of Colorado 
Denver 

Exercise is well known to produce beneficial effects on cognition and mental health, including enhancing memory 
and providing resistance against stress-related anxiety disorders. In rats, these beneficial effects include enhancing 
fear extinction memory, wherein a single bout of voluntary exercise after fear extinction training can enhance fear 
extinction memory and reduce relapse. The mechanisms by which acute exercise enhances fear extinction are 
unknown. The mammalian target of rapamycin (mTOR) is a translation regulator involved in synaptic plasticity, cell 
growth and proliferation. mTOR signaling is increased after chronic exercise in brain areas involved in learning and 
emotional behavior.  mTOR is therefore a compelling potential mediator of the cognitive benefits of exercise. The 
goal of the present study was to test the hypothesis that mTOR signaling contributes to the enhancement of fear 
extinction memory produced by acute exercise in adult, male rats. We observed that like chronic exercise, a single 
session of voluntary wheel running increased mTOR signaling in extinction-related brain areas. Moreover, 
administration of the mTOR inhibitor rapamycin reduced the exercise-induced increase in mTOR signaling without 
reducing voluntary exercise behavior. These data suggest that inhibiting acute exercise-induced increases in mTOR 
signaling with rapamycin could be a viable approach to test our hypothesis. We are currently determining whether 
mTOR signaling is necessary for the enhanced fear extinction produced by exercise by blocking mTOR signaling 
with intracerebral ventricular administration of rapamycin. Behavioral results are currently being analyzed. Results 
could suggest that factors that increase mTOR signaling could be novel strategies for the treatment of fear and 
anxiety disorders, treatment for which utilize extinction learning.   
 

15) Prevalence of sport-related traumatic brain injuries in the criminal justice system: a pilot study 
Olivia R. Wyatt1, A Graf1, K Gorgens1. From the 1Graduate School of Professional Psychology, University of Denver. 

Very few studies have examined the prevalence of sport-related TBIs in the criminal justice system and the unique 
characteristics of the related criminal histories. This research can be used to inform post-TBI programming and 
secondary prevention efforts for athletes. In the current study (DU IRB#674894-2), individuals were screened by jail 
and probation staff using a revised version of the Ohio State University Traumatic Brain Injury Identification Method. 
Data were collected from 781 justice-involved individuals across 17 justice sites. The basic demographic breakdown 
of the participants is as follows: American Indian/Alaska Native (3.9%), Asian (2, 0.3%), Native Hawaiian or Other 
Pacific Islander (3, 0.4%), Black or African American (12.3%), White (53.5%), Hispanic (22.7%), More Than One Race 
(44, 5.7%), Unknown / Not Reported (1.3%). Overall, 53% of individuals in this criminal justice setting have a 
significant TBI history, relative to less than 2% of the general population. Of the 781 participants, 23 (2.94%) reported 
a sport-related TBI. The basic demographic breakdown of those participants is as follows: American Indian/Alaska 
Native (4.3%), White 65.2%), Hispanic (26.1%), More Than One Race (4.3%). Those with a lifetime history of sport-
related TBI reported more personal, property, and substance related convictions. Specifically, the rate of personal 
crimes is 60.9% vs. 57.9% in the general TBI population; the rate of property related crimes was 56.5% vs. 45.6% in 
the general TBI population; the rate of DUI/DWAI crimes was 39.1% vs. 32.4% in the general TBI population; and the 
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rate of drug related charge was 52.2% vs. 45.6% in the general TBI population. These preliminary data suggest the 
patterns of offenses for persons with sport-related TBI may be unique and warrant further study. These early results 
emphasize the importance of interventions to manage post-injury sequelae for athletes, specifically, drug abuse 
prevention. 

 

16) GluA2-lacking glutamate AMPA receptors in dopamine D1 receptor-expressed neurons influences multiple 
behaviors in mice 
Angelica Tran1, J Shou1, N Snyder1, E Bleem1, S Kim1. From the 1Department of Biomedical Sciences, Colorado State University. 

Glutamate AMPA receptors (AMPARs) are the major excitatory postsynaptic glutamate receptor in the central 
nervous system. The two general types of AMPARs are Ca2+-impermeable GluA2-containing AMPA receptors and 
Ca2+-permeable, GluA2-lacking/GluA1-containing AMPA receptors. GluA2-lacking AMPARs are responsible almost 
exclusively for Ca2+ conductance in the hyperpolarized nucleus accumbens (NAc). 
There are two classes of medium spiny neurons (MSNs), which can be differentiated by the expression of 
dopamine receptors, D1 & D2. These two sub-populations are coupled to output pathways with opposing 
properties. Thus, they would would have opposite behavioral effects. The goal of this determine whether 
determine whether expression of Ca2+ permeable Ca2+-permeable AMPARs in D1 neurons alter animal behavior. 
To test this idea, we employed D1-CRE and floxed GluA2 knockout mice to selectively express GluA2-lacking 
AMPARs in D1 neurons and carried out multiple behavioral assays. Mutant mice exhibited increased body weight, 
fearless behavior in the elevated-plus maze, and antidepressant effects during the tail-suspension test. Conversely, 
both wild type and knockout mice show normal motor learning assayed by a rotarod test Notably, mice expressing 
expression of Ca2+ permeable AMPARs in D2 neurons expressing expression of Ca2+-permeable AMPARs in D2 
neurons showed opposite behavior in the tail suspension test and the elevated plus maze. This suggests that D1 
and D2 pathway regulates behavior differently. 

 
 
 

NEURAL EXCITABILITY, SYNAPSES, AND GLIA 
 
17) GluA2-lacking glutamate AMPA receptors in dopamine D2 receptor-expressed neurons influences multiple 

behaviors in mice  
Natasha Snyder*, Jiayi Shou*, Angelica Tran*, E Bleem, and S Kim. From the Department of Biomedical Sciences, Colorado State University, Fort 
Collins, CO 80523. *These authors contribute equally." 

Glutamate AMPA receptors (AMPARs) are the main excitatory postsynaptic glutamate receptor in the central 
nervous system and consist of four subunits (GluA1-4). There are two types of AMPARs formed through 
combination of these subunits; Ca2+-impermeable/GluA2-containing receptors and Ca2+-permeable/GluA2-
lacking/GluA1-containing receptors. Normally, nucleus accumbens (NAc) is dominated by GluA2-containing 
AMPARs, and neurons in the NAc rest at a highly hyperpolarized ‘down’ state where GluA2-lacking AMPARs are 
responsible almost exclusively for Ca2+ conductance. However, GluA2-lacking AMPARs accumulate after 
prolonged withdrawal from extended-access cocaine self-administration. Medium spiny neurons (MSNs) are a 
special type of GABAergic inhibitory cells representing major neurons within the NAc. There are two classes of 
MSNs, which have different expression of dopamine receptors, the D1 or D2 receptors. These two subpopulations 
are distributed throughout the striatum and are known to have opposite behavioral effects. We hypothesize that 
expression of GluA2-lacking AMPARs in D1 neurons vs D2 neurons will elicit different behavioral outcomes. To test 
this, we employed D2-CRE and floxed GluA2 knockout (KO) mice to selectively express GluA2-lacking AMPARs in 
D2 neurons and carried out multiple behavioral tests. We tested food intake and found that GluA2 KO animals 
consumed less food than control mice, with no difference in body weight. An elevated plus maze revealed that KO 
animals spent less time in the open arms of the maze, indicating anxiety-like behavior. In a tail suspension test, KO 
mice exhibited increased immobility compared to control, suggesting depression-like behavior. In the rotarod test, 
D2 KO mice showed impaired motor learning. Interestingly, D1 KO mice showed opposite behavior in the tail-
suspension test and the elevated plus maze, and performed normally in the rotarod test, corresponding with the 
idea that the two pathways elicit different behavioral outcomes. 

 

18) Synaptotagmin's C2A domain: no longer playing second fiddle  
Matthew Bowers1, NE Reist1. From the 1Department of Biomedical Sciences, Colorado State University. 

Proper synaptic transmission is necessary for normal brain and nervous system function.  Transmission occurs at 
the chemical synapse and relies on Ca2+-dependent fusion of neurotransmitter-filled membranous vesicles with 
the cell membrane.  The vesicular protein, synaptotagmin, is the critical component for translating Ca2+ influx into 
a membrane fusion event. Two calcium-binding domains (C2A and C2B) in synaptotagmin contain negatively-
charged pockets that repel the net negative charge of the cell membrane.  Upon Ca2+ influx, Ca2+ binding in each 
pocket acts as an electrostatic switch that converts the net negative charge of the pocket to a net positive charge, 
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which attracts the cell membrane. Then, the C2 domains of synaptotagmin are hypothesized to insert into the 
membrane via hydrophobic residues at the tips of the Ca2+-binding pocket.  In order to test this hypothesis, 
mutations of these two hydrophobic residues were created. Electrophysiological recordings were used to assay the 
effects of these mutations on synaptic transmission. Initial results indicate that the hydrophobicity of these residues 
is critically important to vesicle fusion. 
 

19) Neuroprotective role of slo2, a Na+-activated K+ channel, during over-excitation   
Nathan S. Byers1, E Hahm1, A Rothe1, and S Tsunoda1. From the 1Department of Biomedical Sciences, Colorado State University. 

Slo2 encodes a Na+-Activated K+ channel and recent studies suggest it is specifically activated by the persistent 
sodium current component of the voltage-gated Na+ channel. Although the biophysical properties of this channel 
have been characterized, little is known about its physiological role in the nervous system. Since slo2 channels are 
activated by Na+ and repolarize membrane potentials when activated, they likely act to prevent over-excitation. 
Following this logic, we use Drosophila melanogaster as a model to test the hypothesis that slo2 channels protect 
neurons from over-excitation. Specifically, we have generated a functional null mutant of slo2 (slo2-/-) using the 
CRISPR/cas9 system. We have also developed transgenic fly lines that allow for tissue-specific overexpression of 
the endogenous slo2 gene. To test whether overexpression of slo2 can protect against over-excitation, we used a 
background line containing a knock-in mutation in the Drosophila voltage-gated Na+ channel gene, para, that is 
homologous to a mutation in human SCN1A that causes the epileptic disorder Generalized Epilepsy with Febrile 
Seizures Plus (GEFS+). The GEFS+ mutation is temperature-sensitive, and the heat-induced seizure phenotype 
associated with the mutation is similar in both humans and flies. Indeed, we found that during heat exposure, the 
probability of seizing in the heterozygous GEFS+ line is 39%, whereas the GEFS+ line overexpressing slo2 only has a 
15% probability of seizing. Consistent with a role in tempering cell excitability, the slo2-/- null mutants exhibit an 
enhanced sensitivity to mechanical stimulation. When larvae were mechanically stimulated with a von Frey 
filament, the likelihood of eliciting a nocifensive response in slo2-/- was 62% whereas the wild-type line was only 
34%. Together these results implicate slo2 channels in the modulation of neuronal excitability, in both sensory 
responsiveness and pathological over-excitation. 
 

20) β-Amyloid disrupts CaMKIIα synaptic targeting during NMDAR-dependent LTP  
Sarah G. Cook1, DJ Goodell1, V Zaegel1, & KU Bayer1 From the 1Department of Pharmacology, University of Colorado School of Medicine, Anschutz 
Medical Campus. 

Ca2+/calmodulin (CaM)-dependent protein kinase II α (CaMKIIα) is a central mediator of long term potentiation 
(LTP) of excitatory synapses. LTP is a critical mechanism of synaptic plasticity underlying learning, memory, and 
cognition. Induction of LTP leads to rapid CaMKIIα accumulation at spine-localized excitatory synapses. Once in 
the synapse, CaMKIIα can phosphorylate ionotropic glutamate receptors leading to increased channel 
conductance and insertion of additional receptors into the synapse, which depolarizes the membrane and 
enhances the efficacy of downstream neuronal transmission. Over the past 15 years, a strong body of research has 
demonstrated that soluble β-amyloid (Aβ) oligomers contribute to the neurodegeneration seen in Alzheimer’s 
disease. Soluble Aβ oligomers impair LTP in hippocampal slices and elicit spine loss in the cultured hippocampal 
neurons. Recently published work has shown Aβ peptide reduces the amplitude and frequency of Ca2+ influx 
through the NMDA receptor (NMDAR). Interaction between the NMDAR and CaMKIIα is required for NMDAR-
dependent LTP, leading us to question whether Aβ impacts CaMKIIα trafficking to excitatory synapses during LTP. 
Studies of LTP-induced CaMKIIα translocation to excitatory synapses have relied on overexpression or 
immunocytochemical methods, neither of which allows for live endogenous monitoring of CaMKIIα. Using 
modified FingR intrabodies, we confirmed that endogenous CaMKIIα accumulates at spine-localized excitatory 
synapses (labeled by endogenous PSD-95) upon chemical LTP stimulation (cLTP). Additionally, we found that 
incubating hippocampal neurons with soluble Aβ oligomers had no effect on basal CaMKIIα localization but blocks 
cLTP-induced CaMKIIα trafficking to excitatory synapses in a dose-dependent manner. Overall, our data indicate 
soluble Aβ oligomers impair LTP-induced endogenous CaMKIIα accumulation at excitatory synapses in a dose- 
and time-dependent manner. 
 

21) Modulation of retinal ganglion cell excitation by muscarinic acetylcholine receptor  
Rachel L. Doser1 and J Vigh2. From the 1Molecular, Cellular, and Integrative Neuroscience Program, Colorado State University. 2Department of 
Biomedical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, CO. 

Many biological processes synchronously fluctuate with an organism’s circadian rhythm, which is adjusted to 
environmental day-night cycle (photoentrainment) by light-evoked signaling from intrinsically photosensitive retinal 
ganglion cells (ipRGCs). IpRGCs are subject to neuromodulatory processes. Previous work has shown that through 
a mAChR-dependent mechanism, ipRGC spike frequency is significantly increased with ACh receptor agonists 
even in the absence of light. However, the effector of mAchR-mediated modulation of ipRGC excitability is 
unknown. We hypothesized that ACh acts through mAChRs to modulate ipRGC excitability by either inducing 
direct membrane depolarization or reducing the membrane potential threshold of action potential generation. To 
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address how mAChRs might contribute to increased ipRGC excitability, we used acutely dissociated retinal cells 
from a genetically-engineered mouse line whose melanopsin gene promoter drives production of green 
fluorescent protein in ipRGCs. Through a combination of patch-clamp electrophysiology and pharmacological 
techniques, we confirmed that carbachol via mAChR activation increases ipRGC firing in response to 
depolarization. However, carbachol did not trigger depolarizing currents at the resting membrane potential, nor did 
it alter the voltage-gated sodium current characteristics in ipRGCs. Our data indicates that mAChR modulation of 
ipRGC signaling is eliminated in the absence of extracellular calcium, suggesting the involvement of voltage-gated 
calcium and/or calcium permeable non-specific cation channels. Identification of the molecular changes 
responsible for ACh-induced hyperexcitability in ipRGCs will elucidate a novel mechanism by which ipRGC activity 
is modulated by a neurotransmitter whose release is dependent upon local light conditions.   
 

22) Bridging the Ultrastructural Gap at the Neuromuscular Junction 
Jasmin Hicks1, J McMahan2, N Reist1. From the 1Department of Biomedical Sciences, Colorado State University, 2Department of Biology, Texas A&M 
University. 

Fast and efficient neurotransmission is orchestrated through the release of neurotransmitter from a presynaptic 
nerve terminal, which travels across the synapse and reaches an adjacent cell. The “active zone”, a specific 
presynaptic specialization of the neuromuscular junction (NMJ), is the primary mediator for transmitter release 
during cell-to-cell communication. Synaptic vesicles dock, prime, and ultimately fuse with the presynaptic 
membrane at the active zone. Proteins required for each of these steps are highly concentrated and specifically 
organized into active zone material (AZM). However, the location of these essential proteins remains unknown. 
Determining the precise location of each protein within the AZM is prerequisite to decipher the molecular 
mechanisms mediating the vesicle cycle. However, resolution limitations of standard electron microscopy (~50 
nm) has limited our ability to identify the spatial relationships between individual proteins. Recently, through the use 
of electron tomography, the 3D active zone ultrastructure of mouse and frog has been determined at a sufficient 
level of resolution to begin assessing functional relationships. This technique permits the analysis of 0.5 nm virtual 
slices through a single 50-70 nm sample, to construct a 3D rendering of the sample. However, there remain major 
limitations to protein identification because frogs are not amenable for genetic tagging, while mice are costly and 
require more time. Tomography in Drosophila is in its infancy, and has yet to be executed with sufficient resolution 
to render a clear 3D reconstruction of AZM. I propose to exploit the fast, cost effective, genetic system of 
Drosophila and high resolution of electron tomography to further elucidate the ultrastructural makeup of AZM at 
the neuromuscular junction. 
 

23) Cocaine conditioned place preference alters the firing properties of perineuronal net surrounded neurons in the 
prelimbic prefrontal cortex 
Emily T. Jorgensen1, CM Cassidy1, BA Sorg2, TE Brown1,3. From the 1Department of Neuroscience, University of Wyoming 2Department of Integrative 
Physiology and Neuroscience, Washington State University 3School of Pharmacy, University of Wyoming. 

Repeated drug use creates persistent drug-related memories, which contribute to chronic relapse in drug addicts. 
Our laboratory is interested in studying how the extracellular matrix and associated proteins contribute to the 
development and persistence of drug memories. Perineuronal nets (PNNs) are specialized extracellular matrix 
structures that primarily surround the soma and proximal neurites of inhibitory parvalbumin-containing 
interneurons. PNNs provide protection from oxidative stress, help regulate the ionic microenvironment, and play a 
significant role in synaptic stabilization. Previous work by our collaborator, Dr. Sorg, has shown that degradation of 
PNNs within the medial prefrontal cortex disrupts cocaine-induced reinstatement. In addition, work by us and 
others have shown that PNNs influence the firing properties of cells. This work looks to expand upon our previous 
findings and systematically define the dynamic changes in intrinsic excitability and synaptic transmission from 
neurons with and without PNNs within the prelimbic PFC (PL-PFC) following acute and repeated cocaine 
exposure. To characterize the electrophysiological properties of cells within the PL-PFC, brain slices from male 
Sprague Dawley rats were prepared following cocaine conditioned place preference (cocaine-CPP) and whole-cell 
recordings were performed. PNN positive cells were identified by Wisteria floribunda agglutinin (WFA)-induced 
fluorescence. Cocaine-CPP decreased the firing patterns of WFA(+) and WFA(-) interneurons relative to naive 
controls. However, for acute exposure to cocaine we only observed an attenuation in spike number in the WFA- 
neurons. This suggests that WFA(+) neurons may only be sensitive to intrinsic adaptations following repeated 
exposure to cocaine. Through this work, we hope to identify the functional consequences of cocaine-induced 
PNN changes, which may lead to novel therapeutics for the treatment of drug addiction. 
 

24) Neuronal Kv2.1 clusters influence the diffusion landscape of the adjacent astrocyte membrane  
Ashley N Leek1, D Krapf2,3, MM Tamkun1 From the 1Department of Biomedical Sciences, 2Department of Electrical and Computer Engineering, 
3School of Biomedical Engineering, Colorado State University, Fort Collins, Colorado. 

The Kv2.1 voltage-gated potassium channel, with its auxiliary subunit, AMIGO, form micron-sized clusters in the 
plasma membrane of neuronal somas. These clusters are the result of a stable interaction between the Kv2.1 C-
terminus and the cortical ER membrane, which in turn induces endoplasmic reticulum-plasma membrane (ER-PM) 
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junctions that influence ER Ca2+ homeostasis, endo- and exocytosis, and the neuronal diffusion landscape. Within 
intact brain tissue these neuronal Kv2.1-induced ER-PM junctions are closely associated with astrocytic 
membranes. However, little is known about whether this Kv2.1-containing organelle influences the astrocyte 
membrane. Such neuron to astrocyte communication seems probable given that the AMIGO beta subunit may 
also function as an adhesion molecule. This study addresses the effect of the neuronal Kv2.1/AMIGO clusters on 
the diffusion landscape of the adjacent astrocyte plasma membrane. Employing a hippocampal neuron/astrocyte 
co-culture system, cell-type specific promoters, and single-particle tracking, we examined the diffusion of 
extracellular epitope-tagged glutamate transporters (GLT1a) on the astrocyte surface. Analysis of protein distribution 
on the cell surface indicated a higher concentration of GLT1a in the region of astrocytic membrane directly 
adjacent to the neuronal Kv2.1/AMIGO clusters. Individual GLT1a transporter trajectories exhibited anomalous 
diffusion over the entire astrocyte surface. Comparison of trajectories from the astrocyte membrane adjacent to 
the neuronal Kv2.1/AMIGO clusters to those obtained distant from the clusters suggests the Kv2.1/AMIGO clusters 
influence diffusion on the adjacent astrocyte membrane. Thus, these data indicate that neuronal Kv2.1/AMIGO 
clusters alter the diffusion landscape of the adjacent astrocyte membrane. To our knowledge, this study is the first 
to 1) examine membrane dynamics at a putative cell-cell junction and 2) demonstrate a novel form of neuron to 
astrocyte communication. 
 

25) Characterizing the non-conducting phenotype of Kv2 potassium channels  
Emily E. Maverick1, PD Fox1, MM Tamkun1. From the 1Department of Biomedical Sciences, Colorado State University. 

The Kv2.1 voltage-gated potassium channel is characterized by its delayed rectifying current and unique subcellular 
localization. The channels form dense, micron-sized clusters on the plasma membrane of multiple cell types in 
vivo, including central pyramidal neurons, α-motoneurons and pancreatic β-cells, and clustering is recapitulated in 
heterologous expression systems. Intriguingly, the majority of Kv2.1 channels that reside in surface clusters of 
hippocampal neurons and HEK293 cells do not conduct potassium in response to depolarization, despite sensing 
membrane voltage via the charged S4 segment. The molecular basis for this uncoupling of S4 movement from 
channel conduction is as yet undefined, although the mechanism appears to depend on the spatial density of 
channels in the membrane. The vertebrate genome encodes a second Kv2 channel subunit (Kv2.2) that shares 90% 
sequence homology in the N-terminal and membrane-spanning regions and 50% homology in the C-terminal 
region with Kv2.1.  Kv2.2 is also localized to large surface clusters on the plasma membrane of central pyramidal 
neurons and HEK293 cells, but its density-dependent electrical function has not been explored. In this work, 
electrophysiology of rat Kv2.2 was measured over a wide range of expression levels and compared to that of rat 
Kv2.1. Preliminary results suggest that Kv2.2 does indeed exhibit a non-conducting phenotype as surface density 
increases, similar to Kv2.1. These results imply that conserved regions between the two channel isoforms are 
responsible for uncoupling S4 movement from pore gating. Future directions will rely on amino acid deletions 
within conserved channel sequence to determine the domains required for the non-conducting phenotype. 
 

26) Dopaminergic D1 receptor effects on optogenetically activated commissural inputs targeting layer V pyramidal 
subtypes of the medial prefrontal cortex  
Jonna M. Leyrer-Jackson1, MP Thomas1. From the 1Department of Biological Sciences, University of Northern Colorado. 

The prefrontal cortex renders humans the capability of flexible behavior and mediates working memory tasks. 
Functionally these regions are homologous to the medial prefrontal cortex (mPFC) in the rodent. The mPFC is 
known to be targeted by various brain regions, including the contralateral mPFC, the amygdala, the hippocampus 
and the thalamus, which carry information essential for working memory tasks.  However, it remains relatively 
unknown how information from these inputs is integrated by layer V pyramidal neurons, the major cortical output 
cells. Additionally, it is well established that optimal levels of dopamine within the prefrontal cortex are required for 
proper working memory function. In this study, we have characterized the excitatory synaptic responses of 
contralateral mPFC inputs onto type I and type II pyramidal cells. Additionally, we identified the effects of 
dopamine, through D1 receptor (R) activation, on these responses. To study isolated inputs, an optogenetic 
approach, using channelrhodopsin-2, was used to specifically activate commissural inputs targeting the mPFC. 
Using whole cell patch clamp recordings, synaptic responses were recorded from both type I and type II pyramidal 
cells identified with retrobeads based on their projection patterns. A blue LED was used to elicit synaptic responses 
of commissural fibers expressing channelrhodopsin-2 and mCherry. These studies suggest that D1R activation 
enhances EPSP amplitude, promotes facilitation and prolongs EPSP decay time in type I cells, which may promote 
persistent firing. We also found that D1R activation enhances EPSPs and increases decay time in type II cells, thus 
aiding in temporal integration. We have also found D1R activation to unmask bursting in a subset of type I cells. 
Overall, these experiments may lend insight into how layer V pyramidal cells integrate convergent synaptic inputs, 
as well as how dopamine may modulate synaptic functions that may contribute to working memory. 
 

 



   ABSTRACTS 
27) The phosphatase ptp-3 regulates transport of ionotropic glutamate receptors (AMPAR) in the nematode c. 

elegans 
Dayton Pierce1, F Hoerndli1. From the 1Department of Biomedical Sciences, Colorado State University. 

AMPA subtype of ionotropic glutamate receptors (AMPARs) mediate the great majority of fast excitatory synaptic 
transmission. Thus, they are critical for many functions in the brain, including learning and memory. Indeed, 
impaired memory and age-dependent decline in cognitive function has been linked to decreased AMPARs at 
synapses. This is thought to be, at least in part, due to impairment of AMPAR transport. Intriguingly, not much is 
known about the regulation of AMPAR transport by molecular motors in vivo. Since AMPARs are evolutionarily 
conserved, we have taken advantage of the transparent model C. elegans to study AMPAR transport in intact 
nervous systems. Our previous studies established that kinesin-1 mediated AMPAR transport was controlled by 
CaMKII regulated by neuronal Activity. Interestingly, these studies found that CaMKII regulated AMPAR loading onto 
motors but not unloading.   Since phosphatases and kinases often complement each other in the regulation of 
cellular trafficking events, we hypothesized that phosphatases may play an important role in AMPAR transport and 
synaptic delivery. To test this hypothesis, we took a candidate driven approach searching for phosphatases in C. 
elegans expressed in neurons. PTP-3, the C. elegans homologue of leukocyte common antigen related-receptor 
tyrosine phosphatase (LAR-RPTP), is expressed in neurons and has been shown to interact with the CaMKII 
signaling pathway. Here we show that ptp-3 loss-of-function impaired both receptor transport and synaptic 
delivery of AMPARs. Paradoxically, we also found AMPAR accumulation in the distal end of neuronal dendrites. To 
better understand how PTP-3 regulates AMPAR transport we will combine structure function analysis of PTP-3 with 
in vivo analysis of synaptic transport, photobleaching, photoconversion and chromophore assisted light inactivation 
(CALI). 
 

28) The Requirement of AKAP79/150 Palmitoylation in Synaptic Plasticity 
Alicia M. Purkey1, KM Woolfrey1, KC Crosby1, J Aoto1 and ML Dell’Acqua1. From the 1Department of Pharmacology, University of Colorado Anschutz 
Medical Campus, Aurora, Colorado. 

Lipid modifications, such as palmitoylation, are important for protein localization, including targeting to the synaptic 
membrane and recycling endosomes (REs). Palmitoylation is a reversible lipidation of cysteine residues that is 
emerging as an important regulator of synaptic plasticity through its ability to control trafficking and function of a 
number of postsynaptic proteins. A-Kinase Anchoring Protein 79/150 (AKAP79/150, human/rodent) is a 
postsynaptic scaffolding protein that anchors kinases (PKA, PKC) and phosphatases (Calcineurin/PP2B) that control 
AMPAR trafficking. Previous work in the lab using a knockdown/replacement strategy in rat neurons showed that 
AKAP79/150 is palmitoylated and when this lipid modification is prevented, AKAP79/150 localization to dendritic 
REs is lost, activity-induced RE exocytosis is impaired, and subsequent delivery of the AKAP and AMPARs to 
synapses during LTP is prevented. In my poster, I will test the hypothesis that AKAP79/150 palmitoylation is required 
for synaptic plasticity. Our lab has generated a palmitoylation-dead knock-in mutant of AKAP150, the first animal to 
our knowledge with such a mutation, where the two palmitoylated cysteines in the polybasic N-terminal domain of 
AKAP are mutated to serines (AKAPCS). Preliminary data shows AKAP150 localization at the synapse is altered in 
AKAPCS animals as assessed by subcellular fractionation and super resolution imaging and lack of AKAP 
palmitoylation impairs LTP while LTD remains intact. 
 

29) Towards a cartographic and functional understanding of GABAergic inputs to hypothalamic 
proopiomelanocortin neurons  
Andrew R. Rau1, ST Hentges1. From the 1Department of Biomedical Science, Colorado State University, Fort Collins, CO. 

Proopiomelanocortin (POMC) neurons in the hypothalamus strongly inhibit food intake and increase energy 
expenditure. Therefore, understanding how their activity is regulated will provide important insights into the central 
control of metabolic homeostasis. POMC cells receive substantial phasic GABAergic input (~7 Hz), however the 
afferent origin and cell-types responsible for delivering GABA onto POMC neurons is not known. Here, we 
employed in vivo viral gene transfer as well as ex vivo calcium imaging and patch clamp electrophysiology in male 
and female mice to investigate the origin and physiological relevance of GABA that is spontaneously released onto 
POMC neurons. To gain an initial understanding of how spontaneously released GABA onto POMC neurons affects 
the activity of these cells, the fluorescent calcium indicator GCaMP6f was expressed in POMC neurons. Bath 
application of the GABAA receptor antagonist Picrotoxin significantly increased calcium activity in POMC neurons 
indicating that phasic GABA plays an important role in attenuating POMC neuron activity. To determine which brain 
regions contribute this spontaneously released GABA onto POMC neurons, transgenic mice possessing loxP sites 
flanking exon 2 of the vesicular GABA transporter (Vgat) gene (Vgatflox/flox) were injected with a viral vector 
encoding Cre recombinase. Viral injections were delivered bilaterally into the dorsal medial hypothalamus (DMH), 
the lateral hypothalamus (LH), or the bed nucleus of the stria terminalis (BNST). Following deletion of the Vgat gene 
in the injected region, spontaneous inhibitory postsynaptic currents (sIPSCs) were recorded from POMC neurons. 
Interestingly, sIPSC frequency was reduced only in recordings from mice following Vgat deletion in the DMH 
indicating that this brain region contributes substantially to spontaneously released GABA onto POMC neurons and 
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suggesting that this circuit could play an important role in the regulation of POMC neuron activity.  
 

30) Synaptotagmin's role in asynchronous neurotransmitter release 
Mallory Shields1,2, M Fulcer1, M Bollig1, M Metz1,2, L Perinet1, N Reist1,2. From the 1Department of Biomedical Sciences, Colorado State University 
2Molecular, Cellular, and Integrative Neurosciences, Colorado State University. 

Understanding the mechanisms mediating information transmission across a chemical synapse is essential to 
understanding brain function. There are multiple neurotransmitter release mechanisms, one being a Ca2+-
dependent, prolonged, asynchronous release, which has recently been proposed to play a role in synaptic 
plasticity, the basis for learning and memory. These release processes are tightly regulated by a number of key 
synaptic proteins, including Ca2+ sensors and the fusion machinery complex. One such protein, synaptotagmin, is 
proposed to be the low-affinity Ca2+ sensor that, upon Ca2+ binding by its C2A and C2B domains, triggers fast, 
synchronous release of neurotransmitter. In addition, studies have shown interplay between synaptotagmin and a 
distinct high-affinity Ca2+ sensor responsible for the prolonged, asynchronous neurotransmitter release 
mechanism. Current published research indicates that Ca2+ binding by synaptotagmin’s C2A domain is necessary 
to clamp aberrant asynchronous neurotransmitter release. This research is based on synaptotagmin knockout 
studies and point mutations preventing Ca2+ binding by synaptotagmin’s C2A Ca2+-binding domain. However, the 
previously published point mutation investigating the role of synaptotagmin’s C2A domain in asynchronous release 
invites additional asynchronous release events as an artifact of the particular Ca2+-binding point mutation. In our 
newest study, we rectify these artifacts by investigating the importance of C2A Ca2+ binding using a different 
Ca2+-binding mutation that no longer causes the side effects seen in the original study. Using this new mutant, we 
now show that Ca2+ binding by the C2A domain is in fact, not necessary to regulate asynchronous release. Thus, 
Ca2+ binding by synaptotagmin’s C2A domain is likely not involved in the direct regulation of asynchronous 
neurotransmitter release as currently believed. 
 

31) Engineering photoactivatable neurotoxins for light-dependent synapse silencing 
Brooke Sinnen, Q Liu, C Tucker, M Kennedy. From the Department of Pharmacology, University of Colorado-Anschutz Medical Campus. 

Conditionally silencing the activity of specific neural ensembles is a powerful approach for mapping the circuits 
responsible for specific behaviors. While microbial opsin tools currently exist to silence neural activity with light, 
these tools have significant limitations that make them unsuitable for applications that require persistent silencing 
over the course of minutes or hours. Longer term neuronal silencing has been classically achieved by expressing 
the catalytic light chain of Clostridium neurotoxins, which disrupt neurotransmitter release, however this approach 
suffers from poor temporal and spatial control. Recent chemogenetic approaches have been developed for 
persistent silencing, but lack the spatiotemporal benefits of optogenetic approaches. Thus, there remains an unmet 
need for silencing tools that combine the robust and persistent silencing qualities of Clostridium neurotoxin and 
chemogenetic approaches, with the spatiotemporal control of optogenetics. We are developing photoactivatable 
Clostridium neurotoxins for rapid, extended neural silencing with a single, brief light pulse. Our tools will not only 
be applicable to neurotransmitter systems, but also to neuromodulatory systems and glial transmission. These tools 
will complement and extend the existing opto- and chemogenetic silencing toolset by allowing rapid, robust and 
persistent silencing with a single light pulse. 
 

 

DEVELOPMENT 
 

32) Xenopus laevis tadpoles chronically exposed to sub-lethal concentrations of caffeine exhibit neural circuit 
deficits 
Katelynne B. Donnelly1, MA Merlino1, X Liu1, KG Pratt1. From the 1Department of Zoology & Physiology, University of Wyoming. 

Caffeine is a neurological stimulant that is consumed by millions of adults and children every day. Due to its high 
rate of intake by humans, it is detectable in treated wastewaters that are ejected into natural waterways. This has 
raised concern about the safety of caffeine being released into the environment and how it might impact the 
success of organisms, particularly during embryonic development, that depend on these waters for survival. 
Despite these concerns, federal agencies lack the resources to fully characterize issues that this drug may be 
inducing on developing brains. Therefore, the aim of this project is to characterize the effects of caffeine on a 
developing neural circuit using the Xenopus laevis tadpole visual circuit as a model. This model allows us to study 
the effects of caffeine at the behavioral, circuital, and cellular levels. In this study, tadpoles were chronically 
exposed to a range of sub-lethal caffeine concentrations. To assess visual acuity, we employ a test that evaluates a 
well-characterized visually-guided avoidance behavior. Groups that exhibit poor visual acuity are then subject to 
axon imaging to determine the morphology of the visual circuit, as well as whole cell electrophysiological 
recordings of neurons within the circuit to assess intrinsic and synaptic electrical properties. Preliminary data shows 
that caffeine-exposed tadpole performance on a behavioral assessment decreases on a dose-responsive scale. 
Electrophysiological recordings from optic tectum neurons also indicate that caffeine-exposed neurons display 
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depressed K+ currents and, consistent with depressed K+ current, are able to fire more action potentials in 
response to a sustained current injection. We have begun to investigate other properties of these neurons including 
excitatory to inhibitory ratios. Overall, caffeine appears to have an effect on the development of the tadpole visual 
circuit, but more data is needed to fully characterize this impact. 
 

33) Development of perineuronal nets during construction of the vertebrate nervous system 
Jacob Edwards1, K Hoke1. From the 1Department of Biology, Colorado State University. 

Over the past few decades, the aggregated extracellular matrix structure known as a perineuronal net (PNN) has 
been recognized as a critical player in regulating neuronal plasticity. Presence of PNNs corresponds to a state of 
reduced plasticity, whereas their absence or removal often, but not always, restores plasticity. The emerging model 
of the role of PNNs is that they provide a reliable foundation for connectivity to develop by progressively stabilizing 
low-level processing regions, such as in the brainstem, before appearing in higher cortical zones. This picture of 
PNN function, however, has come from research almost exclusively in mammals, therefore whether the 
hypothesis of progressive stabilization holds across vertebrates has yet been challenged. We tested the generality 
of this model using fluorescent lectin staining to quantify PNN number, size, and stain intensity throughout 
development in vertebrate lineages where they have been sparsely documented: fish, amphibians, and reptiles. We 
found that, in contrast to the progressive stabilization model, PNNs in these lineages emerge first in forebrain and 
midbrain structures, and only later occupy lower brainstem regions. This not only suggests that the role of PNNs in 
circuit stability may be more complex than a linear, ascending progression, but also opens the door to new 
experimental systems to test the function of PNNs in neural plasticity across animal development. 
 

34) A unified model of event-related potentials as phases of stimulus-to-response processing 
William J Gavin1, BK Taylor2 & PL Davies1.  From the 1Occupational Therapy Department, Colorado State University 2Center for Neurobehavioral 
Research, Boys Town. 

Much current research is devoted to detecting stable brain measures to aid in clinical diagnoses or describe 
developmental changes. Many of these studies continue to focus on a single component of an event-related 
potential (ERP) in isolation from other components, ignoring the inter-related nature of neural processing. 
Furthermore, all psychophysiological measures are affected by individual differences in physical and mental state 
that inflate measurement error. The present study tested a model of systematic neural processing that successfully 
predicts task behaviors (reaction times; RT) while accounting for individual differences. ERP data were collected 
from 101 neurotypical children (7-13 years, M = 10.19, SD = 1.54; 46 male) performing a visual Go/No-Go task 
during two separate sessions. Using structural equation modeling, we show a fully-mediated latent variable path 
model with good fit (e.g., CFI = .95; SRMR = .06) yielding significant predictive coefficients (Beta; B) from N1 
through the E-wave latent variables (N1 B=.59 => P2 B=.86 => N2 B=.85 => P3 B=.82 => E-wave; all p’s < .001) 
which in turn significantly predicted RT (B=.45, p = .02). The full stream of neural processing predicted RT to a 
greater extent than any one component in isolation. Age significantly related to N2 and P3 latent variables as well as 
RT (B=.28, -.48, & -.42 respectively).  These findings suggest that modeling ERPs as a system of inter-related 
processes may be a more viable approach for examining brain-behavior relationships in neurotypical and clinical 
groups than traditional analysis techniques. 

 
35) Tuba1a expression and localization is precisely regulated for neuronal development   

Katlin Hahm1, G Buscaglia2, J Aiken3, J Moore3, E Bates2 From the 1 Neuroscience Graduate Program, University of Colorado Anschutz Medical 
Campus, 2 Department of Pediatrics, University of Colorado Anschutz Medical Campus, 3 Department of Cell and Developmental Biology, University 
of Colorado Anscutz Medical Campus. 

Microtubules form the backbone of the axons and dendrites, and are necessary for neuronal migration and 
intracellular trafficking in neurons. Alpha and beta tubulin heterodimers polymerize to form microtubules. Both α 
tubulin and β tubulin are expressed from a family of genes producing relatively well conserved isotypes that can 
then by heterogeneously incorporated into the microtubule monomer. The α tubulin isotype 1 (tuba1a) is 
expressed in post-mitotic neurons, and comprises around 95% of α tubulin in the developing brain. De novo 
mutations in Tuba1a lead to brain development defects such as microlissencephaly, lissencephaly, and 
polymicrogyria leading to diverse consequences including seizures, learning disabilities, and even early fatalities. 
However, the molecular mechanisms these diverse brain defects remain unknown. We have a mouse with a 
mutation in Tuba1a, Tuba1aND that causes severe brain defects and slowing of peripheral axonal outgrowth. Here 
we show that Tuba1a transcripts are localized to the neurites during outgrowth suggesting that Tuba1a is locally 
produced for its role in neuronal development. Polymerization assays in yeast show tuba1aND causes heterodimer 
instability affecting incorporation into the microtubule polymer. This finding gives rise to the possibility that 
mammalian tubulinopathy phenotypes may be due to the abnormal blend of alpha tubulin isotypes within the 
neuronal microtubules.  To examine the effect of the ND mutation on tuba1a expression during development, we 
used in situ RNA hybridization to detect Tuba1a expression in Tuba1aND/+ and Tuba1aND/ND embryonic brains. 
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We show an increase in Tuba1a expression in the tuba1aND/+ and tuba1aND/ND mice suggesting that Tuba1a is 
upregulated by cells in response to a deficiency in functional microtubule polymers. 
 

36) Essentiality of arachidonic acid (ARA) and docosahexaenoic acid (DHA) in primary neurons, microglia, astrocytes 
and oligodendrocytes 
C.M. Butt1, M.J. Weiser1, K.M. Wynalda Camozzi1, V. Grimshaw1, Josien Levenga1 and N. Salem, Jr2 From the 1Translational Biology, DSM Nutritional 
Products, Boulder, CO. 2Nutritional Lipids, DSM Nutritional Products, Columbia, MD.  

Parkinson’s disease is a progressive neurodegenerative disorder that is chiefly marked by the progressive loss of 
dopaminergic neurons, resulting in motor and some non-motor (e.g., olfactory dysfunction) symptoms (Calabresi 
et al., 2015). The motor related symptoms are a result of the reduction of dopamine caused by the decline in the 
population of dopamine producing neurons in the substantia nigra of the basal ganglia. Deep brain stimulation 
(DBS) is a symptom management treatment for pharmaceutically unmanageable Parkinson’s disease because of its 
ability to improve motor functions and thus quality of life (Martinez-Ramirez et al., 2015). Individuals will typically 
have two procedures, one hemisphere per surgery, and thus have electrodes implanted in both hemispheres of the 
brain. Given the necessity for electrophysiological evaluation of implant target, the DBS procedure provides one of 
the few opportunities to examine changes in neural networks in the human brain. This study sought to examine 
whether there were compensatory changes in neural activity within basal ganglia structures as a function of 
surgical disruption. The current results suggest that there is a compensatory increase in contralateral neural activity 
within basal ganglia structures following surgery.   

 
37) Retinoic Acid signaling during development of the adult hippocampal neurogenic niche 

Nicole Rumian1, S Mishra1, J Siegenthaler1 From the 1Department of Pediatrics, Anschutz Medical Campus, University of Colorado, Denver. 

The hippocampal dentate gyrus (DG) is one of two regions in the rodent with ongoing generation of new neurons, 
or neurogenesis.. More specifically, neurogenesis occurs in a specialized neurogenic niche referred to as the 
subgranular zone (SGZ) that contains neural stem and progenitors cells (NSPCs) that give rise to new neurons. 
Many rodent studies have shown that an increase in adult neurogenesis leads to improved cognition, increased 
memory capacity, and increased synaptic plasticity while a decrease in neurogenesis leads to deficits in all of these 
areas and contributes to various neurodegenerative disorders. Others have shown that Vitamin A deficient diets 
lead to decreases in neurogenesis. This deficit can be rescued by administration of retinoic acid (RA), a bioactive 
metabolite of Vitamin A, which activates signaling via retinoic acid receptors (RARs) that function as transcriptional 
activators. Our lab is interested in RA’s role in adult neurogenesis in the SGZ and has shown that RA is required for 
hippocampal NSPC proliferation in adult mice. RA is well known to play important roles in early brain development, 
therefore we investigated RA’s role in the establishment of the adult DG neurogenic niche. Here, we use an RA 
signaling reporter mouse strain and NSPC markers to show active RA signaling in NSPCs at postnatal timepoints 
during establishment of the neurogenic niche.  We used a conditional RA-knockout mouse approach to determine 
the role of RA signaling in NSCPs during niche establishment.  Our studies extend our findings from adult 
neurogenesis and show that RA signaling may play an equally important role in the establishment of NSPC in the 
young, postnatal animals.  This has potentially important implications for adult neurogenesis since later generation 
of new neurons depends on proper establishment of the NSPC population in the young animal.   

 
 

DISORDERS OF THE NERVOUS SYSTEM 
 
38) Use of systematic stimulation mapping and functional/structural imaging to improve localization of seizure-

onset  
Rossana C. Blanco Prado1, JA Thompson2. From the 1Modern Human Anatomy Program, University of Colorado Anschutz Medical Campus 
2Department of Neurosurgery, University of Colorado Anschutz Medical Campus. 

Despite the advantages of using Stereotactic Electrode Encephalography (SEEG) to demarcate epileptogenic onset 
zones, there are limitations to utilizing SEEG as a method to accurately map the epileptogenic network in patients 
with drug-resistant epilepsy. The objective of this study is to use patient-specific cortical and subcortical 
segmentations from structural MRI to assess the likelihood that SEEG electrodes (using postoperative CT images) 
are implanted in common cortical hotspots across subjects. We assessed the association between seizure loci, 
semiology, and cortical localization of electrode implantation in 4 patients to provide a neuroanatomical 
representation of a patient’s epileptogenic network. We hypothesized that a common set of cortical targets will 
exhibit higher susceptibility to seizure generation among analyzed patients and that functional features of 
semiology will predict cortical localization of seizure and correlate with neurologist identified, SEEG-defined, 
epileptogenic sites. We used a novel analysis pipeline based on a recently published method (MATLAB iElvis 
toolbox) and Freesurfer to prepare pre-electrode implantation patient MRI and post-implantation CT scans to build 
a three-dimensional model, corrected for brain shift. Electrodes were mapped in 3D-space in BioImage software. 
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Cortical brain areas were later mapped and merged with 3D-model of patient-specific electrodes. Data was 
analyzed for correlation of electrode and cortical location and patient semiology. 

 
39) Interferon signaling and pericyte loss contribute to blood-brain barrier disruption during viral encephalitis  

Stephanie Bonney1, S Seitz2, KL Tyler2, and JA Siegenthaler1 From the 1Department of Pediatrics, University of Colorado Anschutz Medical Campus 
and 2Department of Neurology, University of Colorado Anschutz Medical Campus. 

Blood vessels in the brain provide oxygen, nutrients, and establish the blood-brain barrier (BBB). The BBB is made 
up of specialized endothelial cells enriched with tight junctions and exhibit low rates of transcytosis and immune 
invasion into the central nervous system (CNS). BBB properties are supported by the high density of pericytes that 
cover the brain vasculature. Loss of tight junction integrity and, in some cases, pericyte coverage results in vascular 
instability that is characteristic of many CNS diseases. One such disease is encephalitis caused by acute 
inflammation of the brain leading to neuronal damage and death. Vascular instability during encephalitis leads to 
the infiltration of immune cells and contributes to edema and swelling of the brain that worsen the disease. Thus it 
is important to identify the cellular and molecular mechanisms underlying vascular instability during encephalitis. 
To study BBB dysfunction during encephalitis we utilized a classic viral-induced encephalitis model in which 
perinatal mice are exposed to reovirus. Reovirus does not infect the vasculature however, we find the blood vessels 
become dysmorphic, lose their barrier properties and pericyte coverage at stages of infection that correspond with 
extensive immune activation, infiltration and neuronal cell death. By performing RNA-sequencing from sorted brain 
endothelial cells during reovirus infection we revealed interferon (IFN) signaling as a major pathway activated within 
the vasculature. Our in vitro studies show that IFNg reduces barrier properties in mouse brain endothelial cells. 
Furthermore, neutralization of IFNg during reovirus infection improved vascular morphology, BBB leakage and 
pericyte coverage. Together our results point to a combination of IFN signaling and loss of vascular pericyte 
coverage that ultimately contribute to BBB dysfunction during viral infection in the CNS. 

 
40) Inhibition of the Transient Receptor Potential Melastatin 2 (TRPM2) by a novel peptide tat-M2NX as a potential 

therapeutic target in cerebral ischemia 
Ivelisse Cruz-Torres1 and PS Herson1,2. From the 1Department of Pharmacology, 1,2Department of Anesthesiology; University of Colorado Anschutz 
Medical Campus  

Introduction: TRPM2 channels are highly expressed in the brain and play a critical role in neuronal injury and death 
following cerebral ischemia; stroke or cardiac arrest. Cerebral ischemia leads to impairment of synaptic plasticity 
which are associated to cognitive and memory deficits in patients. Our preliminary data suggest that synaptic 
plasticity impairment is reversed upon TRPM2 channel inhibition. To elucidate how TRPM2 channel activity is 
modified in cerebral ischemia, our lab design a peptide predicted to inhibit ADPR binding and activation of TRPM2 
channels. We hypothesized the peptide will bind with high affinity and inhibit TRPM2 currents at low nanomolar 
concentrations.  Materials and Methods: Human TRPM2 channel expression was induced in HEK-293 cells with 
doxycycline (18-24hrs). Whole-cell patch clamp recordings were performed with 100μM ADPR (agonist) and 0, 
0.05, 0.5, 2, 5, and 10μM tat-M2NX in the pipette. Maximal TRPM2 currents were analyzed before and after tat-
M2NX, and clotrimazole (CTZ) inhibition. The exclusion criteria were established as access resistance Ra<15 MΩ and 
a final leak current <350pA. Specificity of tat-M2NX was assessed with tat-M2NX mutants. Statistical significance 
was p<0.05 for all groups using One-Way Analysis of Variance. Results and conclusions: The peptide tat-M2NX 
inhibits >90% of TRPM2 channel currents at micromolar concentrations. The IC50 of tat-M2NX is approximately 
250nM suggesting the peptide is a potent TRPM2 channel inhibitor. Furthermore, the tat-M2NX sequence is critical 
for antagonism due to the lack of inhibition observed by tat-M2NX mutants. Further studies will address the 
mechanism of action of tat-M2NX. 

 
41) Latent Toxoplasma gondii infection promotes neurodegeneration and increases soluble mutant huntingtin levels 

in a mouse model of Huntington disease 
David W. Donley1, T Jenkins2, R Campbell3, V. Chopra4, S. Hersch4, JP Gigley5, JH Fox1. 1Neuroscience Program, University of Wyoming 2University of 
Washington School of Medicine 3Department of Physiology, University of Wyoming 4Mass General Institute for Neurodegenerative Diseases 
5Department of Molecular Biology, University of Wyoming. 

Huntington disease (HD) is a neurodegenerative disease caused by a CAG repeat expansion in the huntingtin gene 
that manifests with motor, cognitive, and psychiatric symptoms. Production of the mutant huntingtin protein is 
toxic to cells and results is loss of neurons primarily in the striatum. The kynurenine pathway of tryptophan 
metabolism is a neuroinflammatory pathway implicated in HD pathogenesis. Kynurenine pathway activation also 
occurs as part of the immune response to the prevalent neuroinvasive human pathogen, Toxoplasma gondii (T. 
gondii) and is required for prolonged control of the infection. Therefore, latent infection activates an HD-associated 
pathway and may exacerbate disease. We previously reported that N171-82Q HD mice have an altered response to 
acute T. gondii infection (Donley et al. 2016). However, the effect of latent T. gondii infection, characterized by 
intracellular parasite cysts and inflammation in brain, on HD progression is not known. Here we investigated the 
effects of latent T. gondii infection in YAC128 HD mice. Wild-type and HD mice were orally infected at 2 months of 
age with T. gondii or vehicle and mice were sacrificed at 12-months of age. We show that HD mice have a normal 
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immune response to latent T. gondii infection. Interestingly, infection increased soluble mutant huntingtin levels in 
HD mice compared to HD mice without infection. In addition, brain weight, striatal volume, and number of striatal 
neurons of T. gondii-infected HD mice was significantly decreased as compared to both non-infected HD mice 
and wild-type mice with infection. These results are consistent with HD potentiation by latent T. gondii infection. 
While Huntington’s disease is genetic, the environment plays a role in both onset and progression of the disease. 
Our research indicates the potentiation of HD by chronic infection and illustrates the potential contribution of 
environmental factors to HD progression.  

 
42) Metacognition and neurophysiology as indices of prodromal development in neurotypical populations  

David P. Engel1, LN Pantlin1. From the 1Department of Psychology, Colorado State University. 
Patients with schizophrenia (SZ) illustrate an impaired ability to recognize and correct errors in metacognition, while 
still expressing confidence in correctly responding to a task. Individuals with SZ report high confidence, despite 
repeated inaccurate responses. Mismatch-negativity (MMN) has been suggested as a biomarker for SZ, due to a 
decreased brain response to deviant auditory stimuli in error detection. Prodromal individuals, those at high risk for 
an onset of schizophrenia, also demonstrate patterns of decreased MMN, as well as deficiencies in error detection 
and correction. The relevancy of impairments in neurophysiological error-detection and behavioral error-detection 
in psychological intervention suggest a potential bivariate relationship between the two. The hypothesis is that the 
participants, who self-identify as prodromal, will show a reduced MMN and a negative correlation between 
accurate responses and confidence compared to controls. Participants were given the 16-item Prodromal 
questionnaire, and their brain activity is recorded during a task in which they listen to tones (MMN). Two behavioral 
timing tasks are then conducted where participants are presented with an interval and either asked to report how 
much time elapsed between the two beeps or to reproduce the given interval on a stopwatch. Following each 
interval, the participant is asked to report how confident they are in their responses. The data has been analyzed 
using gamma correlations comparing percent accuracy against confidence ratings. These correlations were 
compared with regressions of neurophysiology. Results of this study were significant for participants estimating 
time intervals. These results show that individuals in high-risk populations demonstrate similar trends in deficiency 
at a supports from trends of past research, and the relationship between these error-detection and reduced MMN 
can potentially be considered a biomarker for the onset of psychosis.  
 

43) Modified roller tube method for precisely localized and repetitive intermittent imaging during long-term culture 
of brain slices in an enclosed system  
Benjamin B. Fixman*, Isaac W. Babcock*, Laurie S. Minamide*, AE Shaw, MI Oliveira da Silva, AM Runyan, MT Maloney, JJ Field, JR Bamburg. From the 
Department of Biochemistry and Molecular Biology and Molecular, Cellular and Integrated Neuroscience Program, Colorado State University, Fort 
Collins, CO 80523 *These three Authors contributed equally to this manuscript" 

Cultured rodent brain slices are useful for studying the cellular and molecular behavior of neurons and glia in an 
environment that maintains many of their normal in vivo interactions. Slices obtained from a variety of transgenic 
mouse lines or use of viral vectors for expression of fluorescently tagged proteins or reporters in wild type brain 
slices allow for high-resolution imaging by fluorescence microscopy. Although several methods have been 
developed for imaging brain slices, combining slice culture with the ability to perform repetitive high-resolution 
imaging of specific cells in live slices over long time periods has posed problems. This is especially true when viral 
vectors are used for expression of exogenous proteins since this is best done in a closed system to protect users 
and prevent cross contamination. Here we report simple modifications made to the roller tube brain slice culture 
method that allows for repetitive high-resolution imaging of slices over many weeks in an enclosed system. 
Culturing slices on photo-etched cover-slips permits the use of fiduciary marks to rapidly and precisely re-position 
the stage to image the identical field over time before and after different treatments. Examples are 
shown for the use of this method combined with specific neuronal staining and expression to observe changes in 
hippocampal slice architecture, viral-mediated neuronal expression of fluorescent proteins, and the development 
of cofilin pathology, previously observed in Alzheimer disease hippocampus, in response to slice treatment with 
oligomers of amyloid-β peptide. 

 
44) Cholinergic Synaptic Homeostasis Drives the Progression of Aβ42-Induced Changes in Neural Activity 

Eu-Teum Hahm, RY Nagaraja, G Waro, S Tsunoda. From the Department of Biomedical Sciences, Colorado State University. 

Synaptic homeostasis is the ability of neurons to exert compensatory changes in synaptic strength in response to 
altered neural activity. In pathological conditions that alter activity, homeostatic responses are predicted to be 
activated as a neuroprotective mechanism. In models of Alzheimer’s disease (AD), studies have shown that beta-
amyloid1-42 (Aβ42) induces both increases and decreases in neural activity, raising the possibility that these 
changes may be dynamic and homeostatically related. We examine the effect of Aβ42 on cholinergic neurons 
from Drosophila. We show that Aβ42 induces an early increase in cholinergic synaptic activity, followed by later 
synaptic depression. This progression of changes parallels what has been suggested to occur in cholinergic brain 
regions of mammalian AD models. We show that early enhancement in activity is likely enacted pre-synaptically, 
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and that later synaptic depression is pre- and post-synaptically induced with a requirement for the Drosophila α7 
(Dα7) nAChR. We show that the later Aβ42-induced synaptic depression can be mimicked by increasing early 
synaptic activity in wild-type, but not in Dα7 mutant, neurons. Conversely, countering the early increase in activity 
in Aβ42-expressing neurons prevented the development of synaptic depression in a Dα7-dependent manner. Our 
findings support the hypothesis that Dα7-dependent synaptic scaling mechanisms drive progression of Aβ42-
induced activity changes in cholinergic neurons.  

 
45) Setting the thermostat for cerulean fire in Ts65Dn mice 

Eric D. Hamlett1, AM Fortress1, HA Boger2, AE Granholm1,2, and D Paredes1. From the 1Knoebel Institute for Healthy Aging, University of Denver, 
Denver, CO; and 2Department of Neurosciences and Center on Aging, Medical University of South Carolina, Charleston, SC. 

The locus coeruleus (LC) regulates arousal and has significant effect on sensory processing and memory 
performance. During the preclinical Alzheimer’s disease (AD) phase, LC degeneration has significant impact on 
executive function, working memory, and attention. For individuals with Down syndrome (DS) related AD, 60% or 
greater loss of LC-NE neurons with severe amyloid plaque and Tau neurofibrillary tangle. Based on this knowledge, 
we hypothesize that noradrenergic activity affects the progression of DS-AD. In the Ts65Dn mouse model of DS, 
LC degeneration occurs early and provides opportunities to study LC contributions to memory performance, 
adrenoreceptor biology and inflammation. To better isolate LC contributions to memory, we administered hM4 
inhibitory or hM3 stimulatory designer receptors exclusively activated by designer drugs (DREADDs) via adeno-
associated virus into the LC under a synthetic promoter, PRSx8, to selectively control LC neuron activity by 
exogenous administration of the inert ligand, clozapine-N-oxide (CNO). Thirty minutes after CNO administration, 
we employed a series of behavioral task including open field locomotion, novel object recognition and water radial 
arm-maze. Adrenoreceptor and inflammatory markers were quantified in the brain by immunofluorescence 
imaging.  hM3 stimulation of the LC enhanced performance in novel object recognition and water radial arm maze 
task while reducing hyperactivity in Ts65Dn mice. hM4 inhibition of the LC decreased performance in novel object 
recognition and water radial arm maze task with no effect on locomotion or hyperactivity in Ts65Dn mice. Notable 
proteomic responses occurred in adrenoreceptor levels and inflammatory markers after 10 days of LC inhibition. 
DREADDs enabled discreet control of LC activity in a neurodegenerative paradigm and allowed novel investigations 
of specific LC-specific contributions to memory performance, adrenoreceptor dynamics, and neuroinflammation. 
 

46) Serotonin quantification by capillary zone electrophoresis: correlation of serotonin and traumatic brain injuries 
Sebastian DL Harvey1, SA Melgar2, C Hicks2, KA Gorgens1, A-C Granholm2, DA Paredes2. From the 1Graduate School of Professional Psychology, 
University of Denver, 2Knoebel Institute for Healthy Aging, University of Denver. 

The link between depression and mild traumatic brain injuries (mTBIs), such as concussions, has been well 
established (Caron et al., 2013; Chrisman & Richardson, 2014). Depressed mood and disrupted sleep patterns 
following concussion may reflect an underlying pathophysiology consistent with a limbic-frontal model of 
depression and may be attributed to disrupted serotonin levels (Chen et al., 2008; Meehan, 2011). The potential for 
blood-based concussion biomarkers could provide an opportunity to avoid further injury and could even play a 
role in the assessment of new treatments and therapies for concussion (Papa, 2016). Despite all the published work, 
it is still unclear to what degree the serotoninergic system could be targeted to enhance recovery from mTBIs. We 
are implementing capillary zone electrophoresis from small samples volume (~5 μL) using an argon-ion laser with 
an excitation wavelength of 488 nm in order to quantify concentrations of 5-HT from human blood samples. 
These result will help us to understand how the state of the serotoninergic system at the time when the TBIs 
occurs will impact the recovery. This work was supported by the Knoebel Institute for Healthy Aging – University of 
Denver.   
 

47) A Cortical Atlas of Genetic Vulnerability on Psychiatric Symptomology 
Alexander S. Hatoum1, AE Reineberg1, HR Smolker1,2, RC Corley1, JK Hewitt1,2, & NP Friedman1,2.  From the 1 Institute for Behavioral Genetics CU 
Boulder, 2 Department of Psychology and Neuroscience CU Boulder. 

Anatomical variation in the brain is a candidate endophenotype, or phenotype intermediary between the distal 
outcome and genetic expression, for psychiatric symptomology.   For most psychiatric syndromes, variability in the 
insula, cingulate cortex, and dorsolateral prefrontal cortex are predictive phenotypically and possibly account for 
disorder overlap. However, genetic effects may vary within predefined regions and prespecified hypothesis about 
the importance of one region will unlikely follow the architecture of genetic effects.  Furthermore, region based 
approaches do not take advantage of the high-dimensionality and specificity of modern MRI research. In this study, 
we developed a novel family-based method of brain mapping that integrates genetic decomposition models and 
modern MRI approaches to create high-resolution whole-brain atlases of genetic effects on psychiatric disorders.  
Essentially, this procedure allows us to derive new brain clusters, or “regions” that represent genetic vulnerability to 
psychiatric disorders.  After deriving these clusters, we can overlay the maps to explain common pathways to 
comorbidity.   To demonstrate this method, we created discovery maps of depression and antisocial behavior using 
a subset of 154 twin pairs from the Colorado Longitudinal Twin Study, with replication from a comparable twin 



   ABSTRACTS 
sample (n=141) from the Human Connectome Project.  Broadly, Whole-brain maps show that (1) known regions do 
not capture the architecture of genetic effects on psychiatric disorders, (2) Genetic effects expressed in the 
cingulate cortex (CC), PreSMA, and Occipital Temporal Junction overlapped for depression and antisocial behavior, 
and finally (3) CC genetic variability replicated as a common risk factor to almost all psychiatric disorder.  Finally, we 
expand on these results to demonstrate the capability of atlas based methods to better explore molecular 
underpinnings and give new insight to mechanisms of psychiatric disorders.   
 

48) Feline immune deficiency virus induces changes in neuronal activity modeling HIV-associated neurological 
disorder  
Paige Ostwald1, J Shou2, C Miller3, S VandeWoude3, F Hofmann4, S Kim2. From the 1Cell and Molecular Biology Graduate Program 2Department of 
Biomedical Sciences, 3Department of Microbiology, Immunology, and Pathology, Colorado State University, Fort Collins, CO 80523 4Technical 
University of Munich, Germany.   

The molecular mechanisms leading to neuronal dysfunction and death are poorly understood for HIV-associated 
neurodegenerative disorder (HAND). Feline immunodeficiency virus (FIV) naturally infects cats and shares structure, 
cell tropism, and pathology with HIV, including wide-ranging neurological deficits. This study aims to use FIV as a 
model to elucidate the molecular pathways underlying HIV-induced neuronal dysfunction. Among HIV-induced 
neuron-damaging products, the HIV envelope glycoprotein gp120 triggers elevation of intracellular Ca2+ in 
neurons, resulting in apoptosis. Quantifying neuronal activity using intracellular Ca2+ imaging in cultured feline 
hippocampal cells confirmed that the FIV envelope glycoprotein gp95 also elevates intracellular Ca2+ activity. 
Using mouse hippocampal neuron cultures, we previously showed that gp95 interacted with the chemokine 
receptor, CXCR4, and facilitated the release of intracellular Ca2+ by the activation of cGMP-regulated kinase II 
(cGKII). We confirmed that inhibition of cGKII activity abolished the gp95 effect in cat hippocampal neurons, 
suggesting that gp120 and gp95 share the core pathological process in neurons. Notably, acute exposure of gp120 
induces dephosphorylation of the voltage-gated K+ (Kv) channel Kv2.1 protein, leading to reduction of neuronal 
activity. Such modifications in Kv2.1 are dependent on the activation of the protein phosphatase calcineurin. To test 
whether gp95 can also increase calcineurin activity in mouse cultured neurons, we use a FRET-based calcineurin 
activity biosensor. Contrast to the previous finding, we found that acute exposure of gp95 had no effect on 
calcineurin activity. However, 24 hr treatment of gp95 could increase calcineurin activity, which would 
dephosphorylate Kv2.1 and reduce neuronal activity. In sum, gp95 induces initial hyperactivity by activation of cGKII, 
but long-term exposure of gp95 reduces neuronal activity via calcineurin activation as a homeostatic response. 

 

49) Cognitive abnormalities associated with the heterozygous loss of delta-catenin    
Henry Scott2, T Garver1, S Kim1. From the 1Department of Veterinary Studies and Biomedical Sciences, Colorado State University, 2Department of 
Biochemistry and Molecular Biology. 

Delta catenin (δ-catenin) is a neuron specific catenin with known implications in cognitive function and synaptic 
plasticity. The association of this protein with AMPA receptor (AMPAR)-binding protein (ABP) and the related 
glutamate receptor-interacting protein (GRIP) via association with PSD95 contributes to the structural integrity of 
the neuronal GLuA1 and GluA2 AMPA receptor subunits within synaptic membranes. Genetic alterations in these 
subunits have been found to induce synaptic and behavioral abnormalities highly associated with both autism and 
cri-du-chat syndrome. Interestingly, the heterozygous loss of δ-catenin in particular provides a very accurate 
depiction of the neural environment found in cri-du-chat. Hence the behavioral and concurrent proteomic 
characterization of hemizygous δ-catenin knockout mice holds great potential for the elucidation of 
neuropathology found in both disorders. We have observed impeded cognitive ability and spatial learning in these 
mice as well as the expected corresponding synaptic abnormalities. Further, we aim to characterize these cognitive 
deficits and map the interplay between the causative synaptic elements to a degree that warrants and enables 
viable therapeutic rescue investigation.   

 

50) Sucrose withdrawal-induced depression and anxiety-like behavior by Kir2.1 upregulation in the nucleus 
accumbens 
Jiayi Shou1, S Kim1,2, S Abera3, EB Ziff3. From the 1Department of Biomedical Sciences, 2Molecular Cellular and Integrative Neurosciences Program, 
Colorado State University, Fort Collins, CO 80523, 3Department of Biochemistry and Molecular Pharmacology, New York University Lagnone Medical 
Center, New York, NY 10016. 

Dieting induces depression and anxiety among other emotional symptoms. Animal models indicate that repeated 
access to palatable foods such as sugar induces depression and anxiety-like behavior when the food is no longer 
available. However, the neurobiological mechanisms of how dietary restriction influences mood have not been 
fully understood. We used the two-bottle sucrose choice paradigm as an overeating and withdrawal model. 
Withdrawal after lengthy sucrose overeating elicited depression and anxiety-like behavior, which was reversed by 
sucrose reinstatement. In the nucleus accumbens (NAc) of sucrose withdrawal animals, dopamine levels and cAMP 
response element binding protein (CREB) activity were significantly reduced, while the inwardly rectifying K+ 
channel, Kir2.1, was significantly elevated. In addition, overexpression of Kir2.1 selectively in neurons expressing 
dopamine D1 receptors was sufficient to induce negative mood-linked behavior in the absence of sucrose 
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overeating experience. As elevated K+ channels reduce neuronal excitability, a sucrose withdrawal-induced 
increase in Kir2.1 expression is able to decrease NAc activity, which provides a cellular basis for depression and 
anxiety-like behavior in animals. 

 

51) Human and feline immunodeficiency virus induce cyclic-GMP kinase II-mediated excitotoxicity in the brain 
Keira Sztukowski1, J Shou2, C Miller3, S VandeWoude3, F Hofmann4, S Kim2. From the 1College of Veterinary Medicine and Biomedical Sciences, 
2Department of Biomedical Sciences, 3Department of Microbiology, Immunology, and Pathology, Colorado State University. 4Technical University of 
Munich, Germany.  

Over half of human immunodeficiency virus (HIV)-infected individuals suffer from HIV-associated neurocognitive 
disorders (HAND), yet the molecular mechanisms leading to neuronal dysfunction and death are poorly 
understood. Feline immunodeficiency virus (FIV) naturally infects cats and shares its structure, cell tropism, and 
pathology with HIV, including wide-ranging neurological deficits. This study aims to use FIV as a model to elucidate 
the molecular pathways underlying HIV-induced neuronal dysfunction. Among HIV-induced neuron-damaging 
products, the HIV envelope glycoprotein gp120 triggers elevation of intracellular Ca2+ in neurons, resulting in 
apoptosis. By quantifying neuronal activity using intracellular Ca2+ imaging in mouse cultured hippocampal cells, 
this study confirmed that the FIV envelope glycoprotein gp95 also elevates intracellular Ca2+ activity, which could 
lead to excitotoxicity and neuronal dysfunction. This suggests that gp120 and gp95 could share the same 
pathological process in neurons. In addition, we revealed that gp95 interacts with the chemokine receptor, CXCR4, 
and facilitates the release of intracellular Ca2+ by the activation of glutamate NMDA and AMPA receptor-mediated 
opening of the endoplasmic reticulum (ER)-associated Ca2+ channels, inositol triphosphate receptors (IP3Rs). 
Additionally, gp95’s activation of NMDA receptors was found to mediate the formation of cyclic-GMP kinase II 
(cGKII) through the NMDA-neuronal nitric oxide synthase (nNOS)-cyclic GMP (cGMP) pathway, which both 
increases Ca2+ release from the ER and promotes surface elevation of AMPA receptors, contributing to neuronal 
hyperexcitability and synaptic plasticity. These results further the molecular understanding of HAND and possibly 
give rise to novel therapeutic targets. 
 

52) Effect of neonatal iron supplementation on microglial activation in N171-82Q huntington’s disease mice  
Marley Realing1, DW Donley23, JH Fox23. From the 1 Department of Microbiology 2Veterinary Sciences and 3Neuroscience Program, University of 
Wyoming, Laramie, WY, 82070. 

Huntington’s Disease (HD) is a genetic neurodegenerative disorder that results in atrophy of brain areas that control 
movement and cognition. Currently there are no neuroprotective interventions for HD. Brain iron accumulation 
occurs in HD brain and contributes to disease progression.  Iron may promote disease by stimulating inflammation 
as a result of oxidant induced cellular injury.  Neuroinflammation is present in human HD as well as in mouse 
models.  Microglia are key immune cells of the brain, and have an important role in triggering and regulating brain 
inflammation.  We have previously shown that neonatal iron supplementation potentiates neurodegeneration in 
two HD mouse models.  Here we address if neonatal iron supplementation results in microglial iron accumulation 
and microglial activation.  First, we studied if iron accumulates in microglial cells.  We purified brain microglia and 
determined iron content using a fluorescent iron-indicator dye and flow cytometry. We found a significant increase 
in iron accumulation in HD versus wild-type microglial cells derived from 14-week old N171-82Q HD mice. Iron 
supplementation did not significantly promote this effect.  Secondly, we plan to quantify microglial morphology to 
assess if iron promotes microglial activation/ neuroinflammation.  Microglia change morphology when activated, 
therefore morphology can be used to determine microglia activation status. We have validated an antibody and 
immunohistochemical protocol for imaging microglial morphology and are in the process of completing the 
analyses.  The findings from this study will illuminate if/how neonatal iron supplementation promotes 
neuroinflammation in a mouse HD model. 
 

53) Inter-hemispheric analysis of compensatory neural activity in deep brain stimulation patients 
Daniel Uy1, J Thompson2. From the 1Department of Cell and Developmental Biology--Master of Science in Modern Human Anatomy, University of 
Denver-Anschutz, and 2Department of Neurosurgery, University of Denver-Anschutz. 

Parkinson’s disease is a progressive neurodegenerative disorder that is chiefly marked by the progressive loss of 
dopaminergic neurons, resulting in motor and some non-motor (e.g., olfactory dysfunction) symptoms (Calabresi 
et al., 2015). The motor related symptoms are a result of the reduction of dopamine caused by the decline in the 
population of dopamine producing neurons in the substantia nigra of the basal ganglia. Deep brain stimulation 
(DBS) is a symptom management treatment for pharmaceutically unmanageable Parkinson’s disease because of its 
ability to improve motor functions and thus quality of life (Martinez-Ramirez et al., 2015). Individuals will typically 
have two procedures, one hemisphere per surgery, and thus have electrodes implanted in both hemispheres of the 
brain. Given the necessity for electrophysiological evaluation of implant target, the DBS procedure provides one of 
the few opportunities to examine changes in neural networks in the human brain. This study sought to examine 
whether there were compensatory changes in neural activity within basal ganglia structures as a function of 
surgical disruption. The current results suggest that there is a compensatory increase in contralateral neural activity 
within basal ganglia structures following surgery.   
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54) Female Fgfr3-deficient mice display defects in pituitary-gonadal function without a defect in GnRH mRNA 
expression 
Samantha J. Bonelli1, LR Brooks1, PS Tsai1. From the 1Department of Integrative Physiology, University of Colorado Boulder. 

The hypothalamic-pituitary-gonadal (HPG) axis facilitates reproduction through interactions among the brain, 
pituitary, and the gonads. Defects in the HPG axis deleteriously impact the onset of puberty and reproductive 
function. Neurons that secrete the decapeptide gonadotropin-releasing hormone (GnRH) are the most upstream 
component of the HPG axis. GnRH stimulates the anterior pituitary to synthesize the gonadotropins, luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH), which are essential for gonadal stimulation. Our laboratory 
has previously shown that GnRH neurons express fibroblast growth factor (Fgf) receptors (Fgfr) 1 and 3 and require 
Fgf signaling for proper development and postnatal maintenance. Further, Fgfr3 is present on the surface of ovarian 
granulosa cells and has previously been demonstrated to regulate granulosa cell proliferation. Based on these 
findings, we hypothesize that Fgfr3 deficiency leads to multiple defects along the HPG axis. The objective of the 
present study was to examine if female mice with global Fgfr3 deficiency (Fgfr3+/- females) had altered GnRH 
expression, circulating and stored levels of gonadotropins, and ovarian granulosa cell function.  Our results showed 
that GnRH mRNA was not affected in randomly cycling Fgfr3+/- females compared to control females.  
Interestingly, although Fgfr3+/- females did not exhibit altered circulating and pituitary stores of LH, they showed 
an age-specific decrease in pituitary FSH stores and a paradoxical increase in circulating FSH.  These results suggest 
Fgfr3 deficiency may impact ovarian granulosa cell function either directly or through the dysregulation of FSH 
secretion.  We are currently examining follicular atresia in Fgfr3+/- mice through the quantification of caspase-3 
positive granulosa cells. Overall, our results suggest Fgfr3 deficiency likely impacts female reproduction via the 
disruption of pituitary and ovarian functions, but not GnRH neuron function. 
 

55) Sexually dimorphic consequences of chronic variable stress on hypothalamic neuropeptides and social behavior 
in the mouse  
Amanda P. Borrow, RJ Handa. From the Department of Biomedical Sciences, Colorado State University. 

Chronic variable stress (CVS) exposure is a common model of mood disorders, inducing neural dysregulation and 
behavioral changes observed in patients with these disorders. Despite the higher prevalence of mood disorders in 
women, research using the CVS model to date has focused almost exclusively on males, preventing researchers 
from fully understanding the effects of CVS and any potential sex differences in responsivity. Two possible targets 
of CVS are the hypothalamic peptides oxytocin (OT) and arginine vasopressin (AVP), important regulators of stress 
responsivity and behavior that also show gender-specific alterations in patients with mood disorders. In the male 
rat, CVS has either increased or decreased PVN OT mRNA. However, a comparison of the effects of CVS on OT in 
male and female mice has not been conducted. In the present studies, intact male and female mice underwent six 
weeks of exposure to a variety of mild stressors. AVP and OT mRNA and protein were assessed using in situ 
hybridization and immunohistochemistry, respectively. CVS decreased OT mRNA-containing neurons within the 
paraventricular nucleus (PVN) in male mice without affecting the number of OT-immunoreactive (-ir) cells, while 
female mice showed a decrease in PVN OT-ir neurons, with no change in OT mRNA-containing cells. In contrast, 
CVS decreased expression of AVP mRNA per neuron within the female PVN only, while having no effect on AVP-ir 
cell number in either sex. Given the implication for OT and AVP in social behavior, we next examined sex 
differences in the effect of CVS on social interaction. CVS increased sociability in females, while having no effect on 
male subjects. We are currently testing whether this sex-specific increase is correlated with elevated plasma OT. 
Our findings reveal that CVS differentially affects neuropeptidergic systems in the hypothalamus of male and 
female mice, suggesting a novel mechanism through which CVS alters behavior in the female rodent. NIH R01-
DK105826. 
 

56) Sexually dimorphic response to activating glucocorticoid receptors: RU28362 increases transcription of 
serotonin-related mRNA transcripts in the dorsal raphe of male, but not female mice 
M. Allie Holschbach, AL Turnidge, RJ Handa. From the Department of Biomedical Sciences, Colorado State University. 

Stress has profound effects on mammalian physiology and behavior, and these effects are orchestrated by 
activation of glucocorticoid receptors (GR) in the brain. Acute stress and/or activation of GRs promotes many 
adaptive reactions that are necessary for survival, but chronic activation can lead to neuropsychiatric disorders such 
as depression and anxiety. Stress-related disorders affect twice as many women as men, and this sex difference 
may be related to how the serotonin system responds to stress. Serotonin has been strongly implicated in 
depression and anxiety, and the serotonin system is exquisitely sensitive to stress and glucocorticoid action. Most of 
the brain’s serotonin is produced by neurons in the dorsal raphe (DR). To explore the effects of glucocorticoids on 
serotonin neurons in the DR, we adrenalectomized adult male and female C57bl6 mice to remove endogenous 
glucocorticoids. After two days of recovery, we injected a selective GR agonist, RU28362 (40 µg/kg, ip) or vehicle. 
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Mice were decapitated 30 minutes later, and blood and brains were collected. Absolute levels of mRNA were 
measured in microdissected DR using droplet digital PCR. RU28362 increased the transcription of several 
serotonin-related genes within the DR of male mice within 30 minutes, including the serotonin-synthesizing 
enzyme, tryptophan hydroxylase 2 (p = .01), the serotonin-metabolizing enzyme, monoamine oxidase a (p = .05), 
and serotonin receptor 1a (p = .02). There was also a trend to increase serotonin transporter mRNA levels (p = .09) 
in male mice. Strikingly, all of these increases were absent in female mice (p’ss > .05). Ongoing experiments will test 
whether activating GR also increases these mRNA transcripts in cultured serotonergic neurons from male rats. A 
deeper understanding of sex differences in the response of DR neurons to activation of GRs could reveal 
neurochemical changes underlying the development of neuropsychiatric disorders. 
 

57) Sex induces neuroplasticity in the reproductive brain of male transgenic mice  
Ann V. Miller1, LR Brooks1, PS Tsai1. From the Department of Integrative Physiology, University of Colorado Boulder. 

Gonadotropin-releasing hormone (GnRH) neurons activate and maintain reproduction in all vertebrates to ensure 
the propagation of species. Emerging evidence suggests fibroblast growth factor (FGF) signaling is important for the 
maintenance of the postnatal GnRH system.   FGF-deficient mice (named dnFGFR) were shown to undergo 
accelerated deterioration of the postnatal GnRH system, leading to compromised reproduction at an earlier age. 
Unexpectedly, we found that the declining GnRH system in dnFGFR mice could be rescued by opposite-sex (OS) 
housing, suggesting a very novel plasticity in the reproductive brain. However, the full rescue of the compromised 
GnRH system is somewhat inefficient, requiring up to 300 days of OS housing. We hypothesize that prolonged OS 
housing with a single cagemate may desensitize the response of the reproductive brain to sexual cues, but the 
rescue may be accelerated by the intermittent introduction of a novel OS cagemate. To test this hypothesis, 
control and dnFGFR male mice were paired repeatedly with a novel same-sex (SS) or OS cagemate every 50 days 
for 150 days beginning at weaning. This repeated OS pairing paradigm significantly accelerated the rescue of the 
declining GnRH system and downstream reproductive functions in dnFGFR animals. Specifically, preoptic area 
GnRH mRNA transcript, pituitary luteinizing hormone, and paired testis mass all returned to normal in repeated OS 
paired dnFGFR males. Additionally, the expression of two FGF ligands, FGF2 and FGF10, significantly increased in 
repeated OS-housed dnFGFR mice, suggesting increased FGF signaling may mediate this plasticity. Lastly, the 
number of pups sired by dnFGFR males was restored to normal with repeated OS pairing, suggesting the 
improvement of fecundity with repeated sexual experience. In summary, our data suggest that the reproductive 
health of diseased animals can be rescued by manipulating the highly plastic GnRH system via simple, positive 
environmental interventions. 
 

58) Glutamate transporter knockdown in the infralimbic cortex increases heart rate, blood pressure, and 
cardiomyocyte area in response to chronic stress  
Derek Schaeuble1, Amy Packard2, Jessica McKlveen2, Sarah Fourman2, James P. Herman2, and Brent Myers1. From the 1Department of Biomedical 
Sciences, Colorado State University, 2Department of Psychiatry and Behavioral Neuroscience, University of Cincinnati. 

In previous studies, a lentiviral-packaged vector coding for a small interfering RNA (siRNA) was microinjected into 
the infralimbic (IL) medial prefrontal cortex of male rats to identify the influence of the IL on the neuroendocrine 
stress response. The siRNA targeted vesicular glutamate transporter 1 (vGluT1) which decreases presynaptic vesicle 
packaging of glutamate.  These studies found that IL outflow and chronic variable stress (CVS) interact to restrain 
chronic stress reactivity through sympathetic inputs to the adrenal gland. The goal of the current study is to 
examine the cardiovascular consequences of chronic stress in rats with knockdown of IL vGluT1. Male rats were 
either injected with GFP as a control or treated with viral-packaged siRNA. Rats were then either exposed to CVS or 
were kept in homecages as unstressed controls. To identify cardiovascular effects, vGluT1 siRNA or GFP treated rats 
were equipped with implantable radiotelemetry devices which recorded blood pressure, heart rate, and activity 
over the 14-day time span of CVS in all groups. CVS rats with vGluT1 knockdown experienced a significant increase 
in heart rate and mean arterial pressure (MAP) compared to no CVS. Meanwhile, the muting of behavioral activity 
that occurred in CVS GFP rats was not present in CVS rats treated with vGluT1 siRNA. After the completion of the 
experiment, hearts were collected and heart weight increased only in CVS rats with vGluT1 knockdown. To fully 
examine this potential cardiac hypertrophy, average myocyte size was measured using a fluorophore-conjugated 
wheat germ agglutinin to label the membranes of individual myocytes.  Increased myocyte area was found in rats 
exposed to CVS, regardless of viral treatment. Together, these findings provide evidence for infralimbic cortex 
regulation of cardiovascular responses to chronic stress. Ongoing studies are aimed at determining the specific 
downstream circuitry mediating IL control of cardiovascular susceptibility. 
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59) Fungiform papillae density is associated with higher perceived intensity and discrimination ability for 
electrotactile stimulation of the tongue 
Tyler S. Allison1, J Moritz, Jr.2, LM Stone-Roy1. From the 1Department of Biomedical Sciences, Colorado State University 2Department of Mechanical 
Engineering, Colorado State University. 

The human tongue is densely innervated with multiple types of fibers, and previous research indicates that the 
somatosensory fibers of the tongue may provide a route for information transfer to the brain. In particular, sensory 
substitution using tongue stimulation has aided people with visual and vestibular impairments. The overall goal of 
our research is to create an electrotactile device that can provide auditory information to the brain via lingual 
mechanoreceptive pathways. This would provide a treatment option for patients with hearing loss who are unable 
to benefit from standard treatments such as hearing aids or cochlear implants. However, this approach is 
complicated because the ability to perceive lingual electrotactile stimuli varies greatly between individuals. 
Interestingly, the density of fungiform papillae (FP), which contain taste buds and sensory fibers, also varies 
between individuals.  Our current work centers on testing the hypothesis that regions of the tongue having higher 
FP density correlate with a better ability to perceive and discriminate between multiple active electrodes. To test 
this, FP of fifteen participants were counted and compared to electrotactile perception using a custom tongue 
stimulation device that randomly activated one or two electrodes within a 4 cm2 area of the tongue. Electrode 
pairs were 2, 4, 6 or 8 mm apart. The participant recorded both the perceived intensity of the stimulus and how 
many electrodes were felt. The data were then analyzed to determine if a correlation exists between FP density and 
perceived intensity, and between FP density and 2-point discrimination ability. All participants had an increased FP 
density in the most anterior region of the tongue, which also typically showed an increased 2-point discrimination 
ability and higher perceived intensity. We also found that active electrodes that were 6 mm apart were best able to 
produce higher perceived intensity and correct discrimination ability. 

 

60) Clinical and biomechanical balance measurement sensitivity to acute concussion: A pilot prospective study  
MK Pryhoda1, C Badillo1, H Mitchel1, A Kirchhoff-Rowald1, A Ledreux2, A Gilmore2, K Gorgens3, AC Granholm2, and Bradley S. Davidson1. From the 
1Department of Mechanical and Materials Engineering, University of Denver 2Knoebel Institute for Healthy Aging, University of Denver 3Graduate 
School of Professional Psychology, University of Denver. 

A concussion, or mild traumatic brain injury (mTBI) is a complex injury that may lead to long-term disability. 
Postural instability in mTBI arises from a disruption in sensorimotor integration, yet balance testing remains 
underdeveloped relative to other domains in post-concussion syndrome (PCS). Although some measures like the 
Balance Error Scoring System (BESS) are widely used, it is unclear which measures can be used as indicators of 
concussion severity or of long-term disability. PURPOSE: To evaluate clinical and biomechanical measures of static 
and dynamic balance for sensitivity to concussion incidence. METHODS: NCAA D1 athletes (n=10) performed 
standing tasks from the BESS and functional tasks from the Balance Evaluation Systems Test (BESTest) prior to their 
athletic season, and within 3 days following mTBI. BESS tasks: single leg stance on firm and foam. BESTest tasks: 
stair touching, sit to stand, gait with self-selected speed, get up and go (GU&G), and GU&G with a dual task (GU&G 
Dual). Clinical measures were errors during BESS tasks and completion time for BESTest tasks. Biomechanical 
measures were center of pressure (COP) mean velocity, and elliptical sway area BESS tasks, deviation from straight 
line trajectory (RMS of mediolateral pelvis deviation) during BESTest tasks. A measure that increased with mTBI was 
considered a true positive. Measurement sensitivity was calculated as the proportion of athletes with a true positive.  
RESULTS: The measures with highest sensitivities were single leg stance firm surface errors (78%±27%), GU&G time 
(67±30%), and GU&G Dual time (67±30%). CONCLUSION: Preliminary results indicate that some clinical balance 
measures are sensitive to acute effects of mTBI. As the prospective sample grows and additional time points are 
available (1, 4, and 24 wks), these data will provide insight into clinical and biomechanical indicators of injury 
severity and its long-term effects. Supported by the Knoebel Institute for Healthy Aging. 

 
61) Effects of Cochlear Implantation on Cortical Resource Allocation and Cross-modal Cortical Re-organization in 

Single-sided Deafness 
Hannah A. Glick1, A Sharma2. From the 1,2Department of Speech, Language, & Hearing Sciences, Institute of Cognitive Science, Center for 
Neuroscience, University of Colorado Boulder. 

Single-sided deafness (SSD) refers to normal hearing in one ear and a severe-profound hearing loss in the 
contralateral ear. SSD is estimated to affect between 3-6% of the population and has been linked to impairments in 
auditory localization and speech perception in background noise. Negative effects on social-emotional well-being 
and health-related quality of life have been reported in adults with SSD and children with SSD at are increased risk 
for delays in speech and language development and educational progress. While cochlear implantation (CI) has 
proved beneficial in bilateral pediatric deafness, evidence demonstrating the efficacy of CI in SSD is critically 
lacking, and there is currently no FDA approval for CI as a treatment option for SSD. Cross-modal cortical re-
organization may occur when deprivation in one modality results in the recruitment of cortical resources by in-tact 
sensory modalities. The extent to which sensory pathways re-organize in single-sided deafness is not well 
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understood. The purpose of this study was to examine changes in cortical resource allocation and cross-modal 
sensory re-organization using high-density, 128-channel electroencephalography (EEG) via auditory, visual, and 
somatosensory evoked potential (CAEP, CVEP, CSSEP) paradigms and cortical source modeling in adults and 
children with SSD before and after CI. Behavioral correlates were also measured. With further research, it is possible 
that clinical biomarkers of cross-modal re-organization or changes in cortical resource allocation may help predict 
cochlear implant outcomes in SSD patients and guide the intervention and rehabilitation process.   
 

62) Tongue Sensitivity and Discrimination Ability of Electrotactile Stimulation Before and After Tongue Vocabulary 
Training 
Elisa Behzadi, E Bergstrom, Adam Melius, J Moritz Jr., M Martinez and L Stone-Roy. Department of Biomedical Science, Colorado State University. 

Auditory impairments can lead to difficulties with communication. Hearing aids and Cochlear implants have been 
shown to aid those who suffer from these impairments, however, not everyone is a candidate. In particular, people 
with central damage to the auditory pathway are unable to benefit from these approaches. For those with central 
damage, sensory substitution might be the best solution.  The tongue is a somatosensory organ with multiple 
innervations that can respond to light tactile stimulation for transmission of information.  One of the best ways to 
do this is via electrotactile stimulation (ETS) of the tongue. However, there is a lot of variability across the tongue 
surface and between individuals in terms of perception and discrimination ability for ETS. One hypothesis we are 
testing is whether electrotactile ability improves after tongue vocabulary training. To test this hypothesis, we 
analyzed the discriminatory and sensitivity ability of 3 participants during electrotactile stimulation before, and after, 
tongue vocabulary training.  This training consisted of three different words corresponding with distinct patterns of 
stimulation. After completing the first level of training, each participant was re-tested for ETS ability. Data from these 
three individuals were compared with three control participants. The control subjects had two ETS sessions without 
vocabulary training in between. Our preliminary data showed likely differences between the two sessions of ETS 
before and after tongue vocabulary training with the participant’s discriminatory ability and perceived intensity.   
 

63) Associations between motor cortex inhibition and gait variability  
Clayton W. Swanson1, BW Fling 1,2. 1Department of Health & Exercise Science, Colorado State University 2Molecular, Cellular, and Integrative 
Neuroscience Program, Colorado State University. 

Introduction: The ability to coordinate the two legs during gait requires substantial cortical input. Gamma-
Aminobutyric acid (GABA) levels within the motor cortex are significantly associated with coordination of the upper 
extremities, however it is unknown if this same association exists for lower extremity control. Thus, this project 
aimed to understand how motor cortex inhibition contributes to the control of gait in healthy young adults. 
Methods: The study spanned two testing sessions which occurred on separate days. Day one consisted of 
transcranial magnetic stimulation (TMS) to assess motor cortex inhibition via the cortical silent period (cSP). To 
assess the cSP, participants were asked to maintain a submaximal voluntary contraction for two minutes, 
concurrently, as TMS stimulation was given every 7-10 seconds to elicit a minimum of twelve cSPs. Day two of the 
study consisted of a 6-minute walk test during which participants wore six wireless inertial sensors. Outcome 
measures included variability measures of gait speed, cadence, gait cycle duration, foot angle at heel-strike, and toe 
off angle. Results: All participants (n=14) completed both days of testing. Left leg coefficient of variation of toe off 
angle was significantly correlated to the right motor cortex cSP (r=0.559, p=0.038). Further, right leg coefficient of 
variation of foot strike angle, swing phase duration, and single limb support time were all significantly correlated 
with the left motor cortex cSP (r > 0.6, p < 0.03 for all). No other gait metrics were significantly correlated with 
motor cortex inhibition.  Conclusions: The current results indicate that motor cortex cSP is significantly related to 
more complex metrics of walking, specifically gait variability. These findings suggest that the cSP may be an 
important neurophysiologic marker of gait dysfunction and could serve as an outcome measure in future studies 
analyzing clinical populations with impaired mobility. 
 

64) Reactive driving performance following stroke 
Victoria Zablocki1, Evangelos Christou2, Neha Lodha1. From the 1Department of Health and Exercise Science, Colorado State University 2Department 
of Applied Physiology and Kinesiology, University of Florida. 

In the US, up to 5 million stroke survivors drive. Driving is a complex task involving visual information processing 
and neuromotor control that are often severely affected following stroke. Despite such deficits, driving 
performance post stroke is poorly understood and rehabilitated. The goal of this study was to determine the 
contribution of visual information processing and motor control to reactive driving performance after stroke. 
Reactive driving is a key component of car following task and involves response to an unexpected stimulus with 
fast and precise movements. In a simulated driving environment, chronic stroke (N=15; age = 67.94 ± 9.64 yrs) and 
age-matched adults (N=15; age=69.23 ± 13.09 yrs) performed a reactive driving task requiring response to 
unexpected brake lights of the car ahead. All stroke participants performed the simulated driving task with the 
affected leg and the controls used the right leg. We determined the contribution of visual information processing 
by quantifying the pre-motor response time as the time between the onset of the visual stimulus and activation of 
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tibialis muscle. We determined the contribution of the neuromotor control by quantifying the motor response time 
as the time between the activation of tibialis muscle and the brake force onset. Our data suggests that stroke 
participants exhibit impaired reactive driving as compared to healthy individuals. The pre-motor response time was 
not significantly different between the groups (stroke=510 ms ± 152.40, control=502.11 ms ± 115.46 ms; p > 0.05). 
However, the motor response time was significantly increased in the stroke group compared to controls 
(stroke=465.79 ms ± 100.71, control=377.15 ms ± 67.96 ms; p < 0.01). These findings suggest that the reactive 
driving performance following stroke is primarily limited by a longer motor response time. Thus, neuromotor 
impairments but not the visual information processing contributes to reactive driving deficits following stroke. 

 
 
 

OTHER TOPICS 
 

65) Global and targeted pathway impact of gliomas on white matter integrity based on lobar localization 
David R. Ormond1, Shawn D'Souza2, JA Thompson1. From the 1Department of Neurosurgery, University of Colorado: School of Medicine 
2Department of Molecular, Cellular, and Developmental Biology and Department of Neuroscience, University of Colorado: Boulder. 

Pathophysiology of high-grade gliomas includes significant distortion of white matter architecture, necrosis, and 
breakdown of the blood brain barrier. Use of Diffusion Tensor Imaging (DTI) as a non-invasive pathophysiological 
tool to analyze glioma impact on white matter microstructure has yet to be fully explored. We addressed three 
questions: 1) whether glioma differentially affects local white matter structure compared to metastasis, 2) whether 
glioma affects tract integrity of major white matter bundles, 3) whether glioma lobe localization affects tract 
integrity of different white matter bundles. We retrospectively investigated preoperative DTI scans from 24 patients 
undergoing tumor resection. The Automatic Anatomical Labeling Atlas was used to define the left and right 
hemisphere regions of interest (ROI). The John Hopkins University White Matter Atlas was used to auto-segment 
white matter bundle ROIs. For all tracts derived from ROI seed targets, we computed tract number, tract length, 
fractional anisotropy, axial diffusivity, mean diffusivity, and radial diffusivity. Analysis revealed that white matter 
integrity in the hemisphere ipsilateral to intracranial tumor was significantly compromised compared to the control 
contralateral hemisphere. Gliomas also induced significantly greater white matter degradation than metastases. In 
addition, targeted analysis of white matter bundles important for sensory/motor function (i.e., corticospinal tract 
and superior longitudinal fasciculus) revealed tract-parameter specific susceptibility due to the presence of the 
tumor. Finally, gliomas, which arose in the parietal lobe, had a higher negative impact on superior longitudinal 
fasciculus integrity than those which arose in the frontal lobe. These results complement gross histopathological 
examination of glioma impact on neural tissue. Future studies will analyze preoperative and postoperative 
tractography to predict functional deficits following resective surgery. 
 

66) Comparative morphology of gigantopyramidal neurons in primary motor cortex across mammals 
Bob Jacobs1, Madeline E Garcia1, NB Shea-Shumsky1, ME Tennison1, M Schall1, MS Saviano1, TA Tummino1, AJ Bull2, LL Driscoll1, MA Raghanti3, AH 
Lewandowski4, B Wicinski5, HK Chui1, MF Bertelsen6, T Walsh7, A Bhagwandin8, MA Spocter8,9,10, PR Hof5, CC Sherwood11, PR Manger8.  From the 1 
Laboratory of Quantitative Neuromorphology, Neuroscience Program, Colorado College, Colorado Springs, CO 80903,  2 Human Biology and 
Kinesiology, Colorado College, Colorado Springs, CO 80903, 3 Department of Anthropology and School of Biomedical Sciences, Kent State 
University, Kent, OH 44242, 4 Cleveland Metroparks Zoo, Cleveland, OH 44109, 5 Fishberg Department of Neuroscience and Friedman Brain Institute, 
Icahn School of Medicine at Mount Sinai, New York, NY 10029, 6 Center for Zoo and Wild Animal Health, Copenhagen Zoo, Fredericksberg, Denmark, 
7 Smithsonian National Zoological Park, Washington, DC 20008, 8 School of Anatomical Sciences, Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, South Africa, 9 Department of Anatomy, Des Moines University, Des Moines, IA 50312, 10 Biomedical Sciences, College 
of Veterinary Medicine, Iowa State University, Ames, IA 50011, 11 Department of Anthropology and Center for the Advanced Study of Human 
Paleobiology, The George Washington University, Washington, DC 20052. 

Gigantopyramidal neurons, referred to as Betz cells in primates, are characterized by large somata and extensive 
basilar dendrites.  Although there have been morphological descriptions and drawings of gigantopyramidal 
neurons in a limited number of species, quantitative investigations have typically been limited to measures of soma 
size.  The current study thus employed two separate analytical approaches:  a morphological investigation using 
the Golgi technique to provide qualitative and quantitative somatodendritic measures of gigantopyramidal neurons 
across 19 mammalian species from 7 orders; and unbiased stereology to compare the soma volume of layer V 
pyramidal and gigantopyramidal neurons in primary motor cortex between 11 carnivore and 9 primate species.  Of 
the 617 neurons traced in the morphological analysis, 181 were gigantopyramidal neurons, with deep (primarily 
layer V) pyramidal (n = 203) and superficial (primarily layer III) pyramidal (n = 233) neurons quantified for 
comparative purposes.  Qualitatively, dendritic morphology varied considerably across species, with some 
(sub)orders (e.g., artiodactyls, perissodactyls, feliforms) exhibiting bifurcating, V-shaped apical dendrites.  Basilar 
dendrites exhibited idiosyncratic geometry across and within taxonomic groups.  Quantitatively, most dendritic 
measures were significantly greater in gigantopyramidal neurons than in superficial and deep pyramidal neurons.  
Cluster analyses revealed that most taxonomic groups could be discriminated based on somatodendritic 
morphology for both superficial and gigantopyramidal neurons.  Finally, in agreement with Brodmann, 
gigantopyramidal neurons in both the morphological and stereological analyses were larger in feliforms (especially 
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in the Panthera species) than in other (sub)orders, possibly due to specializations in muscle fiber composition and 
musculoskeletal systems.   

 
67) Mechanisms of stress-induced clock gene modulation in the prefrontal cortex of male rats 

Matthew J. Hartsock1, NA Droeger1, AC Tomczik1, LE Chun1, ER Woodruff1, SJ Morton1, RL Spencer1. From the 1Department of Psychology and 
Neuroscience, University of Colorado Boulder. 

Stress-related mental illnesses (e.g. depression) involve circadian disruption, but whether and how stress may 
disrupt circadian rhythms is unknown. The cellular circadian clock emerges from daily expression cycles of the four 
core clock genes and their isoforms: Bmal1, Clock, Period (Per1/2/3), and Cryptochrome (Cry1/2). Heterodimerized 
BMAL1 and CLOCK proteins induce transcription of Per and Cry genes, whose protein products feedback to inhibit 
Per and Cry transcription. This loop anchors cell functions to a 24-h cycle. Prefrontal clock gene expression can be 
modulated by stress. Glucocorticoid hormone (CORT) may mediate this effect through a CORT receptor response 
element in the Per1 promoter. The Per1 promoter also contains a cAMP/Ca2+ response element, and neuronal 
activation may induce Per1 through CREB. Here we present three experiments testing these hypotheses in adult 
male rats. In Exp 1, adrenalectomized rats were given CORT (5 mg/kg i.p.), vehicle, or no injection at ZT4 or ZT16 
and killed at 30 min. Using in situ hybridization, we show that while CORT is not needed for inducing prefrontal 
Per1 or Fos, these mRNAs are elevated by injection stress alone. Exp 2 used a similar design, but with injections only 
at ZT4 and sacrifice at 60 min. While Per1 returns to baseline by 60 min, Fos remains elevated. In Exp 3, adrenal 
intact rats were pretreated for three days with the locus coeruleus neurotoxin DSP4 (10 mg/kg i.p.) or vehicle and, 
two days later, received restraint or vehicle injection stress or stayed in their home cages at ZT4 and were killed at 
30 min. Restraint and injection stress elevated Per1 equally, but restraint induced Fos more strongly than injection. 
Norepinephrine ablation had no effect on Per1 and little effect on Fos. Therefore, stress may disrupt prefrontal 
clock gene expression through CORT- and norepinephrine-independent mechanisms, and prefrontal clock gene 
modulation during stress may be mediated by mechanisms not specific to stress. 
 

68) Cocan'omics: Genomic and Transcriptomic Analyses of Cocaine Use and Dependence 
Spencer Huggett1, J Gelernter2, H Kranzler2, M Stallings1. From the 1Department of Psychology and Neuroscience, University of Colorado, Boulder, 
CO, USA, 2Department of Neurobiology, Yale University School of Medicine 

Gene based association tests revealed four novel genes associated with CD including: C1QL2 (complement 
component C1 q like 2; p = 4.81e-07), NDUFB9 (nicotinamide adenine dinucleotide ubiquinone oxioreductase 
subunit beta 9; p = 8.27e-07), KCTD20 (potassium channel tetramerization domain containing 20; p = 8.29e-07) 
and STK38 (serine/threonine kinase 38; p = 1.57e-06). In order to discover where genes associated with CD are 
differentially expressed, we performed tissue enrichment analyses of 53 human tissues and found enrichment in 
the brain, heart, liver, pancreas and whole blood. We then performed RNA-sequencing analysis on human post-
mortem hippocampal tissue from cocaine users and drug free controls. Differential expression analysis and 
weighted gene covariance network analyses identified many individual genes and hubs of interconnected genes 
associated with cocaine use/toxicity, some of which demonstrated enrichment from the genomic analyses. Lastly, 
we performed gene ontology analyses and submitted transcriptome profiles to the Library of Integrated Network-
Based Cellular Signatures to find gene pathways and novel pharmaceutical targets for cocaine use. 
 

69) Mechanisms of Timing: An integrative theoretical approach  
Lara N. Pantlin1, MA Prince1, DB Davalos1 1Department of Psychology, Colorado State University. 

Accurate timing allows individuals to perform functions central to societal demands, such as scheduling, 
responding to warning signals, and planning. Since timing impacts various functions, it is considered a cognitive 
primitive; however, research often examines each modality individually, providing a disjointed, myopic view of the 
mechanisms of timing. This study extends prior work by integrating and explaining the relationship between two 
commonly examined timing modalities, neurophysiological and behavioral, and relating these lower-level 
processes of timing to upper-level, social-cognitive timing abilities (SCTA). The hypothesis is that those with better 
neurophysiological timing (NPT) are associated with better SCTA and this relationship is mediated by accurate 
behavioral timing. Participants (N=57) were screened for psychopathologies associated with timing deficits, and 
underwent EEG recordings of mismatch negativity to measure NPT, performed 2 behavioral timing tasks, and 3 
measures of SCTA. The direction of the relationship between NPT, behavioral accuracy, and SCTA was tested with 
2 mediation models. Model 1 (CFI=1.0, SRMR=.042) tested behavioral accuracy as a mediator of the c-path, NPT 
underlying SCTA (b=-.11, p=.04). Model 2 (CFI=1.0, SRMR=.039) tested the reverse c-path, had slightly better model 
fit, and demonstrated a significant c-path (b=-.63, p=.04). All other pathways were nonsignificant, but in the 
expected direction. Participants who were more accurate on behavioral tasks also demonstrate better SCTA and 
worse NPT. SCTA play a key role in determining NPT; therefore, tactics to increase time accuracy should target 
these realms to investigate if changes at one level of timing can produce changes in the others.  These findings are 
promising, and the hierarchical relationship between each level of temporal processing should be explored to help 
determine if timing is a singular, yet multifaceted domain, or if timing is composed of separate entities. 
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70) Diurnal variation of the effect of an acute stressor on social interaction behavior 

J. Russell Ravenel1, RA Daut1, LK Fonken1, LR Watkins1, SF Maier1. From the 1Department of Psychology and Neuroscience, Center for Neuroscience, 
University of Colorado Boulder 

Several psychiatric disorders can be elicited or exacerbated by the experience of stressful life-events. Since 
individuals respond differently to stressful experiences and there appears to be a large variability in stress susceptibly 
among the population, it is important to understand factors that underlie these differences. When rats are exposed 
to inescapable tail shocks (IS) (100, 5 sec, 1.3-1.6 mA), the mid-to-caudal region of the dorsal raphe nucleus (DRN) 
is robustly activated. This results in a pronounced release of extracellular serotonin (5-hydroxytryptamine, 5-HT) 
within the DRN and its projection regions, such as the basolateral amygdala (BLA), which desensitizes 5-HT1a 
inhibitory auto-receptors within the DRN. Future activation of the DRN results in the sensitized release of 5-HT in 
the BLA, which is thought to mediate stress-induced anxiety that manifests in reduced juvenile social interaction 
(JSI) behavior. The 5-HT system is under circadian control and DRN 5-HT release in rats fluctuates diurnally; 
therefore, we sought to determine whether diurnal variations in stress susceptibility exist. Rats that were exposed to 
IS during the middle of their active phase (ZT16) did not show the expected reduction in JSI behavior typically seen 
24 hours later in animals stressed in the middle of their inactive phase (ZT6). Absolute corticosterone 
concentrations did not differ immediately or 24 hours after stress, however stress at ZT6 resulted in significantly 
greater activation of middle-DRN 5-HT neurons relative to ZT16. While these results suggest that an IS-induced 
anxiety-like behavior is time of day dependent and that rats might be more susceptible to stress during the day, 
they do not supply a clear mechanism for the diurnal variations. Ongoing experiments are aimed at assessing cell-
type specific activation within the BLA to determine if the proximal mediator of this activity exhibits a diurnal 
response to stress exposure. 
 

71) Plasticity of perineuronal nets in developing frogs 
Makayla Risch1, J Edwards1, K Hoke1. From the 1Department of Biology, Colorado State University. 

The function of Perineuronal nets (PNNs) in stability of neuronal connections has been documented in numerous 
previous studies on mammals. This study provides new insight into the role of PNNs in anuran amphibians that 
undergo discrete morphological and behavioral changes during a developmental process known as 
metamorphosis. Sections of brain tissue from different developmental stages in Rhinella yunga, an anuran 
amphibian found in Peru, were stained using immunohistochemistry techniques and examined under a fluorescent 
microscope for PNN occurrence. We found that during metamorphosis and across the brain, PNNs started in a 
very dense state, degraded, and re-emerged. This suggests that PNNs are actively regulated to control the plasticity 
of neuronal connections during transitions between developmental stages. 
 

72) Extracellular vesicles of neurons are involved in the neural differentiation of mesenchymal stem cells 
Kelly CS Roballo1, AF Souza2, JC da Silveira2, FF Bressan2, DS Martins2, CE Ambrosio2. From the 1Department of Pharmacy, University of Wyoming, 2 
Faculty of Animal Science and Food Engineering, University of Sao Paulo. 

Neuronal cells co-cultured with stem cells derived from adipose tissue (ADSC) induce neuronal differentiation of 
the stem cell. However, the cellular communication processes involved in this induction are unknown. Recently, a 
new type of cellular communication named by extracellular vesicles (exosomes and microvesicles) was indicated in 
the modulation of different cellular events, such as the differentiation. Therefore, the hypothesis of this proposal 
was to identify if the process of the mesenchymal stem cell neural differentiation is mediated by microvesicles and 
exosomes. For this, the research was divided in two phases: the first one consisted of the neuronal differentiation 
process, with the objective of observing the transition process of the ADSC to the neuronal lineage, the second 
one consisted of the cellular communication analysis, with the objective of observing the cellular communication 
function in the neuronal differentiation process. Murine was the animal model used (C57BL/6 and FVB). ADSCs and 
neuronal cells were isolated, cultured in primary culture and co-cultured for three, seven and 14 days. To confirm 
the phenotypic changes of ADSC, immunolocalization with beta tubulin III and SNAP25 and real-time PCR 
(RTqPCR) of the Map2 and Snap25 genes was performed, followed by analysis of genes related to neurogenesis. In 
addition, microvesicles and exosomes were isolated and used for in vitro differentiation, gene and functional 
analysis. As a result, it has been found that ADSCs in co-culture with neurons can differentiate into neuronal-like. 
The communication by extracellular vesicles between neurons and ADSCs was verified, and the extracellular 
vesicles were correlated in the differentiation process by the transport of the protein SNAP25. Lastly, we were able 
to conclude, that ADSCs can differentiate into neuronal lines in co-culture with neurons, and the extracellular 
vesicles play a certain role in this process. 
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73) Affordable adaptive whole-brain light-sheet imaging for spatial transcriptomics 

Duncan P. Ryan1, EA Gould2, GJ Seedorf3, O Masihzadeh4, SH Abman3, S Vijayaraghavan5, WB Macklin2, D Restrepo2, DP Shepherd3,6 1 From the 
1Department of Physics, Colorado State University 2Department of Cell and Developmental Biology, University of Colorado Anschutz Medical 
Campus 3Pediatric Heart Lung Center, University of Colorado Anschutz Medical Campus 4Department of Ophthalmology, University of Colorado 
Anschutz Medical Campus 5Department of Physiology and Biophysics, University of Colorado Anschutz Medical Campus 6Department of 
Pharmacology, University of Colorado Anschutz Medical Campus. 

Optical tissue clearing has revolutionized researchers’ ability to perform fluorescent measurements of molecules, 
cells, and structures within intact tissue. One common complication to all optically cleared tissue is a spatially 
heterogeneous refractive index, leading to light scattering and first-order defocus. We designed C-DSLM (cleared 
tissue digital scanned light-sheet microscopy) as a low-cost method intended to automatically generate in-focus 
images of cleared tissue. We demonstrate the flexibility and power of C-DSLM by quantifying fluorescent features 
in tissue from multiple animal models using refractive index matched and mismatched microscope objectives. This 
includes a unique measurement of myelin tracks within intact tissue using an endogenous fluorescent reporter 
where typical clearing approaches render such structures difficult to image. For all measurements, we provide 
independent verification using standard serial tissue sectioning and quantification methods. Paired with 
advancements in volumetric image processing, C-DSLM provides a robust methodology to quantify sub-micron 
features within large tissue sections. 
 

74) Unique hyperoxia tolerant rats resist brain oxidative stress following traumatic brain injury  
Benjamin W. Saccomano1, PV Wilson2, Q He2, D Pinto-Payares2, G Smerin2, K Repine1, J Repine1, 2 From the 1University of Colorado School of 
Medicine, 2Webb-Waring Center at University of Colorado School of Medicine. 

Purpose: Traumatic brain injury (TBI) is a major cause of disability that lacks effective treatment. Additionally, TBI can 
trigger a secondary inflammatory response in the brain that worsens the original insult. Serendipitously, we 
developed a “tolerant” strain of rats that survive indefinitely in hyperoxia while control rats all die in ~66 hours. 
Tolerant rats also develop less lung inflammation, oxidative stress, and injury following hyperoxia. Tolerant rats also 
have higher expression of heme oxygenase-1 (HO-1) (a potent anti-inflammatory antioxidant) in their alveolar 
macrophages and bone marrow mononuclear cells. Given the upregulation of HO-1 in progenitor cells, we 
postulated that tolerant rats would resist oxidative stress following a traumatic brain insult. Methods: Control and 
tolerant rats were anesthetized and then exposed to mild TBI using a stereotactic impactor tip (5mm) accelerating 
at 5m/s aimed at a specified lateral posterior point on the exposed skull. 24 hours later, brains were perfused with 
saline, OCT fixed, and cryotome sliced at the approximate site of injury. Section slides then underwent 
immunofluorescence staining for HO-1, nitrotyrosine, and Fluoro-Jade B. Results: Following mild TBI, tolerant rats 
have greater brain HO-1 immunofluoresence staining than control rats. In addition, tolerant rats have less 
nitrotyrosine staining than control rats. Nitrotyrosine staining is most prominent in the proximal cortex of control 
rats subjected to TBI. Cell death by Fluoro-Jade B stain was not observed in brains of either tolerant or control rats. 
Conclusions: Following mild TBI, the brains of tolerant rats have increased HO-1 expression and less oxidative 
stress than control rats. Interestingly, the development of oxidative stress precedes Fluoro-Jade B assessments of 
cell injury. Our results suggest that tolerant rats with increased HO-1 expression resist brain oxidative stress and may 
be less susceptible to the secondary consequences of TBI. 
 

75) Mating-receptivity in female dipterans is mediated by daily fluctuations of dopamine levels 
Erin J Sanders1, AN Bubak2, KJ Renner3, JG Swallow1. From the 1Department of Integrative Biology, University of Colorado Denver, 2Department of 
Neurology, UC Denver- Anschutz Medical Campus, 3Department of Biology, University of South Dakota. 

Dipterans, like vertebrates, are subject to circadian rhythms. Circadian rhythms can cause physiological changes 
that lead to differences in behavioral responses throughout the day. These physiological changes include 
fluctuations in monoamine levels, such as dopamine and serotonin. Invertebrates, like stalk-eyed flies (Teleopsis 
dalmanni), are a useful model for studying the function of conserved mechanisms, like monoamines, that are also 
seen in vertebrates. We designed a circadian rhythm study in which flies were sacrificed every four hours and used 
HPLC with electrochemical detection (ED) to detect changes in in whole-brain levels of dopamine, serotonin, and 
octopamine throughout the day. Octopamine and serotonin stayed relatively level throughout the day in both 
males and females. Female stalk-eyed flies were found to have a spike in dopamine levels from 5 to 7 pm, which is 
when the flies tend to roost, while male levels stayed stable. This spike was not seen at other times throughout the 
day. We hypothesized that this spike in dopamine would lead to increased mating receptivity in females. To test 
this, we administered 3-Iodo-L-tyrosine 97% (3-IY), which inhibits the enzyme Tyrosine Hyrdoxylase and decreases 
the synthesis of L-Dopa, to knock down dopamine globally in female flies. Both control and treated females were 
isolated from males, who were also isolated from other females, for three days while the drug was being 
administered. Then mating receptivity was assessed by placing each female one-on-one with a male in an arena. 
Their mating behaviors were recorded and scored. HPLC with ED and Immunohistochemistry were used as 
validation methods to ensure that dopamine was knocked down. The results supported the hypothesis that a 
circadian increase in dopamine plays a significant role in mating receptivity in female stalk-eyed flies. 
 



   ABSTRACTS 
76) Gut-brain axis: humoral highway or neuronal train-tracks?  

Luke A. Schwerdtfeger1, NJ Nealon2, EP Ryan2, SA Tobet1,3. From the 1Department of Biomedical Sciences, 2Department of Environmental & 
Radiological Health Sciences, 3School of Biomedical Engineering. 

The human intestine is a complex organ that houses heterogeneous cell populations. An epithelial lining with 
multiple cell phenotypes encases trillions of microbes that help insure digestion and absorption, along with an 
extensive enteric nervous system, and a robust immune system essential for protection from pathogens. There is 
increasing evidence of signaling among microbial, neural, and immune components of the intestine. Nonetheless, 
the pathways that bacterial signals in the intestine take to get to the brain remain a mystery. There are three 
principal proposed routes of gut-brain signaling in mammals: humoral, with bacterial metabolites being absorbed 
into the bloodstream through the intestinal wall, neural signaling from enteric neurons/glia to vagal afferents, or 
directly by cells (perhaps dendritic) migrating centrally. In the current study, we assessed 258 metabolic products 
found in the supernatants of human colon biopsy slices that were cultured for 48h ex vivo.  Numerous metabolites 
were identified as bacterially derived. From a neural perspective, tryptophan and its metabolite kynurenine are of 
particular interest, while serotonin was not detected. Both compounds were increased in colon slices that were 
treated with penicillin-streptomycin (PS). Other amino acid neurotransmitters were present in the samples, with 
glutamate and glycine both being significantly increased in PS treated samples. These changes in antibiotic treated 
slices point towards PS treatment causing bacterial community alterations that influence amino acid metabolic or 
signaling pathways.  Alterations in these metabolic pathways could influence intestinal neuronal signaling via 
neurotransmitter-receptor binding, as well as a host of other humoral pathways.  Future work will center on teasing 
apart the influence of bacterial metabolic products on barrier properties of the intestinal wall as well as neural and 
immune signaling. 
 

77) Prebiotic nutrients improve sleep and promote stress resistance: The role of gut microbial metabolites 
Robert S. Thompson1,2, F Vargas3, P Dorrestein3 and M Fleshner1,2. From the 1 Department of Integrative Physiology, University of Colorado, Boulder, 
CO, 2 The Center for Neuroscience, University of Colorado, Boulder, CO, 3 Skaggs School of Pharmacy & Pharmaceutical Sciences, University of 
California, San Diego, CA 

Male F344 rats fed a test diet containing prebiotics (galactooligosaccharide and polydextrose) and bioactive milk 
fractions had improved sleep and increased resistance to stress-evoked sleep disruption and reduced gut microbial 
alpha diversity. Further expanding this work, we examined the potential role for the gut metabolome in mitigating 
these changes. We hypothesized that changes in gut microbial metabolites produced by the test diet may have 
contributed to sleep changes and stress resistance. Using 16S rRNA gene sequencing and untargeted mass 
spectrometry, microbial ecology and metabolites were measured in fecal samples after either control or test diets. 
Results demonstrate that the test diet had substantial effects on the gut metabolome. Stepwise regression analyses 
suggest that unique metabolites correlate significantly with sleep and gut microbial alpha diversity. Specifically, 
increased NREM sleep was significantly correlated with higher levels of glutamine dipeptide at postnatal day 70, 
while the stress-induced increase in beneficial REM rebound at postnatal day 91 was significantly correlated with 
higher levels of asperlactone and decreased levels of citrulline. Furthermore, regardless of diet or stress, there was a 
significant relationship between increased alpha diversity and increased deoxycholic acid (which is a microbial 
produced secondary bile acid). Finally, procrustes analysis demonstrates that a significant correlation exists 
between beta diversity of the gut microbiota and the gut metabolome. Together these series of studies suggest 
that the test diet alters the gut microbiome and metabolome, which may underlie some of the physiological 
changes observed both before and after stress exposure. Funding provided by: Mead Johnson Nutrition and the 
Office of Naval Research Multidisciplinary University Research Initiative (MURI) Award, Award No. N00014-15-1-
2809 
 

78) Subunit-selective NMDA receptor modulation by a non-psychoactive cannabinoid analog dexanabinol (HU-211)  
Elijah Z. Ullman1, KB Hansen2. From the 1,2Department of Biomedical and Pharmaceutical Sciences, University of Montana, Missoula. 

NMDA-type glutamate receptors are ligand-gated ion channels that mediate a component of excitatory 
neurotransmission. Malfunctions in NMDA receptor activity are implicated in many neurological diseases, including 
neurodegenerative disorders and epilepsies. Most NMDA receptors are tetrameric assemblies of two GluN1 and 
two GluN2 subunits. Glutamate and glycine are co-agonists of the NMDA receptor with glycine binding to the 
GluN1 subunit and glutamate binding to the GluN2A-D subunits. Cannabinoids, such as cannabidiol, are known 
anti-epileptics, but the mechanism of action is unresolved. The cannabinoid HU-211 (dexanabinol) lacks CB1 or 
CB2 receptor activity, but has been shown to have antiseizure activity and neuroprotective effects. By contrast, the 
enantiomer HU-210 is a potent, full agonist of CB1, but lacks antiseizure activity and neuroprotective effects. 
Interestingly, HU-211 is known to be a noncompetitive NMDA receptor antagonist, but the mechanism of action, 
subunit-selectivity, and binding site are unknown. HU-211 is brain penetrable and non-psychoactive. We 
hypothesize that such properties provide promise of HU-211 as a potential therapeutic agent for NMDA receptor 
modulation and the objective of this study is to further evaluate the molecular mechanisms of the effects of HU-
211 at NMDA receptors. 
 



   ABSTRACTS 
79) Mapping Infralimbic Cortex Projections to Brainstem Nuclei: Establishing a Quantitative “Projectome” 

Tyler Wallace1, S Pace1, B Myers1. From the 1Department of Biomedical Sciences, Colorado State University. 

The prefrontal cortex is a brain region that receives and processes information related to executive functioning, 
context appraisal, and goal-directed behavior. A sub-region of the prefrontal cortex, the infralimbic cortex (IL) 
regulates emotional states, social behavior, and stress response including adaptions in homeostatic processes such 
as blood pressure. However, the downstream brainstem effector sites of IL activity have only been qualitatively 
examined in a small number of regions. To elucidate how IL activity regulates physiological processes, we utilized a 
new method of anatomical tracing for detailed quantification of IL projections to an array of brainstem regions. We 
targeted the IL in 3 rats with a lentivirus carrying a vector expressing the reporter mCherry conjugated to 
synaptophysin. This construct produces a fluorescent signal specifically at presynaptic terminals of transfected 
neurons. Following an expression period, brains were collected, fixed, and sectioned for imaging. 400x bilateral 
images were taken of brainstem nuclei through rostral to caudal sections. The percent area occupied by 
fluorescent signal was assessed as a measure of innervation density across anatomical areas based on sub-area 
and rostral-caudal coordinate. Our results agree with the historical characterization of IL projections to diffuse 
modulatory systems, e.g. consistent input to Raphe nuclei with little input to the Locus Coeruleus. The increased 
breadth of this study also identified dense projections to areas that have previously been unreported, e.g. robust 
input to motor integration sites such as the Red Nucleus and Pontine Gray. This structural study will be 
complimented with analysis of functional connectivity to understand how IL output alters effector site activity. This 
work is a necessary step forward for understanding brain projections in detail with quantifiable, high through-put 
methodology generating data-driven hypotheses. 
 

80) Preliminary biomarker and demographic findings pre- and post-concussion in a cohort of division 1 athletes in 
high impact sports 
Anah Gilmore1, A Kirchhoff-Rowald2, AC Granholm1, K Gorgens2, B Davidson3, M Pryhoda3, N Oduleye2, S Mason2, H Mitchel3, J Campbell4, C Badillo3, 
and A Ledreux1 From the 1Knoebel Institute for Healthy Aging, 2Graduate School of Professional Psychology, 3The Human Dynamics Lab, and 4Sports 
Medicine University of Denver, Denver, CO. 

Background: Recent data suggest that sport-related mild traumatic brain injuries (mTBI) can lead to lasting effects 
on brain health, such as increased risk for developing neurodegenerative conditions, such as Alzheimer’s disease 
(AD). Most studies have focused on athletes post mTBI and few studies address baseline and post mTBI data for 
athletes at risk for concussions and fewer studies have investigated the long-term effects high impact sports other 
than football and hockey. Methods: Cognitive performance, balance, and blood biomarkers of mTBI were 
examined in a cohort of over 200 NCAA D1 athletes. Baseline and post-mTBI blood samples were obtained at 
intervals and paired with balance and cognitive function data. Our long-term goal is to develop a reliable blood 
biomarker panel to assess the long term effects of mTBIs in collegiate athletes in high impact sports. The 
biomarkers include the AD biomarkers amyloid and phospho-tau, and the brain health protein BDNF. Results: 27% 
of enrolled athletes reported a previous history of concussion, 41% lacrosse and 38% soccer players. Initial findings 
indicate that athletes with a self-reported history of mTBIs exhibited increased blood levels of the AD-related 
amyloid peptide. In addition, hockey players were tested pre- and post-season and collectively demonstrated 
lower blood levels of BDNF post-season, albeit levels were higher in hockey players compared to inactive age-
matched controls. Conclusions: Our initial findings suggest that utilizing novel blood biomarker techniques may 
lead to a minimally invasive test that would give athletes and trainers a better understanding of long-term 
consequences of multiple mTBIs. This work will continue with recruitment of persons who competed at the 
college level 10, 20, or 30 years ago to evaluate long-term effects on these markers. This research is supported by 
funding from the Knoebel Institute for Healthy Aging at DU. 
 

81) Tissue oxygen estimation using digital adaptive filtering 
Saurabh Gupta1, A Mugdha1, W Hudson and J Wilson1. From the 1Department of Electrical and Computer Engineering, Colorado State University. 

Blood oxygen levels are used to visualize different areas of the brain and other organs and is correlated with cellular 
activity. Here we propose a novel method to determine the oxygen content, using digital adaptive filtering. Our 
simple and cost effective approach enables us to create a false color image based on the phosphorescence 
lifetime of the specimen. A proof of concept experimentation using this technique has shown that it has a strong 
potential for use in fluorescence/phosphorescence microscopy, skin cancer detection, etc. 
 

82) Benzodiazepines and their dual administration with ethanol increase accumbal transient dopamine release events 
Dominic Isaacs1, Scott Schelp1, D Rakowski1, Z Brodnik1, R Espana1, K Pultorak1, EB Oleson1. From the 1Department of Biology, University of Colorado, 
Denver. 

All drugs of abuse increase the concentration of dopamine in the nucleus accumbens. Benzodiazepines are 
anxyolitic drugs that are also susceptible to abuse. Benzodiazepines are allosteric modulators of the GABAAR, and 
are known to alter dopamine transmission. Previous studies have demonstrated that benzodiazepines disinhibit 
dopamine neurons but also decrease the concentration of dopamine released in the nucleus accumbens. Here we 
sought to characterize how benzodiazepines alter dopamine transient release events in the awake and behaving 
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rat. Using fast scan cyclic voltammetry we demonstrated that the benzodiazepines diazepam (trade name valium) 
and zolpidem (trade name ambien) dose-dependently increase the frequency and decrease the amplitude of 
dopamine transient release events in the nucleus accumbens core and shell in a dose dependent manner. These 
effects were occluded by the administration of flumazenil, a benzodiazepine antagonist. This study implies that an 
increase in frequency, indifferent of amplitude, may be adequate to provide abuse liability to a drug. Further 
research shows that ethanol administration interrupted by a benzodiazepine augments the frequency of dopamine 
transient events yet drastically decreases the amplitude. 
 

83) Occupation Exposures and Brain Aging: Can Your Job Shrink Your Brain? 
Yuqin Jiao1, D Ganster2, E McAuley3, A Kramer3,4, AZ Burzynska1. From the 1BRAiN lab at the Human Development and Family Studies Molecular and 
Cellular Integrative Neuroscience, CSU, 2 Chair of the Management Department and Senior Associate Dean for Research for the College of Business, 
CSU, 3Beckman Institute, University of Illinois at Urbana-Champaign, 4Senior Vice Provost for Research and Graduate Education, Northeastern 
University. 

There are positive links between lifetime occupational complexity and better cognitive outcomes in aging (Finkel et 
al., 2009). However, only one study showed that managerial experience in mid-life was linked to better memory 
and greater hippocampus in old age (Suo, 2012). Furthermore, chronically stressed or burned-out middle-aged 
adults have lower brain volumes and cognitive performance (Savic, 2015). Yet, no study has looked at how 
occupational stress can deplete the neurocognitive reserve in aging. Therefore, we proposed the BOSS model 
(Brain aging: Occupational Stimulation and Stress, Burzynska et al., in revision) that outlines interplay of pro-
plasticity (occupational stimulation or enrichment) and pro-aging factors (occupational stress) on the aging brain. 
To test this model, we collected retrospective employment exposure data from 101 older adults (M=70; a 
subsample Fit & Active Seniors Trial NCT01472744). The questionnaire included 86 questions that targeted 
stimulating (complexity, development, significance, control, completion, and feedback) and stressful 
(environmental hazards, workload, personal conflict, and physical demand) work exposures. We found that greater 
occupational physical demand related to worse memory scores (Virginia Cognitive Battery), controlling for age and 
education (F(3,87)=3.609, p=.003, sr=-.313), and lower left hippocampal volume, corrected for age, education, and 
intracranial volume (F(4,93)=10.482, p=.011, sr=-.260; measured with structural MRI). Therefore, we provided first 
evidence for the stress part of the BOSS model, namely, that stressful demands at work may have negative impact 
on post-retirement brain structure and cognitive performance. Importantly, we provide first evidence for mid-life 
work exposures shaping the neurocognitive reserve in aging, beyond the effects of education. Ongoing analyses 
will examine the link between work physical demands, retirement status, and objectively measured physical activity. 
 

84) An adipokinetic hormone acts as an osmoregulatory factor in the gastropod mollusk, Aplysia californica 
Anthony W. Martillotti1, X Dai1, A Diaz1, P-S Tsai1. From the 1Department of Integrative Physiology, University of Colorado-Boulder 

Adipokinetic hormone (AKH) is a member of the gonadotropin-releasing hormone (GnRH) superfamily. Although 
GnRH is a key reproductive hormone in vertebrates, other members of this superfamily have undergone 
tremendous functional diversification over the last 520 million years and have assumed functions unrelated to 
reproduction.  In insects, AKH increases hemolymph trehalose and amino acids, and mobilizes lipids in times of 
high energetic demands, but the function of AKH has not been characterized in other groups. We have recently 
characterized an AKH in an intertidal gastropod mollusk, the California sea hare (Aplysia californica). 
Immunoreactivity for A. californica AKH (ac-AKH) is present within cell bodies of the abdominal, cerebral, and 
pleural ganglia, as well as in fibers throughout the central nervous system, but not in peripheral tissues. Our 
previous data showed ac-AKH injection induced acute weight reduction that was likely due to water loss. The 
objective of this study is to characterize the effects of ac-AKH under different salinities. Here, we show acute 
injection of ac-AKH induces a longer-lasting effect on weight loss under a hyposaline condition compared to the 
normosaline condition. We further show that hemolymph osmolality does not change upon ac-AKH 
administration under either condition. Next, we transferred A. californica adapted to normosaline condition to a 
hyposaline condition. This transfer induces a significant weight gain and a significantly decreased hemolymph 
osmolality. Quantification of the relative expression of ac-akh and its putative receptor within the abdominal 
ganglia revealed a significant inhibition of ac-akh without a significant change in the expression of its putative 
receptor. These data show that ac-AKH may act as an osmoregulatory factor in this model mollusk.  This is the first 
report to show the function of a GnRH superfamily member in osmoregulation. 
 

85) Brain content of polyamines in relation to AD pathology in Down Syndrome 
Stephanie Melgar, A Ledreux, C Hicks, S Harvey, ED Hamlett, A Gilmore, AC Granholm and D Paredes. From the Knoebel Institute for Healthy Aging, 
University of Denver, Denver, CO, USA. 

Down syndrome (DS) is a genetic condition involving an extra copy of chromosome 21 including a triplication of 
the APP gene. People with DS have high penetrance of Alzheimer’s Disease (AD) pathology with amyloid-beta (Aß) 
deposition and intracellular Tau containing neurofibrillary tangles (NFTs), and is highly correlated with cognitive 
impairment in both AD and DS-AD. Metabolomics studies indicate alterations in the polyamine pathway which has 
been involved in both, DS and AD. Still, how polyamines affect the development of DS-AD pathology remains 
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largely to be elucidated. We hypothesized that altered content of polyamines correlates with the brain levels of p-
tau. In this study, blood samples from DS and age matched controls were used to determine the correlation in the 
brain content of polyamines and p-tau. We developed a new method using capillary zone electrophoresis with 
laser induced fluorescence which allows us to quantify polyamines from brain derived exosomes obtained from 
blood samples. The results suggest a strong correlation in the brain derived exosome content of polyamines with 
p-tau. This newly developed method will provide the opportunity to further study the polyamine system in relation 
to the development of AD pathology and will set the ground for a new biochemical pathway as a therapeutic target 
in DS and DS-AD. This work was supported by the Knoebel Institute for Healthy Aging pilot grant 2017. 
 

86) Investigating single molecule tracking of the mu opioid receptor as an effector-independent assay of receptor 
activity 
Marissa Metz1, D Krapf2,3, and ST Hentges1. From the 1Department of Biomedical Sciences, Colorado State University, 2Department of Electrical and 
Computer Engineering, 3School of Biomedical Engineering, Colorado State University. 

A large portion of pharmaceuticals target G protein coupled receptors (GPCRs) for their unique effects at the 
cellular and circuit level, but these drugs can induce undesirable side effects partially caused by receptor-effector 
coupling unrelated to the intended effect. Recent strategies to circumvent this problem include synthesizing 
ligands that encourage receptor coupling to one particular pathway over others. However, current assays to test for 
pathway bias differ in their kinetics, detection threshold, and saturation, making accurate ligand bias assessments 
difficult. An effector-independent assay of receptor activity is needed to make appropriate assessments of ligands 
intended to target specific GPCR related pathways. Single particle tracking involves imaging individual proteins 
diffusing through the cell membrane over time, allowing researchers to study subpopulations of receptors 
otherwise invisible to effector-based readouts such as electrophysiology. In the current study, the mu opioid 
receptor was used for single molecule tracking in response to drugs with known differences in receptor efficacy. 
Application of the highly efficacious agonist, DAMGO, induced a shift in mobility of opioid receptors from mobile to 
immobile after 10 min. However, application of a less efficacious agonist, morphine, did not cause a shift in 
receptor mobility. To further investigate receptor dynamics under drug treatment, the radius of confinement was 
calculated for all receptor tracks in order to better understand if a shift towards immobility after DAMGO 
applications was indicative of binding to different signaling partners than in the morphine or baseline conditions. 
Future investigations of the shape of receptor diffusion as well as concurrent tracking with receptor effectors will 
reveal if single particle tracking can be used to identify receptor coupling with different effectors as a potential 
screening tool for novel biased ligands. 
 

87) Microbial influences on the developing brain: gut microbes may be necessary for exercise-induced stress 
resistance 
Agnieszka Mika1,2, KA Hulen1, D Borchert1, Monika Fleshner1,2. From the 1Department of Integrative Physiology, University of Boulder 2Center for 
Neuroscience, University of Colorado Boulder. 

Early life exercise can produce robust and enduring adaptive changes in multiple physiological systems. For 
instance, when rodents begin exercising as juveniles, they’re protected against later life stress-induced depressive-
like behavior and exhibit enduring changes in brain serotonergic systems responsible for this adaptation. Another 
plastic system uniquely impacted by exercise in early life is the gut microbiota. We recently reported that juvenile 
running rapidly changes gut ecology and increases specific gut microbes known to benefit mental health, 
including probiotic Lactobacillus spp. Because the brain is especially plastic early in life, it may be more sensitive to 
microbial signals that could contribute to the enduring neural adaptations produced by exercise. Using antibiotics 
to deplete gut bacteria, we tested the hypothesis that gut microbes and their associated metabolites are necessary 
for the persistent neural and behavioral adaptations produced by early life exercise. Juvenile rats ran or remained 
sedentary for 3 wks and were simultaneously given antibiotics or water; this time course can produce stress 
resistance and increase probiotic Lactobacillus spp. and microbial metabolites. After 3 wks, wheels were locked 
with metal stakes to test the enduring effects of exercise. After 15 days without exercise, rats were exposed to 
inescapable stress (IS) and tested for IS-induced depressive-like behavior 24 hrs later. 3 wks of antibiotics depleted 
microbial metabolites, Lactobacillus spp., and aerobic and anaerobic bacteria. Antibiotics administered along with 
exercise prevented the ability of exercise to protect against IS-induced depression. Furthermore, antibiotics 
administered to non-stressed, sedentary rats increased depressive-like behavior. These data suggest that gut 
microbes in early life play a mechanistic role in both the adaptive behavioral effects of exercise and, in line with a 
growing literature, the development of normal affective behavior.  
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88) Rise time changes in delta power after sleep restriction 

Sarah J. Morton1, CM Depner1, EL Melanson2,3, JR Guzzetti1, KP Wright Jr 1,2. From the 1Sleep and Chronobiology Laboratory, Department of 
Integrative Physiology, University of Colorado Boulder, Boulder, CO, USA, 2Division of Endocrinology, Metabolism, and Diabetes, 3Division of Geriatric 
Medicine University of Colorado Anschutz Medical Campus, Aurora, CO, USA 

Sleep restriction is a common consequence of maintaining busy school, work, and social schedules. These short 
schedules alter sleep architecture in ways that represent an increase in sleep drive. Rise time in delta power is a 
common marker of homeostatic sleep drive. Few studies have investigated the topographical differences between 
brain sites that occur after sleep restriction. Thus, the aim of the current analysis was to investigate rise time in delta 
power in the first 30 minutes of the sleep opportunity after sleep restriction and to examine topographical 
differences. Twenty-two healthy adult subjects (11 females) aged 24.3±4.6y (mean±SD) were randomized into the 
control condition (9h sleep/night) or the sleep restriction condition (5h sleep/night). Each subject maintained a 9h 
sleep/night schedule for the week prior to study in-charge and then were scheduled to 3 in-laboratory baseline 
nights of 9h sleep/night. Broad band EEG were averaged for delta (1-4Hz) and delta power was examined in 2 
minute bins for the first 30 minutes of sleep on nights 2&3 (baseline), 4&5 (acute sleep restriction), and 8,9, &10 
(cumulative sleep restriction). Mixed-model ANOVA analyses revealed a main effect of night for F3, C3, and O1. Rise 
time in delta power was significantly increased throughout the first 30 minutes of sleep for nights 4&5 and 8,9,10 
compared to baseline nights 2&3 in the F3 and C3 brain sites during sleep restriction. Although delta power is 
largest in the frontal lobe on all nights, similar percent change in delta are observed in all brain regions suggesting 
that all cortical areas examined show a similar homeostatic response at the beginning of the sleep episode. Overall, 
these findings show an increase in homeostatic sleep drive for the sleep restriction condition occurs rapidly in the 
first two days of sleep restriction and is sustained for at least one week. 
 

89) Baseline ImPACT data from a concussion biomarker project at the University of Denver 
Nimi Oduleye1, S Mason1, M Mackenzie1, G Nordeman1, C Yunker1, K Gorgens1, B Davidson2, AC Granholm3, A Ledreux3, O Wyatt1, A Gilmore3, M 
Pryhoda2. From the 1Graduate School of Professional Psychology, University of Denver, Denver, CO, 2The Human Dynamics Lab, Ritchie School of 
Engineering, University of Denver, Denver, CO, 3Knoebel Institute for Healthy Aging, University of Denver, Denver CO 

Background: Participation in sports may expose athletes to single and repeated head injuries, which may cause 
related physical, vestibular, emotional, and other cognitive symptoms. The University of Denver (DU) has 10 
different sports including NCAA Championship hockey, lacrosse, and ski teams. This poster will report on the status 
of a large Concussion Biomarker Project currently underway at DU funded by the Knoebel Institute for Healthy 
Aging, specifically, baseline data and post injury data on the Immediate Post-Concussion Assessment and 
Cognitive Test (ImPACT).  Methods: Participants include 237 collegiate athletes who are currently or have formerly 
participated in high or low velocity sports including lacrosse, soccer, hockey, swimming, basketball, skiing, tennis, 
golf, gymnastics, volleyball, and diving. 22 athletes were re-assessed after injury. ImPACT is a widely used 
neurocognitive battery typically used to measure baseline cognitive functioning and evaluate suspected 
concussions. It measures reaction time, attention span, working memory, sustained and selective attention, non-
verbal problem solving and impulse control. Results: Of 82 (46 male, 36 female) athletes with complete baseline 
data, 41.5% had a history of past concussion, 5 of them had more than 3 past concussions. On the impulse control 
measure, higher scores are an indicator of reduced impulse control ability; the mean composite score was 5.28 
(male= 4.8, female= 5.81), compared to the mean of 5.98 at baseline. Preliminary findings for post injury testing 
(N=22) with acute concussion show that impulse control remains impaired up to six months after injury. The mean 
verbal and visual memory composite scores post-injury were 91.22 and 81.43, compared to 90.48 and 79.39 at 
baseline, respectively. Post-concussive mean reaction time composite score was 0.57 compared to a baseline 
score of 0.59. Conclusions: These data support the sensitivity of the ImPACT to changes in impulse control after 
injury. 

 
90) In vivo electrochemical and optogenetic assessment of accumbal dopamine release events in a novel behavioral 

economic based footshock avoidance task 
Jonte Roberts1, K Pultorak1, S Schelp1, G Krzystyniak1, D Isaacs1, E Oleson1. From the 1Department of Psychology, University of Colorado Denver. 

The mesolimbic dopamine (DA) system has traditionally been examined under a reward based context. While 
accumulating evidence supports that DA release events represent the value of predicted rewards, there is little 
known about its role in avoidance. To investigate dopamine’s role in the valuation of signaled operant avoidance, 
we developed an economics-based shock avoidance task in which rats were given the opportunity to avoid 
(signaled by the presentation of a cue light) electrical foot-shock across epochs wherein the unit price (response 
requirement over mA shock) to avoid or escape increases. After developing this task, we first used fast-scan cyclic 
voltammetry (FSCV) to measure DA release events in vivo as the animals performed across a range of prices. We 
observed that the concentration of DA decreased with price, though both DA and avoidance were initially 
suppressed at session onset. To establish a causal role, we then used optogenetics to augment DA release at either 
the presentation of the cue signal or upon successful avoidance of the foot-shock. Increasing release at the cue 
made avoidance more sensitive to price; whereas increasing release at successful avoidance made it less sensitive 
to price. We conclude that this is likely because the neural representation of the value to avoid is greater than 
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predicted at successful avoidance, and worse than expected at the cue on trials in which foot-shock is 
administered. We will next assess the role of the rostromedial tegmental nucleus (RMTg), a neural structure known 
to cause prediction errors, in the valuation of avoidance. 
 

91) A novel model of alphavirus-induced Parkinsonism in outbred CD-1 mice    
Collin M Bantle1, AT Phillips1, SL Hammond1,2, E Richman1 and RB Tjalkens1,2. From the 1Department of Environmental and Radiological Health 
Sciences, 2Program in Cell and Molecular Biology, Colorado State University, Fort Collins, CO, USA. 

Early life exercise can produce robust and enduring adaptive changes in multiple physiological systems. For 
instance, when rodents begin exercising as juveniles, they’re protected against later life stress-induced depressive-
like behavior and exhibit enduring changes in brain serotonergic systems responsible for this adaptation. Another 
plastic system uniquely impacted by exercise in early life is the gut microbiota. We recently reported that juvenile 
running rapidly changes gut ecology and increases specific gut microbes known to benefit mental health, 
including probiotic Lactobacillus spp. Because the brain is especially plastic early in life, it may be more sensitive to 
microbial signals that could contribute to the enduring neural adaptations produced by exercise. Using antibiotics 
to deplete gut bacteria, we tested the hypothesis that gut microbes and their associated metabolites are necessary 
for the persistent neural and behavioral adaptations produced by early life exercise. Juvenile rats ran or remained 
sedentary for 3 wks and were simultaneously given antibiotics or water; this time course can produce stress 
resistance and increase probiotic Lactobacillus spp. and microbial metabolites. After 3 wks, wheels were locked 
with metal stakes to test the enduring effects of exercise. After 15 days without exercise, rats were exposed to 
inescapable stress (IS) and tested for IS-induced depressive-like behavior 24 hrs later. 3 wks of antibiotics depleted 
microbial metabolites, Lactobacillus spp., and aerobic and anaerobic bacteria. Antibiotics administered along with 
exercise prevented the ability of exercise to protect against IS-induced depression. Furthermore, antibiotics 
administered to non-stressed, sedentary rats increased depressive-like behavior. These data suggest that gut 
microbes in early life play a mechanistic role in both the adaptive behavioral effects of exercise and, in line with a 
growing literature, the development of normal affective behavior.  
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