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Welcome to Midbrains 2022! We are being hosted this 

year at the University of Wisconsin Eau Claire (UWEC) 

 

 
Midbrains 2022 is being held on the UW-Eau Claire lower campus. 
Events occur in the W. R. Davies Student Center (Davies, 5) in the 
Objibwe Ballroom on the 3rd floor and also in Centennial Hall 
(Centennial, 9).  Near-by parking is available in the Davies/Phillips Lot, 
the Hibbard Lot, and street parking.  

Davies 

Centennial 
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MidBrains 2022 Conference Schedule 
 

Time   Activity                            Location                            
 
7:45-9:00am  Registration              Ojibwe Ballroom 

Poster set up for the          Davies Center 330   
morning poster session     

 
      
9:00am   Welcome, Announcements,          Ojibwe Ballroom 
   and Small Group Discussions 
        Dr. Brad Carter, University of Wisconsin Eau Claire 
        Dr. James Schmidt, Chancellor, University of Wisconsin Eau Claire 
    
9:30-10:30am   Keynote Address: Dr. SuJean Choi  Ojibwe Ballroom 

            Professor, Department of Biomedical Sciences,  
            Director of Graduate Neuroscience, Marquette University  

      Title: “Why do we eat what we eat?” and my journey to this question 
  

 
10:30-11:15am    Poster Session I                       Ojibwe Ballroom 

See Poster Abstracts beginning on page 8 for details 
     
     Graduate School Fair          Ojibwe Ballroom 

Sponsoring programs have tables to share information  
about their programs and talk with attendees 

    
 
11:15–12:15pm   Graduate Program Panel          Ojibwe Ballroom 

Five Full Sponsor programs will share insights  
about PhD graduate training and discuss their  
programs in a panel format with a moderator 

 
11:15–12:15pm   MidBrains Faculty Meeting           Ho-Chunk Room 

Business meeting and future      Davies Center 320E  
planning for MidBrains        
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12:15-1:15pm     Lunch (pick up lunches near Davies 330)  
Space to eat is available in Davies. 

  Poster set up for the Afternoon Poster session 
 
 
1:15-2:15pm  Symposium Sessions; Centennial Hall 1204/1704/1804  

Researchers from sponsoring  
programs give presentations + Q&A  
See page 5 of the program for details 

 
 

2:15-3:15pm     Career Panel                  Centennial Hall 1415 
       Cailyn Turner: Clinical Researcher, Mayo Clinic, Eau Claire, WI   
       Regina Grosland: Labcorp Drug Development, Madison, WI  
       Gregory Fisher, Ph.D.: PreventionGenetics, Marshfield, WI  
       Staci Heidtke: Director, Career Services, Advising, Retention &                       

Career Center, University of Wisconsin -Eau Claire, Eau Claire, WI   
 
   
3:15-3:45pm    Small Group Discussion            Ojibwe Ballroom 
 
 
3:45-4:30pm    Poster Session II             Ojibwe Ballroom 

See Poster Abstracts beginning on page 36 for details 
    

   Graduate School Fair            Ojibwe Ballroom 
Sponsoring programs have tables to share information  
about their programs and talk with attendees 

 
 
4:30pm  Closing, Thank You, and Send Off   Ojibwe Ballroom 
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KEYNOTE SPEAKER; SuJean Choi, PhD 
 

 
 
 

Title: “Why do we eat what we eat?” and my journey to this 
question 

 
My conference presentation will include data that explores the 
question, “Why do we eat what we eat”.  Through collaborative 
research with scientists studying addiction, we created a unique 
behavioral model to differentiate when rodents eat for hunger and 
when they eat for pleasure.  We then took this model to identify 
two different brain regions that appear to regulate hunger 
separately from pleasure.  Today, our lab is continuing to explore 
these two brain regions by identifying the cellular and genetic 
mechanisms that could help to identify therapeutics for obesity and 
binge eating disorders as well as drug addiction and other 
compulsive behaviors. 
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CAREER PANELIST BIOGRAPHIES: 
 

Cailyn Turner: Research Protocol Specialist, Mayo Clinic. Eau Claire, 
WI. Cailyn executes the overall management of clinical trial 
development and implementation. Her day-to-day work involves 
developing and managing budgets, consent forms, feasibility forms, 
protocols, and other clinical research documents. Cailyn is also 
responsible for the coordination of study logistics and obtaining 
appropriate approvals for study development. Cailyn serves as the main 
point of contact for Principal Investigators and Sponsors during Study 
Development and implementation. 
 
Regina Grosland: Labcorp Drug Development, Madison, WI. Regina is 
a recent graduate from the University of Wisconsin-Eau Claire, where 
she developed an interest in research while working in a behavioral 
neuroscience laboratory. She is an Animal Operations Study Technician 
and her work at Labcorp involves carrying out day-to-day laboratory 
tasks including small animal drug administration, small animal 
observation, data documentation, and promotion of animal welfare. 
 
Gregory Fisher, Ph.D.:  Human Molecular Geneticist, 
PreventionGenetics (an Exact Sciences Company).  Dr. Fischer interprets 
genetic sequence variants identified in patients and interprets their 
relevance to human disease.  These results are summarized in a clinical 
report for the patient’s healthcare provider to inform a diagnosis or, in 
some cases, clinical treatment. Greg earned a Bachelor of Science degree 
in Biochemistry/Molecular Biology from UW-Eau Claire in 2011 and a 
PhD in Genetics from UW-Madison in 2016.  He completed his 
fellowship training in Laboratory Genetics and Genomics at UW-Health 
in 2022.  
 
Staci Heidtke: Director, Career Services, Advising, Retention & Career 
Center, University of Wisconsin -Eau Claire. Staci oversees the Career 
Services office. She works with all departments and Colleges on campus 
as well as employer partners. She is passionate about career integration 
into courses and career work with all majors as a way of retaining 
students and making transparent and purposeful connections between 
majors and careers.   
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SYMPOSIUM SESSIONS 
Starting at 1:15 PM 

 
Each talk will be ~12 minutes + Q&A  

 

Room  Talk 1 
(~1:15pm) 

Talk 2  
(~1:35pm) 

Talk 3  
(~1:55pm) 

Centennial 
1204 

Self-organization 
of Functional 
Networks in the 
Developing 
Visual Cortex  
 
Haleigh 
Mulholland, 
University of 
Minnesota 

Sex-Specific Cortico-
Striatal Dysfunction 
Underlying Deficits 
in Cognitive 
Flexibility and 
Reduced Control 
over Drug Taking  
 
Matthew Hearing, 
Marquette University 

The insular cortex: a 
neural substrate of 
addiction  
 
Matt McGregor, 
University of Iowa 

Centennial 
1704 

Norepinephrine 
Acts on 
Intracellular β1-
ARs to Regulate 
Glycogen 
Metabolism in 
Astrocytes  
 
Jenree 
Maglasang, 
Marquette 
University  

Transcranial 
Magnetic Stimulation 
for the Treatment of 
Depression: Effects 
on Heart Rate 
Variability 
 
Alex Alario, 
University of Iowa  

Estrogen Receptor 
beta Mediates 
Susceptibility to 
Stress in a Sex-
dependent Manner 
 
Polymnia Georgiou, 
University of 
Wisconsin - 
Milwaukee 

Centennial 
1804 

Hearing the 
News from a 
Faraway Place: 
Entorhinal-
hippocampal 
Circuit in Social 
Recognition 
Memory 
 
Jeffrey Lopez-
Rojas, University 
of Wisconsin - 
Milwaukee 

Exploring 
Convergent 
Mechanisms of 
Neurodegeration 
across Human 
Proteinopathies  
 
Rocio Gomez-Pastor, 
University of 
Minnesota 

Effects of 
Transcranial Direct 
Current Stimulation 
(tDCS) and 
Transcranial 
Magnetic Stimulation 
(TMS) Applied to 
Dorsolateral 
Prefrontal Cortex on 
Food Preferences 
 
Lee Baugh, 
University of South 
Dakota 
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POSTER ABSTRACTS 
Presentation Time – Poster Session I: 10:30-11:15 am 

 
Poster: AM 1 

 
SPATIOTEMPORAL EXPRESSION OF BRINP2 DURING EARLY 

NEURAL CREST DEVELOPMENT IN CHICK EMBRYOS  
 

Cook G.C. and Jacques-Fricke B.  
 

Biology Department and Neuroscience Program, Hamline University  
 
Neural crest cells (NCCs) are a pluripotent stem cell-like population that 
arise in early embryonic development of vertebrates. These cells derive 
from the neural tube, which later becomes the brain and spinal cord of 
the central nervous system (CNS), and migrate away from it to their 
destined locations. Once there, NCCs differentiate into new cell 
populations, serving as precursors for melanocytes, craniofacial 
structures, conotruncal heart tissues, peripheral nervous system, and 
enteric nervous system. When elements of this process go awry, 
developmental disorders are common. Additionally, the migratory nature 
of NCCs has connections to metastatic cancer. Identifying novel 
regulators, or key genes that contribute to NCC development is 
worthwhile to expand understanding of developmental neuroscience and 
enhance preventative measures for developmental disorders. In our 
previous work, BRINP2 was identified as one of 674 potential novel 
regulators for NCCs. This project focuses on the spatiotemporal mapping 
of BMP/Retinoic Acid Inducible Neural Specific 2 (BRINP2) in chick 
embryos. BRINP2 is a member of the MACPF superfamily, whose 
members have a role in forming adhesions between migrating cells. 
While BRINP2 has been linked to several developmental disorders, its 
potential role in adhesion and cell migration has not been well studied. 
Using whole-mount colorimetric in situ hybridization, we show that 
BRINP2 is expressed in premigratory NCCs and select migratory NCCs. 
These findings indicate that BRINP2 is expressed in these early stages of 
NCC development, and could be a good candidate for further functional 
research.  
 
Theme: Development 
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Poster: AM 2  
 

EARLY CORTISOL EXPOSURE ALTERS MORPHOLOGY OF 
ZEBRAFISH EMBRYO 

 
Toenjes J.M., Thovson B.M., Carter B.S. 

 
Department of Biology, University of Wisconsin – Eau Claire 

 
Stress hormones such as cortisol are essential for development and play a 
particularly important role in fetal development of the brain, lungs, and 
kidneys. Excess exposure to cortisol from stressed mothers has been 
thought to negatively affect fetal neurodevelopment. This study aimed to 
investigate how exposure to increased cortisol affects early embryonic 
development in zebrafish. Embryos were exposed to different 
concentrations of cortisol (10-254uM) at 3 hours post fertilization (hpf). 
At 24 hpf and 96 hpf, dead embryos were counted and removed in order 
to calculate survival rate. Zebrafish were then observed and imaged at 96 
hpf via a brightfield microscope and subsequently screened for abnormal 
phenotypes. Eight phenotypes were screened for, including body axis 
curvature, change in yolk sac shape or size, craniofacial abnormalities, 
altered somitogenesis, shorter body length, pericardial edema, yolk sac 
edema, and blood pooling in the head/yolk sac. Initial results suggest 
dose-dependent changes in morphological development with the most 
common abnormalities being pericardial edema and abnormal yolk-sac 
size/shape. In addition, there was no significant difference in survival 
rate between zebrafish exposed to different concentrations of cortisol. 
Long-term, these experiments can define morphological and functional 
alterations at cortisol concentrations relevant to understanding fetal 
development under maternal stress in humans. 
 
Theme: Development 
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Poster: AM 3  
 

THE INFLUENCES OF V1 SIZE REDUCTION ON THALUMUS 
DEVELOPMENT AND VISUALLY MEDIATED BEHAVIOR 

 
Martinson C.M., and Stocker A.M.  

 
Biosciences, Minnesota State University Moorhead 

 
The process through which distinct functional regions of the cerebral 
cortex are produced, known as cortical arealization, is crucial for the 
development of a properly functioning mammalian brain. This process is 
facilitated by the graded expression of key transcription factors which 
allows for the precise regional patterning characteristics of a fully 
developed brain. An important functional region that emerges from 
cortical arealization is the primary visual area (V1). The exact size and 
location of V1 is heavily influenced by expression of transcription factor 
Emx2. Given that previous research has shown how changes to cortical 
structure influence the anatomy of the thalamus, our work is looking to 
document anatomical changes in the thalamic structures of mice with 
cortical deletion of Emx2. This is being done using various 
immunohistochemistry approaches to visualize the dorsal lateral 
geniculate of the thalamus and the reticular thalamic nucleus. In addition 
to this, we are working to characterize potential functional changes 
within the visual systems of these mice using the visual cliff test, which 
assesses depth perception-related processing of visual cues. With the data 
gathered from such experimentation, our goal is to better understand the 
influence of cortical development on development of the thalamus and 
produce more sophisticated correlations between structural 
characteristics and behavioral outputs of the visual system. 
 
Theme: Development 
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Poster: AM 4  
 
INVESTIGATING ZEBRAFISH LARVAE SWIMMING BEHAVIOR 

DEVELOPMENT; EFFECTS OF MULTIWELL PLATE WELL 
OPACITY AND WELL SHAPE 

 
Oliver P.M., Friend L.G., Schommer N., Carter B.S. 

  
Department of Biology, University of Wisconsin – Eau Claire 

 
Zebrafish are useful for understanding how neural circuits give rise to 
simple behaviors like swimming. Many studies have measured the 
development of dark-induced hyperlocomotion in zebrafish.  Protocols 
vary among these motor assay studies, and some technical factors have 
been shown to affect swimming behavior.  Our objective was to 
determine if changes in two variables in multiwell plates, well opacity 
and well shape, would impact the average velocity at which each fish 
swam. Five day post fertilization (dpf) fish were placed into 96-well 
plates and exposed to into a protocol that consisted of a two-minute 
accumulation period in darkness followed by an alternating light-dark 
cycle (light-dark-light-dark, 4 minutes per condition; Noldus 
DanioVision). In terms of our factors of interest, 5 dpf fish in opaque 
wells showed higher average velocity in all four light conditions 
compared to 5dpf fish in clear wells. 5 dpf fish in square wells showed 
higher average velocity in all lighting conditions compared to 5 dpf fish 
in circular wells.  These results highlight the influence of these factors in 
this assay and the importance of internal controls and protocol details for 
appropriate data reporting and comparisons between experimental setups. 
 
Theme: Development 
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Poster: AM 5 
 

NOVEL SIGNALING PATHWAYS ACTIVATED BY 
NOREPINEPHRINE IN THE NUCLEUS OF ASTROCYTES 

 
Szymanski M.S., Maglasang J., Lobner D., Gasser P.J.  

 
Department of Biomedical Sciences, Marquette University 

  
Norepinephrine exerts powerful influences over key brain functions 
including arousal, mood, and cognition through its actions on 
neuronal and glial cells. The classic paradigm of norepinephrine 
signaling involves activation of G-protein-coupled alpha- and beta-
adrenergic receptors exclusively localized to plasma membranes. 
However, we have recently identified β1-adrenergic receptors (β1-
ARs) localized to the inner nuclear membrane in astrocytes and 
have demonstrated that norepinephrine activates nuclear β1-ARs 
leading to rapid increases in protein kinase A (PKA) activity in the 
nucleus. These results indicate that nuclear β1-ARs activate 
classical Gs signaling within the nucleus. In addition to activation 
of G proteins, adrenergic receptors can also initiate signaling events 
through alternative pathways. One such pathway involves 
interaction of the activated receptor with β-arrestin, and leads to a 
variety of downstream signaling events. While it is well known that 
plasma membrane localized β1-ARs interact with arrestins, it is not 
known whether nuclear receptors have this capacity. In these 
studies, we began testing the hypothesis that nuclear β1-ARs can 
interact with β-arrestins. We used immunofluorescence with 
differential detergent permeabilization to examine the subcellular 
localization of β-arrestin-1 in cultured mouse astrocytes. We 
observed beta-arrestin-1 immunoreactivity both broadly throughout 
the cytoplasm and specifically in the nuclear compartment of 
astrocytes. These studies are consistent with the hypothesis that 
norepinephrine activates nuclear β-arrestin signaling via activation 
of nuclear membrane β1-ARs, representing a novel adrenergic 
signaling mechanism in astrocytes that may contribute to the 
powerful effects of norepinephrine on astrocyte physiology. 
 
Theme: Neural Excitability, Synapses, and Glia 
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Poster: AM 6  
 

GEOTAXIS IN DROSOPHILA MELANOGASTER 
 

Daggs J.C, Brusich D.J.  
 

Human Biology, College of Science, Engineering, and Technology, 
University of Wisconsin–Green Bay, Green Bay, WI, USA 

 
Over 200,000 people are hospitalized each year due to traumatic 

brain injury (TBI). Commonly, TBI is accompanied by a myriad of 
symptoms including poor locomotion and changes in behavioral activity. 
This may be difficult to study in humans, so the fruit fly (Drosophila 
melanogaster) offers an effective model for the assessment of behavior. 
Using an improved version of a countercurrent apparatus device created 
by engineering students at UW- Green Bay, we have been able to 
demonstrate differing geotaxis patterns in flies with 3 differing TBI 
conditions. Using differing injury patterns, mild and repetitive to singular 
and severe, we have generated data to show flies with differing TBI can 
be analyzed with geotaxis to quantify changes in behavior and 
locomotion. 
 
Theme: Neurodegenerative Disorders and Injury 
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Poster: AM 7 
 
RECOMBINANT MOUSE IL-1 BETA PROTEIN ALTERS NEURON 

DEVELOPMENT AND BEHAVIOR 
 

1Wirth S.E, 2Deyo, R.A.  
 

1Department of Biology, 2Department of Psychology, Winona State 
University 

 
Interleukin-1 Beta protein (IL-1ß) is released during strokes and has been 
found in previous research to be both a beneficial or possibly a harmful 
toxin that affects neuronal survival in human strokes and animal models 
of ischemia. These conflicting results led us to test whether IL-1ß is 
harmful to neurons and disrupts behavior.  
 

Five-day-old male and female C57BL/6j mice were randomly selected 
from litters containing 6-8 mice and randomly assigned to receive 
intrahippocampal injections consisting of 0.9% sterile saline, 100 ng IL-
1ß, or 200 ng of IL-1ß administered in 2 µL. Injections were made using 
a Hamilton microsyringe into the right dorsal hippocampus. Animals 
were returned to the colony and maintained under normal conditions 
until testing at 90 days of age. The subjects were tested using the object 
recognition test. The test consists of a habituation trial followed by three 
training trials where mice learned the location of three objects. Twenty-
four hours later the mice were returned to the chamber after one of the 
objects had been moved to a new location. In previous studies, mice 
spend more time touching the object that has been moved which is 
interpreted as evidence of learning. After testing, the brains were 
removed and fixed in 3% buffered formalin.  Tissues were sectioned and 
stained with cresyl violet. The slides were coded so that scorers were 
unaware of treatment conditions.   
 

Analysis of the histology showed that the number of neurons in the 
dorsal hippocampus was significantly reduced in animals receiving 200 
ng of IL-1ß (p < .05). Memory for the items in the object recognition task 
was dependent on the dose of IL-1ß received.  
 

These data suggest that IL-1ß is a harmful toxin that when given to the 
dorsal hippocampus memory is impaired. These findings are contrary to 
recent studies promoting the use of IL-1ß for the treatment of stroke. 
 
Theme: Neurodegenerative Disorders and Injury 
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Poster: AM 8 
 
THERAPEUTIC EFFECT OF COORDINATED RESET DEEP BRAIN 

STIMULATION ON PARKINSONIAN GAIT 
 

Nakajima, K., Bosley, K., Luo, Z., Doepke, W., Wang, J. 
 

Neuroscience, Macalester College, Department of Neurology, University 
of Minnesota – Twin Cities 

 
The discovery of the excessive synchronization of basal ganglia neurons in Parkinson’s 
Disease (PD) patients with motor deficits led to the development of novel 
neuromodulation paradigms. The traditional Deep Brain Stimulation (tDBS) has been 
used in clinical settings to treat PD patients for decades, however, it has also been 
accompanied by unintended side effects. In some cases, the gait impairments were made 
worse by tDBS due to the spread of current in unintended areas of the brain. Coordinated 
Reset DBS (CR DBS) is an innovative therapeutic approach that carries the potential to 
minimize the risk of side-effects by delivering burst electric stimulation at a significantly 
reduced current level through multiple DBS lead contacts in a randomized order. CR 
DBS has shown significant therapeutic effects that can sustain for days or even weeks 
after stimulation cessation (i.e. carryover effect). This study aims to examine the CR 
DBS’s effect on parkinsonian gait in the non-human primate model of PD.  
 
An adult female rhesus macaque (Macaca mulatta), NHP J, was rendered parkinsonian 
via intramuscular injections of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), 
and was surgically implanted with a DBS lead in the subthalamic nucleus (STN). NHP J 
presented Parkinsonian symptoms such as rigidity, bradykinesia, akinesia, and impaired 
gait on both sides of the body. NHP J received CR DBS stimulation with a cycle rate at 
6.95 Hz, an intensity of 0.1 mA and a shuffle time of 1 second for 4 hours/day across 5 
days. Gait data was collected using a motion capture and a Habitrail system before 
stimulation (baseline), a day after stimulation (P-CR Day 1), and three days after 
stimulation cessation (P-CR Day 3). A clinical rating scale (mUPDRS) was collected 
before, during, and after CR DBS to monitor the effect of stimulation on other 
parkinsonian symptoms. Using Cortex software, the NHP’s joints were labeled for every 
frame and further analysis was conducted by using custom codes in MATLAB. Then 
statistical analysis was performed on the processed data in JMP. 
 
NHP J’s mUPDRS score was improved throughout the 5-day CR DBS period (i.e. acute 
effect), and the improvement sustained for up to 5 days after stimulation cessation (i.e. 
carryover effect). On P-CR Day 1, increased swing and stance time were observed at a 
few limbs. Reduction in the stride length was observed at the right ankle and that in the 
swing speed was observed at the left limbs. Overall, the NHP’s stride length and swing 
speed were not improved by CR DBS and even worsened in a few limbs. Levene’s test, 
on the other hand, showed that the variance in stride length and swing speed was reduced 
after CR DBS despite the increased variance in stance time at one limb. Even though the 
gait was not faster, this suggests that the overall gait pattern in NHP J may be more 
consistent in some limbs after receiving CR DBS, which is an improvement in gait 
regularity as many PD patients struggle with gait variability.  

Theme: Neurodegenerative Disorders and Injury 
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Poster: AM 9 
 
ENLARGED PERIVASCULAR SPACES IN PATIENTS WITH MILD 

TRAUMATIC BRAIN INJURY: CHARACTERIZATION WITH 7T 
MRI AND RELATIONSHIP WITH NEUROBEHAVIORAL 

OUTCOME 
 

Martinez P1, Ng D2, Serrai H2, and Whiting M.D2 

 

1Biology Department, Wartburg College; 2Stephens Family Clinical 
Research Institute, Department of Clinical Sciences, Carle Illinois 

College of Medicine 
 
Mild traumatic brain injury (mTBI) is a growing epidemic in the population that 
is caused by blunt force trauma or sudden acceleration and deceleration to the 
head. This sudden impact of trauma has been found to create implications for the 
waste-removing function of the glymphatic system. In this current study, we 
examined the development of enlarged perivascular spaces (ePVS), a biomarker 
of glymphatic function, during the acute post-injury period as well as the 30-day 
and 90-day post-injury periods using 7T MRI. Imaging sequences included T2*, 
MP2RAGE, T2 FLAIR, SWI, and SPACE. mTBI participants at each of the 
post-injury time periods also completed the Neurobehavioral Symptom 
Inventory (NSI) and the Pittsburgh Sleep Quality Index (PSQI) assessments to 
identify their neurobehavioral symptoms and sleeping patterns during the post-
injury period. The ePVS were identified and counted by a blind reviewer and the 
severity of the ePVS burden was rated on a scale based on the number of ePVS 
identified in each hemisphere. When scored, 83% of the healthy individuals 
were rated as being “none” or “mild” while 78% of mTBI participants were 
rated as being “moderate”, “frequent”, or "severe”. There was a significant 
difference in ePVS burden in mTBI participants when compared to the healthy 
controls at the acute time point. Both the total number of ePVS (t(13) = 2.19, p = 
0.02) and number of linear ePVS (t(13) = 2.4, p = 0.01) were significantly 
higher in the mTBI group.  
 
Preliminary analysis revealed that mTBI participants had significantly higher 
NSI scores for cognitive, somatosensory, and affective domains following the 
post-injury time periods (p < 0.02). There was found to be no significant 
difference in the number of ePVS between the mTBI participants who were 
identified as being good or bad quality sleepers under the PSQI (t(15) = 1.22, p 
= 0.27).  Overall, the greater ePVS burden observed in mTBI participants 
suggests acute disruption to the brain’s waste clearance system following a 
mTBI. 
 
Theme: Neurodegenerative Disorders and Injury 
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Poster: AM 10  
 

EFFECTS OF N-METHYL-D-ASPARTATE (NMDA) RECEPTOR 
ANTAGONISTS ON PAIN-STIMULATED AND PAIN-DERESSED 

BEHAVIORS 
 

Mollen C., Partridge K.J., Olson R., Hillhouse T.M. 
 

Department of Psychology, University of Wisconsin Green Bay, Green 
Bay, WI, USA 

 
Pain is a significant disorder that can be accompanied by other health problems 
such as fatigue, sleep disturbance, decreased appetite, and mood changes. 
Opioids, which stimulate opioid receptors mu, have long been the gold standard 
of treatment for pain, but research has shown the important role NMDA 
glutamate receptors play in pain response, allowing them to emerge as a 
candidate treatment for acute and chronic pain. The development of non-opioid 
based drugs for the treatment of pain have stalled in recent years as a result of 
the exclusive use of pain-stimulated behaviors used to screen novel compounds. 
In general, preclinical studies use assays of pain-stimulated behaviors, which are 
defined as behaviors that increase in frequency, rate or intensity after delivery of 
a noxious stimulus. However, pain-stimulated behaviors can be reduced by 
drugs that suppress motor activity but lack analgesic properties Pain-depressed 
behaviors, which are defined as a decrease in frequency, rate or intensity after 
delivery of a noxious stimulus, are used in complement to pain-stimulated 
behaviors because drugs that suppress motor activity will not produce analgesic 
properties in these assays. The present study sought to evaluate the effects of the 
N-methyl-D-aspartate (NMDA) receptor antagonist that range in affinity for the 
NMDA receptor (MK-801>ketamine>memantine>dextromethorphan) in assays 
of pain stimulated behavior (hot plate) and pain depressed behaviors (locomotor 
activity). All NMDA receptor antagonist failed to produce a significant 
analgesic response on the hot plate assay. MK-801 and memantine significantly 
increased locomotor activity in the presence and absence of the acetic-acid pain 
state. Interestingly, memantine restored pain-depressed locomotor activity back 
to baseline levels; whereas, MK-801 increase distance traveled way beyond 
baseline levels indicating that MK-801’s effects are non-specific stimulation of 
locomotor activity. The positive controls ketoprofen and morphine produced 
analgesic responses in both assays. Overall, the NMDA antagonists did not 
produce a consistent analgesic response in assays of pain-stimulated and pain-
depressed behaviors. It remains unclear why memantine produced an analgesic 
response in both assays, but may indicate an off-target receptor effect.  
 
Theme: Sensory Systems 
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Poster: AM 11 
 

SYNAPTIC GENE RNAi KNOCKDOWN EFFECTS ON 
BEHAVIORAL HOMEOSTASIS IN DROSOPHILA 

 
Smuszkiewicz J.E, Butler B, Frohner A, Witmer G, Toering-Peters S.  

 
Neuroscience, Wartburg College, Biology 

 
Abnormal synaptic homeostasis can lead to miscommunication, possibly 
affecting behavioral homeostasis and could be the root of many diseases. 
A gene of interest was knocked down using RNAi and the 
GAL4/Upstream Activator Sequence (UAS) system for five fly lines. 
These lines are known to have abnormal synaptic homeostasis, and their 
behavioral homeostasis through seizure and locomotion assays was 
examined in this study. None of the genes of interest had increased 
seizure susceptibility or locomotion deficits meaning that though there 
was a lack of synaptic homeostasis, behavioral homeostasis was still 
intact. Interestingly, the knockdown of the slowpoke (slo) gene had 
significantly decreased seizure susceptibility and greater locomotion, so 
it demonstrated better behavioral homeostasis compensation compared to 
the other experimental lines. The results of this study indicate that 
different systems of homeostasis have independent compensation 
mechanisms and that some gene knockdowns produce better 
compensation and could be good models for future studies to elucidate 
what the compensatory mechanisms are for behavioral homeostasis.  
 
Theme: Integrative Physiology and Behavior 
 
 
 
 
 
 
 
 
 
 
 
 
 



 19 

Poster: AM 12  
 

CHARACTERIZING IMMEDIATE EARLY GENE SYSTEM FOR 
LABELING NEURONS IN DROSOPHILA MELANOGASTER 

 
Cross H., Rivera R., Hoopfer E.D.  

 
Biology Department, Neuroscience Department, Carleton College 

 
Most animals exhibit complex social behaviors like courtship and 
aggression. However, we know relatively little about the neural circuitry 
involved in producing these behaviors. This project aimed to identify 
neurons that show increased activity during bouts of courtship behavior 
in Drosophila melanogaster. To do this, we used Hr38-GAL4 system, in 
which the regulatory region of the Drosophila immediate early gene 
Hr38 is used to drive expression of the Gal4-UAS system and mark 
active neurons with green fluorescent protein. We show that male flies 
that interacted with females for 24 hours exhibit strong labeling of P1 
neurons compared to solitary controls. P1 neurons have been shown to 
regulate male courtship behavior, suggesting that the Hr38 system is 
suitable for marking neurons associated with social behavior. Future 
work will investigate the time course of Hr38 expression in neurons and 
apply this method to identify neurons involved in aggressive behavior. 
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EFFECTS OF FLUOXETINE ON SIGN-TRACKING 
 

Bos C.J., Beyer N. R., Tauer W.T., (Faculty Mentor) Holden J.M. 
 

Psychology Department, Winona State University 
 

Sign tracking is defined as when an organism interacts with a 
conditioned stimulus that signals something desired. This is comparable 
to when a drug addict is engaging in drug seeking behaviors after 
interacting with a stimulus which could be associated with drug use. 
Reducing this type of behavior in addicts who are trying to overcome 
drug dependence may help prevent relapse to use. One medication that 
could be helpful is fluoxetine, a selective serotonin reuptake inhibitor 
(SSRI). This medication affects behavior by increasing the activity of 
serotonin, a naturally occurring substance in the brain. 24 male Sprague 
Dawley rats were conditioned over the course of 5 days to associate the 
presence of a lever with food delivery. Subjects were tested under the 
influence of 0mg/kg or saline, 5mg/kg, or 10mg/kg of fluoxetine. 
Significant differences were found between doses, with fluoxetine 
reducing sign-tracking at the higher dose. Fluoxetine may have some use 
in reducing cue-triggered relapse; however, more research is required to 
make a definitive statement.  
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MODELING CANNABINOID WITHDRAWAL WITH ANXIETY-
RELATED BEHAVIORS IN RATS 

 
Felter C. E, Brewer A. L, Spencer S. 

 
Department of Pharmacology, University of Minnesota – Twin Cities 

 
Cannabinoid withdrawal plays a role in maintaining the use of a drug, thus 
influencing a substance use disorder (SUD). The symptoms associated with 
withdrawal in humans, including anxiety and cravings, interfere with efforts to 
achieve cessation of drug use. We will characterize the behavioral profile of 
cannabinoid withdrawal in rats using models that measure multiple 
endophenotypes of cannabinoid dependence that may contribute to withdrawal 
and craving. Initial studies will be performed using adult male and female Long 
Evans rats receiving twice daily infusions of the synthetic cannabinoid agonist 
WIN55,212-2 or vehicle via jugular catheter starting at 0.2 mg/kg and increasing 
to 0.8 mg/kg over 4.5 days. In our hands, this model produces dependence such 
that somatic signs of spontaneous withdrawal are observed. Here we used 
marble burying, elevated plus maze, and open field tests to evaluate repetitive 
and anxiety-like behavior following spontaneous withdrawal after 7 and 14 days 
following the final infusion. I performed the marble burying test using a 
rectangular box (20in x 16in x 8in) with a 3cm corn bedding covered floor. 20 
colored glass marbles are spread evenly across the floor. One hour prior to 
testing the animals habituated to the experiment room. During experimentation, 
the animal is placed in the center of the marble box and behavior is measured for 
30 minutes. Criteria for buried marbles included those that are at least 60% 
buried under the corn cob bedding. Behavior observed during the 30 minutes 
includes rears, writhes, hind leg scratches, and fecal boli. The Open field test is 
performed using an open field arena with locomotion tracking activity from Med 
Associates. The rat is placed in the center of the box and monitored for 30 
minutes in the space. Behavior including locomotion and time spent in center 
versus periphery is measured. The elevated plus maze is performed using an 
elevated cross-shaped platform. The experiment is conducted for 5 minutes. The 
rat is placed at the intersection of the 4 arms and a video camera recorded 
movement for the duration of the experiment. Preliminary data shows that WIN 
females (n=2) after 7 days of withdrawal bury less marbles in comparison to 
vehicle females (n=3). We also observed increased locomotor activity 1 week 
following WIN withdrawal compared to vehicle treated controls. Our goal is to 
better understand the contribution of these anxiety-related behaviors during 
withdrawal to incubation of craving in an animal model of cannabinoid use. 
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CONDITIONED RESPONSES TO NOXIOUS STIMULI AND 
ENDOCANNABINOIDS IN THE MEDICINAL LEECH 

 
Thompson C.J., Franzen A.D., Burrell, B. D. 

 
Center for Brain and Behavior Research (CBBRe), Division of Basic 

Biomedical Sciences, University of South Dakota  
 
Chronic pain is a significant problem worldwide, yet efficacious 
treatments remain frustratingly out of reach. Both a sensory and 
emotional component to the pain experience exist, which complicates 
successful treatment. Comparative behavior and physiology studies may 
provide important insight into conserved aspects of pain and nociception. 
While there have been considerable studies on the sensory component of 
nociception in invertebrates, little research has been done into potential 
aspects of motivational or affective responses to noxious stimuli. Here, 
the medicinal leech, Hirudo verbana, serves as a model to examine 
motivational behaviors in the presence of noxious stimuli or potentially 
pain-relieving endocannabinoids. Two sets of experiments were 
designed, conditioned place aversion (CPA) and conditioned place 
preference (CPP). In the CPA experiments, animals were exposed to a 
noxious 0.5% acetic acid solution in one of two substrates, the plastic 
surface of the dish (smooth) or the dish lined with small gravel (gravel). 
When acetic acid was paired with a gravel substrate, an aversion to 
gravel was observed at 24hrs and 96hrs after training. In the CPP 
experiments, animals were injured and anandamide, (AEA), an 
endocannabinoid and potential pain-reliever, was paired, with one of two 
substrates. When paired with a smooth substrate, unexpectedly, an 
aversion to the smooth substrate was observed, suggesting that AEA 
actually enhanced nociception. These results suggest some aspects of 
affective responses to pain are present in Hirudo verbana and beg further 
exploration of the pro- and anti-nociceptive effects of endocannabinoids. 
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EFFECTS OF CHAMBER SIZE, PUFF DURATION, AND NICOTINE 

DOSE ON MICE RESPONDING UNDER A FIXED-RATIO 10 
OPERANT SCHEDULE 

 

Flaten N., Kostichka B., Partridge K.J., Olson R, Hillhouse T.M. 
Department of Psychology, University of Wisconsin Green Bay, Green 

Bay, WI, USA 
 
E-cigarette (ECIG) use has become increasingly popular in the United States. In 
2020, 25 percent of American teenagers reported using e-cigarettes. Despite the 
popularity of ECIGs, there is limited research on the short- and long-term effects 
of vaporized nicotine. Preclinical research has come to the forefront as a way to 
evaluate ECIGs; however, there are several issues limiting preclinical research. 
Specially, there are no standard dosing parameters for nicotine vapor inhalation 
studies because lab-made and purchased vapor administration systems use 
different equipment to produce the vapor. Major differences in how the vapor is 
administered include static vs dynamic systems, large chamber vs small 
chamber vs nose cone, vapor puff duration, and length of administration session. 
The aim of the present study was to determine how chamber size (large vs 
small), puff duration, and nicotine dose effects male (n = 8) and female (n = 6) 
ICR (CD-1) mice responding under a fixed-ratio 10 operant schedule. In the first 
experiment, mice were placed into either the large or small vapor administration 
chamber in which they received a nicotine-free vapor puff (0, 3, 6, or 10 sec) 
every 2-mins for 10 mins (6 puffs total). Immediately after the last puff clears 
(~2 mins), mice were placed in the operant chambers for FR-10 responding. The 
10 sec puff duration significantly decreased response rate in male and female 
mice when vapor administration occurred in the small chamber. Puff duration 
did not alter response rate in mice when administered in the large chamber. 
Overall, female mice were more sensitive to the puff-induced reduction of 
operant responding. In the second experiment, mice were placed into either the 
large or small vapor administration chamber and received a 6 sec puff of 
nicotine containing vapor (0, 3, 10, 30 mg/ml) every 2-mins for 10 mins (6 puffs 
total). Nicotine did not significantly alter response rate following administration 
in either chamber size. In the third experiment, mice were injected with 0, 0.5, 
or 1.0 mg/kg nicotine and placed into the operant chamber 10 mins after 
treatment. Treatment with 1.0 mg/kg nicotine significantly decreased response 
rates as compared to saline and 0.5 mg/kg nicotine. These data suggest that puff 
duration and chamber size can significantly influence behavior in the absence of 
nicotine and must be considered when designing studies. Future studies should 
evaluate how puff duration and chamber size influence nicotine exposure in the 
brain.  
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SEX-SPECIFIC DYSFUNCTION OF COGNITIVE AND HABIT 
CIRCUITS UNDERLYING OPIOID SELF-ADMINISTRATION  

 
Koutah L, Ouimet A, Czyz A, Hearing MC  

 
Biomedical Sciences, Marquette University 

 
Opioid involved overdose deaths have increased by three hundred twenty 
five percent between 2010 and 2020 (NIDA). Yet, the neurological 
underpinnings of opioid addiction have been relatively under-
investigated, thereby limiting our understanding of the neural and 
psychological basis of addiction to opioids. A prevailing model in the 
addiction field is that the transition from voluntary to uncontrolled drug 
use arises from drug-induced hypofunction of frontal cortex circuits 
responsible for top-down inhibitory control and a shift in control of drug 
use from goal-directed medial prefrontal cortex circuits to habit-based 
neural circuits, specifically, the anterior dorsolateral striatum (aDLS). A 
major gap in this account is a lack of empirical evidence to support it, in 
particular with opioids. We aimed to determine if the brain regions that 
drive opioid (remifentanil) taking change with increased drug exposure 
and whether the timeline of opioid-induced shifts in behavior differs in 
males and females. Using a viral-mediated chemogenetic approach in 
mice, we expressed the inhibitory designer drug exclusively activated by 
designer drug (DREAD), hM4Di, in the prelimbic region of the medial 
prefrontal cortex (PrL-PFC) or aDLS of mice implanted with an 
intravenous catheter. Mice then underwent 2- or 4-wk of voluntary 
remifentanil self-administration.  Preliminary findings show that PrL-
PFC inhibition reduces opioid but not food intake in males and females 
after 2-wk of exposure, and that this may be less effective after 4-wk in 
females.  Alternatively, preliminary data indicate that inhibition of the 
aDLS suppresses opioid intake in females following 4-wk but not 2-wk 
of exposure.  As clinical literature indicate that females tend to transition 
towards out-of-control drug use more rapidly than men, this data 
indicates that this may be due in part to a more rapid decline in top-down 
control that is paralleled by an increase in habit-based drug taking. 
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EFFECTS OF ATYPICAL ANTIPSYCHOTICS IN RATS TRAINED 
TO DISCRIMINATE BETWEEN 22 AND 2 HOURS FOOD 

DEPRIVATION 
 

Lelli G., Puzovic G., Vander Weide B.R., Vallejos Duque H., Jordan 
S.J., Wenzel S.K., Tangen S.T., Cedarbloom E.K., Jewett D.C. 

 
Psychology Department, University of Wisconsin-Eau Claire, Eau 

Claire, WI 
 
In humans, weight gain is a side effect of several atypical antipsychotics. Published 
reports indicate clozapine increases food intake in rats, but reduces food-related, operant 
behaviors.  Reports indicate ziprasidone has smaller or no effects on food intake in rats. 
Given the short half-life of clozapine in rats, we tested the effects of acutely administered 
clozapine and ziprasidone on the discriminative stimulus effects of food deprivation, rates 
of lever pressing, and food intake. Male, Sprague-Dawley rats (n = 11, ~2 months old 
during initial training and 12-26 months old during drug testing) were trained to 
discriminate between 22 and 2 hrs (hours) of food deprivation in an operant task. Under 
22 hrs deprivation, rats pressed the left lever 15 times to earn a 45 mg food pellet [Fixed 
Ratio (FR) 15 schedule]. Right lever presses were punished with 8 seconds of darkness 
under the FR 15. Under 2 hrs deprivation conditions, the contingencies were reversed 
(right lever presses were reinforced with food delivery and left lever presses resulted in 8 
seconds of darkness). Training sessions lasted until 10 reinforcers were earned or 15 
minutes elapsed. Discrimination criteria were 80% or greater condition appropriate 
responding before the first reinforcer was earned and for the entire training session for 8 
out of 10 consecutive sessions. After acquiring the discrimination (Mean = 71, Standard 
Error = 6 sessions), subjects were food deprived for 2 or 22 hrs and injected 
subcutaneously with either clozapine (1.0-5.6 mg/kg), ziprasidone (0.32-1.0 mg/kg) or 
vehicle (1.0 ml/kg, for clozapine: 30% dimethyl sulfoxide; for ziprasidone: 85% acetic 
acid, Tween 80, distilled water, and sodium hydroxide to pH ~7). For the 5 minute or 5 
reinforcer test sessions, responses toward either lever were reinforced under the FR 15. 
Test sessions were conducted every 15 min for 2 hrs. After test sessions, food intake was 
recorded for 1 hour. Statistical analyses via ANOVA and Dunnett t-tests indicated 
clozapine did not induce hunger-like responses under the 2 hrs deprivation. After 22 hrs 
food deprivation, clozapine (1.0-5.6 mg/kg) significantly reduced lever presses associated 
with 22 hr deprivation. Under both deprivation conditions, clozapine (3.2–5.6 mg/kg) 
decreased food intake. Under 22 hr deprivation conditions, ziprasidone did not affect the 
discriminative stimulus effects of food deprivation. Ziprasidone (1.0 mg/kg) reduced 
rates of lever pressing in most subjects and did not significantly affect food intake. These 
data further support for the notion that clozapine decreases feeding-related behaviors in 
rats and indicates atypical antipsychotic medications may have differential effects on 
food-related behaviors in rats.  
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INVESTIGATING THE NEURAL CIRCUITRY OF SOCIAL 
MOTIVATION IN DROSOPHILA MELANOGASTER 

 
Satish A., Chamberlain-Zivsak B., Hoopfer E.D. 

 
Biology Department, Neuroscience Department, Carleton College 

 
 
We investigated the neural circuitry underlying male courtship behavior 
in Drosophila melanogaster. Previous work has shown that P1 neurons 
in male flies are activated by female stimuli which promotes a persistent 
internal state that drives male aggressive and courtship behaviors. 
Optogenetic activation of P1 neurons promotes reward behaviors 
including place preference and appetitive conditioning in males, 
suggesting the activity of P1 neurons is rewarding. pCd neurons are 
activated by P1 neurons and are required for the maintenance of the 
persistent internal state that drives social behavior.  To determine 
whether pCd neurons also mediate reward, we tested whether the 
activation of pCd neurons alone could produce reward behaviors. We 
found that the activation of pCd neurons was not sufficient to impart 
place preference or negative-geotactic preference, suggesting that 
another neuronal population may mediate the P1 reward properties.  
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CHANGES IN SEROTONERGIC RECEPTOR EXPRESSION 
DURING PROGESTERONE WITHDRAWAL IN FEMALE RATS 

  
Pittenger C., Forbes-Lorman R. 

  
Department of Biology, Ripon College 

  
  
In the menstrual cycle, ovarian hormone levels change drastically, 
specifically progesterone. There is a point in the cycle where 
progesterone levels are high and then sharply decrease. This decrease in 
progesterone levels causes progesterone withdrawal (PWD). PWD has 
been associated with the mood changes that come with postpartum 
depression and premenstrual dysphoric disorder. Mood disorders such as 
these have been found to have connections with regions of the brain that 
lie in the serotonergic pathway.  The serotonergic pathway contains 
serotonin receptors (5HT), which have a role in the modulation of mood 
and responses. The amygdala is a region that contains a high density of 
5HT1A receptors, which is a 5HT receptor subtype that has not been 
extensively studied with respect to progesterone withdrawal. Studying 
these receptors is beneficial because there is evidence that progesterone 
interacts with the 5HT receptors and effects receptor expression, which 
in turn may have effects on emotion and mood. Another aspect is that 
progesterone receptors, which are activated by progesterone, are 
colocalized with the 5HT receptors in the amygdala region and may 
contribute to receptor expression changes. This study investigates the 
effect of PWD on the 5HT1A serotonin receptor using 
immunohistochemistry within the amygdala. I predict that rats who 
experienced PWD will have a decreased expression of the serotonin 
receptor subtype 5HT1A within the amygdala. Eighteen Sprague-Dawley 
rats were ovariectomized to control ovarian hormone levels and 
administered either a PWD or continued progesterone treatment.  Due to 
technical difficulties with immunohistochemistry, data was not able to be 
obtained; however, this topic is important to continue studying to further 
investigate the mechanisms for changes in mood that occur in mood 
disorders. 
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EFFECT OF VIVALDI MUSIC ENRICHMENT ON ANXIETY AND 
MEMORY IN WILD-TYPE STRIPED AND LEOPARD ZEBRAFISH 

 
Tilahun B., Le Z., Scheele I., Howard J., Jeppesen N., Loidolt K., 
Gikundiro, E., Umutoniwase Y., DeSilva Feelixge H.S., Strand K. 

 
Neuroscience Program and Biology Department, Concordia College – 

Moorhead, MN 
 
Our lab is interested in exploring the effect of passive environmental 
enrichment on behavior and gene expression in wild-type zebrafish and 
disease models. Both wild-type striped and leopard zebrafish are small 
curious and active fish that display baseline anxiety and capacity for 
short-term memory. The leopard Danio typically have a higher anxiety 
baseline, allowing us to investigate whether music enrichment may lead 
to reduced anxiety and/or improved memory in one or both of these 
fishes. Using EthoVision XT to record behavior, we measured anxiety 
using the novel tank test and memory using novel object recognition of 
multi-colored Lego combinations in adult male and female wild-type 
striped and leopard Danio rerio, with and without Vivaldi music 
enrichment. Developing optimized protocols for measuring anxiety and 
memory, as well as refining the enrichment schedule, will allow us to 
apply these approaches to study the effect of enrichment on disease 
models such as the metronidazole-nitroreductase inducible transgenic 
zebrafish model of multiple sclerosis. 
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METABOTROPIC GLUTAMATE RECEPTOR 7 AS A 
TEMPORAL ENCODER IN THE CEREBELLUM 

 
Babik M., Shen Y., Kumar V., Tsai N.P. 

 
School of Molecular and Integrative Physiology,  

University of Illinois at Urbana Champaign 
 
The metabotropic glutamate receptor 7 (mGluR7) is a G-protein 
coupled receptor that activates the Gi/o α-subunit. In addition to its 
neuroprotective roles and long-term depression mechanisms, this 
receptor has been shown to elicit temporal learning mechanisms in 
cerebellar Purkinje Cells (PCs). The basis for the storage and 
utilization of temporal memories in the cerebellum occurs through PC 
firing patterns. PCs give inhibitory inputs to nucleus cells, which 
output to higher- order structures and thus act on temporally 
conditioned stimuli. mGluR7 has been shown to elicit an intracellular 
mechanism in PCs that encodes specific firing patterns, likely via 
microtubule dynamics. While temporal memory simulations emulating 
the cerebellum have been made using network dynamics, none have 
investigated how an intrinsic mechanism could affect this encoding. 
This paper investigates if adding an intrinsic mechanism to the PCs in a 
modern cerebellum simulation will allow for greater network capacity 
and a closer representation of the actual cerebellum. 
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EARLY LIFE STRESS ALTERS THE NEURAL DYNAMICS OF 
EMPATHIC PROCESSING 

 
Olson, H.E., Cowan K.A., Cowell J.M. 

 

Psychology, University of Wisconsin-Green Bay 
 

Early childhood trauma causes psychological impediments in social and 
cognitive developments.  The neural effects of these maltreatments, specifically 
the effects of empathy within neural processing, are still currently being 
theorized. Those who experience maltreatment at a young age have been found 
to experience social cognitive differences in adulthood (Azar, 1986). Some have 
argued that maltreatment has a fundamental effect that changes the social 
cognitive processes on a neural level (Rutter, 2012).  These social cognitive 
differences are encompassed by the umbrella concept of perspective-taking/ 
Theory of Mind (ToM). ToM is a social cognitive skill that develops across 
early and middle childhood, and whose ontogeny is partially dependent upon the 
social environment of rearing (Wellman, 1992). Social cognitive aspects like 
ToM form a critical basis for empathic processing, potentially differentiating 
more cognitive perspective taking abilities from more affective perspective 
taking (Sebastian, at. Al., 2012). Preliminary evidence suggests early 
environmental and developmental differences yield neural processing changes 
towards empathic stimuli (Cheng, at. Al., 2014). In this study, developmental 
differences coinciding with social cognitive advancement predicted late positive 
potential (600-1000 ms post stimulus) shifts in the processing of painful versus 
non-painful stimuli. We investigated the modulations to the neural dynamics of 
pain processing based off early life maltreatment and/or stress. Empathic 
concern will be different for college students with a history of maltreatment. 
  
Participants include approximately 100 college students 18-26 from varying 
socioeconomic backgrounds. Participants completed a pain empathy task 
(Decety, at. Al., 2015) while EEG is collected and are shown a block of 80 trials 
of inflicted pain vs non-pain stimuli. In the pain empathy task, participants are 
told to mentalize either empathic concern or affective perspective taking. EEG 
collection data has been processed and late positive potential LPP mean 
amplitudes have been derived between 600 and 1000 milliseconds post stimulus 
onset. Using a two (maltreatment-no maltreatment) by two (pain simulation, no-
pain simulation) by two conditions: affective personalities/empathic concern and 
ANOVA with mean amplitude as the dependent variable, empathetic concern 
(EC) was significantly higher in those with childhood verbal abuse (CVA) 
compared to those with no CVA. 
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AUTISM SPECTRUM SYMPTOMOLOGY, EMPATHY AND 
PHYSIOLOGICAL SYNCHRONY 

 
Nguyen L., Ewers P., Walsh M., Thiele B, Gordon R. 

 
Department of Neuroscience and Psychology, Augustana College 

 
Conversational partners tend to synchronize multiple behaviors, 
including physiological responses like skin conductance response (SCR) 
(Bernieri & Rosenthal, 1991; Marci et al., 2007). While physiological 
synchrony tends to correlate with empathy (Jospe et al., 2020), other 
forms of synchrony have been found to interact with social-emotional 
conditions. Djalovski et al. (2020) found high behavioral and neural 
synchrony between couples completing a motor task, while lower 
synchrony was found during an empathy task. It is unclear if 
physiological synchrony will similarly interact with social-emotional 
conditions, or will be more closely related to empathy. 
 
Furthermore, difficulties with empathy and synchrony are hallmarks of 
autism spectrum disorders (ASD) (Cheng et al., 2017; Hudry & 
Slaughter, 2009). Most research has focused on individuals diagnosed 
with ASD, however there is a “broader autism phenotype” in the healthy 
population associated with reduced trait empathy (Baron-Cohen et al., 
2001). It is unknown if ASD symptomatology in healthy individuals 
might also be associated with reductions in physiological synchrony 
related to empathy. 
 
Participant pairs watched and responded to questions about two sad 
(empathy-evoking) and two amusing videos while SCR was recorded. 
Participants took the Autism Spectrum Quotient (AQ), the Empathy 
Quotient (EQ), and reported perceived empathetic responses of their 
partner. Physiological synchrony of SCR was analyzed by creating a 
convergence score of the running correlation of physiological responses 
for each dyad (Marci et al., 2007). We predict a negative correlation 
between convergence scores and AQ/EQ scores, higher convergence 
scores for the empathy videos, and a negative correlation between 
partner-perceived empathy and EQ scores. 
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THE ESTROUS CYCLE: EXPLORING STAGE-DEPENDENT 
BEHAVIORAL DIFFERENCES 

 

Reis M.E., Ruppert M.L., Deyo R.A. 
 

Department of Psychology, Winona State University 
 

Seventy-five percent of all mental health disorders are established by young 
adulthood.  Interestingly, almost all animal models and behavior tests have been 
established and routinely performed in male subjects.  Despite the fact that 
women have adverse drug reactions almost twice as frequently as men do, the 
biological role of sex has often been ignored in the development and testing of 
new drugs.  The National Institutes of Health now recommend that animal 
studies include females to improve generalizability. One barrier to including 
female rodents is the rapid pace of the estrous cycle (4-5 days).  In addition, 
researchers do not uniformly agree in the precise definition.  In the current 
study, multiple methods of staining and sample collection were tested toward the 
goal of standardizing the classification of the estrous cycle in mice. Ninety-day-
old male and female C57BL/6j mice were tested on the light-dark model of 
anxiety. Immediately after testing the vaginal lavage was performed on the 
females and the sample was applied to the slides. Slides were then stained with 
either toluidine blue or Giemsa and allowed to dry overnight.  The phase was 
determined according to methods of Coral and colleagues (2015). The phase of 
the cycle (proestrus, estrus, metestrus, and diestrus) was scored based on 
presence and number of leukocytes, cornified epithelial cells, and nucleated 
epithelial cells. Scorers unaware of the phase of cycle scored behavior on the 
light-dark test.  
 
We found that the ability to distinguish between phases depended on the stain 
used, the quality of the sample, and the parameters used to complete the 
microscopic analysis of the slides (e.g., magnification and the amount of light 
applied to the slides).  Each of the phases varied in length. This resulted in 
unequal numbers of subjects in each test group. This factor will complicate the 
statistical analyses of any studying seeking to obtain equal numbers of subjects 
in each group. For this reason, we completed several exploratory analyses 
comparing males to females with and without accounting for the phase of cycle. 
Our evaluation of the data suggests that in order to obtain reproducible results 
with the highest level of generalizability it is necessary to group female rodents 
into subgroups based on the phase of the estrous cycle. 
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CULTURING NEURONS FROM ZEBRAFISH BRAIN AND SPINAL 
CORD: STUDENT- CENTERED TISSUE CULTURING APPROACH 

 
Le Z., Umutoniwase Y., Howard J., Jeppesen N., Scheele I., DeSilva 

Feelixge H.S., Strand K. 

Neuroscience Program and Biology Department,  

Concordia College – Moorhead, MN 

The zebrafish (Danio rerio) is a well-established and widely used 
animal model in neuroscience, particularly in identifying neurons and 
in vivo architecture of the brain. Our lab established an in vitro 
neuronal tissue culture system that is student centered, affording 
undergraduate students the experience of visualizing neuronal 
development and differentiation in vitro. Our bench-top based system 
minimizes the need of advanced molecular facilities and allows 
students exposure to animal models, tissue culture driven molecular 
tools, and imaging techniques. Adapting sterile techniques for the 
classroom laboratory, we developed an efficient benchtop system for 
dissecting whole adult zebrafish brain and spinal cord and culturing 
zebrafish neurons. The whole brain tissue was homogenized with 
collagenase, and spinal cord with trypsin. The mixed population of 
cells were then cultured in a serum-free neuronal specific medium as a 
monolayer on poly-D-lysine- and laminin-coated tissue culture plates. 
We observed neurite outgrowth and early neural network formation 
within the first ten days. Neurons survived for at least 30 days. 
 
We are currently applying this technique in an integrated upper-level 
neurobiology course. 
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DESIGNING A DEVELOPMENTAL NEUROBIOLOGY COURSE-
BASED UNDERGRADUATE RESEARCH EXPERIENCE USING 

XENOPUS LAEVIS 
 

Thul E.L., Jacques-Fricke B.T. 
 

Department of Biology and Neuroscience Program, Hamline University 
 

Inequitable access to science education and opportunities are well-documented 
across all educational levels. One glaring disparity is in undergraduate research 
opportunities. The leading solution for these inequities is the implementation of 
course-based undergraduate research experiences (CUREs). Though the number 
of CUREs and the field of neuroscience are growing, few published CUREs 
exist within neuroscience. Additionally, while the impact of CUREs on women 
and people of color in STEM is fairly well-known, very little literature exists on 
first-generation and low-income (FGLI) students. To address these gaps, we 
designed a developmental neurobiology CURE, called DICE-X: Developmental 
Impacts of Chemical Exposure on Xenopus, and pre- and post-assessment tools 
that measure outcomes for underrepresented (including FGLI) students.  
 
An overlap between relevant research questions in developmental neuroscience, 
desired learning outcomes, and feasible projects at Hamline University was 
identified to develop the general protocol. We chose chemical exposure as an 
experimental variable because it is situated at the intersection of these 
categories, and it is fairly easy and inexpensive to manipulate. Xenopus was 
selected due to its relatively large clutch and embryo size and access to an 
existing colony at the institution. We designed assessment tools after existing 
models, with modifications specifically designed to determine FGLI outcomes. 
We developed worksheets to guide students through more challenging portions 
of the procedure. In the multi-week CURE, students will develop a proposal 
outline for and design a project to study developmental impacts of exogenous 
chemical exposure on Xenopus. They will perform a spinal explant culturing 
technique to measure neurite outgrowth in control and treatment conditions. 
Additionally, they will perform a behavioral assay of their choosing on tadpoles 
to obtain an additional measurement of developmental impacts. Students will 
create posters for their projects and present them to other students and 
neuroscience faculty. They will be surveyed for gains in self-confidence, 
scientific identity, and experimental design in relation to their demographic data. 
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NU RHO PSI – THE NATIONAL HONOR SOCIETY IN 
NEUROSCIENCE  

 
Cassella S.N.1, Black M.2, Becker L.A.3, Kerchner M.T.4  

 
1Neurosci. Program, Loras College; 2Neurosci. Inst., Georgia State 

Univ.; 3Psychology and Neurosci., Univ. of Evansville; 4Psychology 
Dept., Washington College 

 
Nu Rho Psi, The National Honor Society in Neuroscience, is a non-
profit, grass-roots organization comprised of neuroscientists, at all stages 
of their careers. With more than 9000 members, in over 102 chapters in 
32 states and the nation’s capital, Nu Rho Psi is a dynamic organization 
that aims to support the professional growth of its members. Most 
members are invited to join Nu Rho Psi during their undergraduate 
training, but qualified graduate students, faculty, and alumni are also 
welcome to join. Membership in Nu Rho Psi is granted exclusively 
through local Nu Rho Psi chapters. Nu Rho Psi  has become a vibrant 
contributor to the neuroscience community through: (1) encouragement 
of professional interest and excellence in neuroscience, (2) recognition of 
outstanding scholarship, (3) advancement of the discipline of 
neuroscience, (4) encouragement of intellectual social interaction 
between students, faculty, and professionals, (5) promotion of career 
development in neuroscience and related fields, (6) increased public 
awareness of neuroscience and its benefits for society, and (7) 
encouragement of service to the community. Nu Rho Psi goes beyond 
providing recognition of excellence in neuroscience scholarship and 
research. We offer our members a variety of grants and awards including 
competitive research grants to facilitate senior theses or other scholarly 
projects. Our chapters may apply for Nu Rho Psi Chapter Activity Grants 
to promote their educational and community outreach initiatives, 
including those that address our annual theme. The 2022-2023 theme is 
COVID and The Brain. Members are also eligible for Nu Rho Psi travel 
grants to present their original research at the annual Society for 
Neuroscience meeting. Schools wishing to foster a chapter of Nu Rho Psi 
may contact the National Office located at Washington College 
(nurhopsi@washcoll.edu). Information regarding the charter application 
process may be found on our web page: https://nurhopsi.org/.  
 
Theme: History and Education 
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EVALUATING SOCIAL APPROACH BEHAVIORS IN THE BTBR 
MODEL OF AUTISM 

 
1Clay L.M., 1,2Reed A.F., 2Deyo R.A.  

 
1Department of Biology, 2Department of Psychology, Winona State 

University 
 
The purpose of the present study was to validate a working model of Autism Spectrum 
Disorders (ASD) that could be used to screen potential compounds for reversing the 
atypical migration of neurons associated with ASD. The BTBR T+tf/J mouse (BTBRs) 
was selected based on the results from previous studies that reported social behavior in 
BTBRs was very similar to the pattern of social behavior associated with human ASD 
(e.g., McFarlane, H.G., 2008).  
 
Mice were housed and maintained in the Winona State University animal colony on a 
reverse 12-hour light/dark cycle, at a constant temperature and humidity level, with 
access to food and water ad libitum. Beginning at 56-days of age, 10 BTBR T+tf/J and 10 
C57BL/6J mice were tested on Crawley’s social approach test (e.g., Kaidanovich-Beilin 
et al., 2011). The apparatus consisted of a rectangular, three chamber Plexiglas box, with 
each chamber measuring 19 x 45 cm. Each subject was habituated in the middle chamber 
(with left and right chambers closed off) for five minutes. Two sessions testing social 
interaction followed. Session one began after a “stranger” mouse was placed in the right 
or left side chamber (within a containment cup). The door separating the chambers was 
removed and the behavior of each subject was recorded for 10 minutes. Session two was 
completed with a new stranger on the opposite side (side order was counterbalanced 
within groups). During each session the mouse was allowed to freely roam between the 
chambers. The duration and number of physical contacts between the test subject and the 
containment cup (both the cup with the stranger and the cup without) was recorded. An 
active contact was defined as direct contact between the mouse and the containment cup. 
Grooming and number of entries into each compartment were also recorded. The mouse 
was considered in a chamber when its entire body and all four paws, excluding the tail, 
were inside.  
 
Results showed that the BTBRs made fewer contacts with the stranger mouse and entered 
the chamber containing the stranger less frequently than controls which is consistent with 
the pattern of social interaction seen in persons with ASD.  Furthermore, BTBRs showed 
significantly more repetitive grooming resulting in fur loss in specific areas of the body. 
Repetitive behaviors are also characteristically seen in ASD. These data suggest that 
BTBRs may be useful as a model system to screen potential therapeutics. 
 
Theme: Development 
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INVESTIGATING ZEBRAFISH LARVAE SWIMMING BEHAVIOR 
DEVELOPMENT; EFFECTS OF LENGTH OF LIGHT CYCLES AND 

LARVAL AGE 
 

Friend L.G., Oliver P.M., Carter B.S. 
 

Department of Biology, University of Wisconsin – Eau Claire 
 
Zebrafish are an excellent model organism for high-throughput 
behavioral analysis. Measuring development of simple behaviors such as 
swimming can provide insight on underlying neurodevelopment of 
zebrafish larvae. Dark-induced hyperlocomotion is a common stimulated 
movement used to assay swimming behavior. Video tracking software 
allows analysis of swimming patterns in response to cycles of light and 
dark stimuli in a controlled environment to be conducted. However, the 
methods used in such zebrafish behavioral studies vary in the literature, 
and some intrinsic and extrinsic factors have been shown to significantly 
affect fish behavior. We investigated whether two additional factors, 
length of light/dark cycles and larval age, influence swimming behavior 
in larval zebrafish. 5 day post fertilization (dpf) zebrafish in 96-well 
plates were exposed to an alternative light-dark protocol using a Noldus 
DanioVision unit. Fish exposed to differing light-dark lengths per cycle 
(1 min vs 4 min vs 10 min) showed no difference in behavior. 7 dpf 
zebrafish also showed no difference in behavior compared to 5 dpf 
zebrafish. Our results emphasize the importance of internal 
normalization per experiment and reporting protocol details to enable 
informed comparisons between these kinds of behavioral studies. 
 
Theme: Development 
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GENE-ENVIRONMENT INTRACTIONS OF DEVELOPMENTAL 
METHYLMERCURY TOXICITY; CHARACTERIZING F1 
GENERATION OF GCLM MUTANT ZEBRAFISH LINE 

 
Maccoux E., Martins S., Carter B.S. 

 
Department of Biology, University of Wisconsin – Eau Claire 

 
Methylmercury (MeHg) is a common environmental toxicant known to 
cause developmental abnormalities in the developing brain. MeHg is 
cleared from the body by oxidative stress metabolism through 
glutathione signaling. A gene of interest in this glutathione pathway is 
gclm. The role of gene-environment interactions in developmental 
methylmercury toxicity is not well characterized. Zebrafish are excellent 
vertebrate model organisms to study gene function in brain development. 
Previous microinjection experiments established CRISPR/Cas9 reagents 
and created a founding P0 generation of zebrafish with evidence for 
mutation in gclm based on high resolution melt analysis (HRMA) 
methods. Here we used HRMA to screen for germline transmission of 
the gclm mutations to F1 offspring. We confirmed our technical 
approach using CRISPR and HRMA reagents for tyrosinase (tyr) a 
pigmentation enzyme with a visible mutant phenotype. After 
confirmation of this approach, putative P0 gclm mutant adults were 
outcrossed with wildtype adults; offspring were fin clipped at 3dpf and 
genotyped using HRMA. Fish with potential heterozygous gclm 
genotype were identified and raised to adulthood. Our goal is to produce 
a homozygous mutant zebrafish line with a loss of function allele in 
gclm.   

. 
Theme: Development 
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GENE EXPRESSION ANALYSIS WITH QUANTITATIVE PCR 
INFLUENCED BY METHOD OF INCORPORATING PRIMER 

EFFICIENCY 
 

Davis G., Dunnum C., Hameister B., Vanderpas E., Carter B.S. 
 

Department of Biology, University of Wisconsin – Eau Claire 
 
 
Quantitative polymerase chain reaction (qPCR) is a frequently used 
method for measuring mRNA gene expression across many biology-
based disciplines. PCR efficiency is a value that describes how well a 
PCR primer amplifies the PCR target. While conducting a literature 
search on articles involving qPCR technology and gene expression in 
zebrafish, there was a significant variability in methods for quantifying 
data with a general lack of empirical measurements of primer efficiency 
in most analyses. To further examine these different analysis parameters, 
a qPCR dataset was generated where mRNA expression was measured 
for 6 genes across early zebrafish development from 6 hours post-
fertilization (hpf) to 5 days post-fertilization (dpf). We then tested the 
impact of 3 different methods of incorporating primer efficiency into 
qPCR analysis for gene expression measurements in zebrafish; assuming 
100% primer efficiency, measuring primer efficiency with standard 
curves of PCR templates, and measuring primer efficiency within sample 
measurements using linear regression. These three methods were then 
compared using 2-factor ANOVA between both methods and timepoints. 
Initial results indicate there is significant difference in resulting data 
depending on which primer efficiency method is used in qPCR data 
analysis. Since the linear regression analysis empirically measures 
primer efficiency in a time-efficient manner, we recommend this method 
for accurate quantification of qPCR data. 
 
Theme: Development 
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EFFECTS OF KETAMINE ON SK-n-SH CELL LINE AND OPIOID 
RECEPTOR PRESENCE: A FEASIBLE STUDY 

 
Hazzard H., Guiler W., Douglass P., Dale J., Niciu M., Cassella S. 

 
Department of Neuroscience, Loras College, Department of Psychiatry, 

University of Iowa 
 
It is estimated that roughly 30% of people in the US have some form of 
treatment resistant depression, and ketamine has been shown to alleviate 
symptoms of depression in treatment resistant populations. Evidence 
suggests ketamine’s antidepressant effects are the result of increases in 
brain-derived neurotropic factor (BDNF) potentiation and activation of 
the mTORC1 pathway, promoting synaptic plasticity and growth in 
addition to modulating glutamate. In the process of investigating cortical 
spheroids as a non-animal model of depression, we first wanted to 
observe the effects of ketamine in the SK-n-SH human neuroblastoma 
cell line to establish procedure and proof of concept. It was expected that 
ketamine administration would increase dendritic complexity in the 
differentiated cell line by promoting BDNF potentiation and mTORC1 
activation. SK-n-SH cells were differentiated into neuronal-like 
structures, exposed to different ketamine concentrations over two weeks, 
and imaged for Sholl analysis to assess dendritic morphology. Our 
ANOVA results showed significant differences in branch number and 
mean complexity index, but not in mean branch length suggesting high 
concentrations of ketamine resulted in an increased number of smaller 
dendritic spines. Additionally, the presence of opioid receptor in these 
cell populations was confirmed and future work will observe if ketamine 
exposure has an effect on receptor density. Going forward, we plan to 
repeat this experiment for a greater N value to increase reliability and 
validity of the results.   
 
Theme: Synapses and Glia 
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ASTROCYTE RESPONSES TO ORGANOCHLORINE TOXICANTS 

 
Whitney L., Paranjape N., Bartman A., Gosse-Dean L., Lehmler H.J., 

Doorn J.A 
 

Neuroscience, Luther College, College of Pharmacy, University of Iowa 
 

Astrocytes are one type of glial cell found in the CNS and are the 
most abundant cell type. Astrocytes and the other cells in the brain 
communicate and send signals back and forth constantly. Like the 
additional cell types, astrocytes are at risk for exposure to toxicants. One 
of the most common environmental toxicants is PCB-52. PCB exposure 
is known to have toxic effects on the nervous system. To determine the 
toxicity of PCBs to the astrocytes, we used MTT Assay and measured 
PCB-52 and two of its metabolites exposed to rat primary astrocytes. 
PCBs affect the dopamine centers of the brain. To see if this fits with 
previous knowledge, we ran HPLC to see if the rat astrocytes metabolize 
dopamine and if the same outcomes occur when the dopamine samples 
are exposed to PCBs. Furthermore, we ran q-PCR to check for gene 
expression. The genes we specifically looked at were ALDH2, MAOA, 
and MAOB. MAOA is critical, as it aids in the breakdown of 
neurotransmitters, whereas MAOB is responsible for dopamine 
metabolism. ALDH2 plays a key role in the detoxification of toxic 
metabolites. From these experiments, results show that 4OHPCB-52 is 
most toxic to the rat primary astrocytes, and results show that the 
astrocytes take up and metabolize dopamine. Further work is ongoing to 
identify the mechanisms why PCBs and their metabolites damage the 
brain and result in neurotoxicity.  
 
Theme: Neural Excitability, Synapses, and Glia 
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PROTOCOL OPTIMIZATION OF FIBROBLAST TO ENTORHINAL 

CORTEX LAYER II NEURON DIFFERENTIATION 
 

Ruppert, M., Yang, E., Roussarie J-P,PhD 
 

Department of Psychology, Winona State University, Department of 
Anatomy and Neurobiology, Boston University 

 
Alzheimer's Disease is a progressive neurodegenerative disease 
characterized by the presence of extracellular beta amyloid plaques and 
intracellular neurofibrillary tangles. Understanding the molecular events 
leading to neurodegeneration is essential for developing effective 
therapeutics and treatments for Alzheimer’s Disease. The entorhinal 
cortex layer II (ECII) is the region of the brain where tau pathology and 
neurodegeneration first develop. This project is interested in developing 
an in vitro model of the vulnerable ECII neurons. We adapted a protocol 
to directly convert fibroblasts into ECII neurons via overexpression of 
two neurogenic factors, Ngn2 and Ascl1 (Zhou-Yang et al., 2021). 
Previous work identified two transcription factors, JPR1 and JPR2, that 
can successfully steer iPSC derived neurons towards an ECII fate. iPSCs 
(induced pluripotent stem cells) don’t retain aging markers which lead us 
to the development of the current protocol. This protocol will bypass any 
intermediate stem cell stages thus preserving any aging markers which 
are key to analyze. The primary aim of this study is to optimize this 
protocol by making any necessary adjustments in order to produce ECII 
specific cells.  
 
Theme: Neurodegenerative Disorders and Injury  
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EXPORING THE EXPRESSION OF THE PARKINSON’S DISEASE 

GENE ATP13A2 USING C. ELEGANS 
 

Peetz I.R, Castillo, L., Ugolino, J.E. 
 

Department of Biology, Neuroscience Program, Monmouth College 
 
Atypical Parkinson’s disease (PD) has been associated with mutations in 
the ATP13A2 gene. Atypical PD displays symptoms associated with 
Parkinson’s disease as well as symptoms not typically associated such as 
muscle weakness, loss of voluntary eye movements and poor muscle 
control. Loss of ATP13A2 gene function has been linked to lysosomal 
and mitochondrial dysfunction, accumulation of alpha-synuclein, and 
increased sensitivity to oxidative stress. The ATP13A2 protein has been 
identified as a polyamine transporter, but more work is needed to 
understand the function of this gene and the role it plays in the 
development of PD. ATP13A2 gene function can be studied by looking at 
an ortholog gene, catp-6, in the model organism C. elegans. Although 
loss of catp-6 in C. elegans has been shown to impact the expression of 
lysosomal and autophagy genes, less is known about the expression of 
the wild type gene itself.  The goal of this project is to use both iron 
exposure and the complex I inhibitor rotenone as oxidative stressors to 
explore potential changes in the expression of catp-6.  Since it has been 
suggested that ATP13A2 may play a role in oxidative stress, we 
hypothesized that exposing C. elegans to iron or rotenone would cause a 
change in catp-6 expression when exposed to iron or rotenone. Mixed 
staged C. elegans were exposed to iron (II) sulfate solution for an hour or 
0.5 M rotenone for 24 hours to simulate an oxidative stress environment. 
After exposure to iron or rotenone, both experimental groups of C. 
elegans had their RNA isolated, reverse-transcribed into cDNA, and the 
catp-6 expression was analyzed with the use of quantitative polymerase 
chain reaction (qPCR). Preliminary results show that there is no 
significant change in catp-6 expression after iron exposure or rotenone 
exposure. Further work is needed to explore the relationship between 
oxidative stress and ATP13A2 gene expression. 
 
Theme: Neurodegenerative Disorders and Injury 
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PHENOTYPING LIPOCALIN 2(LCN2) AND ONSET OF 
NEUROINFLAMMATION IN AN ALZHEIMER’S MICE MODEL 

 

Hayir, AH3,5 6, ,Tadese, BT2,3,4, Thao, CT2,3,4, Mohamed, SH1,3, So, 
SS3,4,6,7, Flaming, KF2,3,4, Hongmin, SH3,5, Nixon, JN3,6, Chen, XC9, 

Butterick, TB1-3,7-9.  
 

Neuroscience, Macalester, Neuroscience and Food Science and 
Nutrition, University of Minnesota 

 
Introduction: Mitochondria-Associated-endoplasmic reticulum-membrane (MAM) play a 
pivotal role in different signaling pathways and allow for functionality of vital cellular 
mechanisms1,2,3. One such MAM protein is LCN2 which plays a critical role in 
maintaining the dynamics and architecture of the mitochondria4,5. Previous studies have 
shown that mitochondrial dysfunction due to LCN2 disruption contributes to the onset of 
Alzheimer’s Disease(AD) 6,7. Furthermore, disruption of LCN2 due to metabolic stressors 
is said to prime the immune cells of the brain to maintain a pro-inflammatory (M1) mode 
set resulting in a prolonged inflammatory response that inevitably leads to chronic 
inflammation8. In peripheral immune cells, LCN2 can release inflammatory modulators 
that gear towards a more anti-inflammatory response 9. We hypothesize that HFD will 
induce LCN2 deficiency that will impair mitochondrial function and result in increased 
neuroinflammation and increased AD pathogenesis. Our aim for our current study is to 
establish changes in LCN2 within a AD mice model utilizing IHC, and to confirm that 
HFD treatments affect LCN2 concentration in regions of the brain impacted by AD 
pathogenesis. 
 

Methods: 9 months old female APP/PS1(AD mice) started feeding at 6 weeks on a 60% 
high-fat diet(HFD) or normal chow(NC) for a duration of 6 months. Brain tissue was 
fixed in 10% neutral buffered formalin followed by submersion in 20% sucrose and 
sectioned (40µm thickness) using a sliding microtome. LCN2 staining was performed 
(Primary:1µg/ml, Invitrogen PA5-79591, Secondary: 2.5 x 10-4 mg/mL, Jackson 
ImmunoResearch). IBA1 staining was performed (Primary: 1.25 × 10-5 mg/mL, Fujifilm 
Wako; Secondary: 2.5 × 10-4 mg/mL, Jackson ImmunoResearch). Slides were imaged at 
40X brightfield and quantified using Fiji software.  
 

Results: IHC staining for LCN2 markers in AD mice showed a significant difference in 
expression level between the two treatment groups. AD HFD animals had a significant 
decrease in LCN2 expression compared to the AD NC mice group. IHC staining for 
IBA1 markers in AD mice showed a difference in microglial activation level between the 
two treatment groups: AD HFD mice had a more significant increase in microglial 
activation compared to the AD NC mice group. 
 

Conclusion: HFD treatment on the AD mice contributed to a noticeable difference in 
LCN2 expression compared to the NC treatment. Similarly, we also saw an increased 
activation of microglial markers in the AD HFD mice groups. The impact of HFD on 
LCN2 expression is indicative of the relationship between LCN2 and metabolic stressors 
and their impact on LCN2 expression. Diet is a crucial factor that could potentially 
alleviate the susceptibility to developing Alzheimer’s Disease 
 

Theme: Neurodegenerative Disorders 
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EFFECTS OF A NOVEL ESTROGEN RECEPTOR BETA AGONIST 

ON PROTEINS ASSOCIATED WITH MEMORY IN AN 
ALZHEIMER’S MOUSE MODEL 

 
Beaty H.A, Schwabe, M.R., Fleischer A.W., Chaudhury S., York J.M., 

LaDu M.J., Sem D.S., Donaldson W.A., Frick K.M.  

Department of Psychology, University of Wisconsin-Milwaukee 

Alzheimer’s disease (AD) causes severe memory loss and other cognitive 
difficulties. Relative to men, women are at significantly greater risk of 
developing AD, particularly those who carry two copies of the E4 allele of the 
lipid-carrying protein apolipoprotein E (APOE). Estrogen loss at menopause 
may contribute to this increased risk in women, but estrogen therapy is not 
recommended to reduce memory loss due to side effects caused by estrogen 
binding to the alpha subtype of the estrogen receptor. Activation of the beta 
subtype of estrogen receptor (ERb) facilitates memory without causing harmful 
side effects, so could be a novel treatment strategy for women with AD. This 
study was designed to determine the extent to which a novel ERb agonist, 
EGX358, could improve memory (data not shown) and affect proteins 
associated with memory in a transgenic mouse model of AD. Subjects were 
female mice engineered to express five familial Alzheimer’s disease gene 
mutations as well as two copies of human APOE3 or one copy of APOE3 and 
APOE4 (E3FAD, E3/4FAD). The Frick lab previously demonstrated that 
estrogen alleviates memory deficits in female E3FAD and E3/4FAD mice and 
that EGX358 facilitates memory formation in wild-type female mice. Here, mice 
received oral administration of vehicle or EGX358 for 8 weeks, during which 
time memory and other behaviors were tested. At the conclusion of testing, 
tissue was collected from the dorsal hippocampus, a brain region necessary for 
memory consolidation. We used western blots to examine levels of 
phosphorylated CREB (a transcription factor that assists in long-term 
memories), as well as synaptophysin and PSD95, proteins associated with 
increased synaptic plasticity and synaptic connections. We expect that mice of 
both APOE genotypes treated with EGX358 will have increased levels of p 
CREB, synaptophysin, and PSD95 compared to vehicle-treated mice. This 
research will provide new insights into the potential for selective estrogen 
receptor modulators to influence the molecular mechanisms associated with 
memory in a mouse model of Alzheimer’s disease, which could assist in the 
development of next-generation estrogen treatments that reduce the risk of 
dementia. 

Theme: Neurodegenerative Disorders and Injury 
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ROLE OF NEUROTRANSMISSION IN REPTITIVE MILD 
TRAUMATIC BRAIN INJURY OUTCOMES 

 
Lesperance D.L, Brusich D.B.  

 
Human Biology Department, University of Wisconsin Green Bay 

 
Each year millions of people worldwide sustain traumatic brain injury, 
many of which are repetitive mild TBI (rmTBI) events.  Such events can 
cause permanent damage or increase risk of developing disease states 
later in life.  Despite high incidence rates, little is understood about post-
TBI mechanisms which lead to disease states.  The purpose of this study 
is to determine the role of neurotransmission in rmTBI outcomes.  This 
study used fruit flies (D. melanogaster) with the mutation shits1.  A 
paralytic temperature sensitive mutation in a gene which codes for an 
integral membrane protein essential for endocytosis in synaptic vesicle 
recycling.  After exposing flies to high temperature, the mutant protein 
misfolds halting synaptic vesicle recycling, thus stopping 
neurotransmission.  Paralyzed shits1 flies were subjected to varying 
conditions of rmTBI using a modified version of the high-impact trauma 
(HIT) device.  Mortality was recorded 24-hours post-TBI (MI24).  Data 
from this study suggests neurotransmission does not have a significant 
role in rmTBI outcomes including the synergistic effect on mortality 
across number of injuries. 
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EFFECTS OF DONEPEZIL ON SIGN TRACKING IN MICE 
 

Tauer, W. T., Bos, C. J., Beyer, N. R., Bowers, R. M., Holden, J. M. 
 

Department of Psychology, Winona State University. 
 
Sign tracking is defined as when an organism interacts with a 
conditioned stimulus that signal something appetitive. Sign tracking 
correlates to drug addiction in humans by engaging in drug seeking 
behaviors after interacting with drug associated cues. Reducing sign 
tracking in drug addicts would be beneficial for the creation and 
implementation of drug rehabilitation programs. One medication we 
think may work is Donepezil, a central acetylcholinesterase inhibitor 
(AChE inhibitor), used as a first line treatment for Alzheimer’s. This 
medication effects behavior by preventing acetylcholinesterase from 
breaking down acetylcholine, causing an increase in efficiency in 
communication of nerve cells. For the procedure, there were 12 Sprague 
Dawley rats who were taught the association between an extendable 
lever and a food pellet. Rats were given 5 days to associate the presence 
of a lever with food delivery. After training, drug testing began, subjects 
were given injections of 2 different doses of donepezil and saline. There 
was no significant difference of any measure of sign tracking attributed 
to the drug. Donepezil does not appear to have any effect on sign 
tracking behaviors. Our lab continues to seek drugs that will be affective 
in lowering sign tracking in hopes of finding agents for relapse 
prevention.  
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EFFECTS OF A NOVEL ESTROGEN RECEPTOR β AGONIST ON 
MEMORY, ANXIETY, AND VASOMOTOR SYMPTOMS IN AN 

ALZHEIMER’S MOUSE MODEL 
 

Kuehn R.K.a, Fleischer A.W.a, Schwabe M.R.a, Chaudhury S.b, York 
J.M.c, LaDu M.J.c, Sem D.S.d, Donaldson W.A.b, Frick K.M.a 

 
aDepartment of Psychology, University of Wisconsin-Milwaukee, 
bDepartment of Chemistry, Marquette University, cDepartment of 

Anatomy and Cell Biology, University of Illinois at Chicago, 
dDepartment of Pharmaceutical Sciences, Concordia University 

Wisconsin 
 
Many factors contribute to the development of Alzheimer’s disease (AD), such as age, 
biological sex, and genetic factors including apolipoprotein E (APOE) gene variants. 
While the APOE3 allele is a neutral risk factor of AD, carriers of one or two copies of the 
APOE4 allele are at a starkly increased risk of AD development. This is especially true in 
postmenopausal women, which may be due to the loss of circulating estrogens. Estrogen 
loss is associated with hot flashes, increased anxiety, and impaired cognition. Although 
estrogen therapy reduces AD risk, hot flashes, and anxiety in menopausal women, its 
activation of estrogen receptor 𝛼 can increase cancer and stroke risks. Estrogenic 
activation of estrogen receptor 𝛽 (ER𝛽) is not associated with these harmful effects, so 
therapies targeting ER𝛽 may provide cognitive benefits of estrogen therapy without 
health risks. Thus, the aim of this project was to determine whether a novel estrogen 
receptor 𝛽 (ER𝛽) agonist, EGX358, could improve memory and relieve anxiety- and hot 
flash-like symptoms in a female mouse model of AD. Mice expressed five copies of 
familial AD gene mutations along with either two copies of the human APOE3, or one 
APOE3 and one APOE4 (E3FAD, E3/4FAD) gene. EGX358 (10 mg/kg/day) or Vehicle 
(1% DMSO) were administered orally via hydrogel for eight weeks, after which mice 
were trained and tested for Object Recognition (OR) and Object Placement (OP) 
memory, anxiety-like outcomes, and drug-induced hot flash-like symptoms. OR and OP 
memory tests gauged the animals’ ability to recall the moved or novel object after 
training, and the open field (OF) and elevated plus maze (EPM) were used to measure 
anxiety-like behaviors. Finally, senktide–a tachykinin receptor agonist–was administered 
via subcutaneous injection to induce hot flash symptoms, and tail skin temperature was 
measured with a thermal camera ten minutes prior to and twenty minutes following 
injection. EGX358 improved memory in OR among both genotypes, but had no effect on 
OP memory in either genotype. EGX358 had little effect on anxiety-like or hot flash 
responses, although E3/4FAD mice spent more time in the center of the OF and higher 
sensitivity to drug induced hot flashes than their E3/3FAD counterparts. In conclusion, 
EGX358 enhanced object recognition memory in both APOE3 and APOE3/4 genotypes, 
suggesting that ER𝛽 agonists such as EGX358 may prove useful treatment options for 
ameliorating memory decline in women with established AD, even those with one copy 
of APOE4. 
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IMPACT OF COCAINE SENSITIZATION ON AMPK 
PHOSPHORYLATION IN THE CORTICOSTRIATAL REWARD 

CIRCUIT 
 

Aruldas R.A., Orenstein L.J., Spencer S.M. 

Department of Pharmacology, University of Minnesota 

Cocaine is an addictive stimulant, and its use has increased in recent years. One million 
people in the United States currently suffer from cocaine use disorder, and the number 
of deaths due to cocaine overdose doubled between 2011 and 2016. Adenosine 
monophosphate activated protein kinase (AMPK) is a protein that mediates cellular 
energy homeostasis. Cocaine sensitization is the enhanced motor response that occurs 
after repeated, intermittent exposure to cocaine, and it decreases phosphorylated 
AMPK (pAMPK) levels, an indicator of activation, in the dorsal striatum. The dorsal 
striatum is a part of the corticostriatal reward circuit, which also comprises the medial 
Prefrontal Cortex (mPFC), the Nucleus Accumbens Core (NAcC) and the Nucleus 
Accumbens Shell (NAcS). Our study aimed to determine the impact of cocaine 
sensitization on pAMPK and total AMPK (tAMPK) in the mPFC, NAcC, and NAcS. 
Rats were given cocaine (15 mg/kg) or saline injections for six days and a challenge 
injection on the seventh day. They were divided into groups based on the initial and 
challenge injections they received: cocaine & cocaine (n=11), cocaine & saline 
(n=12), saline & cocaine (n=10), saline & saline (n=10). The locomotion of rats was 
tracked for forty-five minutes following daily injections to determine if sensitization 
occurred in the rats. Brain tissue samples were extracted from the regions of interest 
and Western blots were performed to determine pAMPK, tAMPK, and GAPDH 
control levels. 
 
Upon examining locomotion, we found that a number of rats that received cocaine 
injections did not sensitize. In the mPFC of rats that sensitized and received saline as a 
challenge injection (CS group), there was a significant negative correlation between 
percentage change in locomotion and pAMPK/GAPDH. In the Nucleus Accumbens 
core and shell of rats that sensitized to cocaine and received cocaine as a challenge 
injection (CC group), there were significant correlations between percentage change in 
locomotion and tAMPK/GAPDH. The correlation was negative for the core and 
positive for the shell. Rats in the CC and CS group that did not sensitize did not show 
a significant correlation between locomotion and pAMPK or tAMPK. This result is 
difficult to interpret given that we did not find an overall difference in the levels of 
pAMPK, tAMPK, or the ratio of pAMPK:tAMPK comparing sensitized and non-
sensitized rats or cocaine treated versus saline treated rats. We are currently 
conducting experiments to increase the sample size of our groups, which will increase 
the power of our analysis. 
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EFFECTS OF CITALOPRAM ON SIGN-TRACKING 
 

Beyer N.R., Tauer W.T., Bos C.J., Bowers R.M., Kubitschek, L.K., 
Harris, D.J., Holden J.M.  

 
Psychology, Winona State University 

 
Sign Tracking happens when a living being interacts with a 

conditioned stimulus thus showing that somethings is desired. This is to 
similar when a drug addict is showing drug seeking behaviors after 
interacting with the stimulus which could be comparable to drug use. To 
reduce this behavior in those who are addicted and trying to overcome 
drug dependence may help prevent relapse. A useful medication could be 
Citalopram, which is a selective serotonin reuptake inhibitor (SSRI). 
This medication increases the activity of serotonin, a substance that 
occurs naturally within organism’s brains. 18 Sprague Dawley rats were 
conditioned over 5 days to associate in a skinner box’s lever with food 
delivery. Subjects were tested with 0mg/kg or saline, 10mg/kg of 
Citalopram or saline, or 20mg/kg of Citalopram or saline. Significant 
differences were found in a main effect of dose, a significant main effect 
of behavioral phenotype, a significant dose by behavioral phenotype 
interaction. There was also significant data for intermediates between 0 
and 10mg/kg, 0 and 20mg/kg, as well as sign trackers between 0 and 
20mg/kg. We found that it was effective at reducing sign-tracking, 
however we don’t know how it will affect human participants. 
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DOPAMINE RELATED GENE EXPRESSION IN THE SOCIAL 
DECISION-MAKING NETWORK IN RESPONSE TO AN 

INFIDELITY CHALLENGE IN THE MONOGAMOUS ZEBRA 
FINCH 

 

Erpelding M.A., Westberry, J.M., Heimovics, S.A. 
 

Department of Biology, Interdisciplinary Neuroscience Program, 
University of St. Thomas, St. Paul, Minnesota USA 

 

Understanding the behavioral neuroendocrinology of pair-bond maintenance is 
critical to understanding the evolution of monogamy. While much is already 
known about how the brain regulates courtship and pair-bond formation, much 
less is known about how the neuroendocrine system maintains bonds once they 
are formed. In the current study, we used the zebra finch (ZEFI) (Taeniopygia 
guttata) model to explore the relationship between male motivation to maintain 
monogamous pair bonds during a social challenge and dopamine (DA)-related 
gene expression in the social decision-making network (SDMN). To quantify 
male motivation to maintain pair bonds, we performed an “infidelity challenge 
(IF)” which consisted of presenting a pair-bonded male with a novel, unpaired 
female. Control (CON) males were presented with their pair-bonded female 
partner. IF and CON males were observed for 30 min, and sociosexual 
interactions -- including directed and undirected song, courtship dancing (beak 
wipe, ‘turn-around,’ and hop), clumping, allopreening, billing, copulation 
solicitation, mounting, and copulation -- were recorded. Immediately following 
behavioral observations, brains were collected, frozen, and the Palkovits punch 
technique was used to microdissect nuclei of the SDMN. We then used RT-
qPCR to quantify relative levels of mRNA for DA-associated genes including 
tyrosine hydroxylase (TH), D1-like receptors (D1R), and D2-like receptors 
(D2R). Pearson correlation analysis was used to explore the relationship 
between TH, D1R, and D2R mRNA levels and within-pair versus extra-pair 
behavior. Remarkably, we observed a significant negative correlation between 
D1R mRNA in the nucleus accumbens (AC) and the number of directed songs 
sung by IF, but not CON, males. An identical relationship was observed in the 
ratio of D1R:D2R mRNA and number of directed songs. These data are 
consistent with findings in prairie voles, and further suggest that individual 
variation in the motivation to maintain monogamous pair bonds can be 
explained by individual variation in the level of D1R in AC. Additionally, t-tests 
revealed significantly lower relative levels of D1R and D2R mRNA in the 
preoptic area and TH mRNA in the bed nucleus of the stria terminalis in IF 
males compared to controls. Taken together, these data add to converging lines 
of evidence that implicate dopaminergic neurotransmission within the SDMN in 
monogamous pair bond maintenance. 
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RELATIONSHIP BETWEEN CORTISOL AND HEART RATE 
VARIABILITY IN RESPONSE TO STRESS: A DATA-DRIVEN 

APPROACH 
 

Nasir, S.A., Bennett, M.M., Thomas, C., Fitzgerald, J.M.  
 

Department of Psychology, Marquette University 

The human stress response is commonly measured through cortisol and 
heart rate variability (HRV). The hypothalamic pituitary adrenal axis 
(HPA-axis) outputs cortisol, while HRV is known to be mediated by 
vagal activity. There is a presumed relationship between the HPA-axis 
and vagal activity, but the two metrics are rarely studied together. This 
study utilized latent growth mixture modeling (LGMM), a data-driven 
approach, in N=386 adults to identify subgroups determined by 
trajectories of cortisol responses to a stress-inducing task. The 
relationship between cortisol and HRV was then tested within identified 
subgroups. LGMM analyses showed a “prototypical” group classified by 
the typical rise and fall in cortisol in response to a stress task (n=309), a 
“decline” group (n=28) that showed a decline in cortisol levels in 
response to stress compared to baseline, and a “rise” group (n=49) that 
showed an increase in cortisol after stress compared to baseline. 
Participants in the “prototypical” group showed greater HRV during 
stress, which was associated with a decrease towards baseline levels of 
cortisol after completing the stress task (r(307) = .18, p = .001). The 
same relationship was not seen in either the “decline” group (p > .135) or 
the “rise” group (p > .359). Results also indicate that within the 
“prototypical” group, changes in HRV during stress tasks are related to 
changes in cortisol after stress tasks. Again, this relationship is not seen 
in individuals who deviate from the “prototypical” rise and fall pattern of 
cortisol levels in response to stress. Future work may benefit from 
examining the potential interplay between the HPA-axis and vagal 
activity to develop therapeutic interventions that reduce the experience of 
stress.  
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EFFECTS OF BEHAVIORAL AND PHARMACOLOGICAL 
STRESSORS ON DIGGING BEHAVIOR IN MICE 

 
Partridge K.J., Hillhouse T.M. 

 

Department of Psychology, University of Wisconsin Green Bay, Green 
Bay, WI, USA 

 
FDA approved antidepressant drugs present two major limitations: a delayed 
onset of 4-12 weeks and approximately 50% of patients do not respond to 
current antidepressant drugs. These issues likely arise from the inability of 
preclinical models to identify antidepressant drugs that are rapid-acting. This 
study aims to develop an innovative animal model that can identify rapid-acting 
antidepressant drugs, and that will better translate to clinical symptoms of major 
depressive disorder. To do so, we have focused on digging behavior, a 
naturalistic exploratory behavior displayed in all mice, as the behavioral assay in 
which we can employ pharmacological and behavioral stressors to reduce 
digging behaviors in healthy mice, thus producing a depression-like state. For 
this model to be successful, repeated administration (>3 days) of FDA approved 
antidepressant would be required to reduce the depression-like state; however, 
rapid-acting antidepressants like ketamine would reverse the depressed state 
after one acute administration. 
 

This study required several distinct steps to establish this as a new behavioral 
model for detecting rapid-acting antidepressant drugs. First, we needed to 
determine how consistent digging behavior was in mice and across test sessions. 
We found that digging remains consistent over multiple exposures for a 4-week 
period and no sex differences were observed. Next, we utilized swim-stress as a 
behavioral stressor to reduce digging behavior. A time-course study showed that 
swim-stress significantly reduced digging behavior for eight days. Repeated 
dosing of fluoxetine and ketamine (21 days) were able to partially reverse swim-
stress depression of digging behavior. Next, we utilized the pharmacological 
stressor yohimbine, which significantly decreased digging behavior at multiple 
doses (1.0-5.0 mg/kg). Fluoxetine was unable to be restore digging after 7 days 
of repeated administration. These data suggest that digging behavior is a stable 
and consistent behavior that all mice display. We were able to depress digging 
behavior with both a behavioral and a pharmacological stressor but were unable 
to fully reverse the stress-induced depression of digging behavior. Under the 
conditions tested here, this model does not detect rapid antidepressants, 
however, the use of other less significant stressors may allow for the detection of 
rapid antidepressant drugs.  
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MOTIVATIONAL SHIFTS DURING PROTRACTED OPIOID 
WITHDRAWAL: A SEX- AND DOPAMINE SUBCIRCUIT-

SPECIFIC EFFECT 
 

Edwards A, Gomez G, Brettingen E, Kahl T, Hearing MC  
 

Biomedical Sciences, Marquette University 
 

According to recent CDC data, opioid overdose deaths in the US have 
increased 38% from 2019 to 2020. Withdrawal symptoms, both physical 
and psychological, are believed to contribute to addictive behaviors in 
opioid-use disorder patients. Among these psychological symptoms, 
opioid withdrawal has been associated with motivational shifts favoring 
increased drug intake, paralleled by decreased motivation for non-drug 
reward. The mesolimbic dopamine system is believed to be a critical 
regulator of motivated behavior, including that associated with addiction. 
However, studies of this system have traditionally failed to include 
periods of protracted withdrawal and have failed to compare possible 
differences in discrete mesolimbic subcircuits. To address the lack of 
data during protracted withdrawal, we find that morphine dependent 
male and female mice subjected to a 14-day period of forced drug 
abstinence display increased morphine intake and motivation for 
morphine compared to previously non-dependent mice. A sex-dependent 
motivational shift away from sucrose towards morphine was also 
exhibited in morphine dependent mice. Using retrograde labeling and 
whole-cell slice recordings, we find increased rheobase along with 
increased inhibitory postsynaptic potentials in lateral ventral tegmental 
area (VTA) dopamine neurons projecting to the lateral nucleus 
accumbens (NAc) shell that is not observed in the medial VTA-NAc 
shell subcircuit. Further, selective chemogenetic inhibition of the lateral 
VTA-NAc shell subcircuit decreases motivation for sucrose reward in 
drug-naive mice. This data suggests that motivational shifts away from 
non-drug rewards during protracted withdrawal is associated with 
latVTA-NAc hypoactivity that is driven by increased GABAergic 
inhibition of dopamine cells.  
 
Theme: Motivation and Emotion 
 
 



 55 

Poster: PM 20 
 

EFFECTS OF CHRONIC CAFFEINE ADMINISTRATION ON 
DEPRESSIVE BEHAVIORS AND NEURON MORPHOLOGY IN 

LONG EVANS RATS 
 

L. Landaeta, D. Roever, C. Peterson, S. Peck, T. St. Vincent, J. Arnt, 
D.G. Ehlinger, J.J. Cortright 

 
Department of Psychological Sciences, University of Wisconsin - River 

Falls, River Falls, WI 
  
Caffeine, the most consumed psychoactive drug, appeals to populations with psychiatric 
histories due to its readily available nature and alertness exerting effects. Given the 
prevalence of psychiatric conditions such as major depressive disorder (MDD), in which 
symptoms such as lethargy are commonplace, a potential relationship between caffeine 
administration and attenuation of MDD behaviors has been suggested. In particular, in 
groups exposed repeatedly to stress, a frequent trigger of MDD, caffeine intake surges. 
This has led to an observed inverse correlation between caffeine intake and MDD 
behaviors. Clinically, the current state regarding caffeine administration as part of MDD 
treatment remains limited, but established. When administered in the presence of selective 
serotonin reuptake inhibitors (SSRIs), caffeine has been shown to augment the therapeutic 
effects in human and animal models. However, the mechanism of action by which caffeine 
specifically exerts these effects remains unknown. The purpose of our study was to expand 
upon previous literature and to elucidate these mechanisms by combining behavioral and 
morphological analysis. 
 
Subjects were exposed to 28 days of randomized stressors during early adulthood including 
forced swim, cage tilt, wet bedding, mild restraint and restriction of food and water. Control 
animals were housed in pairs, while animals exposed to randomized stress were housed in 
isolation. Following stress exposure, a subset of control and stress-exposed animals were 
orally administered caffeine (15 - 20 mg) twice daily for five weeks. Subjects were then 
tested for latency in a forced swim test and hot plate test, for motivation in a radial arm 
maze, for lethargy in an open field test, and for anhedonia using sugar pellets. Following 
testing, rats were deeply anesthetized, transcardially perfused with saline, and their brains 
were placed in a Golgi cox solution for subsequent dendritic spine density analysis in the 
medial prefrontal cortex (mPFC), nucleus accumbens (NAcc), hippocampus and 
basolateral amygdala (BAL).   
 
To date, an attenuation in latency in the forced swim test and hot plate test has been found 
in stress-exposed animals which had receive caffeine treatment compared to controls. 
Currently, the effects on depressive behaviors in other tests and dendritic spine density are 
being analyzed. Collectively, these findings hold significance in that they build on recent 
research that has aimed to link caffeine intake with the attenuation of depressive behaviors.  
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A HELPING PAW: FACTORS INFLUENCING EMPATHY-LIKE 
BEHAVIORS 

 
Mandel, O.R. and Meyers-Manor, J. E 

 
Department of Psychology, Ripon College 

 
Previous research found that a rat would free a trapped rat by opening a 
small door, therefore, allowing the trapped rat to escape. It is thought that 
this is due to rats reacting to another rat in distress. This study aims to 
investigate if signs of distress in the trapped rat in a tube affect if the free 
rats open the door or not and how sex plays a role in it. It will also 
investigate if there is a difference in rats freeing their peers based on sex. 
There were 16 male and 16 female Sprague-Dawley rats used in this 
study. The rats were randomly assigned to either be the free rat or the 
trapped rat in the tube. The results found that there was a significant 
difference between the stress levels of males (M=823.85, SD=441.63) 
and females (M=1,244.90, SD=409.47), F(1,24)=7.042, p=0.014, 
ɳ2=.227. Furthermore, there was a significant difference between 
percentage of door opening between females (M=39.062, SDE=6.995) 
and males (M=64.59, SDE=26.995), F(1,28)=6.66, p=0.015, ɳ2=0.192. 
This illustrates that males open the doors significantly more even though 
females display higher stress levels. This may indicate that males are 
more likely to engage in prosocial behavior regardless of the displayed 
stress behaviors in comparison to females. Future research should 
measure corticosterone to determine physiological stress levels. 
 
Keywords: empathy, prosocial behavior, rats, stress behaviors, sex 
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ROLE OF D1- AND D2-RECEPTOR PREFRONTAL-ACCUMBENS 
CIRCUITS IN COGNITIVE FLEXIBILITY AND STRESS-RELATED 

PATHOLOGY 
 

Wakhlu A., Anderson E., Demis S., Czyz A., Edwards A., Hearing M.  
 

Department of Biomedical Sciences, Marquette University 
 

Deficits in cognitive flexibility is one of the most consistently documented 
cognitive problems in neuropsychiatric disorders and contributes to reduced 
emotional control and development of maladaptive behaviors (i.e., substance 
abuse) and increased susceptibility to negative life events (e.g., stress). This 
dynamic behavior requires coordinated activity of principle output pyramidal 
neurons in the prelimbic region of the medial prefrontal cortex (PrL-PFC) to 
brain regions such as the mediodorsal thalamus (MDT) and nucleus accumbens 
core (Core). Within these circuits lie subcircuits comprised of pyramidal 
neurons that selectively express dopamine type 1 (D1) and type 2 (D2) receptors 
that are thought to differentially contribute to processing of information related 
to flexible decision-making, however their exact contributions remain unknown. 
Here, we combined a clinically relevant model of attentional set-shifting to 
assess cognitive flexibility with Cre-dependent retrograde viral targeting in male 
and female D1- and D2-Cre transgenic mice on a C57bl6/j background to 
promote expression of the inhibitory designer receptor exclusively activated by 
designer drug (DREADD), hM4Di, or mcherry control in PrL-Core subcircuits 
(D1-Core, D2-Core). In male mice, intra-PrL infusion of clozapine-n-oxide 
(CNO; 0.5 ul per hemisphere) increased the mean number of trials to reach 
criteria during an extradimensional set-shift test of flexibility in D1-Core but not 
D2-Core mice compared to mcherry controls. Alternatively, performance was 
not impaired by inhibition of either D1-Core or D2-Core circuits in females. 
Follow up studies in females using a similar circuit-specific approach to 
retrogradely target the PrL-Core circuit as a whole also did not impair 
performance versus control mice. However, inhibiting PrL pyramidal neurons 
regardless of downstream projection promoted an increase in trials to criteria. 
These data suggest that D2-Core circuits in males play a larger role in regulating 
flexible behavior. Further, as a majority of studies to date studying the role of 
the PrL in flexibility have almost exclusively used males, our findings highlight 
a previously unknown sex difference in the neural circuits required for 
flexibility. Ongoing studies are examining the impact of globally inhibiting the 
PrL-Core circuit in males, targeting alternate circuits in females and examining a 
link between D2-Core circuit dysfunction in stress-mediated reductions in 
cognitive flexibility in males. 
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SMARTPHONES, ATTENTION, AND BRAIN ELECTRICAL 
RESPONSES  

  
Thompson G., Gawlitta M., Kerr E., Gland C., Sheetz R., Kidwell C., 

Shipman C., Stewart B., Leland D.  
 

Psychology Department, University of Wisconsin – Eau Claire  
   
Given concerns about how distracting smartphones can be, we are 
interested in how they affect attention‐related brain electrical activity. 
Previous research suggests that the mere presence of one’s smartphone 
can negatively impact behavioral performance on an attention-related 
task. The aim of our ongoing study is to investigate whether simply 
having one’s smartphone present and visible (although shut off) 
influences attention-related EEG (electroencephalographic) activity. We 
are assessing this in two ways. First, subjects perform an oddball task, 
which requires attention and responses to occasional target stimuli 
(“oddballs”) among many task-irrelevant stimuli (“standards”). The P3, a 
late component of the event-related potential (ERP), is typically larger to 
oddballs (which receive more attention) than standards; we predict an 
attenuation of this oddball effect in the presence of one’s phone versus a 
control non-phone object (tile).  Second, we are looking at EEG power in 
the beta range (13-30 Hz) as subjects passively view their phone versus 
the control object. Since beta activity is positively correlated with 
alertness and attention, we predict greater beta power in the phone 
condition. Furthermore, we predict a correlation between beta power in 
response to one’s phone and attenuation of the P3 oddball effect by one’s 
phone; that is, the more attention is garnered by one’s phone the more we 
think their phone will distract from a phone-irrelevant attention task. 
Analysis of preliminary data suggests replication of the classic P3 
oddball effect, with larger late positivity over centro-posterior sites to 
target stimuli, but does not provide evidence for a significant impact of 
smartphone presence.  
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PATIENTS WITH VENTROMEDIAL PREFRONTAL CORTEX 
DAMAGE HAVE INCREASED PSEUDOSCIENTIFIC, 

CONSPIRACY THEORY, AND PARANORMAL BELIEFS 
 

Pham, T., Asp, E. 
 

Psychology Department, Hamline University 
 

Many people hold beliefs that conflict with current evidence and general 
human knowledge.  Epistemically suspect beliefs (ESB) can include 
propositions from pseudoscientific, conspiracy theory, and paranormal 
domains.  Understanding the neural and psychological mechanics of why 
individuals endorse ESBs, such as the false idea MMR vaccines cause 
autism, may help mitigate the personal cost and negative economic 
impact that the general acceptance of empirically unsubstantiated claims 
produces. The False Tagging Theory (FTT) posits that the ventromedial 
prefrontal cortex (vmPFC) is critical for skepticism and doubt. Doubt of 
a proposition causes critical thought that leads to falsification of the 
proposition. Without doubt, the proposition goes unchecked and is 
accepted with little to no thought. When the vmPFC is damaged from 
stroke or tumor resections, individuals should have a general increased 
credulity toward propositions. Healthy individuals often have skepticism 
toward ESBs; doubt is often utilized upon mental representation.  The 
FTT predicts that damage to the vmPFC will reduce doubt toward ESB 
propositions resulting in an increased endorsement rate.  To test our 
hypothesis, we gave 9 patients with vmPFC damage, 11 brain damage 
comparisons (BDC), and 15 healthy comparison (HC) ESB propositions 
and had them agree or disagree on a 1-9 Likert scale. Results indicated 
that patients with damage to the vmPFC had increased ESBs relative to 
BDC and HC.  These findings support the FTT and argue that the neural 
integrity of the ventromedial prefrontal cortex is necessary for skepticism 
toward claims that are unsubstantiated by current evidence and general 
human knowledge.  
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COMPARING THE CONSISTENCY OF MANUAL AND 
AUTOMATED SEGMENTATIONS OF THE HUMAN 

HIPPOCAMPUS FROM MRI IMAGES 
 

Birr, S. M., Charles, C., Bowman, C. R. 
 

Department of Psychology, University of Wisconsin-Milwaukee 
 

The hippocampus is a brain region that is critical for memory function, 
and it is made up of several computationally distinct subregions. There 
has been debate among researchers using MRI imaging about the best 
way to approach delineating hippocampal subregions when investigating 
differences in their structure and/or function. Manual segmentation by an 
expert rater has been the historical gold standard approach, but few 
individuals qualify as true expert raters and manual segmentation is time 
consuming. Therefore, manual segmentation does not easily scale up to 
large sample sizes that are necessary for addressing many important 
research questions. In contract, automated systems are fast and efficient 
for large pools of data, and the results can be easily reproduced across 
research groups. However, some question whether they are as accurate as 
manual segmentation (Wisse et al., 2020). The current study aimed to 
compare manual and automated segmentation of the hippocampus for 
three subregions of the hippocampus: the hippocampal head, body, and 
tail. Ten subjects were randomly selected from an adult lifespan database 
and run through Freesurfer for automated segmentation. The same 
subjects were also manually segmented, by 8 human raters to determine 
the anterior-posterior boundaries of the three segments. We then 
evaluated the consistency of the boundaries across different manual 
raters and with the automated segmentations. Understanding the 
consistency of results from different methods for hippocampal 
segmentation is important for guiding researchers toward the method that 
optimizes any potential time – accuracy trade-off for the research 
question. 
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EXTRACELLULAR RECORDING OF HEAD DIRECTION CELLS IN 
FREELY-MOVING RATS USING MICRODRIVE-DRIVEN 

TETRODES 
 

Belik J.C., Pfeiffer, R.E., Muir G.M.  
 

Psychology Department and Neuroscience Program, St. Olaf College, 
Northfield, MN 

 

Navigation and spatial orientation are crucial to survival, so it is 
essential that we attempt to understand the neural basis of these abilities. Head 
Direction (HD) cells are neurons that fire when an animal’s head points in a 
specific direction in the horizontal plane, so are hypothesized to underlie our 
sense of direction. Previous research has shown that these neurons integrate 
allothetic (external) and idiothetic (internal) cues in order to continuously inform 
us about our spatial orientation as we locomote through environments.  

Previous research in our lab used a microdrive-driven 24-channel array 
of single wire electrodes to conduct extracellular recording of individual neurons 
in freely-moving rats. A major drawback of the previous microdrive design, 
however, was the inability to independently move electrodes, since driving the 
Microdrive down any amount resulted in all wires moving together. This limited 
our ability to hold one neuron stable while also finding new neurons, and 
therefore the number of simultaneously recorded neurons possible per session. 

To address this limitation, this summer we transitioned to using 
Neuralynx Halo-10 microdrives, each containing eight independently-movable 
tetrodes. This microdrive design, and employing tetrodes, are two new 
techniques that 1) allows us to move each tetrode independently, thereby 
allowing for the recording of more neurons simultaneously, and 2) should 
increase the yield of neurons recorded per animal, as tetrodes provide a better 
ability to isolate individual neurons from the background noise, as well as from 
each other.  

Each tetrode consists of four, 18 micron diameter wires twisted 
together, with each wire insulated, except for at the tip. Tetrodes connect to an 
electrical interface board (EIB) on the Microdrive, which, during recording, 
connects to Neuralynx’s Cheetah digital data acquisition system. This 
acquisition system allows us to isolate the electrical activity of individual HD 
cells based on properties of their action potential waveforms (e.g., peak, width) 
in awake, behaving animals, while simultaneously tracking their position and 
head direction using LEDs recorded by an overhead camera. Recordings were 
made while rats foraged for sugar pellets in a cylindrical containing a single cue 
card on the wall. The successful implementation of this new microdrive using 
tetrodes was subsequently demonstrated in our ability to record HD cells in 
freely-moving rats, and results using this new technique will be presented. 
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