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Symposium Abstracts 

Speakers 

Catherine Woolley, PhD (Wednesday) 

William Deering Chair in Biological Sciences and Professor of Neurobiology at Northwestern 
University 

Sex Differences in the Brain: Not what you think. Evidence for latent sex differences in 
mechanisms of synaptic modulation. 

The billions of neurons in the brain are wired into circuits through trillions of synapses. The 
effectiveness of most synapses in transmitting information from one neuron to the next changes 
with patterns of activity and is controlled by a wide variety of neuromodulators that may be 
endogenously produced or taken as drugs. We discovered that neurosteroid estrogens 
(estrogens synthesized directly in the brain) are powerful neuromodulators at work in the brains 
of both sexes, independent of their roles as hormones. I will discuss studies in rodents 
demonstrating a surprising role for neurosteroid estrogens in seizures and explain how these 
studies led to discovery of “latent” sex differences in mechanisms of synaptic modulation. A 
latent sex difference is one in which a particular stimulus produces the same outcome in both 
sexes but does so through distinct underlying mechanisms in each sex. The broader 
implications of latent sex differences include that molecular mechanisms targeted for drug 
development may differ between males and females even in the absence of an overt sex 
difference in behavior or disease. 
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Heather A. Cameron, PhD (Thursday) 

Senior Investigator at the National Institute of Mental Health 

Structural and Functional Roles for Adult Neurogenesis: Beyond Learning and Memory 

Granule neurons continue to be generated in the mammalian dentate gyrus throughout life. 
These new neurons mature and integrate into hippocampal circuits, but the function of this 
ongoing neurogenesis is unclear. We are using pharmacogenetic mouse and rat models to 
specifically inhibit neurogenesis in order to study the structural and behavioral impact of chronic 
loss of adult neurogenesis in the dentate gyrus. Well-established hippocampal roles in learning 
and memory suggest that loss of new neurons should affect these functions. However, we find 
changes in many behavior tests that do not rely on learning and memory and instead suggest 
functions of the new neurons related to attention and motivation. We see that rats lacking adult 
neurogenesis focus more than controls on existing cues or tasks, paying less attention to 
distracting stimuli. In addition, new neurons increase the effort expended to gain small rewards 
with no effect on working for strong rewards. Effects are most prominent when there is a conflict 
between two opposing goals, such as seeking a reward or remaining in a safe location during a 
novelty-suppressed feeding task. These findings seem consistent with the idea that adult 
neurogenesis affects attention to lower salience stimuli or strategies. 

Inhibiting neurogenesis also affects the structure of the hippocampus. In addition to causing the 
dentate gyrus to shrink, loss of adult neurogenesis prevents growth of pyramidal neurons and 
hippocampal volume during recovery from a single day of stress and during rewarded learning. 
In parallel with the lack of growth in these models, rats lacking new neurons fail to positively 
shift their anxiety-like and exploratory behaviors. These changes seen following positive and 
negative experiences suggest that adult-born neurons may act to set the tone, or bias, of 
behavioral choices in novel or ambiguous conditions. 

 
Paul Frankland, PhD (Friday) 

Canada Research Chair in Cognitive Neurobiology, Full Professor in the Department of 
Psychology, Department of Physiology and Institute of Medical Science at the University of 
Toronto 

Hippocampal Neurogenesis and forgetting: From Infantile Amnesia to Memory 
Generalization 

New neurons are generated in the hippocampus throughout life. Our studies showed that these 
neurons integrate into hippocampal memory traces where they promote the encoding of new 
memories. However, we also found that increasing neurogenesis induces forgetting of 
memories already stored in the hippocampus. This finding suggests that the function of 
hippocampal neurogenesis is to regulate a balance between encoding new, and clearing out 
old, memories. In my presentation, I will focus on how the integration of new neurons causes 
forgetting, highlighting experiments where we have either enhanced or impeded integration of 
new neurons into hippocampal circuits.   
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Poster Sessions (Wednesday, Thursday, Friday from 10:00-11:00 AM in 
SpatialChat)  

Wednesday Session  
 

Representation of Mouse Vocalizations across Subdivisions of the Inferior Colliculus in 
Males and Females 

Tehrani, Mahtab*; Shanbhag, Sharad; Patel, Rahi; Kazimierski, Diana; Wenstrup, Jeffrey 

Northeast Ohio Medical University 

We report neuronal responses within the three main inferior colliculus (IC) subdivisions to 
mouse ultrasonic vocalizations (USVs) and several categories of non-USV, mostly broadband 
calls. We address: 1) whether and how frequency tuning properties of neurons affect their 
vocalization responses, 2) whether factors other than frequency tuning influence vocal 
selectivity, 3) how frequency tuning and vocalization response properties are distributed, and 4) 
how these responses might differ between males and females. We extracellularly recorded 
single and multiunit responses in head-fixed, urethane-anesthetized adult CBA/CaJ mice. 
Frequency tuning and sound level responses were assessed using tones and broad band noise. 
Recording sites were then tested for responses to both pre-recorded and synthesized syllables. 
For both males and females, the frequency tuning of IC neuronal populations displayed a broad 
peak centered in the 16-20 kHz range, with a secondary peak above 40 kHz most evident in the 
central nucleus. Most IC neurons across the tonotopic range were responsive to non-USV, 
mostly broadband calls with low fundamental frequency. The response to both tonal and 
stepped USVs was most common among neurons tuned above 32 kHz, but was also observed 
in some neurons with CFs well below the frequencies within these calls. There were several key 
features of these low-CF responses to USVs: 1) they occurred much more commonly in 
response to stepped USVs than tonal USVs such as flat or chevron calls, 2) they occurred in a 
larger proportion of neurons from the external (ECIC) and dorsal (DCIC) cortex than in the 
central nucleus, and 3) there were substantially larger percentages of these responses among 
females than males, especially in the DCIC and ECIC. To our knowledge, this is the first report 
exploring responses in the mouse lemniscal and non-lemniscal IC to a broad range of 
vocalizations in males and females. These results can provide a basis for understanding the 
nature of projections from the IC through the auditory thalamus to structures such as the 
amygdala and cortex, and how this information may be processed differently between the 
sexes.  
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The Effects of Excess Salt Consumption on Fear Expression and Generalization in Mice 

Beaver, Jasmin*; Kassis, Sarah; Ford, Matthew; Weber, Brady; Anello, Anna; Gilman, Lee 

Kent State University   

Consuming excess salt (NaCl) is commonplace in today’s society. People in the United States 
average over twice the daily recommended amount of salt (2300mg). Moreover, excess salt 
intake is an established risk factor for cardiovascular diseases.  These diseases, such as 
hypertension, are frequently comorbid with anxiety and/or other psychological disorders. 
Though much research has focused on the effects of excess salt on cardiovascular physiology, 
far less research has evaluated how excess salt affects brain health and behavior.  Because 
use of rodents facilitates rigorous control over salt intake and stressor exposure, unlike with 
humans, mice were used for the present experiments. Our ongoing study is examining how 
excess salt intake affects anxiety-relevant fear behaviors in adult mice of both sexes. We 
specifically focused on fear generalization - a prevalent characteristic of anxiety disorders that 
involves contextually inappropriate fear or worry. We hypothesized mice consuming excess salt 
would exhibit increased fear generalization relative to control mice consuming a low salt diet. 
Male C57BL/6J mice were given either a control diet (0.4% NaCl, w/w) or a high salt diet (4.0% 
NaCl). Contextual fear training occurred following 2 wks of diet manipulation.  Testing for 
contextually appropriate (fear expression) and contextually inappropriate (fear generalization) 
fear behavior occurred either 2 days or 4 wks after training.  As expected, mice on the control 
diet exhibited normal fear expression, plus the expected absence of fear generalization at 2 
days and typical delayed emergence of fear generalization at 4 wks.  Mice consuming excess 
salt were behaviorally indistinguishable from controls at 2 days.  However, excess salt 
consumption resulted in an absence of fear generalization at 4 wks, in opposition to our 
hypothesis.  This indicates that in male mice, excess salt intake reduces fear generalization 
and/or enhances context appropriate responding after a time delay (4 wks).  Ongoing 
experiments are evaluating how excess salt consumption affects contextual fear behaviors in 
female mice, and cued fear behaviors in both sexes. 
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Identifying the Multifactorial Therapeutic Mechanisms of Irisin Against Emerging 
Neuropathology in htau and 3xtg Mice 

Bretland, Katie A.*; Bretland, Kimberly M.; Lin, Li; Terrill, Sarah; Leone, Giovanna; Dengler-
Crish, Christine 

Northeast Ohio Medical University   

Alzheimer’s disease (AD) is an age-related neurodegenerative disorder that continues to exact 
a disabling and lethal toll on patients. Late-onset AD, the most common form of dementia, has a 
multifactorial etiology that has challenged the development of disease-modifying drugs due to 
the need for these agents to address multiple mechanisms. However, the recently-discovered 
exercise-evoked hormone irisin could provide a unique therapeutic opportunity to address all of 
the key pathologies seen in AD: amyloid-beta plaques, neurofibrillary tangles, and 
neuroinflammation, as well the major midlife metabolic diseases that confer increased risk for 
late-onset AD (e.g. diabetes, obesity). Previously, our lab published work showing that four 
weeks of exogenous irisin treatment prevented the emergence of hippocampal pathology in 
female htau mice, a transgenic model of AD-like tauopathy. Here, we present data expanding 
this work that a) investigated irisin’s effects in 3xtg mice that develop both amyloid and tau 
pathology, and b) identified specific cytokines altered by irisin treatment in htau mice that 
support its anti-inflammatory effects in the hippocampus. Adding further complexity to irisin’s 
potential, we identified sex-divergent effects in irisin treatment-response in both AD mouse 
models. Our results further support irisin’s potential as a neuroprotectant against AD-related 
etiology and emphasize the importance of identifying critical sex differences in treatment 
response. 
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D-Cysteine Ethyl Ester Reverses Fentanyl-Mediated Inhibition of “Intrinsic Ca2+ Activity” 
in Neurons Isolated from Superior Cervical Ganglion.   

Nakashe, Tej*; Knauss, Zackery; Beard, Andrew; Lewis, Stephen; Damron, Derek 

Kent State University   

With 69,006 deaths in 2020 alone, the opioid epidemic has escalated 38.4% over pre-COVID 
levels with an estimated 70% increase in emergency room visits for overdose treatment. 
Overdose results in opioid-induced respiratory depression (OIRD), which is currently treated by 
administration of competitive opioid receptor antagonists such as naloxone or naltrexone. 
However, due to the short half-life of the antagonists, they are not effective against highly 
potent, long-lasting synthetic opioids such as fentanyl and derivatives due to re-narcotization of 
the subject. Moreover, repeated use of these compounds often precipitates severe withdrawal 
symptoms such as heightened pain sensation, excessive sweating, writhing and vomiting. There 
is an obvious unmet medical need for development of safe, effective, protective treatments that 
can alleviate OIRD without precipitating withdrawal while maintaining opioid-induced analgesic 
efficacy. Our colleagues have found that D-cysteine ethyl ester (D-CYSee) reverses OIRD 
without affecting analgesia or precipitating withdrawal symptoms in rats. In this study, neurons 
from the superior cervical ganglion (SCG) were isolated from P0-P3 Sprague Dawley rat pups 
and cultured for 12 days. Cells were then loaded with a Ca2+-sensitive fluorescent probe and 
imaged in “real-time” to assess intracellular Ca2+ (iCa2+) activity under control, Ca2+ free, 
fentanyl alone or fentanyl + D-CYSee conditions followed by washout. Under control conditions, 
SCG cells displayed “intrinsic Ca2+ activity” with a firing rate of 72 ± 5 events/min. The activity 
depended upon the presence of extracellular Ca2+. Fentanyl (10, 50 or 100 nM) produced a 
dose-dependent inhibition of Ca2+ activity that was completely reversed following administration 
of D-CYSee (100uM). Washout of the drugs resulted in a prompt return to baseline Ca2+ 
activity. This study provides the first evidence that the deleterious effects of fentanyl may involve 
the shut down of active SCG inputs to key sites such as the carotid bodies, brainstem and 
cerebral vasculature. The ability of D-CYSee to effectively reverse the negative effects of 
fentanyl on intrinsic neuronal signaling in the SCG may be a key mechanism by which D-CYSee 
overcomes OIRD. 
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Evaluation of the Relationship of Sleep Disturbances to Severity and Common Behaviors 
in Autism Spectrum Disorder 

Miner, Stacy*; Damato, Elizabeth 

Kent State University   

BACKGROUND: Autism spectrum disorder (ASD) is one of the most puzzling disorders of 
childhood.  Studies have indicated that comorbidities and symptoms, commonly attributed to the 
diagnosis, may contribute to behavioral symptoms of the disorder.   

Disturbed sleep in children can decrease cognition, decrease focus, increase performance 
problems, and alter mood and behavior.  Disturbed sleep patterns, such as increased sleep 
latency, nighttime waking and early arousal, have been identified in up to 80% of children with 
ASD.  Evidence suggests children with ASD experience an increased sensitivity to disturbed 
sleep that may increase the severity of the disorder. 

METHODS: This study explored how disturbed sleep influences the severity of behavioral 
symptoms common to ASD.  Actigraphy and an accompanying sleep diary captured disturbed 
sleep patterns in 24 children, ages 6-12, with ASD. Participants wore a GT3X actigraphy 
monitor for 7 nights to collect data on patterns of disturbed sleep.  Parents completed a sleep 
diary and an Autism Spectrum Rating Scale (ASRS) questionnaire.  

RESULTS: A descriptive analysis was used to report the characteristics of nighttime sleep and 
sleep efficiency as well as sleep disturbances.  Pearson’s r determined the relationships 
between the number of sleep disturbances and the severity of ASD behavioral scores and 
diagnostic severity (determined by the ASRS).   

Of the 24 study participants, 92% had one or more sleep disturbances.  A positive correlation 
was present between the number of sleep disturbances and the severity of delays in social and 
communication symptoms (r = .59, p = &lt;.01).  A moderate effect size was found between the 
number of sleep disturbances and unusual behaviors in ASD (r = -.38, p = .07), suggesting a 
possible, unanticipated, inverse relationship. 

CONCLUSIONS: Exploring the relationship of disturbed sleep to behavior and symptom severity 
in children with ASD can provide an understanding of how poor sleep influences ASD 
symptoms. This study identified distinct differences in symptom severity between and within 
individual participants. This knowledge will be useful to guide efforts to provide patient specific 
interventions, mitigate ASD symptoms, and improve the likelihood of success of interventions.   
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The Role of Steroidogenic Factor-1 Neurons in Predator Odor-Induced Muscle 
Thermogenesis 

Watts, Christina*; Smith, Jordan; Novak, Colleen 

Kent State University   

Obesity is one of the most prevalent diseases quietly plaguing this nation. With predictions of its 
prevalence nearing almost 50% of the adult US population by the end of this decade, it is 
paramount that further research identifies underlying mechanisms. Characterized by its 
imbalance of energy intake and energy expenditure, investigators are keen on identifying 
potential sources to amplify metabolic rate, including inducing thermogenesis. Primarily 
research has sought to understand adipose tissue thermogenesis, leaving little attention 
directed toward the brain mechanisms that regulate skeletal muscle thermogenesis. Published 
evidence from our research program has established that exposure to predator odor (PO) 
evokes a robust thermogenic response in the skeletal muscle, suggesting that PO works 
through an unknown brain mechanism causing the thermogenic response. This metabolic 
response and the stimulation by predator threat each implicate the dorsomedial subregion of the 
ventromedial hypothalamus (dmVMH), and more specifically, the steroidogenic factor 1 (SF1) 
cells within it, as a region for further investigation. We hypothesize that SF1 neurons of dmVMH 
are a key node for predator odor-induced muscle thermogenesis. We use designer receptors 
exclusively activated by designer drugs (DREADD) delivered using a viral vector to SF1-Cre 
mice to assess this hypothesis. Utilizing DREADD technology, we excited the response of SF1 
cells in the presence of a control PO (i.e., ferret odor). Here, we analyze preliminary data 
looking at the muscle thermogenesis of SF1 Cre mice that have been bilaterally injected with 
mCherry control vector or an excitatory DREADD vector. Using clozapine-N-oxide (CNO) and 
manipulation of context (i.e., with or without the presence of PO), we have detected increases in 
thermogenesis with PO exposure and CNO activation of SF1 neurons. However, this data 
provides little to no evidence of DREADD-induced amplification of the PO-induced 
thermogenesis. Our preliminary data supports the importance of SF1 neurons and their role in 
regulating PO-induced skeletal muscle thermogenesis.  
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In vivo Imaging of the GnRH Pulse Generator Reveals a Temporal Order of Neuronal 
Activation and Synchronization during each Pulse 

Moore, Aleisha*; Coolen, Lique; Lehman, Michael 

Department of Biological Sciences, Brain Health Research Institute, Kent State University 

A hypothalamic pulse generator located in the arcuate nucleus controls episodic release of 
gonadotropin-releasing hormone (GnRH) and luteinizing hormone (LH) and is essential for 
reproduction. Recent evidence suggests this generator is comprised of arcuate “KNDy” cells, 
the abbreviation based on co-expression of kisspeptin, neurokinin B, and dynorphin.  However, 
direct visual evidence of KNDy neuron activity at a single-cell level during a pulse is lacking.  
Here, we use in vivo calcium imaging in freely moving female mice to show that individual KNDy 
neurons are synchronously activated in an episodic manner, and these synchronized episodes 
always precede LH pulses. Furthermore, synchronization among KNDy cells occurs in a 
temporal order, with some subsets of KNDy cells serving as “leaders” and others as “followers” 
during each synchronized episode. These results reveal an unsuspected temporal organization 
of activation and synchronization within the GnRH pulse generator, suggesting that different 
subsets of KNDy neurons are activated at pulse onset than afterward during maintenance and 
eventual termination of each pulse. Further studies to distinguish KNDy “leader” from “follower” 
cells is likely to have important clinical significance, since regulation of pulsatile GnRH secretion 
is essential for normal reproduction and disrupted in pathological conditions such as polycystic 
ovary syndrome and hypothalamic amenorrhea. 
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Pain in Persons with Dementia: The Contribution of Neuropsychiatric Symptoms and 
Pain Self-Efficacy to Caregiver Burden   

Patrick, Karlee*; Martin, John T.; Chapman; Kimberly R.; Spitznagel, Mary Beth     

Kent State University   

Objective:  Studies have shown a link between burden in caregivers of persons with dementia 
and neuropsychiatric symptoms in the care recipient. If pain is present in the care recipient, it 
could exacerbate burden, but may not exert significant influence in the context of sufficient pain 
self-efficacy, or the care recipient’s ability to manage pain symptoms. It was hypothesized that, 
in a sample of dementia care recipients with pain, caregiver burden would be related to severity 
of the care recipient’s neuropsychiatric symptoms, but that low pain self-efficacy in the dementia 
care recipient would contribute to burden above and beyond neuropsychiatric symptoms.   

Participants and Methods:  A sample of 189 caregiver/care recipient dyads in which the care 
recipient experiences pain was recruited online through social media. Caregivers completed 
measures including the Zarit Burden Interview-12 (ZBI-12), Cohen Mansfield Agitation Index-
Short (CMAI-S), the Pain Self-Efficacy Questionnaire-Significant Other (PSEQ-SO), and self-
reported demographic and disease variables. Hierarchical multiple regression analysis 
examined the contribution of pain self-efficacy to caregiver burden beyond neuropsychiatric 
symptoms, while controlling for duration of disease. 

Results: The CMAI-S predicted caregiver burden (ΔR2=.168, ΔF(1, 184)=37.58, p<.001), 
accounting for 16.8% of the variance in ZBI-12 scores. Addition of the PSEQ-SO improved the 
model (ΔR2=.048, ΔF(1, 183)=11.25, p=.001), accounting for an additional 4.8% of variance. 
The final model accounted for 22.6% of the variance in ZBI-12 (R2=.226, F(3, 183)=17.81, 
p<.001). Higher CMAI-S (B=.321, SE=.059, β=.362, p<.001) and lower PSEQ-SO (B = -.158, 
SE=.047, β = -.224, p=.001) were associated with higher ZBI-12.  

Conclusions: Consistent with hypotheses, results indicated that greater neuropsychiatric 
symptoms and lower pain self-efficacy were associated with greater caregiver burden, with low 
pain self-efficacy contributing to caregiver burden beyond the impact of neuropsychiatric 
symptoms alone. When pain and neuropsychiatric symptoms are present in the dementia 
patient, addressing low pain self-efficacy might alleviate caregiver burden to a greater extent 
than focusing on neuropsychiatric symptoms alone. Future research should explore 
mechanisms through which pain influences neuropsychiatric symptoms and whether 
improvement in pain self-efficacy in dementia care recipients leads to a decrease in 
neuropsychiatric symptoms and subsequent alleviation of burden in the caregiver.   
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Expression of Opioid Receptors in the Spinal Ejaculation Generator after Chronic Spinal 
Cord Injury in Male Rats 

Green, Phoenix*; Enders, Alexandra; Coolen, Lique 

Kent State University   

Spinal cord injury (SCI) in men is commonly associated with sexual dysfunction, including 
anejaculation, and chronic mid-thoracic contusion injury in male rats also impairs ejaculatory 
reflexes. Ejaculation is controlled by a spinal ejaculation generator (SEG) consisting of a 
population of lumbar spinothalamic (LSt) neurons. LSt cells control ejaculation through release 
of neuropeptides and axonal connections with spinal autonomic and motor neurons. In addition, 
LSt cells are interconnected, however the functional significance of these interconnections is 
unknown. One of the key neuropeptides expressed in LSt cells is the endogenous opioid 
peptide enkephalin, controlling ejaculation via actions on mu (MOR) and delta (DOR) opioid 
receptors. Still, it is unknown where in the SEG these mu and delta opioid receptors are 
expressed. Unpublished observations from our laboratory have demonstrated that intrathecal 
infusions of MOR or DOR agonists can facilitate ejaculation in SCI males with similar or even 
greater effects in SCI males compared to sham controls. The current study thus examined the 
expression of MOR and DOR within LSt cells and tested if SCI affects receptor expression. 
Male rats received mid-thoracic contusion or sham injury and spinal cords were collected and 
sectioned 4 weeks later. Galanin (LSt cell marker), MOR, and DOR mRNA were visualized in 
the lumbar spinal cord using fluorescent in situ hybridization using RNAscope. Analysis using 
CellProfiler image analysis software showed high expression of MOR in LSt neurons (74.4% of 
LSt cells) and lower expression of DOR (23% of LSt cells). 20.1% of LSt cells expressed both 
MOR and DOR, while 54.3% expressed MOR only and 3% expressed DOR only. SCI had no 
effect on MOR or DOR expression in LSt cells. These results suggest that Enkephalin released 
from LSt cells can influence ejaculation via actions on the LSt cell soma via expression of 
postsynaptic receptors, or axonal release of enkephalin via actions on presynaptic receptors. In 
addition, lack of changes of opioid receptors after SCI further support development of opioid 
receptor agonists as a potential treatment for sexual dysfunction after SCI. 
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Thursday Session   
 

School-aged Bilingual Metalinguistic Development: Important for more than Literacy 

Anderson, Katherine*; Durant, Kathleen; Jarmulowicz, Linda 

Kent State University   

This study investigates metalinguistic skill contribution to academic proficiency in school-aged 
Spanish-speaking English-language learners (ELL). Metalinguistics refer to thinking about the 
structure of language independent of the encoded meaning and is necessary for learning to 
read and write (August & Shanahan, 2017).  Metalinguistics is a relative strength of ELL children 
as a consequence of managing two language systems (Hung & Loh, 2020). How metalinguistic 
skills contribute to learning across conceptual domains is not well understood for ELLs. 

Question:   1) What is the relative contribution of awareness of sound structure (i.e., 
Phonological Awareness, PA) and lexical structure (i.e., Morphological Awareness, MA) to 
reading comprehension and math standardized test performance? 

Methods: Fifty-eight second grade Spanish-speaking English-language learners completed PA 
and MA tasks as part of an experimental assessment battery. Academic proficiency testing 
measured math and reading comprehension performance. PA and MA were entered as 
independent values in two multiple linear regression models to predict reading comprehension 
and math performance.     

Results: More variation in math proficiency was explained by metalinguistics skills than reading 
performance. PA significantly contributed to reading comprehension and math while both 
metalinguistic skills significantly predicted math proficiency.  

Discussion: Results support metalinguistic skill assessment in school-aged children. The 
implications of supporting metacognition during academic conceptual knowledge acquisition 
across development is discussed. 
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D-Cysteine Ethyl Ester Disrupts Acquisition of Fentanyl Seeking While Preserving 
Fentanyl-Induced Motoric and Analgesic Efficacy  

Knauss, Zackery T.*; B.S.; Hearn, Caden; Lewis, Stephen J. Ph.D.; and Mueller, Devin Ph.D. 

Department of Biological Sciences, Kent State University, Kent, Ohio 

With 69,006 deaths in 2020 alone, the opioid epidemic has escalated 38.4% over pre-COVID 
levels with an estimated 70% increase in emergency room visits for overdose treatment. 
Overdose results in Opioid-Induced Respiratory Depression (OIRD) which is treated by 
administration of competitive opioid receptor antagonists such as naloxone. However, these 
drugs are not effective against highly potent synthetic opioids, particularly fentanyl, and can 
trigger severe withdrawal symptoms. Recently, D-cysteine ethyl ester (D-CYSee) has been 
shown to prevent OIRD without affecting analgesia or withdrawal. Thus, we assessed the 
effects of D-CYSee administration on the acquisition of fentanyl-induced seeking behaviors, 
anxiety, and locomotion using a rat model of conditioned place preference (CPP) and open field 
testing (OFT). Male Long Evans rats (n=30) underwent place conditioning under one of five 
treatment regiments: 1) saline (1 ml/kg, i.p.) - fentanyl (5 ug/kg, s.c.), 2) D-CYSee (10 mg/kg, 
i.p.) – saline, 3) D-CYSee (100 mg/kg, i.p.) – saline, 4) D-CYSee (10 mg/kg) – fentanyl, or 5) D-
CYSee (100 mg/kg). - fentanyl. Extinction testing was conducted 24 hours post-conditioning for 
seven days and then weekly until day 91 or until extinction criteria were met. Next, male Long 
Evans rats (n=16) underwent testing under one of four daily treatment regiments: 1) saline - 
saline., 2) saline - fentanyl, 3) D-CYSee (10 mg/kg, i.p.) - saline, or 4) D-CYSee - fentanyl. We 
found that fentanyl induced a significant CPP (p&lt;0.005) that was prevented by concurrent 
treatment with either 10 or 100 mg/kg D-CYSee. D-CYSee alone did not induce a CPP or 
aversion indicating that it has no rewarding or aversive effects. Further, open field testing 
revealed that D-CYSee did not produce maladaptive responding alone or in the presence of 
fentanyl and that fentanyl effects on immobility were preserved in the presence of D-CYSee. 
Thus, D-CYSee prevented the acquisition of fentanyl seeking without altering motoric or 
analgesic effects of fentanyl suggesting that D-CYSee has therapeutic potential to reduce 
addiction vulnerability during prescribed opioid use. 
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Alterations in Retinal Ganglion Cell Function in the 3xtg Mouse Model of Alzheimer’s 
Disease 

Frame, Gabrielle*; Schuller, Adam; Smith, Matthew A.; Crish, Samuel D.; Dengler-Crish, 
Christine M. 

Kent State University School of Biomedical Sciences 

While Alzheimer’s disease is often considered a disease of cognition, some of the earliest 
changes may occur in the visual system. In fact, these changes may occur years prior to the 
onset of cognitive decline, but they are subtle deficits that are often attributed to the process of 
normal aging. The objective of this project was to assess changes in retinal function across 
early and progressive disease stages in 3xtg mice, a widely-used transgenic Alzheimer’s model 
that is also shown to develop progressive amyloid pathology in the retina. We used 
electrophysiological techniques (i.e. pattern electroretinogram) and anterograde tract tracing to 
determine whether signaling between retinal ganglion cells (RGCs) and their primary projection 
target in the superior colliculus changed as function of increasing retinal amyloid accumulation 
and/or age in female and male 3xtg mice and matched wildtype controls. We developed and 
validated a novel refinement in using in vivo ophthalmic imaging to visualize retinal amyloid beta 
in live mice, and used immunohistochemistry to quantify changes in RGC structure and synaptic 
terminals and related these variables to functional outcomes. Results showed that 3xtg mice 
develop subtle but detectable early changes in retinal signaling that correspond to retinal 
pathology and loss of retinal structure, and that these alterations presented differently as a 
function of animal sex. These findings support clinical findings of nuanced, early deficits in AD 
patient visual function, and emphasize the importance of considering sex differences in 
dementia etiology and progression. 
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Translating Music into Words: Figurative Language as Evocative Descriptors of Music in 
19th Century Music Periodicals 

Miskinis, Alena*; Albrecht, Joshua; Matthews, Wendy 

Kent State University   

Music analysts of the 19th century consistently used figurative language to evoke their 
perceptions of the music they discussed in trying to convey the experience of hearing the music 
to those who had not heard it. This literature offers a valuable repository of 19th century 
expressions of musical perceptions. This study performs an exploratory content analysis of 
primary sources of music criticism to build a database of figurative language connected to 
musical expression. Categorizations of descriptive language are derived from the raw data to 
generalize types of musical characterization. We selected a corpus of 21 different music 
periodicals published in the English language during the 19th century including Musical 
Reporter (1841) and Dwight’s Journal of Music (1853-1881). For each decade of each 
periodical’s publication run, we randomly selected 5 pages that critique orchestral, chamber, 
organ, and piano compositions written during the Baroque, Classical, or Romantic eras. For 
each page of music criticism, we extracted all words that were figurative regarding the musical 
perception. After collecting 125 pages, we performed a content analysis to sort the 2,780 
collected metaphors based on metaphor type, instrumentation, year of the criticism, and musical 
time period. From the metaphor types, the following three main categories emerged which we 
used to classify every metaphor: Personification (with subcategories such as speech, emotion, 
and body functions), imagery (which included subcategories such as pastoral, religious, and 
death), and synesthesia (which included subcategories such as taste, color, and dimension). 
Originally, we were planning to use J. M. Williams’ (1976) synesthetic metaphor coding which 
includes the five senses plus color and dimension. However, synesthetic metaphors only 
accounted for 36.5% of the data, while imagery was 21.2% personification was 42.3%, 
supporting Robinson and Hatten's (2012) persona theory of musical interpretation. Ultimately, 
this database will be helpful in pedagogical applications of associative learning and memory in 
which the goal is to recreate 19th century affect. In the future, we hope to further define how an 
individual metaphor can be interpreted by musicians on their instruments.  
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Β-Adrenergic Receptor Blockade Persistently Disrupts Retrieval of Fentanyl-Associated 
Memory 

Slupek, Mandalynn*; Severt, Sydney; Mueller, Devin 

Kent State University   

Fentanyl, a synthetic opioid, largely contributes to current US overdose death rates which 
numbered over 95,000 this past year alone (CDC, 2021). Fentanyl seeking and taking are 
characterized by withdrawal avoidance and driven by drug-associated cues. Disrupting retrieval 
of drug-associated memories could reduce seeking and relapse, and previous work from our lab 
has shown that β-adrenergic receptor blockade persistently impairs retrieval of cocaine-
associated memories (Otis et al., 2011). Whether fentanyl-associated memory retrieval can be 
similarly disrupted is unknown. We established a fentanyl conditioned place preference (CPP) 
over 8 days in which rats associated fentanyl with one of two distinct chambers. During testing, 
rats freely moved between chambers and time in each was recorded. We found that propranolol 
(10 mg/kg, i.p.), a β-adrenergic receptor antagonist, administered prior to the first test 
persistently impaired fentanyl CPP compared to controls. In contrast, following an initial drug-
free CPP test, propranolol administered before the second test resulted in a heightened fentanyl 
CPP. Thus, β-adrenergic receptors mediate the initial retrieval of fentanyl associated memory 
but not after a CPP has already been expressed. Overall, these findings suggest a therapeutic 
use for propranolol in the treatment of addiction through prevention of drug-associated memory 
retrieval to reduce seeking and relapse. 
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The Effect of Sleep Disordered Breathing on Cognitive Function in Patients with Normal 
Pressure Hydrocephalus  

Bhambra, Raman*  

Northeast Ohio Medical University 

Both normal pressure hydrocephalus (NPH) and sleep apnea (SA) are associated with cognitive 
deficits.The former specifically in executive function, memory and attention domains. We 
wanted to explore the specific cognitive domains affected in NPH patients with and without SA. 

Hypothesis: Patients with both NPH and SA have lower scores in attention, memory and recall 
domains of the Montreal Cognitive Assessment (MoCA) test. 

Methods: A retrospective chart review of patients with presumed NPH who were admitted to 
The Johns Hopkins Hospital between the years 2016 and 2018 for extended lumbar drainage 
(ELD). All patients were administered the MoCA and 33 obtained polysomnograms.  

Results: Analysis was performed using STATA 15.1.  Independent variable was SA and 
dependent variable was individual MoCA domain scores. Covariates include demographic and 
anthropometric measurements. In our sample 52.7 % were male, 83.3% white. 26 (73.3 %) had 
polysomnograms. 69.2 % had SA (apnea hypopnea index of more than 5 per hour). 

We used unpaired t-tests to analyze differences in MoCA scores in patients with and without 
SA. Visual spatial p=0.22, Naming p=0.35, Attention p=0.41, Language p=0.49, Abstraction 
p=0.28, Recall p=0.88, Orientation p=0.79.  

Conclusion:  In patients with NPH, there was no statistically significant difference in MoCA 
scores in those with sleep apnea. Our results suggest that sleep apnea does not affect cognition 
in patients with NPH.  
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Hippocampal Volume Predicts Reductions in Posttraumatic Stress Symptoms in Children 
with Cancer: Effects of a Novel Martial Arts-Based Intervention  

Owens, Zazai*; Iadipaolo, Allesandra; Peters, Craig; Cohen, Cindy; Goldberg, Elimelech; Bluth, 
Martin, Taub, Jeffrey, Harper, Felicity; Rabinak, Christine; Marusak, Hilary  

Wayne State University   

Youth with cancer experience an immeasurable amount of stress and trauma prior, during and 
after their cancer treatments. The treatment phase can take an emotional and physiological toll 
on youth and many pediatric cancer patients report posttraumatic stress symptoms (PTSS). Our 
prior research in pediatric cancer populations has demonstrated correlations between PTSS 
and variation in stress-sensitive brain regions, such as the hippocampus. In tandem, prior 
studies in adults with breast cancer consistently link smaller hippocampal volumes to cancer-
related PTSS, particularly re-experiencing PTSS (e.g., flashbacks, nightmares). The current 
study examines the impact of a novel martial-arts based intervention on hippocampal volume 
and PTSS in pediatric cancer patients, and whether baseline (i.e., pre-intervention) hippocampal 
volumes predict changes in PTSS over time. Over a 4-week period, Eighteen pediatric cancer 
patients or survivors (ages 5-17 years, 8 female) participated in this prospective study. Before 
and after the 4-week program, participants self-reported on cancer-related PTSS. Participants 
underwent structural magnetic resonance imaging (MRI) scans at baseline and then completed 
4 weekly Kids Kicking Cancer (martial arts-based therapy integrating meditation, etc.) classes. 
In conclusion, PTSS symptoms and hippocampal volumes did not change significantly over the 
4-week period. However, youth with smaller left (but not right) hippocampus at baseline 
demonstrated greater reductions in PTSS over time. Exploratory analyses suggests that the 
association between hippocampal volumes and change in PTSS was driven by re-experiencing 
PTSS. Results from this pilot study suggest that smaller hippocampal volumes may predict 
reductions in cancer-related PTSS following a martial arts-based intervention. They also extend 
prior studies suggesting that a martial arts-based approach may be effective for reducing pain in 
pediatric cancer populations.  
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Selective mRNA Oxidation of the Mitochondrial Electron Transport Chain Complex 
Subunits in Human Neuronal Cells Dysregulate Energy Production in Parkinson’s 
Disease 

Thulasi, Mahendran*; Soumitra, Basu 

Kent State University   

Mitochondria is the powerhouse of major energy production in cells. Any disruption of 
mitochondrial functions has deleterious effect on the cells, since it curtails energy supply 
essential for survival. Parkinson’s disease (PD) is one of the neurodegenerative diseases 
associated with dysfunctional mitochondria. In addition to energy production, mitochondria serve 
as the primary source of reactive oxygen species (ROS) generation in many cells, when 
electrons pass through the ETC complexes. Complex I deficiency resulting in elevated ROS 
levels has been identified to play a critical role in initiation and progression of PD. Subunits of 
ETC complexes are encoded by both mitochondrial and nuclear genomes. Oxidative damage to 
the mRNA will most likely have negative effects on protein synthesis. In this study we focused 
on the effects of ROS on mRNAs coding for the subunits of ETC complexes and their 
consequence on protein expression, leading to mitochondrial dysfunction. Subjecting 
differentiated human neuroblastoma SH-SY5Y cells to 100 µM sodium nitroprusside (SNP) 
treatment resulted in four mRNAs from the mitochondrial genome that are selectively oxidized 
leading to nearly 30-40% reduction in their protein levels. We also determined that there is 50% 
loss in the mitochondrial membrane potential after 24 hrs of SNP treatment. Taken together we 
hypothesize that deficiency of the ETC complex subunits due to RNA oxidation can create a 
vicious cycle of ROS generation in the mitochondria leading to enhanced mitochondrial 
dysfunction and neurodegeneration in PD and potentially other neurological disorders. 
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Early-Life Maternal Separation Sex-Dependently Alters Fentanyl Seeking in Adolescence 
and Adulthood  

Aboalrob, Fanan*; Knauss, Zack; Mueller, Devin 

Department of Biological Sciences, Kent State University, Kent, Ohio 

The opioid epidemic has escalated by 38.4% from pre-COVID levels with an estimated 69,006 
overdose deaths in 2020. In the last year, 1.6 million people began the non-medical use of 
prescription opioids including 13% of all adolescent youth aged 12-17. Several risk factors 
underly the susceptibility to substance abuse disorders including traumatic experiences during 
childhood, such as neglect. Early Childhood Neglect (ECN) accounts for up to 75.3% of all child 
maltreatment cases in the US annually. Stressful and traumatic experiences during childhood, 
such as ECN, coincide with the susceptibility to Opioid Use Disorder (OUD), with survivors 
being twice as likely to be prescribed opioids and 4.5 times more likely to develop OUD. Thus, 
we assessed the effects of maternal separation (MS), a potent form of ECN, on fentanyl-
induced seeking behavior during adolescence and adulthood using a rat model. Sprague 
Dawley rat pups (n=64; male=28, female=36) were cross fostered at birth and either received 3-
hour daily MS on P2-P18 or not. Rats were then assigned to adolescent (P32) or adult (≥P50) 
place conditioning in a three-chamber apparatus for eight days under one of four conditions: 1) 
control - saline (1 ml/kg, s.c.), 2) control – fentanyl (5 ug/kg, s.c.), 3) MS – saline, or 4) MS – 
fentanyl. Extinction testing was conducted 24-hours post-conditioning for three days during 
adolescence and for eight days and then weekly in adulthood until day 91 or until extinction 
criteria were reached. We found that MS enhanced the magnitude and persistence of fentanyl-
seeking behavior in adolescent and adult males as compared to control non-MS rats 
(p&lt;0.005). In contrast, MS impaired the formation of fentanyl-seeking behavior in adolescent 
and adult female rats as compared to control non-MS rats (p&lt;0.005). Thus, MS induced a 
significant but sex-dependent alteration in the expression of fentanyl-seeking behavior during 
adolescence and adulthood. These findings are consistent with human studies on the effects of 
ECN on the propensity and persistence of OUD, permitting future studies on the neurobiological 
mechanisms by which MS alters fentanyl seeking sex-dependently later in life using this model.  
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Friday Session   
 

The Effects of Deep Brain Stimulation on the Strength Training Participation and Mobility 
in individuals with Parkinson's Disease  

Younguk, Kim*; Lemke, Zachery; Ridgel, Angela  

Kent State University   

Background: Deep Brain Stimulation (DBS) is surgical implantation of electrodes into deep brain 
areas to alter abnormal brain activity.  In Parkinson's disease (PD), DBS decreases the 
symptoms of PD. Even though this technique improves PD patients' agility and motor 
performance, there has been a limited number of studies regarding DBS patients’ exercise 
participation frequencies and their mobility performance.  

Purpose: To assess strength training participation hours, days per week, and mobility 
performance in individuals with DBS and without DBS.  

Methods: The Fox-Insight-Database was used for this analysis.  A total of 4,806 participants 
cases were analyzed. Among them, 363 people have DBS, and 4,443 people is non-DBS 
population. Demographic, mobility, physical activity participation hours and days were analyzed 
with SPSS using a Mann-Whitney-test and independent-sample t-test.  

Results: There was no significant difference in strength training participation hours per week 
(p=.113), and strength training participation days per week (p=.237) between the two groups. In 
addition, the individuals without DBS group showed a greater mobility the DBS group (p=0.000). 
However, this is likely partially explained by the finding that the DBS group had an average age 
of diagnosis of 51 years while the individuals were diagnosed at an average of 61 years old 
(p=.000).   

Conclusion: These results suggest that although DBS patients have lower mobility and an 
earlier age of PD diagnosis that they participate in strength training with similar frequency as 
those without DBS.  

Acknowledgment: “The Fox Insight Study (FI) is funded by The Michael J. Fox Foundation for 
Parkinson’s Research. We would like to thank the Parkinson’s community for participating in this 
study to make this research possible.     
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Serotonin Stimulates Preoptic Area Kisspeptin Neuron Activity In Female Mice 

Anello, Anna; Buo, Carrie*; Dakin, Jordan; Bearss, Robin; Piet, Richard.  

Kent State University   

Ovulation is controlled by brain circuits that regulate the secretion of gonadotropin-releasing 
hormone (GnRH) from the hypothalamus and luteinizing hormone (LH) from the anterior 
pituitary. Kisspeptin (Kiss1) neurons, which project to GnRH neurons, have emerged as key 
regulators of GnRH neuron activity and LH secretion. Kiss1 neurons located in the preoptic area 
(POA Kiss1) of the hypothalamus are involved in generating the preovulatory surge in LH 
secretion that triggers ovulation. In addition to Kiss1, other neurotransmitters and neuropeptides 
likely regulate the preovulatory LH surge. Previous studies have indicated that serotonin (5HT) 
contributes to generating the estrogen-induced LH surge in ovariectomized female rodents. 
Here, we hypothesized that the impact of 5HT on the LH surge results from excitatory effects on 
POA Kiss1 neuron activity. To address this question, we used mice that express Cre 
recombinase in Kiss1 cells and a Cre-dependent, genetically encoded fluorescent calcium 
indicator GCaMP6f. In brain slices obtained from these mice, we used live-cell epifluorescence 
imaging to determine changes in intracellular calcium concentrations [Ca2+]i in multiple POA 
Kiss1 neurons simultaneously, as an index of their activity. In brain slices from female mice, 10 
μM 5HT increased [Ca2+]i (3.1±0.4% change in fluorescence) in 89% of POA Kiss1 neurons 
(n=74 cells in 7 slices from 4 mice). This effect was smaller in male mice where 48% of POA 
Kiss1 neurons showed [Ca2+]i rises (0.5±0.3% change in fluorescence; n=54 cells in 5 slices 
from 3 mice). We next investigated if the effect of 5HT was mediated directly at POA Kiss1 
neurons or via an indirect mechanism. We then tested the effect of blocking action potentials in 
the slice using tetrodotoxin (TTX, 0.5 μM). 5HT-induced rises in POA Kiss1 neuron [Ca2+]i in 
the presence of TTX were comparable to those evoked without TTX (n=68 cells in 7 slices from 
4 mice; p&gt;0.37) and the response ratio was similar to that measured in control experiments 
(83.5±15.5%, p&gt;0.99). Together these data indicate that 5HT stimulates the activity of POA 
Kiss1 neurons, likely through a direct mechanism in females. Our data suggest a potential 
mechanism through which 5HT might regulate the preovulatory surge in female rodents. 
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Distinct Conformers Of Amyloid Beta Accumulate In The Neocortex Of Patients With 
Rapidly Progressive Alzheimer’s Disease 

Liu, He*, Safar, Jiri G.   

Case Western Reserve University   

Amyloid beta (Aβ) deposition in the neocortex is a major hallmark of Alzheimer’s disease (AD), 
but the extent of deposition does not readily explain phenotypic diversity and rate of disease 
progression. The prion strain-like model of disease heterogeneity suggests the existence of 
different conformers of Aβ. We explored this paradigm using conformation-dependent 
immunoassay (CDI) for Aβ and conformation-sensitive luminescent conjugated oligothiophenes 
(LCOs) in AD cases with variable progression rates. Mapping the Aβ conformations in the 
frontal, occipital, and temporal brain regions in 20 AD patients with CDI revealed extensive 
interindividual and anatomical diversity in the structural organization of Aβ with the most 
significant differences in the temporal cortex of rapidly progressive AD. The fluorescence 
emission spectra collected in situ from Aβ plaques in the same regions demonstrated 
considerable diversity of spectral characteristics of two LCOs — quatro- and hepta-
formylthiophene acetic acid (qFTAA and hFTAA). hFTAA detected a wider range of Aβ deposits 
and both LCOs revealed distinct spectral attributes of diffuse and cored plaques in the temporal 
cortex of rapidly and slowly progressive AD, and less frequent and discernible differences in the 
frontal and occipital cortex. These and CDI findings indicate a major conformational diversity of 
Aβ accumulating in the neocortex, with the most notable differences in temporal cortex of cases 
with shorter disease duration, and implicate distinct Aβ conformers (strains) in the rapid 
progression of AD. 
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The Role of Caregiver Self-Mastery in the Relationship between Caregiver Burden and 
Caregiver Communications   

Martin, John*; Gunstad, John; Kayani, Natalie; Drost, Jennifer; Spitznagel, Mary Beth 

Kent State University   

Objective:  Individuals with dementia are often cared for by informal caregivers. These 
caregivers assist in a variety of ways, including coordination of a care recipient’s health 
services. Previous work shows that caregiver burden is positively associated with caregiver 
communications with providers (i.e., more burdened caregivers call clinic staff more frequently). 
Caregiver self-mastery, or the extent to which one feels a sense of control, is negatively linked 
to caregiver burden, and may influence clinic communication behavior. The aim of the present 
study was to investigate if greater caregiver self-mastery would moderate the relationship 
between frequency of caregiver communications and caregiver burden.  

Methods:  Participants were 165 patient-caregiver dyads in a registry of an outpatient geriatric 
clinic that provides specialty services for dementia. Patient-caregiver demographics and self-
report measures including the Zarit Burden Interview (ZBI) and Self-Mastery Scale (SMS) from 
the intake appointment and caregiver communications over the subsequent 12 months were 
gathered by chart review. 

Results:  Pearson correlation was used to confirm a significant relationship between caregiver 
burden and caregiver communications (r=.16, p&lt;.05). Linear regression analysis utilizing 
bootstrapping procedures examined whether caregiver self-mastery moderated the relationship 
between caregiver burden and caregiver communications. Results indicated that the model was 
not significant (R2=.03, F(3, 161)=1.53, p=.21). Examination of bias-corrected confidence 
intervals indicated that neither caregiver self-mastery (BCa 95% CI[-1.54, 1.02]) nor caregiver 
burden (BCa 95% CI[-.79, .82]) were independent predictors of communications. The interaction 
term (BCa 95% CI[-.03, .05]) indicated moderation did not take place. 

Conclusions:  The hypothesis that caregiver self-mastery would moderate the relationship 
between caregiver burden and caregiver communications was not supported. Although it is 
possible that the expected relationship does not exist, it is also possible that moderation was not 
observed due to methodological factors, such as examination early in the disease. Future work 
should examine this longitudinally, with attention to differences in communication types.  
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Hair Cortisol Concentration and Perceived Chronic Stress un Low-Income Urban 
Pregnant and Postpartum Black Women   

Somerville, Keaton;* Neal-Barnett, A.M.; Stadulis, R.; Manns-James, L;  Robinson, D.S.  

Kent State University   

Black women are more likely to experience short- or long-term health consequences from their 
labor and delivery and die from pregnancy-related causes than White women. Similarly, infants 
born to Black women also have heightened health risks. Developing research suggests that a 
contributing factor to Black health disparities may be maternal chronic stress. A widely used 
biomarker for chronic stress is hair cortisol concentration (HCC). Few prior studies have 
explored the HCC of pregnant Black women or comprehensively examined perceived chronic 
stress in this population. Using a mixed-methods focus group framework, we assessed HCC 
and perceived chronic stress among low-income pregnant and postpartum Black women. Four 
focus groups were conducted (N = 24). The mean HCC for our pregnant Black participants was 
greater than pregnant White women in reviewed published studies. The high levels of stress 
evidenced at all pregnancy stages indicate that many of these women are experiencing chronic 
stress, which can contribute to higher Black maternal morbidity and mortality rates, and possibly 
infant mortality rates. From the open coding of the focus group transcripts, 4 themes emerged: 
chronic stress, experiences of racism, experiences of trauma, and negative thinking. Selective 
coding based on these themes revealed cumulative experiences of chronic stress, various 
traumatic experiences, and frequent encounters with racism. Negative thinking styles were 
observed across the 4 focus groups. More studies of HCC and perceived stress among 
pregnant Black women are encouraged. Findings suggest the need for tailored multi-level 
interventions given the layers of stressors present in this population. 
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Inflammation in Alzheimer’s Disease: Connections to High Fat Diets and RNA Editing 

Wales-McGrath, Benjamin*; Grizzanti, John; Corrigan, Rachel; Casadesus, Gemma; 
Piontkivska, Helen 

Kent State University   

RNA editing is a process that increases transcriptome diversity, often through Adenosine 
Deaminases Acting on RNA (ADARs), which catalyze the deamination of adenosine to inosine. 
This editing plays an important role in regulating brain development and immune activation, and 
is dysregulated in a number of disorders, including Alzheimer’s disease. Alzheimer’s disease is 
a common neurodegenerative disease frequently accompanied by neuroinflammation and 
associated with risk factors such as chronic inflammation and obesity. It has previously been 
hypothesized that high fat diet–induced metabolic disease and resulting inflammation and 
oxidative stress can lead to the development of Alzheimer’s disease. However, the mechanisms 
behind this remain unclear. Given the interferon-inducible nature of the ADAR1 p150 isoform, 
innate immune responses induced by amyloid plaques in Alzheimer’s disease or by high fat 
diets could be a mechanism to dysregulate ADAR editing in Alzheimer’s disease, which could 
contribute to the disease’s pathogenesis. To examine this relationship, we analyze RNA-seq 
data from the hippocampi of APP/PS1 Alzheimer’s model mice and wild-type controls given 
normal or high fat diets. High fat diets were given at three months, and mice were tested after 
three- and six-month periods to delineate short- vs. long-term effects of diet. We show that 
ADAR expression is initially upregulated by high fat diets, as are global editing rates, though the 
two do not appear to be correlated. This lack of correlation may speak to the nuanced and 
complex interactions and site-specific factors that regulate ADAR editing. On a site-specific 
level, RNA editing tests employing beta-binomial models (Tran et al., 2020) were used to 
identify coordinates with differential editing rates. Three differentially edited sites were present in 
genes associated with Alzheimer’s disease for each condition, including a nonsynonymous 
change in CYFIP2 dysregulated by both. These results suggest a potential role for ADAR RNA 
editing in Alzheimer’s disease pathogenesis and the influence of high fat diet on this condition. 
They also highlight the need to elucidate the complex regulatory factors that control dynamic 
ADAR editing on a global and site-specific basis. 
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Effects of Peripheral Inflammation on Neural Activity and Behavior   

Wesley, Teressa*; Corey, Jacob; Cooper, Sophie; Burroughs, Shanda; Maricic, Kirsten; Rebar, 
Hannah; Johnson, John 

Kent State University   

Symptoms of depression include tiredness, decreased mood, and loss of interest, pleasure, and 
motivation. Sickness behaviors following an immune challenge are analogous. Interestingly, 
approximately half of all individuals with depression show elevated circulating inflammatory 
responses, indicating immune activation may contribute to symptoms of depression. The goal of 
the present study was to investigate how inflammatory responses affect neural activity following 
exploratory behavior in a rat model. Rats were either injected with saline or 2.5x10^8 CFU E.coli 
then placed in an open field 2h (n=5/group) or 8h (n=6/group) later to measure exploratory 
behaviors. Rats were perfused 90min after and immunohistochemistry techniques were used to 
stain for cFos, a marker of neural activation. We hypothesized that sick rats would spend less 
time exploring the open field and E.coli-treatment would increase cFos expression in brain 
areas that regulate sickness (e.g. nucleus tractus solitarius & paraventricular nucleus) while 
decrease cFos expression in areas that regulate motivation and reward (e.g. locus coeruleus, 
nucleus accumbens, medial prefrontal cortex). Thus far, rats exposed to open field testing 2h 
post-E.coli show significantly more cFos expression in the nucleus tractus solitarius while rats 
exposed to open field testing 8h post-E.coli show significantly less cFos expression in the locus 
coeruleus compared to saline-injected controls. These data indicate activation of circuitry 
involved in detection of peripheral inflammation occurs first, while changes in motivational and 
reward circuitry appear or persist later. Additionally, these data suggest that there may be 
inhibitory projections from the nucleus tractus solitarius to the locus coeruleus that are activated 
in response to peripheral inflammation. No significant changes in open field behaviors were 
observed at either time point following E.coli, indicating either the concentration of E.coli was 
subthreshold or open field behaviors are not a sensitive measure of sickness. Future studies will 
investigate other motivated behavioral tasks and assess whether disrupting the neural pathways 
involved in sickness behaviors alleviates the suppression of neural pathways involved in 
motivation and reward. 
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Using Designer Receptor Exclusively Activated by Designer Drug (DREADD) Technology 
to Assess Predator Odor-Induced Skeletal Muscle Thermogenesis 

Smith, Jordan*; Watts, Christina; Novak, Colleen 

Kent State University   

Previous research in mouse models has shown that steroidogenic factor-1 (SF-1) neurons in the 
ventromedial hypothalamus (VMH) are implicated in processes of energy expenditure and 
response to predator threats. Our research program has previously identified the effects of 
exposure to predator odor in activating skeletal muscle thermogenesis. In this study, we used 
designer receptor exclusively activated by designer drug (DREADD) technology and SF1-Cre 
transgenic mice to investigate the underlying brain mechanism responsible for this induced 
thermogenesis. Each mouse received a stereotaxic injection of a viral vector directly into their 
VMH containing either an mCherry control vector or an excitatory vector that allowed the 
expression of excitatory receptors of the SF-1 neurons. These receptors could later be 
selectively activated for burst firing of the SF-1 neurons using the drug molecule clozapine N-
oxide (CNO) administered via intraperitoneal injection. As a preliminary experiment to our study, 
mice were assessed within the first hour after injection of CNO or saline (control) without any 
contextual changes. Following injections, muscle thermogenic increases were observed in all 
mice after injection, but only the mice that were given both an excitatory vector and CNO were 
seen to have persistently elevated muscle temperature. Mice were then placed under controlled 
activity for 30 minutes (i.e., treadmill walking; 5.2 m/min; 156 m total) where they were 
presented with either a predator odor (PO; ferret odor) or control odor one hour after CNO or 
vehicle injection. Preliminary data suggest that CNO-induced activation of muscle 
thermogenesis meets or exceeds the contractile thermogenesis produced from sustained 
activity, regardless of odor context. Therefore, these data support the mechanistic role of SF-1 
neurons in energy expenditure within the context of PO-induced skeletal muscle thermogenesis. 
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Oxytocin Receptors, but not Vasopressin 1a Receptors, are Functional in Both Sexes at 
Embryonic Day 16.5   

Sommer, Elliot J.*; Caldwell, Heather K. 

Laboratory of Neuroendocrinology and Behavior, Department of Biological Sciences, the School 
of Biomedical Sciences, and the Brain Health Research Institute, Kent State University, Kent, 
Ohio, USA   

There is evidence that the oxytocin (Oxt) and vasopressin (Avp) systems contribute to early 
brain formation. Work in transgenic mice, and work in which the embryonic Oxt system has 
been manipulated, suggest that embryonic Oxt receptor (Oxtr) signaling affects sex-specific 
behavior in adulthood. Though much remains unknown about these systems during embryonic 
development, we know that the Oxtr is present in both sexes as early as embryonic day (E) 
16.5, while the production of Oxt is temporally offset between females and males, where 
females express Oxt mRNA as early as E12.5, but males do not until postnatal day 2. In 
contrast, mRNA transcripts for Avp are found as early as E13.5 and the Avp 1a receptor 
(Avpr1a) can be observed in both sexes at E14.5. While it is not clear why there would be a 
receptor without an obvious ligand for the Oxtr in males, the question of what is activating these 
receptors is premature without knowing whether the receptors are even functional. In order to 
assess the functionality of the Oxtr and Avpr1a in both sexes at E16.5, we performed an Oxtr 
and Avpr1a agonist-stimulated g-protein coupled receptor binding assay. We hypothesized that 
the Oxtr and Avpr1a would be functional in both sexes stimulated by their respective ligand. 
Functionality was measured by applying an Oxtr or Avpr1a agonist to tissue sections to 
determine if there was increased binding of 35S radiolabeled GTP; demonstrating activation of 
the receptor, resulting in GDP release from the Gα subunit. We found that the Oxtr, but not the 
Avpr1a, is functional at E16.5 in both sexes. Oxtr functional binding was observed in the 
ventricular and subventricular zones (VZ/SVZ) of the cortical neuroepithelium, the VZ/SVZ of 
the septal neuroepithelium and the amygdalar area. Avpr1a functional binding was not observed 
in any of the brain regions where it is expressed, i.e., nucleus of the vertical limb of the diagonal 
band of Broca, fornix, olfactory tubercle, indusium griseum, or ventral hypothalamic area. While 
this experiment cannot provide information about the nature of the ligand utilized in the 
developing brain, such as Avp acting at the Oxtr or Oxt acting at the Avpr1a, the data do 
suggest that Oxtr and Avpr1a signaling is likely impacting early brain development.   
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