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Confocal microscopic image of a mouse dorsal root ganglion labeled with a multicolor  

adeno-associated virus-based approach. Neurons within the dorsal root ganglia are critical for 
processing sensory information from visceral organs. Image courtesy of Pradeep Rajendran 

and Rosemary Challis of the Shivkumar Lab at UCLA and the Gradinaru Lab at Caltech.
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SESSION: ENTERIC NEURAL CIRCUITRY IN MOUSE AND HUMAN COLON: 
THE CHANGING FACE OF MORPHOLOGY, FUNCTION AND THERAPEUTIC LEADS 
JULY 25, 2019 | 9:20 AM–11:20 AM

ISAN19.003
REFINING ENTERIC NEURAL CIRCUITRY BY 
QUANTITATIVE MORPHOLOGY, TRANSCRIPTOMICS 
AND FUNCTION IN MICE

Marthe Howard, Andrea L. Kalinoski, Joseph F. Margiotta, 
Samantha Mckee, Kalina Venkova, Alexander Hristov
University of Toledo Health Sciences, Neurosciences, Toledo, 
UNITED STATES OF AMERICA

Abstract: The enteric nervous system (ENS) is comprised 
of a network of ganglia located within the wall of the 
gastrointestinal (GI) tract that control peristalsis, secretion, 
blood flow, nutrient transport and immune function. 
Studies conducted primarily in Guinea pig small intestine 
have provided significant information on the function and 
architecture of enteric neural circuitry including neurochemical 
coding, electrophysiology and integrated function. However, 
recent evidence suggests significant differences between the 
small intestine and colon as well as between species. With 
the advent of molecular genetics, use of mouse models to 
investigate ENS function and architecture has gained much 
interest. Using confocal imaging and 3D reconstruction we 
have mapped in detail the mouse colon. We show that there 
are significant differences in neuron number, neurochemical 
coding and neural network architecture between the 
proximal and distal colon. We have identified several 
“new” neuronal types based on neurochemical code, when 
compared to the Guinea pig, and have identified functional 
classes of neurotransmitter receptors previously thought 
not to function in the ENS. Based on 3D reconstruction 
and GCaMP imaging we have demonstrated both intra and 
interganglionic synaptic connectivity. Based on RNA-Seq 
from wildtype colonic ganglia and compared to FACSorted 
cell type-specific neurons, we have determined patterns of 
expression of neurotransmitter receptors, genes associated 
with neurotransmission, neuromodulators and immune 
markers for various GI disorders. The overarching goal of 
our studies is to generate a predictive neural circuit map of 
the mouse colon.

Disclosure: No significant relationships.

ISAN19.005
VISUALIZING THE HUMAN ENTERIC NERVOUS SYSTEM 
IN 3-DIMENSIONS: NEW WAYS TO THINK ABOUT 
AUTONOMIC NEUROPATHY

Kahleb Graham1, Silvia Huerta Lopez1, Rajarshi Sengupta1, 
Archana Shenoy1, Christina M. Wright1, Sabine Schneider1, 
Michael D. Feldman2, Emma E. Furth3, Federico 
Valdivieso2, Amanda Lemke4, Benjamin J. Wilkins1, Marthe 
Howard5, Pierre A. Russo6, Edward J. Doolin1, Robert 
Heuckeroth7

1The Children’s Hospital of Philadelphia and The Perelman School 
of Medicine at the University of Pennsylvania, Philadelphia, UNITED 
STATES OF AMERICA, 2The Perelman School of Medicine at the 
University of Pennsylvania, Pathology and Laboratory Medicine, 
Philadelphia, UNITED STATES OF AMERICA, 3The Perelman School 
of Medicine at the University of Pennsylvania, Philadelphia, UNITED 
STATES OF AMERICA, 4The Children’s Hospital of Philadelphia, 
Pediatrics, Philadelphia, UNITED STATES OF AMERICA, 5University 
of Toledo College of Medicine, Neurosciences, Toledo, UNITED 
STATES OF AMERICA, 6The Children’s Hospital of Philadelphia and 
The Perelman School of Medicine at the University of Pennsylvania, 
Pathology, Philadelphia, UNITED STATES OF AMERICA, 7The 
Children’s Hospital of Philadelphia and The Perelman School of 
Medicine at the University of Pennsylvania, Pediatrics, Philadelphia, 
UNITED STATES OF AMERICA

Abstract: Background: Bowel motility disorders are common 
and debilitating, but remain poorly understood. One major 
problem is that many cell types work together to control 
bowel motility, but these cells are buried in the bowel wall and 
difficult to see without sectioning. Once sectioning is done, 
three dimensional structures that control motility are almost 
impossible to understand. Objective: To develop highly 
reproducible methods to visualize enteric neurons, glia, and 
other cells that control bowel motility in human colon, without 
sectioning. Method: We established a robust pipeline to make 
the colon transparent, stain with antibodies, and visualize 
many cell types that control bowel motility by confocal 
imaging. We pursued detailed anatomic analysis of enteric 
nervous system structure to define “normal” in adult human 
colon. Results: We generated hundreds of three dimensional 
images that provide unprecedented views of human colon 
enteric nervous system (ENS). Quantitative analyses provide 
a new “gold standard” for normal ENS structure. We validated 
16 antibodies that work well with our method. Discussion: 
Even after decades of studying the ENS, we were stunned by 
the new images generated.

Disclosure: No significant relationships.
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ISAN19.012
THE SPLANCHNIC ANTI-INFLAMMATORY PATHWAY: 
MAPPING ITS PERIPHERAL AND CENTRAL BRANCHES

Davide Martelli1, David G.S. Farmer2, Michael J. Mckinley3, 
Robin M. Mcallen4

1Università di Bologna, Department of Biomedical and Neuromotor 
Sciences, Bologna, ITALY, 2Florey Institute of Neuroscience and 
Mental Health, Parkville, VIC, AUSTRALIA, 3Florey Institute of 
Neuroscience and Mental Health, Parkville VIC, AUSTRALIA, 
4Florey Institute of Neuroscience and Mental Health, Parkville, VIC, 
AUSTRALIA

Abstract: The nervous and immune systems are both critical 
for life and health, and naturally, they affect one another. 
The brain exerts control over the amount of inflammation 
induced by an immune challenge in two main ways: 1) 
activating the hypothalamic-pituitary-adrenal axis to release 
glucocorticoids, which suppress inflammation; 2) via a 
mechanism that has been termed the inflammatory reflex. The 
inflammatory reflex is a classic neural reflex that is activated in 
response to a systemic immune challenge and its function is 
to dampen down the ensuing inflammation. Its efferent motor 
pathway, termed the splanchnic anti-inflammatory pathway 
(SAIP), travels in the splanchnic sympathetic nerves. The 
SAIP is endogenously activated by immune challenge, but 
can also be engaged exogenously by electrical stimulation 
of vagal afferent nerve fibers - a promising strategy for 
treating inflammatory conditions. While much background 
evidence implicates the spleen as the principal target organ 
where sympathetic nerves inhibit immune function, we 
recently showed in rats that the SAIP functions effectively in 
splenectomized animals. We found that the anti-inflammatory 
influence of the SAIP is distributed among several, if not 
all, organs and tissues within the abdomen. We are now 
investigating which pre-motor sympathetic pathways in the 
CNS drive the SAIP. Our preliminary results indicate that the 
key premotor neurons may not be in the hypothalamus, as 
initially hypothesized, but in the brainstem.

Disclosure: No significant relationships.

SESSION: AUTONOMIC CONTROL OF INFLAMMATION - NEW INSIGHTS INTO PATHWAYS AND MECHANISMS 
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ISAN19.020
IDENTIFICATION OF NOVEL MARKERS FOR ENTERIC 
NEURONS IN HEALTHY HUMAN ADULTS USING RNA-
SEQUENCING

Aaron May-Zhang, E. Michelle Southard-Smith, Karen K. 
Deal
Vanderbilt University Medical Center, Nashville, UNITED STATES 
OF AMERICA

Abstract: The enteric nervous system (ENS) or “second 
brain” is the network of neurons and glia in the intestinal 
wall that coordinates the essential functions of the bowel. To 
expand our limited understanding of neuronal diversity within 
the human ENS, we generated a transcriptome catalog of all 
genes enriched in enteric ganglia from the duodenum, ileum, 
and colon of 15 healthy human adults using laser capture 
microdissection (LCM) and RNA-Seq. One challenge with this 
process was that smooth muscle tightly ensheaths enteric 
ganglia within the intestinal wall and was often inadvertently 
collected during LCM. To circumvent this, we collected and 
sequenced intestinal muscle from matched samples and used 
bioinformatics to subtract away muscle signatures from the 
enteric ganglia. This process was effective in generating a list 
of marker genes specific to enteric neurons and glia. We next 
sought to identify genes among the subsequent candidate 
lists that are specific to enteric neurons. Taking advantage of 
the similarity between the human and mouse ENS, we used 
publicly-available RNA-Seq data sets from enteric glia to 
subtract out any genes expressed by glia to identify a list of 
putative neuron-specific markers for the ENS. Using custom 
informatics algorithms, we further refined our gene lists by 
screening through PubMed and publicly-available data sets 
to select genes that are likely to label discrete subtypes of 
neurons. These novel markers will be useful in defining the 
function and distribution of neurons throughout the human 
gut and will aid rational drug design for targeted manipulation 
of enteric neurons.

Disclosure: No significant relationships.

ISAN19.019
NICOTINIC ACETYLCHOLINE RECEPTORS MEDIATE 
AND MODULATE CHOLINERGIC CIRCUIT ACTIVITY IN 
MOUSE MYENTERIC GANGLIA

Joseph Margiotta, Andrea L. Kalinoski, Marthe Howard
University of Toledo College of Medicine, Neurosciences, Toledo, 
UNITED STATES OF AMERICA

Abstract: Cholinergic nicotinic acetylcholine receptors 
(nAChRs) mediate the bulk of transmission in myenteric 
ganglia, making them critical components of enteric circuitry 
producing rhythmic, reciprocal activation of intestinal 
longitudinal and circular muscles. To probe cholinergic 
myenteric circuits in-situ, colon strips from mice engineered 
to express GCaMP6f in cholinergic neurons were challenged 
with nAChR specific agonists and antagonists. The resulting 
changes in GCaMP6f mediated Ca2+ fluorescence (DF/F) were 
captured by rapid cell imaging and used to assess agonist 
sensitivity as well as spontaneous and induced circuit activity. 
The pan-specific nAChR agonist DMPP reliably induced 
increases in both neuronal DF/F and in the frequency of DF/F 
fluctuations; both were inhibited by pan-specific nAChR 
antagonists. nAChRs composed of alpha7-subunits (a7-
nAChRs) are known to mediate and modulate transmission 
at some autonomic neuron synapses, and RNAseq findings 
reveal expression of a7-subunit transcripts in myenteric 
ganglia. Indicative of a7-nAChR participation in myenteric 
circuits, application of an a7-nAChR selective agonist (GTS-21) 
increased both DF/F levels and fluctuations. Confocal analysis 
of colon strips treated with Alexa Fluor 488-conjugated alpha-
bungarotoxin (an a7-nAChR-specific neurotoxin) revealed 
specific labeling on myenteric neuron somas and processes. 
These findings are consistent with a major role for nAChRs 
in mediating and modulating transmission at myenteric 
synapses. They further indicate that functional a7-nAChRs are 
present in myenteric ganglia and may regulate transmission 
at some myenteric neuron synapses. This work is supported 
by the NIH Common Fund Program, “Stimulating Peripheral 
Activity to Relieve Conditions, SPARC” OT2OD023859, 
U18EB021790.

Disclosure: No significant relationships.
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SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS:  
INTO THE VOID: AUTONOMIC REGULATION OF URINARY CONTINENCE AND MICTURITION 
JULY 25, 2019 | 11:20 AM–11:40 AM

ISAN19.022
STIMULATING SPINAL 5-HT2A RECEPTORS IMPROVES 
INVOLUNTARY MICTURITION REFLEX IN RATS WITH 
SPINAL CORD TRANSECTION

Jaclyn Definis, Jeremy Weinberger, Shaoping Hou
Drexel University College of Medicine, Spinal Cord Research 
Center, Department of Neurobiology and Anatomy, Philadelphia, 
PA, UNITED STATES OF AMERICA

Abstract: Central serotonin (5-HT), originating mainly in 
the raphe nuclei of the brainstem, regulates lower urinary 
tract activity. Traumatic spinal cord injury (SCI) interrupts 
spinobulbospinal micturition reflex pathways, resulting in 
urinary dysfunction. Yet, involuntary micturition is established 
afterwards due to the reorganization of spinal reflex circuitry. 
We have found that spinal 5-HT receptors are expressed in 
the lower cord and that the level remains unchanged after SCI. 
To determine if spinal serotonergic machinery plays a role in 
the recovered bladder reflex, we employed pharmacological 
interventions of 5-HT1A/2A receptors combined with micturition 
functional assays in rats 3-4 weeks after complete SCI at the 
10th thoracic level. During bladder cystometry and external 
urethral sphincter (EUS) electromyography (EMG), intravenous 
(i.v.) administration of the specific 5-HT1A receptor antagonist 
WAY-100635 did not influence urinary parameters whereas the 
5-HT2A receptor antagonist MDL slightly increased the voiding 
volume and voiding interval. Delivery of the 5-HT1A receptor 
agonist 8-OH-DPAT increased EUS tonic activity, while 
specific 5-HT2A receptor agonist DOI increased the voiding 
volume. Notably, DOI was able to unmask EUS bursting, which 
is associated with efficient elimination of urine. Measurement 
of spontaneous micturition patterns using metabolic cages 
demonstrated that stimulating 5-HT1A receptors with 8-OH-
DPAT did not change urodynamic parameters. In contrast, 
activation of 5-HT2A receptors with DOI enhanced voiding. 
Collectively, spinal 5-HT1A and 5-HT2A receptors appear to 
have opposing roles in regulating recovered micturition: the 
former contributes to urinary continence whereas the latter 
facilitates voiding. Thus, stimulating spinal 5-HT2Areceptors 
improves involuntary voiding after SCI.

Disclosure: No significant relationships.

ISAN19.021
NORMALIZATION OF BLOOD PRESSURE RESPONSES 
TO BLADDER DISTENSION WITH EPIDURAL 
STIMULATION AFTER SPINAL CORD INJURY

Sevda Aslan1, April Herrity1, Charles Hubscher2, Susan J. 
Harkema1

1University of Louisville, Neurological Surgery, Louisville, UNITED 
STATES OF AMERICA, 2University of Louisville, Anatomical 
Sciences and Neurobiology, Louisville, UNITED STATES OF 
AMERICA

Abstract: Many individuals with spinal cord injury (SCI) 
experience exaggerated blood pressure (BP) elevations in 
response to bladder distention. Disruptions of sympathetic 
outflow impairs autonomic function and adversely impacts 
cardiovascular and urological functions. Persistent 
hypotension, orthostatic hypotension and dramatic episodes 
of hypertensive symptoms are associated with cardiovascular 
autonomic impairment after SCI. Deficits in urological 
function after SCI include neurogenic detrusor over-activity 
and uncoordinated bladder and external urethral sphincter 
contractions. Studies using epidural stimulation of the 
lumbosacral spinal cord (scES) indicate improvement of BP 
regulation in response to orthostatic stress in individuals 
with cervical SCI. The use of scES is a promising alternative 
approach to target the primary phases of bladder dysfunction. 
The aim was to investigate whether daily scES targeting 
improvements in cardiovascular and bladder storage, can 
normalize the BP response to bladder filling in individuals 
with chronic, motor-complete SCI. Continuous measurements 
of BP and heart rate using the non-invasive BP monitoring 
system (ADInstruments) were acquired from two participants 
(AIS B; C4 and T2 levels of injury) during cystometry (bladder 
filling). Optimal scES configurations (anode/cathode selection, 
amplitude, frequency and pulse width) were identified at the 
lumbosacral level (L1-S1) that promoted both the neural 
control of bladder storage (capacity) and the maintenance 
of normative blood pressure. Successful bladder storage 
without exaggerated BP elevation in response to bladder 
distention was obtained for both subjects. Targeted scES for 
urinary continence and normalized BP provide a means for 
regular standard time intervals between bladder emptying 
under safe pressures without pharmacological treatments 
that have unwanted side-effects.

Disclosure: No significant relationships.
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SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS:  
AUTONOMIC CONTROL OF INFLAMMATION - NEW INSIGHTS INTO PATHWAYS AND MECHANISMS 
JULY 25, 2019 | 11:20 AM–11:30 AM

ISAN19.023
NEURO-IMMUNE CROSS TALK IN INFLUENZA VIRUS 
PATHOGENESIS

Brendon Chua1, Charity Law2, Matthew E. Ritchie2, Luyi 
Tian2, Stuart B. Mazzone3, Kirsty Short4, Alice Mcgovern3

1Peter Doherty Institute for Infection and Immunity, The University 
of Melbourne, Parkville, AUSTRALIA, 2Walter and Eliza Hall 
Institute of Medical Research, Parkville, AUSTRALIA, 3University of 
Melbourne, Parkville, AUSTRALIA, 4University of Queensland, St 
Lucia, AUSTRALIA

Abstract: Influenza virus represents a constant and pervasive 
threat to human health and the role that pulmonary vagal 
sensory neurons play in inflammation and viral pathogenesis 
is yet to be investigated. Aim: To characterise the pro-
inflammatory response in pulmonary sensory neurons and 
determine how they contribute to influenza-induced pulmonary 
inflammation and disease. Results: Using single cell RNAseq 
murine pulmonary sensory neurons express receptors 
and signaling molecules for pro-inflammatory mediators 
eg. Ifnar1/ 2, Tnfrsf1a, Tlr3. In a murine model (C57Bl/6) of 
pulmonary infection, Influenza A (PR8 H1N1 strain; 105pfu) 
induced significant transcriptional changes within the vagal 
sensory ganglia, revealed by RNAseq (114 genes upregulated, 
n=12) and using single cell qPCR, genes including Casp1/12, 
Tnfrsf1a, Ifit1, Ddx58 were significantly upregulated in 
pulmonary sensory neurons. To examine whether the nervous 
system could influence IAV infection we performed a unilateral 
vagotomy disrupting sensory innervation to the right lung 
lobes. Strikingly, at 4-8 days post-infection vagotomised mice 
experienced greater weight loss (sham 17.7±1.4%; vagotomy 
24.0±1.0%, p=0.003, n=10). Vagotomised mice had higher 
levels of pro-inflammatory cytokines Il-6 (sham 61.3±9.6pg; 
vagotomy 190.6±23.4pg, p<0.0001, n=10) Tnfa (sham 
29.6±3.8pg; vagotomy 51.5±8.5pg, p=0.015, n=10), MCP-1 
(sham 1304.4±137.1pg; vagotomy 2499.2±139.9pg, p<0.0001, 
n=10), Ifng (sham 20.0±4.7pg; vagotomy 35.1±6.8pg, p=0.04, 
n=10), and increased viral load (sham 2852.6±843.4 copies/
ml; vagotomy 7219.8±1155.2 copies/ml, p=0.003, n=10) 
in their lungs. Conclusion: These data provide the first 
evidence that pulmonary sensory neurons undergo several 
transcriptional changes and that the autonomic nervous 
system can modulate the inflammatory response following 
IAV infection.

Disclosure: No significant relationships.
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SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS:  
THE NEUROBIOLOGY OF ORTHOSTATIC HYPOTENSION - A CLINICAL, EXPERIMENTAL AND PRECLINICAL APPROACH 
JULY 25, 2019 | 11:20 AM–11:40 AM

ISAN19.024
NOREPINEPHRINE TRANSPORTER INHIBITION WITH 
ATOMOXETINE: AUTONOMIC EFFECTS DURING 
ORTHOSTASIS

Matthew Lloyd1, Lucy Lei2, Juan Guzman3, Teresa Kus4, 
Felix Ayala-Paredes5, Robert Sheldon1, Satish Raj1
1University of Calgary, Department of Cardiac Sciences, Calgary, 
AB, CANADA, 2University of Calgary, Department of Cardiac 
Sciences, Calgary, CANADA, 3McMaster University, Department 
of Medicine, Hamilton, ON, CANADA, 4Hopital du Sacre-Coeur, 
Cardiology, Montreal, QC, CANADA, 5University of Sherbrooke, 
Cardiology, Sherbrooke, CANADA

Abstract: Background: Norepinephrine transporter inhibition 
with atomoxetine reduces head-up tilt (HUT) induced fainting 
in vasovagal syncope (VVS). However, the effects on the 
autonomic response to orthostasis are unknown. Objective: 
To investigate the effect of atomoxetine on the hemodynamic 
and autonomic responses to orthostasis. We hypothesized 
that atomoxetine would increase vascular resistance and 
sympathetic vascular tone during orthostasis. Methods: 
VVS patients were randomized (double-blind) to receive 
2x40mg doses of atomoxetine (ATOM) or placebo (PL). Heart 
rate (HR) and beat-to-beat blood pressure were recorded 
during a 10-minute baseline, and 80-degree HUT for up to 
60 minutes. Spontaneous baroreflex sensitivity (BRS), heart 
rate variability (HRV) and blood pressure variability (BPV) were 
calculated while supine and during HUT. Data are presented 
as mean±SE. Results: We randomized 56 patients (39F; 37±2 
years) with VVS. The increase in HR upon HUT was larger with 
ATOM than PL (+29±3bpm vs. +18±3bpm, p=0.01). Systemic 
vascular resistance increased during HUT within both groups, 
but no group differences were detected. Resting BRS was 
higher in the ATOM group (20±2ms/mmHg vs. 14±2ms/mmHg, 
p=0.046), and BRS decreased more during HUT (-14±2s/
mmHg vs. -8±2ms/mmHg, p=0.05). High-frequency HRV 
decreased upon HUT in both groups (each p<0.001), but was 
not different between groups (ATOM: -419±103ms2 vs. PL: 
-473±110ms2, p=0.6). Low-frequency BPV increased in both 
groups during tilt (p<0.001), but was not different between 
groups (ATOM: +12±3mmHg2 vs. +10±3mmHg2, p=0.8). 
Conclusion: Atomoxetine increased resting BRS, allowing 
for augmented BRS decrease and HR responses during HUT. 
Vascular resistance and low-frequency BPV were unaffected 
by atomoxetine in therapeutic doses.

Disclosure: No significant relationships.
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SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS: MECHANISMS OF SYMPATHETIC  
NEUROVASCULAR FUNCTION AND CONTROL DURING PREGNANCY - A GROWING FIELD OF INTEREST 
JULY 25, 2019 | 4:00 PM–4:20 PM

ISAN19.046
SYMPATHETIC NERVOUS SYSTEM (RE)ACTIVITY IN 
WOMEN WITH GESTATIONAL DIABETES

Laura Reyes Martinez1, Rshmi Khurana2, Rachel J. 
Skow1, Normand Boule1, Craig D. Steinback1, Margie H. 
Davenport1

1Univeristy of Alberta, Faculty of Kinesiology, Sport, and 
Recreation, Edmonton, CANADA, 2Univeristy of Alberta, Obstetrics 
and Gynecology, Edmonton, CANADA

Abstract: Gestational diabetes mellitus (GDM) is associated 
with vascular dysfunction. Sympathetic nervous system 
activity (SNA) is an important regulator of vascular function, 
and is influenced by glucose and insulin. The association 
between GMD and SNA (re)activity to stress has not been 
studied. We sought to quantify SNA (re)activity in women 
with GDM. Eighteen women with GDM (3rd trimester) were 
matched by body mass index and age to normoglycemic 
pregnant women (n=18; 3rd trimester). Muscle SNA (MSNA; 
peroneal microneurography) was assessed at rest, during a 
cold pressor test (CPT) and during peripheral chemoreflex 
deactivation (hyperoxia). Spontaneous sympathetic 
baroreflex gain was quantified versus diastolic pressure. 
Baseline heart rate (85±10 bpm vs. 85±11bpm), mean 
pressure (87±11mmHg vs. 88±8mmHg), and MSNA (Burst 
frequency [BF]: 38±11burst/min vs. 38±11burst/min; burst 
incidence [BI]: 46±12burst/100hb vs. 46±13burst/100hb) 
were not different between GDM and controls (respectively). 
Baroreflex gain was similar between groups (-4±1.5 vs. 
-3.3±1.7 burst/100 heart-beats/mmHg). GDM women had a 
similar increase in MSNA, but a greater pressor response 
to CPT compared to controls (%change in MAP +17±7% vs. 
+9±9% respectively; p=0.004). These data are consistent 
with a greater neurovascular transduction in GDM (%change 
in total peripheral resistance/% change in BF: 15.9±30.2 vs. 
-5.2±16.4, p=0.03). Women with GDM also had a greater 
reduction in MSNA during hyperoxia (%change in BF -30±19% 
vs. -6±17%; p=0.01). Women diagnosed with GDM have 
similar basal SNA versus normoglycemic pregnant women, 
but greater neurovascular transduction. We also document 
evidence of chemoreceptor hyperactivity which influences 
basal SNA in GDM but not controls.

Disclosure: No significant relationships.

ISAN19.045
SEX DIFFERENCES IN INSULAR CORTEX GYRI 
RESPONSES TO A FOOT COLD PRESSOR

Paul Macey1, Katherine E. Macey2, Rajesh Kumar3, Jennifer 
A. Ogren4, Ronald M. Harper4

1University of California at Los Angeles (UCLA), Nursing, Los 
Angeles, CA, UNITED STATES OF AMERICA, 2UCLA School of 
Nursing, UCLA, Los Angeles, CA, UNITED STATES OF AMERICA, 
3University of California at Los Angeles (UCLA), Anesthesiology, 
Los Angeles, UNITED STATES OF AMERICA, 4UCLA, Neurobiology, 
Los Angeles, CA, UNITED STATES OF AMERICA

Abstract: Sex differences in autonomic control may underlie 
male-female cardiovascular disease variations; the insular 
cortex helps coordinate such regulation. The insula has five 
main gyri with sex-based distributions of neural responses to 
autonomic challenges. Here, we examined sex-related insular 
responses to a cold pressor. We studied functional MRI (fMRI) 
responses to a 1min right foot cold pressor(2min baseline/2min 
recovery in 22 females (age–mean±std:50±4yrs), and 39 
males (45±3yrs). Heart rate (HR) and fMRI responses were 
assessed (repeated-measures-ANOVA/P<0.05). Females had 
higher resting HR than males, but similar HR increases. All 
gyri fMRI increases at onset, and return towards baseline at 
10-15 s, then another increase. Females and males showed 
almost no difference between gyri on the left side, but females 
showed differences between gyri on the right. Males showed 
differences between the gyri for 15s prior and 25s into the 
challenge. Both sexes exhibited differences between right and 
left gyri in the anterior short and mid short gyri (0.2-0.5%). 
The females exhibited a similar lateral difference for the first 
30s in the posterior short gyri and posterior long gyri. Males 
and females exhibited a different pattern in the mid short, 
posterior short and anterior long gyri for the first 30s of the 
challenge with females showing greater lateralization between 
left and right gyri. The findings reinforce a greater role of the 
anterior vs. posterior insula in sympathetic activation. Insular 
responses to a sympathetic challenge show both amplitude 
and lateralization differences between females and males, 
possibly contributing to sex-specific autonomic patterns.

Disclosure: No significant relationships.
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SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS:  
NEURON-MYOCYTE INTERACTIONS IN HEALTH AND DISEASE 
JULY 25, 2019 | 4:00 PM–4:20 PM

ISAN19.048
DYSREGULATION OF M-CURRENT AT PORCINE 
INTRINSIC CARDIAC NEURONS AFTER MYOCARDIAL 
INFARCTION

John Tompkins1, Kalyanam Shivkumar2, Jeffrey L. Ardell2

1University of California - Los Angeles (UCLA) Cardiac Arrhythmia 
Center, Neurocardiology Research Center of Excellence, 
Department of Medicine - Cardiology, Los Angeles, UNITED 
STATES OF AMERICA, 2University of California - Los Angeles 
(UCLA) Cardiac Arrhythmia Center, Neurocardiology Research 
Center of Excellence, Department of Medicine - Cardiology, Los 
Angeles, CA, UNITED STATES OF AMERICA

Abstract: Imbalanced cardiac autonomic control contributes 
to greater risk for arrhythmia after myocardial infarction (MI). 
To determine if parasympathetic control of the heart is altered 
in pigs after MI, we tested the hearts responsiveness to vagal 
nerve stimulation (VNS) 8wks after occlusion of the distal 
LAD. The bradycardic response elicited during 20Hz VNS in 
MI animals was greater than controls. Intracellular voltage 
recordings from whole-mount preparations of intrinsic cardiac 
neurons (ICNs) were used to assess whether alterations in 
neuronal membrane properties or synaptic transmission 
underlie the increased responsiveness to VNS after MI. 
General membrane properties of ICNs from control and MI 
pigs were not different, but ICN excitability was depressed 
in MI pigs. Tetanic stimulation (20Hz) of interganglionic nerve 
bundles elicited slow excitatory postsynaptic potentials 
(sEPSPs) in a greater subset of MI ICNs (10/22) vs controls 
(4/26). The sEPSP persisted in hexamethonium (500uM) 
but was blocked by atropine (1uM), indicating mediation by 
cholinergic inhibition of M-current. Application of 1mM Ba2+ 
increased excitability of ICNs from both control and MI animals 
supporting a role for M-current in the regulation of porcine 
ICN excitability. In hexamethonium, the amplitude of the 
sEPSP was greater in MI ICNs. In conclusion, we demonstrate 
regulation of porcine ICN excitability by M-current, and show 
alteration of this current after MI. We postulate changes in 
kinetics of M-current underlie the enhanced sensitivity to VNS 
after MI.

Disclosure: No significant relationships.

ISAN19.047
A FLUORESCENT METHOD TO MONITOR 
NOREPINEPHRINE TRANSPORTER RATE IN MURINE 
HEART AND BLOOD VESSELS

Lily Cao1, Andrew P. Holmes1, Janice M. Marshall1, Larissa 
Fabritz2, Keith L. Brain1

1University of Birmingham, Institute of Clinical Sciences, 
Birmingham, UNITED KINGDOM, 2University of Birmingham, 
Institute of Cardiovascular Sciences, Birmingham, UNITED 
KINGDOM

Abstract: Here, we validate the use of a fluorescent 
norepinephrine transporter (NET) substrate for dynamic 
measurements of transporter function in murine heart and 
blood vessels; this technique avoids the use of radioactive 
tracers and provides single-varicosity resolution. Murine 
(Wistar rats and C57BL/6J mice) hearts and mesenteric 
arteries (MAs) were isolated, loaded with fluorescent NAT 
substrate (Neurotransmitter Transporter Uptake Assay; 
NTUA) and imaged with confocal microscopy. NTUA positively 
labelled sympathetic varicosities in all four chambers of 
the mouse heart, the rat left atrium (LA) and MAs of both 
species. Upon loading, NTUA fluorescence increased 
linearly in the first 16, 10 and 6 minutes in the rat LA, MA 
and mouse LA, respectively – all of which were abolished 
by 1 µM desipramine (NET inhibitor). Comparably, the NET 
uptake rate (arb.min-1) appeared faster in the mouse LA than 
the rat LA (0.315 ± 0.051, n = 3, nt = 18 vs. 0.068 ± 0.008, n 
= 4, nt = 24; p < 0.01) and the latter being similar to the rat 
MA (0.085 ± 0.009, n = 4, nt = 24 vs. 0.077 ± 0.01, n = 2, nt 
= 12; p = 0.58). It is now possible to identify and monitor 
individual sympathetic varicosities in murine cardiovascular 
tissue ex vivo. This straightforward method allows dynamic 
measurements of sympathetic nerve activity in response to 
functional manipulations, either drug-induced, pathological 
or surgical.

Disclosure: No significant relationships.
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SEXUAL DIMORPHISM IN THE AORTIC BAROREFLEX 
OF RAT

Landan Mintch, Grace C. Santa Cruz Chavez, John Schild
IUPUI, Biomedical Engineering, Indianapolis, IN, UNITED STATES 
OF AMERICA

Abstract: We have previously shown that female rats exhibit 
an enhanced baroreflex (BRx) mediated arterial depressor 
response as compared to that of aged matched males. This 
functonal difference arises from the recruitment of a subset 
of myelinated BR afferents not often found in males. Earlier 
in vitro studies documented that the cell bodies for these 
myelinated vagal afferents lose all capacity for sustained 
discharge after ovariectomy. This study was undertaken to 
determine if ovariectomy would also lessen the enhanced 
depressor response observed in ovary intact (OVI) female 
rats. Normal (OVI, n = 28) and ovariectomized (OVX, n = 50) 
female rats were prepared for in situ study. In a subset of 
these experiments, spontaneous and evoked nerve activity 
from the left aortic depressor nerve was also recorded. Our 
in situ BRx protocols showed blunted depressor responses in 
OVX females, 3 – 4 times smaller than those of OVI females. 
Our nerve activity studies revealed significant reductions (> 
50%) in the cardio-phasic, i.e. systolic-mediated pressure 
evoked discharge of myelinated barosensory afferents. 
Interestingly, the integrated electrical energy of the evoked 
compound action potentials was not significantly different 
between the OVX and OVI cohorts of age matched female 
rats. Collectively, our findings suggest that loss of ovarian 
hormone through ovariectomy selectively reduced the 
capacity for repetitive discharge in a sex specific subtype of 
myelinated barosensory fibers, leading to a diminished BRx 
mediated depressor response. These studies bring focus to 
potential contributions of BR afferents to the noted reductions 
in parasympathetic activation in postmenopausal women.

Disclosure: No significant relationships.

ISAN19.049
PRESSOR RESPONSE TO INTERMITTENT 
CONTRACTION IN TYPE 1 DIABETIC RATS: ROLE OF 
PIEZO CHANNELS

Ann-Katrin Grotle1, Yu Huo1, Kai M. Ybarbo1, Audrey J. 
Stone2

1The University of Texas at Austin, Department of Kinesiology and 
Health Education, Austin, UNITED STATES OF AMERICA, 2The 
University of Texas at Austin, Department of Kinesiology and Health 
Education, Austin, TX, UNITED STATES OF AMERICA

Abstract: Previous studies have shown that the 
mechanoreflex is exaggerated in the early stage of type 1 
diabetes mellitus (T1DM) and that Piezo channels play a 
role in this exaggeration. The purpose of this study was to 
test whether blocking Piezo channels in the skeletal muscle 
would attenuate the pressor response to intermittent muscle 
contraction. We measured the exercise pressor reflex in 
unanesthetized, decerebrated, streptozotocin (STZ) induced 
T1DM (50mg/kg i.p; body weight: 437±30g) and healthy 
control (CTL: body weight: 534±1g) Sprague Dawley rats 
by intermittently contracting the hindlimb muscles for 30s 
while measuring mean arterial pressure (MAP) and popliteal 
arterial blood flow (BF). To determine the contribution of Piezo 
channels in evoking the exercise pressor reflex, we injected a 
known Piezo channel antagonist (GsMTx-4; 10µg/0.1ml) into 
the arterial supply of the hindlimb and compared the pressor 
and blood flow responses to muscle contraction before and 
after injection. We found that GsMTx-4 decreased the peak 
pressor response to intermittent muscle contraction in each 
CTL rat and each STZ rat; however, these differences were 
not statistically significant (CTL before: 10±2 mmHg; CTL 
after: 6±0 mmHg, n=2; STZ before: 30±5 mmHg; STZ after: 
21±2 mmHg, n=2; p>0.05). GsMTx-4 significantly reduced 
total blood flow in CTL rats (AUCi before: 45±4 ml/min∙30s), 
after: 8±1 ml/min∙30s; p<0.05) but not in STZ rats (AUCi 
before: 23±2 ml/min∙30s, after: 24±2 ml/min∙30s; p>0.05). 
In conclusion, these preliminary findings suggest that Piezo 
channels may play a role in evoking the exaggerated pressor 
response to intermittent muscle contraction in T1DM rats.

Disclosure: No significant relationships.
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NEURO-CARDIAC REFLEXES FOR CATHETER 
ABLATION AND MANAGEMENT OF IDIOPATHIC 
PREMATURE VENTRICULAR COMPLEXES.

Sebastian Stec1, Piotr Kulakowski2

1MediNice Research and Development Center, Aeropolis-jasionka, 
Jasionka-Rzeszów, POLAND, 2Division of Electrophysiology, 
Cardiology, Postgraduate Medical School, Warsaw, POLAND

Abstract: Background: Autonomic tone, neuro-cardiac 
and cardiac reflexes play important role in inducing frequent 
premature ventricular complexes (PVC) and rare, atypical 
symptoms. Therefore, the clinical utility of this phenomena has 
not been investigated prospectively in large group of patients 
with idiopathic PVC. Methods: Consecutive patients (n=152, 
women: 61%, age: 46+/-15, 2 centers) with frequent idiopathic 
PVC were included into prospective registry. All symptoms 
and maneuvers associated with autonomic tone, neuro-
cardiac reflexes and cardiac reflexes were noted and verified 
by electrophysiologist prior and after procedure. Patient 
were non-sedated prior to evaluation of PVC inducibility and 
autonomic tests in EP lab. Results: Spontaneous PVC (174 
focuses, 91% successfully ablated) that allowed activation 
mapping were recorded in 72% of PVC. In remaining patients 
after complete electrophysiologic study atypical, consistent 
inducibility of PVC were based on previous patient history and 
use of neuro-cardiac reflexes: isoproterenol (12.0%), exercise 
hand grip maneuver (4.0%), Valsalva maneuver (2.9%), carotid 
sinus massage (3.5%), high frequency pacing from right atrial 
appendage (0.6%), adenosine (0,6%), low temperature total 
body cooling (0.6%), alcohol intake (1.2%). Atypical symptoms 
related to neurocardiac reflexes were PVC-associated cough 
(6.7%) and PVC-associated dysphagia (2%). However, 
syncope (17.0%) and dyspnea (49.0%) were the most frequent 
symptoms that disappeared after successful catheter 
ablation. Conclusions: Validation of neuro-cardiac reflexes 
and atypical symptoms in patient with frequent idiopathic PVC 
are crucial for management strategy. There are several neuro-
cardiac maneuvers that can be used for periprocedural PVC 
inducibility, activation mapping and validation of efficacy of 
catheter ablation.

Disclosure: No significant relationships.

ISAN19.051
ASSOCIATION BETWEEN BILATERAL CARDIAC 
SYMPATHETIC DENERVATION AND MENTAL HEALTH

Sahib Khalsa1, Ashley N. Clausen2, Leila Shahabi3, Sarah 
E. Gonzalez4, Julie M. Sorg4, Bruce D. Naliboff5, Kalyanam 
Shivkumar6, Olujimi A. Ajijola7

1Laureate Institute for Brain Research, Tulsa, OK, UNITED STATES 
OF AMERICA, 2Duke University, Durham, UNITED STATES OF 
AMERICA, 3UCLA, Los Angeles, UNITED STATES OF AMERICA, 
4UCLA, Cardiac Arrhythmia Center, Los Angeles, CA, UNITED 
STATES OF AMERICA, 5UCLA, Oppenheimer Center For 
Neurobiology Of Stress, Los Angeles, CA, UNITED STATES OF 
AMERICA, 6UCLA Health System, DGSOM, Medicine (cardiology), 
Radiology and Bioengineering, Los Angeles, CA, UNITED 
STATES OF AMERICA, 7UCLA Health System, DGSOM, Medicine 
(Cardiology), Los Angeles, CA, UNITED STATES OF AMERICA

Abstract: Introduction: Bilateral cardiac sympathetic 
denervation (BCSD) is a surgical treatment for refractory 
ventricular arrhythmias. Although the procedure has shown 
preliminary efficacy at reducing arrhythmia expression, its 
impact on mental health is unknown. In the current study 
we assessed associations between the BCSD procedure 
and mental health. Methods: 30 ventricular arrhythmia 
patients (77% male, age 50.1+/-15.2 years) undergoing 
BCSD completed assessments of depression, anxiety, 
posttraumatic stress, and defibrillator shock catastrophizing 
pre- and/or post-surgery (average time between assessments 
= 1.5 months). Differences in mental health symptoms at pre- 
and post-treatment were explored using Welch’s t-tests. In a 
subset of patients who completed post-treatment evaluation 
of BCSD (n=10), we examined predictors of BCSD success 
(i.e., cessation of ventricular arrhythmia) using a stepwise 
linear regression including post-treatment anxiety (step 1), 
depression (step 2), posttraumatic stress (step 3), and shock 
catastrophizing (step 4). Results: Significant decreases 
in anxiety were observed from pre- (moderate severity) to 
post-treatment (low severity; Welch’s t=2.6, df=24.3, p=0.015). 
While depression, PTSD, and shock catastrophizing reduced 
in severity, no significant differences were identified from pre- 
to post-treatment (all p’s >0.05). The three-step linear model 
including post-treatment anxiety, depression and PTSD 
significantly predicted and accounted for the most variance 
in BCSD success (F(3,6)=8.10, R2=0.80, p=0.016). Anxiety was 
the only significant individual predictor of BCSD outcome 
(B=-0.07, p=0.006). Conclusion: BCSD success is associated 
with reduced anxiety shortly after successful treatment. 
Longitudinal surveillance of mental health symptoms after 
BCSD may be warranted to determine the impact of this 
procedure on mental health.

Disclosure: No significant relationships.
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ISAN19.114
REDUNDANCY OF THE ASIC CHANNEL IN EVOKING 
THE EXERCISE PRESSOR REFLEX.

Joyce Kim1, Jonathan E. Harms2, Victor Ruiz-Velasco3, 
Marc P. Kaufman3

1Penn State College of Medicine, Heart and Vascular Institute, 
Hershey, PA, UNITED STATES OF AMERICA, 2PennState University 
Milton S hershey Medical Centre, Heart and Vascular Institute, 
Hershey, PA, UNITED STATES OF AMERICA, 3PennState University 
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UNITED STATES OF AMERICA

Abstract: The exercise pressor reflex is initiated by the 
contraction-induced activation of group III and IV muscle 
afferents. The reflex is manifested by increases in arterial 
blood pressure and cardiac output, which, in turn, are 
generated by increases in the sympathetic outflow to the heart 
and vasculature and decreases in the vagal outflow to the 
heart. In previous experiments, we used a pharmacological 
approach to assess the role played by ASIC 3 channels on 
group III and IV afferents in evoking the exercise pressor reflex. 
In the present study, we used an alternative approach, namely 
functional knockout (KO) of the ASIC 3 gene to confirm and 
extend our previous finding that pharmacological blockade of 
the ASIC 3 channel had only a small impact on the expression 
of the exercise pressor reflex when the arterial supply to the 
contracting hind limb muscles of rats was patent. Using this 
alternative approach, we compared the magnitude of the 
exercise pressor reflex evoked in ASIC 3 KO rats with that 
evoked in their wild-type (WT) counterparts. We found both 
WT and ASIC 3 KO rats displayed similar pressor responses 
to static contraction and calcaneal tendon stretch. Likewise, 
both WT and ASIC 3 KO displayed similar pressor responses 
to intra-arterial injection of 12mM lactic acid, 24mM lactic 
acid, capsaicin, and diprotonated phosphate (H2PO4

-). We 
conclude that redundant receptors are responsible for evoking 
the pressor reflexes arising from group III and IV afferents.  
This work was funded by National Institutes of Health grants 
R01 AR059397 and P01 HL134609.
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LESION OF THE NEURONS OF FOREBRAIN CAUSED 
MOTOR AND COLORECTAL DEFICIT IN A PARKINSON’S 
DISEASE MODEL

Xin-Yi Chai1, Shanti Diwakarla2, Ruslan Pustovit3, Rachel 
M. Mcquade4, Charlotte Ermine2, Clare Parish2, David I. 
Finkelstein2, John B. Furness2

1Florey Institute of Neuroscience and Mental Health, Anatomy 
and Neuroscience, Melbourne, AUSTRALIA, 2Florey Institute of 
Neuroscience and Mental Health, Systems Neurophysiology, 
Melbourne, AUSTRALIA, 3The University of Melbourne, Anatomy 
and Neuroscience, Melbourne, AUSTRALIA, 4Florey Institute of 
Neuroscience and Mental Health, Systems Neurophysiology, 
Melbourne, VIC, AUSTRALIA

Abstract: Background and Objective: About 80% of 
patients with Parkinson’s Disease (PD) have chronic 
constipation and PD animal models also exhibit constipation. 
Surprisingly, lesion of the medial forebrain bundle (MFB) 
with 6-hydroxydopamine (6OHDA) causes constipation. We 
investigated pathways that could link that CNS lesion to an 
effect in the colon. Methods: Male Sprague-Dawley rats 
were unilaterally injected with 6OHDA in the MFB (n=17). 
Amphetamine rotation testing was performed 2 weeks later. 
Motor deficits were assessed using the ledged beam test. 
Colon motility was assessed using bead expulsion and was 
quantified in by the stimulation of the spinal lumbo-sacral 
defecation centres with capromorelin. ENS neuropathy was 
investigated in the colon. Results: 6OHDA rats had motor 
dysfunction, as assessed by ledged beam testing. 6OHDA-
lesioned rats developed GI dysfunction characterized by 
significantly reduced colonic bead propulsion and reduced 
responsiveness to activation of the lumbo-sacral centres. 
There was also a trend towards reduction in the proportion 
of nNOS-positive cells in the myenteric plexus of the distal 
colon. Discussion and Conclusions:This study revealed a 
deficiency in the control circuits for colorectal propulsion 
distal to the lumbo-sacral defecation centres, probably in 
the colon itself, remote from the lesion caused by micro-
injection of 6OHDA into the MFB. Thus there are likely trans-
synaptic effects in pathways from the brain that send signals 
down the spinal cord to the defecation centres and thence 
to colorectum. These effects diminish responses both to 
defecation centre stimulation and to ENS stimulation. Thus 
the constipation of PD may originate in the CNS.

Disclosure: No significant relationships.

ISAN19.115
TRANSCUTANEOUS NEUROMODULATION OF SPINAL 
CORD RESTORES BLADDER AND BOWEL FUNCTION 
AFTER NEUROLOGICAL DYSFUNCTION

Parag Gad1, Evgeniy Kreydin2, Kyle Latack2, Hui Zhong1, 
Victor R. Edgerton1

1University of California, Los Angeles, Los Angeles, UNITED 
STATES OF AMERICA, 2University of Southern California, Los 
Angeles, UNITED STATES OF AMERICA

Abstract: Introduction: Bladder and bowel dysfunction 
impacting patient’s quality of life after neurological disorder 
is universal. Most current therapies focus on managing 
symptoms and complications rather than restoring function. 
Traditionally, cortex/brainstem were believed to be the 
bladder control centers. However, we have also demonstrated 
presence of lumbosacral centers for bladder control. Thus, 
this study investigates use of transcutaneous spinal cord 
stimulation (tSCS) to restore bladder and bowel function. 
Methods: Ten patients (4 SCI, 4 Stroke and 2 MS) were 
recruited. Initially urodynamic studies without and with tSCS 
were performed. Patients received tSCS therapy (T11 and L1 
@30Hz, 90min/day, 3x/week) for 8 weeks. Validated bladder 
and bowel questionnaires, urodynamic studies and bladder/
bowel diaries at pre and post therapy were performed. 
Results: Acutely, tSCS increased voiding efficiency and 
enabled volitional voiding with increased sensation. Post 
therapy, all patients demonstrated an increased bladder 
capacity, fewer incontinence episodes and decreased urge, 
improvement in questionnaire scores (all P<0.05) and better 
sensation of bladder fullness. Discussion: No adverse events 
were observed. Patients reported improvements in bowel 
movements with lower time needed to complete or reduced 
reliance on digit-stimulation/suppository. Better sensation 
of bladder fullness and increased capacity allowed the SCI 
patients to time catheterization efficiently and safely. Volitional 
voiding with sensation during tSCS gave SCI patients an 
increased sense of independence and satisfaction. Reduced 
urge and incontinence allowed Stroke and MS patients to void 
at their convenience. Despite the varied pathology, all patients 
responded similarly to tSCS, suggesting the spinal control of 
bladder and bowel in humans.
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OUTCOMES OF CARDIAC SYMPATHETIC 
DENERVATION FOR VENTRICULAR TACHYCARDIA: 
IMPACT OF URGENCY AT PRESENTATION

Kevin Tran1, Veronica Dusi1, Julie M. Sorg1, Nir Hoftman2, 
Jane Yanagawa3, Jay M. Lee3, Houman Khakpour1, Yuliya 
Krokhaleva1, Olujimi A. Ajijola1, Carlos Macias1, Jason S. 
Bradfield1, Eric B. Buch1, Osamu A. Fujimura1, Noel G. 
Boyle1, Kalyanam Shivkumar1, Marmar Vaseghi1
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Abstract: Background: Cardiac sympathetic denervation 
(CSD) can be an effective treatment in patients with 
cardiomyopathy (CMP) and recurrent ventricular arrhythmias 
(VAs). Advanced heart failure status was previously identified 
as independent predictor of less successful outcome, but the 
prognostic impact of hemodynamic stability at presentation 
is unknown. Aim: To assess the impact of presentation on 
CSD outcomes. Methods: Patients with CMP undergoing 
CSD for refractory VAs were analyzed. Presentation at time 
of CSD was classified as elective (outpatient referral), urgent 
(following admission for VAs requiring treatment), or emergent 
(cardiocirculatory arrest and/or need for mechanical inotropic 
support). Kaplan-Meier analysis was used to estimate 
survival free from ICD shock, heart transplant (OHT), and 
death. Results: Between 2009 and 2018, 85 patients (57±13 
years, 15% female, mean LVEF 34 ±14%, 33% NYHA class 
>2) underwent left (18%) or bilateral CSD. The majority had 
non-ischemic CMP (78%). 55% of patients underwent urgent 
CSD, 31% underwent elective, and 14% emergent. One-year 
freedom from ICD shock was 60% in the elective, 41% in 
the urgent, and 21% in the emergent group (p=0.03). One-
year freedom from ICD shock/OHT/death was 56% in the 
elective, 29% in the urgent, and 8% in the emergent group 
(p=0.002). In-hospital mortality (48 hours after CSD) was 
17% (n=2) in the emergent group and 0% in the other groups 
(p=0.03). Conclusion: Patients who underwent CSD on an 
elective basis have better outcomes than those referred on 
an urgent/emergent basis. This data suggests that CSD may 
be considered earlier in patients with CMP and refractory VAs.

Disclosure: No significant relationships.

ISAN19.117
NON-INVASIVE NEUROMODULATION TO MAINTAIN 
BLOOD PRESSURE AND RESPIRATION IN SLEEP-
DISTURBED BREATHING

Ronald Harper1, Rebecca K. Harper1, Danielle Snodgrass1, 
Leah C. Feulner2, Frisca Yan-Go3, Eberhardt K. Sauerland4

1UCLA, Neurobiology, Los Angeles, CA, UNITED STATES OF 
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OF AMERICA, 4University of Nevada, Reno, Physiology and Cell 
Biology, Reno, NV, UNITED STATES OF AMERICA

Abstract: A major concern with the “gold-standard” 
intervention for obstructive sleep apnea, continuous positive 
airway pressure (CPAP), is the poor support for blood 
pressure maintenance despite its breathing assistance. 
Neuromodulation, using cranial and cervical nerve mechanical 
stimulation, can abolish obstructive and central (periodic 
breathing) events, and concurrently normalize extremes 
of blood pressure. Cutaneous sensory fields for cranial 
nerves 5, 7, 9, and 10, and cervical nerves C2 and C3, all 
lie in the auditory canal or surrounding pinna. We evaluated 
breathing patterns, assessed by thoracic and abdominal 
wall movements, and beat-by-beat blood pressure, inferred 
from pulse transit time, following mechanical stimulation in 
37 patients with obstructive or central apnea or no breathing 
disturbance over a 10 min baseline, 30 min stimulation, and 
10 min post-baseline. Blood pressure and breathing efforts 
were analyzed by ANCOVA (covariates, sex and age). The 
intervention induced sleep in over a third of patients, and 
abolished obstructive and periodic breathing in all subjects, 
creating a slow, deep, minimally-variant breathing pattern. 
Blood pressure in individuals with high systolic and diastolic 
values diminished to normative levels, while those with 
low blood pressure values increased to healthy levels. 
Individual subjects with previously-demonstrated dramatic 
loss of blood pressure during sleep with modest support of 
breathing while using CPAP, had blood pressure restored 
and oxygen saturations return to near 100%. Both blood 
pressure and breathing can be supported in sleep-disordered 
breathing subjects, correcting a blood pressure concern with 
conventional devices.
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THE CONTRIBUTION OF RENAL NERVES TO 
MODULATION OF CARDIO-RESPIRATORY FUNCTION IN 
ZUCKER FAT RATS
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Sheridan Mcmurray3, Arun Sridhar3, Stephen J. Lewis4, 
Yee-Hsee Hsieh5
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Abstract: The renal nerves play an important regulatory role 
in both systemic and renal hemodynamic control. While the 
contribution of renal nerves to cardiovascular homeostasis 
has been thoroughly explored in normal and disease states, 
their role in central respiratory modulation, particularly 
during apnea, is still largely unexplored. This study therefore 
aimed to explore cardio-respiratory modulation contributed 
by renal nerves in the Zucker fat rat (ZFR). Male ZFR (n=8, 
12 months old) were instrumented for recording of mean 
arterial pressure (MAP), airway flow (AF), respiration rate (RR) 
and diaphragmatic EMG (dEMG). The left renal nerve was 
stimulated 5 times (5-6 min apart) at 5 Hz, 0.5 ms, 0.5 mA for 
30 s and responses were averaged. Cardiovascular responses 
to renal nerve stimulation exhibited immediate reductions in 
MAP. Respiratory effects of renal nerve stimulation involved 
increases in AF, RR and dEMG. Together these results show 
that renal nerve stimulation increases respiratory drive in 
anesthetized ZFR. Clinically, renal nerve stimulation may offer 
a therapeutic target for patients with sleep apnea.

Disclosure: No significant relationships.
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EFFECT OF TOTAL AND AFFERENT RENAL 
DENERVATION ON NEUROGENIC PRESSOR ACTIVITY 
AND BLOOD PRESSURE IN 2K1C MODEL

Mariana Ruiz Lauar1, Dusty Van Helden2, Christopher T. 
Banek2, Louise C. Evans2, Jose Vanderlei Menani3, John W. 
Osborn2

1University of Minnesota, Department of Biology and Physiology, 
Minneapolis, MN, UNITED STATES OF AMERICA, 2University of 
Minnesota, Minneapolis, MN, UNITED STATES OF AMERICA, 3São 
Paulo State University, UNESP, Arararaquara, SP, BRAZIL

Abstract: Hypertension (HTN) affects one third of the 
population of western countries. The 2 kidney, 1 clip 
(2K1C) hypertension is thought to depend, in part, on renal 
nerves. Here we tested the hypothesis that renal nerves 
(efferent and afferent) modulate neurogenic pressor activity 
(NPA) and mean arterial pressure (MAP) in the established 
phase of 2K1C-HTN. Male Sprague-Dawley rats (150-180 
g, n=4-7/group) received a clip in the left renal artery and 
were instrumented with telemeters to measure MAP. Four 
weeks later, rats underwent total renal denervation (2K1C-
TRDN), afferent specific renal denervation (2K1C-ARDN) or 
sham surgery (2K1C-sham) of the clipped kidney. MAP was 
measured for the following 2 weeks. NPA was assessed at the 
end of the protocol by measuring MAP response to ganglionic 
blockade. Rats were euthanized at the end of the protocol and 
kidneys harvested for measurement of norepinephrine (NE) 
and CGRP content to assess efficacy of TRDN and ARDN. By 
the end of the protocol, MAP was significantly (p=0.003) lower 
in 2K1C-TRDN (133±13 mmHg) than in 2K1C-sham (166±12 
mmHg) rats. NPA was also significantly (p= 0.027) decreased 
in 2K1C-TRDN (D -22±5 mmHg) compared to 2K1C-sham 
(D -50±12 mmHg) rats. In contrast, ARDN had no effect on 
MAP or NPA. Efficacy of TRDN and ARDN was confirmed by 
measurement of renal NE and CCRP content. We conclude 
that TRDN, but not ARDN, decreases NPA and MAP in the 
established phase of 2K1C-HTN. Supported by: FAPESP 
(2018/11221-1), PROPE/FUNDUNESP and NIH R01 HL116476.

Disclosure: No significant relationships.



1811TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

ORAL PRESENTATIONS

SESSION: SYMPOSIA-RELATED ORAL PRESENTATIONS: PRECLINICAL AND CLINICAL ADVANCES IN PARASYMPATHETIC  
CHOLINERGIC MODULATION FOR TREATING INFLAMMATORY AND METABOLIC DISORDERS 
JULY 26, 2019 | 4:00 PM–4:20 PM

ISAN19.135
POSTURAL TACHYCARDIA SYNDROME (POTS) AND ST 
SEGMENT CHANGES

Ramya Vajapey1, Erika Centeno2, Erik Van Iterson3, 
Haitham M. Ahmed4, Kenneth Mayuga2

1Cleveland Clinic Foundation, Internal Medicine, Cleveland, OH, 
UNITED STATES OF AMERICA, 2Cleveland Clinic Foundation, 
Cleveland, UNITED STATES OF AMERICA, 3Cleveland Clinic Main 
Campus, Cleveland, OH, UNITED STATES OF AMERICA, 4Cleveland 
Clinic Foundation, Cleveland, OH, UNITED STATES OF AMERICA

Abstract: Background: Postural tachycardia syndrome 
(POTS) is a complex, poorly understood syndrome 
characterized by chronic orthostatic intolerance that 
significantly affects quality of life. Previous studies report 
ECG changes during the Tilt Table Test (TTT) in the evaluation 
of POTS, with incomplete understanding. Objective: We 
evaluated ST segment changes during the TTT and during 
exercise stress testing (EST) in patients with POTS. Methods: 
We included 255 patients with a diagnosis of POTS who 
underwent TTT and who were referred for Cardiac Rehab 
where they evaluate an EST upon enrollment. Data were 
obtained from electronic medical records, from 2012 to 2017 
at our center. Results: Of the 255 patients, 46 (18.0%) had ST 
segment changes or ST segment depressions during TTT. The 
majority of patients with ST segment changes were female 
(89.13%) with average age of 36 years. Of those 46 patients 
with ST changes during TTT, only 3 had ST depression during 
EST (6.5%), and all 3 had stress echocardiograms with no 
evidence of ischemia. Two other patients had ST depression 
on EST (but not on TTT), also with stress echocardiograms 
that were negative for ischemia. Conclusion: Our study 
shows that in a large cohort of young, predominantly female, 
patients with POTS, ST changes can occur during a TTT, 
and on EST and stress echocardiogram were found to have 
no evidence of ischemia. The influence of autonomic tone on 
repolarization is hypothesized.

Disclosure: No significant relationships.

ISAN19.134
SHIFT IN MONOCYTE-MACROPHAGE SUBTYPE 
PROPORTIONS WITHIN RAT STELLATE GANGLIA IN 
HYPERTENSION

Oliver Neely1, Harvey Davis2, Chelsea M. Larabee3, Ana I. 
Domingos3, David J. Paterson3

1University of Oxford, Department of Physiology, Anatomy and 
Genetics, Oxford, UNITED KINGDOM, 2University of Oxford, 
Department of Physiology, Anatomy and Genetics, Oxford, UNITED 
KINGDOM, 3University of Oxford, Department of Physiology, 
Anatomy and Genetics, Oxford, UNITED KINGDOM

Abstract: Background: In essential hypertension, 
dysautonomia, comprising sympathetic hyperactivity and 
impaired parasympathetic tone, exacerbates and may 
contribute to disease itself. Systemic inflammation has arisen 
as a driver of hypertension, and the immune is known to 
directly modulate sympathetic tone. Furthermore, recent RNA-
seq data shows upregulation of pro-inflammatory genes in the 
stellate ganglia of spontaneously hypertensive rats (SHRs). 
Objective: We hypothesised ganglionic neuroinflammation 
drives sympathetic hyperactivity in essential hypertension. 
We sought to probe this in the stellate ganglia of the SHR, 
focusing on macrophages, which have recently been 
documented to have close modulatory interactions with 
peripheral sympathetic neurons. Methods: We employed 
single cell RNA sequencing to identify immune clusters and 
subsequently flow cytometry to quantify the proportions of 
major immune populations, comparing between SHR and 
age-matched Wistar rats. Results: A cluster of cells almost 
uniquely expressed pan-immune marker gene cd45, with 
a sub-group of these expressing a range of macrophage-
monocyte genes including pan-marker cd68. Flow cytometry 
supported the presence of T- and B-lymphocytes, NK cells, 
neutrophils and monocyte-macrophages. Interestingly 
the SHR stellates demonstrated a marked increase in the 
proportion of non-classical (CD43Hi His48Int-Lo) to classical 
(His48Hi CD43Lo) monocyte-macrophages. Discussion: We 
describe an immune component within rat stellate ganglia. 
In disease, there may be a shift in the composition of the 
monocyte-macrophage contingent, possibly signifying a 
changing inflammatory milieu. Conclusion: If our finding 
reflects a neuroinflammatory reaction which contributes to 
hypertensive dysautonomia, it could help inform a new line 
of therapeutics for the disease, with potential to ameliorate 
hypertensive development and reduce co-morbidities.

Disclosure: No significant relationships.
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ISAN19.137
ANATOMICAL AND FUNCTIONAL MAPPING OF THE 
RENAL NERVES

Roman Tyshynsky1, Dusty Van Helden2, Erin Larson1, Lucy 
Vulchanova1, John W. Osborn2

1University of Minnesota, Department of Neuroscience, 
Minneapolis, MN, UNITED STATES OF AMERICA, 2University of 
Minnesota, Department of Integrative Biology and Physiology, 
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Abstract: Hypertension is a major health concern throughout 
the world and is the leading contributor to cardiovascular-
related deaths. Clinical trials are currently underway 
investigating the efficacy of renal denervation as a non-
pharmacological treatment for hypertension. While recent 
results support the concept that denervation is efficacious, it 
is nonspecifically destructive of both sensory and sympathetic 
renal nerves. Because the specific roles of sympathetic 
and sensory renal nerves in regulating renal function and 
arterial pressure are still unclear, a thorough mapping of 
their anatomy, combined with a deeper understanding of 
the physiological roles of specific subtypes of nerves is 
necessary. This anatomical and physiological mapping will 
help guide the development of future therapies using ablation 
and neuromodulation technologies. With this objective in 
mind, we are utilizing large-volume tissue clearing and imaging 
techniques and targeted optogenetic modulation of specific 
subtypes of sympathetic and sensory renal nerves. Although 
it is widely reported that sensory nerves primarily innervate 
the pelvic wall, we describe a close anatomical relationship 
between renal glomeruli and sensory fibers. To the best 
of our knowledge, this has not been quantified previously. 
Furthermore, experiments investigating the roles of specific 
renal sensory and sympathetic nerves on cardiovascular and 
renal function are underway. Using a custom-designed cuff, 
optogenetic stimulation is applied to periarterial renal nerves 
in transgenic mice that express channelrhodopsin in subsets 
of sensory and sympathetic nerves. Mean arterial pressure 
and cortical blood flow are measured as physiological outputs 
of neuronal stimulation. Current progress towards these 
mapping goals will be presented at this meeting.

Disclosure: No significant relationships.

ISAN19.136
A NOVEL PERIPHERAL INHIBITORY PATHWAY 
TARGETING SALIVARY GLAND FUNCTION.

Joseph Lee1, Kaleb Perez1, Adel Maklad2, David 
Giovannucci1
1University of Toledo College of Medicine, Neurosciences, Toledo, 
UNITED STATES OF AMERICA, 2University of Toledo College 
of Medicine, Medical Education, Toeldo, UNITED STATES OF 
AMERICA

Abstract: Autonomic neural activity regulates the production 
and composition of saliva critical for oral health. However, 
debilitating oral dryness results when autonomic signals to 
the salivary glands are disrupted by autoimmune disease, 
radiation treatment for head and neck cancers or medications 
including anxiolytics. The impressive dynamic range of saliva 
flow of the parotid salivary gland centers this organ as a 
promising therapeutic target, but transdermal and intra-oral 
stimulation devices have not achieved long-term improvement 
in oral hydration in patients. Using mouse models and 
molecular, optical and electrophysiological approaches 
we now report an unexplored postganglionic GABAergic 
pathway, define its effect on secretory tissue and elucidate 
how it integrates with canonical autonomic pathways. 
Superior cervical ganglia showed GABA-containing nerve 
fibers and cell bodies, a subset of which co-localized with 
parotid-projecting neurons. Gramicidin-perforated patch 
clamp of retrogradely-labeled neurons revealed GABA-
evoked depolarizing currents that inhibited action potential 
generation and frequency. Moreover, calcium imaging of 
parotid tissue slices demonstrated that secretory activity 
evoked by depolarizing stimuli was diminished by GABA 
treatment and reversed by picrotoxin. In contrast, whole-cell 
recordings of dispersed acinar cells showed no direct effect 
of GABA treatment on secretory tissues. Our data suggest 
GABA may depress salivation by i) reducing excitability at 
autonomic ganglia via a shunting effect and ii) by diminishing 
acetylcholine release at secretomotor nerve terminals in 
the parotid gland. Understanding the circuits that regulate 
secretory function and tissue homeostasis will support the 
development of the next generation of neuromodulation 
therapies to treat the symptoms of salivary hypofunction.

Disclosure: No significant relationships.
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hypogastric nerve had broad effects across multiple cell 
types, including myenteric neurons, ICC, and epithelial cells. 
Recordings of whole colon motility patterns revealed that 
spontaneous waves of propagating contractions (colonic 
migrating motor complexes, CMMC) occur regularly. Blue light 
stimulation of choline acetyltransferase (ChAT)-expressing 
enteric neurons in ChAT-ChR2 mice triggered CMMCs that 
were initiated oral to the site of stimulation, however this was 
not always reproducible and appeared to depend on the 
location of light stimulation. By contrast, light stimulation 
of neuropeptide Y (NPY)-expressing sympathetic terminals 
consistently produced relaxation and elongation in the 
circular and longitudinal muscles, respectively. Overall, our 
lab is beginning to construct a functional and predictive map 
of the ENS connectome in mice with healthy colons. Future 
studies will use mouse models of GI motility disorders to 
determine the changes in the ENS connectome and whether 
electrical or optogenetic stimulation can be used to correct 
motility.

Disclosure: No significant relationships.

ISAN19.184
MAPPING INTRINSIC AND EXTRINSIC ENTERIC 
CIRCUITS THAT REGULATE COLON FUNCTION

Kristen Smith-Edwards1, Brian S. Edwards2, Sarah A. 
Najjar2, Marthe Howard3, Kathryn M. Albers4, Brian M. 
Davis5

1University of Pittsburgh, Pittsburgh, PA, UNITED STATES 
OF AMERICA, 2University of Pittsburgh, Pittsburgh, UNITED 
STATES OF AMERICA, 3University of Toledo College of Medicine, 
Neurosciences, Toledo, UNITED STATES OF AMERICA, 4University 
of Pittsburgh, Neurobiology, Pittsburgh, PA, UNITED STATES OF 
AMERICA, 5University of Pittsburgh, Neurobiology and Pittsburgh 
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Abstract: The enteric nervous system (ENS) consists 
of a heterogeneous population of cells that constantly 
communicate with one another through chemical and electrical 
synapses to execute bowel functions. Intrinsic activity in 
ascending and descending myenteric neuron pathways, along 
with slow waves of depolarization produced by interstitial 
cells of Cajal (ICC), orchestrate motility patterns of the colon. 
In addition, there are extrinsic nerve pathways that coordinate 
activity between distant regions of the gastrointestinal (GI) 
tract and allow the central nervous system (CNS) to regulate 
GI function. Numerous GI disorders result in colon dysmotility, 
and mapping the functional connections among enteric 
subpopulations of cells would provide the means to precisely 
regulate colon motility using external stimulators. To reveal 
the cellular mechanisms underlying colon motility, our lab has 
employed optogenetics (e.g., GCaMP, ChR2) in ex vivo and 
in vivo colon preparations in which the intrinsic ENS circuits 
and extrinsic pathways to the colon remain intact. We used 
mice that express the genetically-encoded calcium indicator, 
GCaMP, to image spontaneous and evoked calcium signals 
in enteric neurons, enteric glia, ICC, and epithelial cells, and 
then correlated this activity to spontaneous and evoked colon 
contractions. We also used mice that express the blue-light 
activated ion channel, channelrhodopsin (ChR2), to activate 
specific subpopulations of neurons while recording the effect 
on whole colon motility patterns. Electrical stimulation of the 
colon either 5mm anal or oral to the imaging field activated 
distinct populations of myenteric neurons and produced 
different patterns of contractility, as measured by movement 
in the longitudinal and circular muscle axes. In addition, the 
activation of extrinsic parasympathetic fibers via ventral root 
stimulation mimicked the neural responses and contractions 
produced by stimulation anal to the imaging field, indicating 
that extrinsic parasympathetic input from the CNS engages 
ascending excitatory enteric circuits to promote colon 
motility. However, activation of extrinsic sensory neurons 
via dorsal root stimulation only produced responses when 
the spinal cord was intact, suggesting that extrinsic sensory 
neurons indirectly influence enteric neuron activity via a 
sensory-parasympathetic spinal reflex. Unlike the transient 
and specific effects of parasympathetic activation, electrical 
stimulation of postganglionic sympathetic neurons in the 
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OPTICAL NANOSENSOR FOR IMAGING 
ACETYLCHOLINE IN THE PERIPHERAL NERVOUS 
SYSTEM

Hongrong Yang1, Junfei Xia1, Michelle Mu1, Alex Lovely2, 
James Monaghan2, Heather Clark3

1Northeastern University, Bioengineering, BOSTON, MA, UNITED 
STATES OF AMERICA, 2Northeastern University, Biology, Boston, 
MA, UNITED STATES OF AMERICA, 3Northeastern University, 
Bioengineering, Chemistry and Chemical Biology, Boston, MA, 
UNITED STATES OF AMERICA

Abstract: Developing methods to monitor the release of 
neurotransmitters during synaptic transmission would have 
a significant impact on the diagnosis and the treatment 
of various neurological diseases. There remains a need 
for a biochemical sensor that can continuously image the 
dynamics of specific neurotransmitters in vivo. Here, we 
present findings on the development of a novel biochemical 
nanosensor capable of detecting acetylcholine (ACh) in the 
peripheral nervous system of mice. The ACh nanosensor 
consists of four functional motifs: 1) A scaffold providing 
anchor points for all components; 2) An enzyme recognizing 
ACh; 3) A set of fluorophores providing a ratiometric signal 
readout; 4) A targeting molecule localizing the nanosensor 
to ACh receptors. Specifically, the ACh nanosensor was 
assembled by annealing 5 DNA oligonucleotides to form a 
Y -shaped double-stranded DNA dendrimer as a scaffold 
of ~20 nm. The DNA scaffold is covalently attached to 
acetylcholinesterase (AChE), an enzyme that hydrolyzes 
ACh into choline and acetic acid, lowering the localized 
pH. Four pHAb fluorophores, serving as pH indicators, 
are in close proximity to report these local pH changes in 
response to ACh hydrolysis. Lastly, alpha-bungarotoxin 
(BTX) labeled with Alexa647 is linked on the scaffold as a 
targeting ligand specific to ACh receptors. We found that 
the modification on DNA backbone does not compromise 
the biochemical characteristics of either AChE or BTX. The 
successfully assembled ACh nanosensor is purified by HPLC, 
and further confirmed by gel electrophoresis and AFM. The 
ACh nanosensors display a sensitive and reversible response 
to physiological ACh range from 5 μM to 500 μM in in vitro 
calibration and reversibility test. Strikingly, the ACh sensor still 
responds to ACh lower than 1 μM. As a demonstration of the 
power of this technique for live-animal imaging, the sensors 
were localized within the submandibular ganglion (SMG) 
in mice and imaged using a standard upright microscope. 
Endogenous ACh release in the SMG was observed in real-
time following electrical stimulation of the nerve. Overall, 
these results shed light on the future application of our 
nanosensor technology in ratiometric imaging of the release 
and clearance of ACh paired with electrical stimulation of 
SMG in living mice. We envision such a sensor platform could 
be applied to imaging other neurotransmitters in mammalian 
system as well as extended to other organ systems in the 
peripheral nervous system.
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Within each cluster, transcriptional profiles of SGFL and SGBAT 
neurons are very similar. Thus, it is likely that neuroanatomical 
and functional properties of the four main subclasses of SGBAT 
neurons will generalizable to other sympathetic neurons in 
the SG.
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NEUROANATOMICAL AND MOLECULAR PROPERTIES 
OF STELLATE GANGLION NEURONS THAT REGULATE 
BROWN ADIPOSE TISSUE
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Abstract: Neuroanatomical and molecular properties of 
stellate ganglion neurons that regulate brown adipose tissue 
Seoeun Lee, Vidhu Thaker and Lori M. Zeltser. Columbia 
University Medical Center, New York, NY, USA Brown adipose 
tissue (BAT) is able to convert energy from food into heat. 
BAT activation improves metabolic parameters by acting as 
a metabolic sink for glucose and triglycerides. Thus, there 
is a growing interest in developing pharmacological agents 
that recruit or stimulate BAT thermogenesis to treat diabetes. 
As with any drug, a major challenge to the development 
of these compounds is undesirable on-target effects on 
other organs. Because the sympathetic nervous system 
(SNS) plays a critical role in regulating BAT thermogenesis 
in rodents and humans, sympathetic neuromodulation has 
the potential to activate BAT without unwanted effects on 
other organ systems. A major obstacle to exploring the 
therapeutic potential of BAT neuromodulation is that little is 
known about the neurons that regulate its function. To fill this 
knowledge gap, we used a combination of neuroanatomical 
and molecular approaches to characterize neurons in the 
stellate ganglion (SG), the primary source of the sympathetic 
input to interscapular BAT in rodents. The SG has a complex 
organization, with 6-8 different nerve branches providing 
sympathetic input to diverse targets in the upper part of the 
body including the heart, lungs, esophagus, trachea, neck, 
and forelimbs. To distinguish BAT-projecting SG neurons 
(SGBAT) from intermingled populations of neurons that project 
to distinct/other targets, we utilized cholera toxin subunit 
B (CTB) retrograde tracing in all of our analyses. We found 
that SGBAT neurons are intermingled with forelimb-projecting 
neurons (SGFL) in the lateral aspect of the ganglion, but these 
two populations are completely distinct. We developed a 
technique to perform single cell RNA-Seq in conjunction with 
CTB retrograde tracing. We dissociated SG neurons from 8 
wk-old mice simultaneously injected with CTB-Alexa555 
into BAT and CTB-Alexa488 into the forelimb. Using flow 
cytometry, we sorted Alexa555+ (SGBAT), Alexa488+ (SGFL) and 
non-labeled single cells directly into 96-well plates containing 
lysis buffer. Pooled, 3‘-end sequencing libraries were then 
sequenced on an Illumina NextSeq 500. We analyzed single 
cell RNA-Seq data collected from a total of 11 plates (from 
3 independent cohorts/sorts) with 1039 cells (433 SGBAT 
(A555+), 220 SGFL (A488+) and 375 non-labeled neurons) 
from mouse SG. Unsupervised and supervised analyses of 
the dataset identified four main clusters of SG neurons; each 
cluster contains neurons that project to BAT and forelimb. 
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ISAN19.188
EPIDURAL SPINAL CORD STIMULATION FOR 
SELECTIVE ACTIVATION OF LOWER URINARY TRACT 
NERVES

Maria Jantz1, Chaitanya Gopinath1, Bryan Mclaughlin2, 
Robert Gaunt3

1University of Pittsburgh, Bioengineering, Pittsburgh, PA, UNITED 
STATES OF AMERICA, 2Micro-Leads, Inc, Somerville, UNITED 
STATES MINOR OUTLYING ISLANDS, 3University of Pittsburgh, 
Physical Medicine and Rehabilitation, Pittsburgh, PA, UNITED 
STATES OF AMERICA

Abstract: Restoring bladder control is one of the highest 
priorities for people with spinal cord injury (SCI). The existing 
interventions to treat bladder dysfunction after SCI, including 
catheterization and pharmaceuticals, are inadequate, and 
it is therefore of interest to develop new therapeutic and 
technological approaches. One possible approach is epidural 
spinal cord stimulation, a neuromodulation therapy that is 
widely used to treat back pain, giving it the potential to be 
rapidly translatable. Recent studies have demonstrated 
that epidural stimulation can be effectively used to improve 
locomotion following spinal cord injury, with some reported 
improvements in bladder and bowel function. Here, we 
aim to demonstrate the use of epidural stimulation for 
selective recruitment of afferent neurons innervating the 
bladder, and determine the effectiveness of this technique 
to improve bladder function, including both micturition and 
continence. We placed custom multichannel epidural arrays 
(MicroLeads Inc and Ripple LLC) at several locations on the 
sacral spinal cord and cauda equina of anesthetized male 
cats. We measured antidromic compound action potentials 
using nerve cuffs (MicroLeads) on the pelvic nerve as well as 
the pudendal nerve and its branches. To monitor off-target 
activation of the lower limb, we placed a nerve cuff on the 
sciatic nerve. Throughout experiments, the bladder and 
intraurethral pressures were measured using catheters. Using 
a binary search procedure, we stimulated at varying current 
amplitudes on each electrode of the array to determine the 
threshold of recruitment for each nerve and which nerves 
were frequently coactivated. In addition, we stimulated using 
several multipolar configurations to determine what changes 
current steering produces in selective nerve recruitment. 
We were able to selectively recruit each instrumented nerve 
while minimizing off-target effects. For monopolar stimulation, 
the mean stimulation amplitude at which the first nerve was 
recruited was 402 ±150 µA. Multipolar stimulation yielded 
much higher thresholds, with amplitudes of greater than 1000 
µA frequently necessary to recruit neural responses. With the 
electrode placed over the more cranial locations on the spinal 
cord, off-target effects were observed frequently, whereas at 
the most caudal cauda equina placement, off-target effects 
were uncommon. The caudal rectal and deep perineal 
branches of the pudendal nerve were the most difficult to 
recruit, but were activated more frequently at the caudal 
placement compared with the more cranial placements on 
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EASIER 3D IMAGING
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Abstract: 3D fluorescence microscopy is a powerful tool 
for mapping the neural connections in the peripheral nerve 
system. However, it often involves sophisticated tissue 
processing (e.g., tissue clearing) and expensive imaging 
systems (e.g., light sheet microscopes). Therefore, 3D 
microscopy is not widely adapted as an everyday tool for 
most labs. My work focuses on making 3D microscopy easier. 
We developed an optical clearing method named LIMPID 
(Lipid-preserving Index Matching for Prolonged Imaging 
Depth) which rapidly clears most biological samples in one 
step. LIMPID is compatible with most common tracing dyes 
(e.g., DiI, CTB, etc.) and fluorescent proteins (e.g., GFP, 
YFP, etc.) making it a valuable tool for studying peripheral 
neural networks and neural innervations of different organs. 
Adjustable refractive index (1.46-1.52) allows one to match 
the refractive index of oil or glycerol that is used by many 
conventional, high-resolution microscope objectives. This 
creates aberration free images deep into the tissue. We also 
developed MiNiLSFM (Microscope-integratable Non-invasive 
Light Sheet Fluorescent Microscope) which is a light sheet 
generating device that can be plugged into conventional 
fluorescence microscopes without any hardware/optical 
modification. MiNiLSFM costs <$4,000 to build (tenfold less 
expensive than most commercial and open source light sheet 
microscopy systems) by using inexpensive components 
from consumer and industry products. By combining simple 
LIMPID clearing and affordable MiNiLSFM, we aim to provide 
the research community a promising pathway towards 
3D fluorescence microscopy with tools readily available. 
Because of the ultra-simplicity of LIMPID and high hardware 
compatibility of MiNiLSFM, we hope these techniques 
can potentially simplify the workflow of some biological 
microscopy tasks by eliminating the time and labor intensive 
steps.
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IDENTIFICATION OF PERIPHERAL NEURAL CIRCUITS 
REGULATING HEART RATE USING OPTOGENETIC AND 
VIRAL VECTOR STRATEGIES
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Abstract: Heart rate is under the precise control of the 
autonomic nervous system. However, the wiring of peripheral 
neural circuits that regulate heart rate is poorly understood. 
Here, we develop a clearing-imaging-analysis pipeline to 
visualize innervation of intact hearts in 3D and employed 
a multi-technique approach to map parasympathetic and 
sympathetic neural circuits that control heart rate in mice. 
We identify cholinergic neurons and noradrenergic neurons 
in an intrinsic cardiac ganglion and the stellate ganglia, 
respectively, that project to the sinoatrial node. We also 
report that the heart rate response to optogenetic versus 
electrical stimulation of the vagus nerve displays different 
temporal characteristics and that vagal afferents enhance 
parasympathetic and reduce sympathetic tone to the heart 
via central mechanisms. Our findings provide new insights 
into neural regulation of heart rate, and our methodology to 
study cardiac circuits can be readily used to interrogate neural 
control of other visceral organs.

Disclosure: No significant relationships.

the cord. Additionally, we observed changes in intravesical 
and intraurethral pressure evoked by changes in stimulus 
location and amplitude. We were able to effectively evoke and 
suppress bladder contractions. In conclusion, we were able 
to selectively recruit nerves that innervate the lower urinary 
tract using epidural sacral spinal cord stimulation. We plan to 
use this selective stimulation to modulate function in the lower 
urinary tract in order to improve continence and micturition 
in people following SCI.

Disclosure: No significant relationships.
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ISAN19.192
BIDIRECTIONAL MINIMALLY INVASIVE OPTOGENETIC 
PERIPHERAL NERVE INTERFACE

Richard Weir1, Gregory Futia1, Arjun Fontaine1, Emily 
Gibson1, Sam Littich1, John Caldwell2, Diego Restrepo2, 
Juliet Gopinath3, Robert Mcleod3, Victor Bright4, Omkar 
Supekar4, Wei Lim3, Mo Zohrabi3

1University of Colorado Denver | Anschutz Medical Center, 
Bioengineering, Aurora, CO, UNITED STATES OF AMERICA, 
2University of Colorado Anschutz Medical Center, Cell and 
Developmental Biology, Aurora, CO, UNITED STATES OF 
AMERICA, 3University of Colorado Boulder, Electrical, Computer 
and Energy Engineering, Boulder, CO, UNITED STATES OF 
AMERICA, 4University of Colorado Boulder, Mechanical 
Engineering, Boulder, CO, UNITED STATES OF AMERICA

Abstract: We are developing an optogenetic neural interface 
capable of closed loop neuromodulation of genetically 
expressed optical proteins within individual axons in the 
vagus nerve. To understand the autonomic nervous system, 
it is essential to be able to detect and stimulate the activity 
of neurons and axons with functional, temporal, and spatial 
specificity. Discoveries in optogenetics have provided tools to 
optically stimulate and record from single axons in peripheral 
nerves. Simultaneous optical recording and stimulation of 
neurons in the CNS of head fixed animals have been achieved. 
However, optogenetic stimulation and optical recording from 
peripheral nerve axons and ganglia have yet to be achieved 
in vivo. Our proposed instrument is comprised of (1) a fiber-
coupled microscope (FCM) that uses an electrowetting lens 
for three dimensional acquisition and (2) a gradient index of 
refraction (GRIN) lens that interfaces the FCM with a nerve or 
ganglion cuff. Two-photon holographic methods are employed 
to simultaneously stimulate multiple, arbitrarily shaped 
regions. Initial demonstrations show repeatable changes in 
heart rate and breath rate upon two photon stimulation of 
different regions in the vagus nerve in anesthetized mice.

Disclosure: No significant relationships.

ISAN19.191
2D ULTRASOUND PHASED ARRAY IN A SINGLE 
WEARABLE CHIP FOR STIMULATION OF PERIPHERAL 
NERVES

Tiago Costa, Elisa Konofagou, Ellen Lumpkin, Kenneth L. 
Shepard
Columbia University, New York City, NY, UNITED STATES OF 
AMERICA

Abstract: While the mechanisms are not yet completely 
understood, ultrasound-based neuromodulation has been 
emerging as a noninvasive modality for interfacing to both 
the central and peripheral nervous systems, due to its high 
penetration depth and good spatial resolution. Commercially 
available ultrasound transducers for neuromodulation 
applications are typically single-element focused transducers 
with a bulky form factor and off-the-shelf electronics for drive. 
Changing the sub-mm sized focal spot position requires 
mechanical movement of the transducer itself, which adds 
uncertainty to the stimulation location, while concurrent 
B-mode imaging is only possible by using complex setups 
with both stimulation and imaging probes in a confocal 
arrangement. In this work, we present a device with a 2D 
array of lead zirconate titanate (PZT) ultrasound transducers 
and driving electronics integrated in the same complementary 
metal-oxide semiconductor (CMOS) chip. This prototype 
has a patch-form factor interfaced to a printed-circuit board 
(PCB). The use of a 2D array allows the focal spot location 
to be controlled electronically in software and permits 
concurrent imaging and stimulation. Imaging allows precise 
control of the stimulation target and motion tracking. Direct 
integration of the piezoelectric transducers and CMOS 
technology allows very high density arrays to be supporting in 
addition to reducing electrical parasitics allowing ultrasound 
working frequency up to 15 MHz. These frequencies allow 
focal spot diameters below 100 µm, enabling the targeting 
of smaller bundles of nerve fibers inside the target nerve. 
Current electrical stimulation approaches for the PNS, such 
as vagus nerve stimulation (VNS), do not have sufficient 
spatial resolution to enable specific stimulation of nerve 
fibers specifically related to a target pathology. The integrated 
CMOS ultrasound array developed here is powered by a 5 
V battery and achieved a maximum focal spot pressure of 
100 kPa in water. The current prototype version does not 
include acoustic matching layers, leading to a reflection of 
approximately 92% of acoustic energy at the PZT-water 
boundary. In future work, the addition of an acoustic matching 
layer will increase the focal pressure into the MPa range, while 
other materials such as piezoelectric crystals such as PMN-
PT can provide up to six times more output pressure than 
PZT.

Disclosure: No significant relationships.
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nerve from the esophagus. Using this method the esophageal 
portion of the vagus nerve can be identified and dissected out 
for placement of electrodes to modulate the nerve. These two 
techniques can be combined to precisely locate and access 
the vagus nerve endoscopically.

Disclosure: No significant relationships.

ISAN19.193
THE GASTROINTESTINAL TRACT AS A WINDOW TO 
THE AUTONOMIC NERVOUS SYSTEM

Larry Miller1, Anil Vegesna2, Anita Or2, Daren Chen3

1The Feinstein Institute for Medical Research (Northwell Health), 
Mannhassat, UNITED STATES OF AMERICA, 2Feinstein Institution 
for Medical Research, Mannhassat, AL, UNITED STATES OF 
AMERICA, 3Feinstein Institution for Medical Research, Mannhassat, 
NY, UNITED STATES OF AMERICA

Abstract: Purpose: To evaluate various methods to image 
and access the vagus nerve and its peripheral branches. 
Methods: Two new endoscopic techniques were used 
to evaluate the esophageal portions of the vagus nerve in 
swine. 1) To use endoscopic ultrasound to image the vagus 
nerve from the lumen of the esophagus. A linear endoscopic 
ultrasound scope (Olympus America) is used to image through 
the wall of the esophagus. The transducer is torqued in a 
circumferential manner while pulling the transducer along the 
length of the esophagus. Liner Hyperechoic structures were 
identified and were assumed to be the vagus nerve. 2) The 
first method uses an endoscopic technique to tunnel within 
the submucosal space in a Z track pattern. A mucosotomy 
is made and a combination of saline and hetastarch is 
injected into the submucosal space. The submucosal space 
is dissected with RF energy to create a tunnel. The muscularis 
propria is cut at the distal end of the tunnel and the vagus 
nerve exposed. Imaging is performed visually with a high 
resolution magnification endoscope. Thoracotomy was 
used to confirm that the structures being imaged were in 
fact the vagus nerve and its branches. Results: 1) Using the 
endoscopic ultrasound technique the vagus nerve appears 
as bright echoes (Hyperechoic) within the 5th hyperechoic 
layer of the esophagus. These bright echoes can be imaged 
in a transverse plane in which case they appear as bright 
dots or bright short line segments or can be imaged in a 
longitudinal plane parallel to the long axis of the esophagus 
in which they appear as bright linear structures. 2) Using 
direct endoscopic imaging the vagus nerve appears as a 
thin white string or cord as the muscle is incised and the 
adventitia of the esophagus is entered. The vagus nerve can 
be followed distally by either tunneling through the adventitia 
in a manner similar to tunneling within the submucosal 
space or by entering the thoracic cavity and retroflexing the 
endoscope so that the entire length of the vagal trunk can 
be visualized. Using either technique the vagus nerve can 
be identified and dissected out of the adventitial layer. Both 
direct endoscopic visualization and endoscopic ultrasound 
imaging of the vagus nerve was confirmed in-vivo during 
thoracotomy and in-vitro by placing the nerve in a water bath 
and imaging it with the ultrasound transducer to identify 
its echogenic characteristics. Conclusions: Endoscopic 
ultrasound can be used to identify the vagus nerve and /or 
its branches non-invasively through the wall of the esophagus 
without disrupting the wall. A new endoscopic technique can 
be used to visualize and gain access to the thoracic vagus 
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ISAN19.195
MAPPING OF THE NEURAL CIRCUITS THAT CONTROL 
INTRINSIC LUNG FUNCTION

Xin Sun
UCSD, San Diego, UNITED STATES MINOR OUTLYING ISLANDS

Abstract: The lung is commonly known as the gas-
exchange organ. However, given its vast surface area and 
direct exposure to the atmospheric environment, it is also 
an under-recognized major sensory organ. The lung is 
exposed to signals such as oxygen, carbon dioxide, allergens, 
pollutants, pathogens, and subjected to mechanical stretch. 
Little is known on how these stimuli are sensed, processed 
and translated into distinct physiological outputs, including 
immune cell infiltration, airway constriction and increased 
pulmonary blood pressure, all responses at the core of 
lung diseases. The lung is richly innervated. Multiple lines 
of evidence supports that neural innervation controls many 
aspects of lung function. In this SPARC funded research, we 
have used an array of cutting-edge technologies to determine 
the specific role of the neurons in modulating lung responses 
to inputs. Knowledge on the anatomical architecture as well 
as molecular code of the lung innervating neurons will set 
the foundation for modulating these circuits with precision.

Disclosure: No significant relationships.

ISAN19.194
MAPPING OF VAGAL AFFERENT SUBSETS - 
PERIPHERAL TERMINALS WITHIN THE LUNGS AND 
CENTRAL TERMINALS WITHIN THE MEDULLA

Thomas Taylor-Clark
University of South Florida, Tampa, FL, UNITED STATES OF 
AMERICA

Abstract: The airways are densely innervated by multiple 
afferent subtypes whose activation regulates disparate 
respiratory reflexes, sensations and associated behaviors. 
The majority of afferent innervation of the airway is via the 
vagus nerve, with affarent cell bodies residing in the vagal 
ganglia (either jugular or nodose ganglion). We have used a 
series of genetic and viral approaches to map the afferent 
pathways innervating the airways. Our genetic studies include 
the use of reporter mice that express fluorescent proteins 
within afferent populations such as TRPV1+ (all nociceptive), 
TRPA1+ (nociceptive subset), tac1+ (jugular nociceptive), 
5HT3+ (all nodose), P2X2+ (all nodose). Data within lung 
slices indicates that both nociceptive and non-nociceptive 
afferent fibers richly innervate the conducting airways, 
with nociceptive fibers extending into the parenchyma/
alveoli regions. In medulla slices and cleared wholemount 
preparations, specific areas of the NTS are innervated by 
specific afferent populations: nociceptive populations within 
caudal SolG and SolC; non-nociceptive populations within 
more lateral and rostral NTS regions; little innervation of 
NTS by jugular nociceptive - possible innervation of the 
paratrigeminal complex instead. 3D reconstuction maps 
of both the lungs and medulla have been developed. Our 
viral approaches include the use of adenoassociated viral 
vectors and herpes simplex viral vectors that are sensitive to 
cre recombination in genertic mouse models. The viruses are 
instilled into the airways of cre models thus express reporter 
proteins in specific airway subsets.

Disclosure: No significant relationships.
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ISAN19.197
SIMULATIONS AND CLUSTER ANALYSIS 
VISUALIZATIONS OF RESPIRATORY NEURONAL 
DISCHARGE PATTERNS

Kendall Morris
University of South Florida, Molecular Pharmacology and 
Physiology, Tampa, FL, UNITED STATES OF AMERICA

Abstract: The laryngeal adductor reflex (LAR) protects 
airways by closing the vocal folds in response to mechanical 
or chemical stimulation of sensory afferents in the larynx. The 
LAR can be induced experimentally by electrical stimulation 
of vagal sensory afferents from the larynx. We recorded many 
simultaneous extracellular potentials from neurons (total=632) 
with electrode arrays in the brain stems and spinal cords of 
decerebrate, paralyzed, animals (n=13). We grouped brain 
stem neuron activity during baseline breathing and the LAR 
into phenotypes using a quantitative, reproducible clustering 
routine: 25 breathing phenotypes were mapped onto 16 LAR 
phenotypes. These results were used to produce a simplified 
model and simulations of the LAR. A 3-D brainstem atlas 
displayed neuronal firing rates during periods of baseline 
breathing and/or the LAR, illuminated in proportion to firing 
rate. These data support distinct rather, than a continuum, of 
phenotypes based on discharge patterns during breathing 
as well as during the LAR. Support: OT2OD023854-01, 
HL109025, HL131716

Disclosure: No significant relationships.

ISAN19.196
NETWORK-SCALE INTERACTIONS AMONG NEURONS 
IN THE MEDULLA: A SUBSTRATE FOR AUTONOMIC 
CONTROL BY REVERBERANT CIRCUITS

Don Bolser1, Lauren S. Segers2, Sarah Nuding3, Kimberly 
Iceman4, Pierina A. Alencar3, Bruce G. Lindsey3, Teresa G. 
Pitts4, Kendall F. Morris3

1University of Florida, Physiological, Gainesville, UNITED STATES 
MINOR OUTLYING ISLANDS, 2University of South Florida, 
Molecular Pharmacology and Physiology, Tampa, UNITED 
STATES OF AMERICA, 3University of South Florida, Molecular 
Pharmacology and Physiology, Tampa, FL, UNITED STATES OF 
AMERICA, 4University of Louisville, Kentucky Spinal Cord Research 
Center, Louisville, KY, UNITED STATES OF AMERICA

Abstract: The central autonomic control system provides 
parasympathetic and sympathetic drive to peripheral ganglia 
that regulate a host of visceral functions. While a significant 
amount of information is available regarding the anatomical, 
subcellular, cellular, and organ scale mechanisms that 
regulate this system; detailed knowledge of the network 
scale organization of this central circuit is incomplete. The 
lack of this knowledge represents an important gap in our 
understanding of autonomic control. We hypothesized that 
functional synaptic interactions between many simultaneously 
recorded neurons in and around the nucleus of the tractus 
solitarius (NTS), the retrotrapezoid nucleus (RTN), and the 
ventral respiratory column (VRC) would yield information about 
the network-scale strategy that is employed by this system to 
regulate autonomic drive. Experiments were conducted in 13 
decerebrated, paralyzed, and artificially ventilated cats. Multi-
electrode arrays including up to 100 channels were placed 
in the areas of the NTS, RTN, and VRC. The spike activity 
patterns of many simultaneously recorded single neurons 
were evaluated during breathing, the cardiac cycle, activation 
of superior laryngeal nerve afferents, and increased activation 
of baroreceptors by inflation of a balloon in the abdominal 
aorta. Cross correlation analysis revealed robust excitatory 
and inhibitory functional interactions between neurons in the 
areas of the NTS, VRC, and RTN. Plots customized to reveal 
patterns of information transfer between neurons in different 
areas provided evidence that units in the RTN and VRC were 
predominantly exciting those in the NTS area, while these 
same NTS neurons were exciting and inhibiting different 
neurons in the RTN and VRC. Tonic expiratory neurons in 
the RTN and VRC were frequent participants in detected 
functional interactions. These data strongly support the 
novel hypothesis that tonic expiratory neurons represent a 
dominant mediator by which information is transmitted and 
synchronized between cardiorespiratory areas in the medulla. 
The data also support the existence of reverberant circuits 
between the dorsal and ventrolateral medulla that modulate 
sensory feedback from cardiorespiratory cranial afferents. 
These reverberant circuits may be important in the regulation 
of tonic and reflexive drive to autonomic ganglia.

Disclosure: No significant relationships.
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ISAN19.201
MODELING ACTIVATION OF AUTONOMIC NERVES FOR 
ANALYSIS AND DESIGN

Nicole Pelot1, Eric D. Musselman1, Gabriel B. Goldhagen2, 
Jake E. Cariello1, Edward D. Liang2, David Catherall2, 
Brandon J. Thio1, Timothy M. Hoer1, Edgar Pena1, Warren 
M. Grill1
1Duke University, Biomedical Engineering, Durham, NC, UNITED 
STATES OF AMERICA, 2Duke University, Biomedical Engineering, 
Durham, UNITED STATES OF AMERICA

Abstract: Background and Objectives: There is increasing 
use of computational modeling of neuromodulation devices 
for analysis and design of novel anatomical targets, disease 
targets, and devices. We are developing a realistic, validated 
neural stimulation and recording modeling pipeline to leverage 
the powerful methodologies offered by computational 
modeling to supplement and complement preclinical and 
clinical studies. Nerve Morphology: The vagus nerve is an 
important target for neural stimulation as it innervates the 
brainstem and almost all truncal organs. However, vagal 
neuromodulation is affected by nerve size and morphology, 
which vary significantly across species and across individuals 
within a species. We collected cervical and abdominal vagus 
nerve samples from rats (small preclinical model), pigs (large 
preclinical model), and humans (clinical target). We conducted 
standard histological and immunohistochemical staining, 
followed by image segmentation, to visualize and quantify 
intra- and inter-species variations in vagal morphology. 3D 
Volume Conductor Models of Nerves and Electrodes: The 
distribution of electric current in nerve-electrode preparations 
is affected in complex ways by tissue inhomogeneities. We 
developed neural stimulation volume conductor models 
that incorporate these inhomogeneities. We extruded the 
segmented micrographs of nerve cross sections to create 
model nerve trunks, which we instrumented with cuff 
electrodes modeled after those used experimentally and 
clinically (see presentation Musselman et al.). We assigned 
physics and conductivities to the domains and boundaries, 
as appropriate, including using superposition with boundary 
current sources on the electrode contact surfaces, anisotropic 
endoneurial conductivity within each fascicle, and perineurial 
sheet resistances. From the meshed and solved models, 
we spatially sampled the resulting potential distributions to 
apply as extracellular potentials to biophysically-realistic 
cable models of individual nerve fibers. Ultrastructure of 
Autonomic Nerve Fibers: We reviewed published fiber 
diameters and proportions of myelinated and unmyelinated 
fibers in autonomic nerves in different mammalian species to 
inform our populations of biophysically-realistic fiber models. 
Further, we reviewed the ultrastructure of small myelinated 
fibers to inform the axonal diameter and length of the nodal, 
paranodal, and internodal regions of our small myelinated 
fiber model. Although nerve morphology varies significantly 
across species, distributions of fiber diameters are 
comparable. Development of Fiber Models: We extended 

published single compartment models of vagal afferent soma 
into axon models, using our literature review of ultrastructure, 
to develop models of small myelinated and unmyelinated 
autonomic fibers. We optimized the conductance values 
using particle swarm optimization with conduction speed, 
strength-duration, action potential duration, and threshold 
recovery cycle targets. We also compared conduction 
responses of published unmyelinated axon models. 
Waveform Optimization: We developed a particle swarm 
optimization (PSO) algorithm to optimize waveform shape 
for neural activation with minimum energy. While this design 
objective was previously achieved using a genetic algorithm, 
the PSO required ~100x fewer generations, yet identified the 
same waveform shape. Future Directions: Model Validation: 
Through collaborations across the SPARC consortium, we will 
validate our modeling pipeline, with models built from nerve 
histology through individual fiber thresholds and modeled 
compound action potential recordings (see poster Pena et 
al.). Funding: NIH SPARC OT2 OD025340
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we unified these modeling approaches in a new simulation 
framework that can predict graded CNAP profiles in response 
to bipolar, constant-current stimuli delivered through various 
cuff electrode configurations. To unify the top-down and 
bottom-up approaches, we applied ANC algorithms to learn 
and predict biophysical model outputs modeled to mimic the 
conditions of experimental vagal nerve stimulation datasets 
(e.g., activation thresholds as functions of fiber caliber, 
location, electrode configuration, and stimulus waveform). 
The hybrid model was formed when these activation profiles 
were integrated into the enhanced classical model, serving 
as a computationally-efficient transfer function that dictates 
the proportion and location of nerve fibers within the nerve 
cross-section that are activated by any stimulus along with 
an accurate prediction of the shape of the graded CNAP 
as measured through a user-defined recording electrode 
configuration. Using the hybrid model in conjunction with 
fiber caliber distributions for the ventral subdiaphragmatic 
trunk, along with tracing data that describe the ventral gastric 
branch afferent (e.g., intramuscular arrays and intraganglionic 
laminar endings, with calibers ranging from 0.9-1.1 um) and 
efferent fiber caliber distribution (fiber calibers <0.7 um), 
we demonstrate how our system can control and track the 
relative locations of afferent and efferent fiber responses 
within the nerve and the CNAP profile measured at any 
conduction distance through any user-defined recording 
electrode configuration. Funding: NIH SPARC OT2 OD023847 
and OT2 OD025340.

Disclosure: No significant relationships.

ISAN19.202
A NOVEL APPROACH TO DECODE AND CLASSIFY 
VAGAL NERVE STRUCTURE AND FUNCTION

Matthew Ward1, Nicole A. Pelot2, Edgar Pena2, Robert J. 
Phillips3, Martin J. Stebbing4, John B. Furness5, Thomas V. 
Nowak6, Bartek Rajwa7, Leif A. Havton8, Warren M. Grill9, 
Terry L. Powley10

1Purdue University, Biomedical Engineering, West Lafayette, 
UNITED STATES OF AMERICA, 2Duke University, Durham, UNITED 
STATES OF AMERICA, 3Purdue University, West Lafayette, IN, 
UNITED STATES OF AMERICA, 4Florey Institute of Neuroscience 
and Mental Health, Parkville, VIC, AUSTRALIA, 5Florey Institute 
of Neuroscience and Mental Health, Systems Neurophysiology, 
Melbourne, AUSTRALIA, 6Indiana University School of Medicine, 
Gastroenterology and Hepatology, Indianapolis, IN, UNITED 
STATES OF AMERICA, 7Bindley Bioscience Center, Purdue 
University, West Lafayette, IN, UNITED STATES OF AMERICA, 
8UCLA, Neurology and Neurobiology, Los Angeles, UNITED 
STATES OF AMERICA, 9Duke University, Biomedical Engineering, 
Durham, NC, UNITED STATES OF AMERICA, 10Purdue University, 
Psychological Sciences, West Lafayette, IN, UNITED STATES OF 
AMERICA

Abstract: The compound nerve action potential (CNAP) 
represents the summed activity from stimulated nerve fibers 
that differ in caliber, myelin thickness, conduction velocity, 
single-fiber action potential (SFAP) shape and activation 
threshold. However, CNAP data is highly variable across 
experiments due to numerous factors that include electrode 
properties and nerve ultrastructure. This variability has 
inhibited rapid progress in understanding the functions of the 
vagus nerve, especially which features of the CNAP matter 
when experimental conditions – and thus the shape of the 
CNAP – change. Through a multi-institutional collaboration, 
we are developing a new computationally-efficient modeling 
framework to simulate accurately the graded vagal CNAP from 
top-down, bottom-up and classical modeling approaches. 
The objective is to characterize CNAP variability as a function 
of electrode configuration, nerve ultrastructure and nerve 
function as it pertains to the organs innervated by these 
fibers. Purdue machine learning algorithms (e.g., autonomous 
neural control, or ANC) relate the experimentally measured, 
graded CNAP response shape to the stimulus pulse current 
and duration, providing top-down predictions of the graded 
CNAP profile for individual subjects without explaining the 
influence of the electrode configuration, implant technique, 
or other factors on the responses. Duke biophysical models 
contribute a complementary, bottom-up model of fiber 
activation that can explain the influence of the electrode 
configuration and other factors on fiber activation threshold 
and the measured CNAP profile. Finally, an enhanced 
classical model of the CNAP developed at Purdue accurately 
predicts the experimentally measured maximal CNAP shape 
through superposition of individual axon contributions, 
relating fiber caliber distribution data to SFAP shape and 
conduction properties; this classical model does not predict 
the graded CNAP or influence of electrodes. Using published 
and new nerve ultrastructure data (from Purdue and UCLA), 
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ISAN19.204
OCT AS A VERSATILE TOOL TO OBSERVE AND 
QUANTIFY ELECTROSTIMULATION INDUCED 
PERIPHERAL NERVE INJURY

Guillermo Monroy1, Mohsen Erfanzadeh2, Harmain Rafi1, 
Ahhyun S. Nam2, Benjamin J. Vakoc2, Srikanth Vasudevan1, 
Daniel X. Hammer1

1Food and Drug Adminisration, Division of Biomedical Physics, 
Silver Spring, UNITED STATES OF AMERICA, 2MGH/Harvard 
Medical School, Boston, UNITED STATES OF AMERICA

Abstract: Therapeutic peripheral neuromodulation devices 
are rapidly evolving for the treatment of numerous diseases 
and conditions. Current targets of peripheral neuromodulation 
include epilepsy, depression, cluster head ache, and bladder 
control. However, application of electrical stimulation can 
potentially constrict the microvasculature within the nerve, 
may lead to ischemia, and ultimately, nerve injury and loss 
of function. As new neuromodulation medical devices and 
previously unexplored stimulation parameters are developed, 
tools for the rapid assessment of their safety and performance 
will be of great benefit. Optical coherence tomography (OCT) is 
one potential tool that has gained substantial interest in many 
clinical disciplines, especially in the ophthalmic community, 
due to its capability to non-invasively observe the structure 
and function of tissues. In principle, OCT is the light-based 
analogue to ultrasound, and probes the optical-scattering 
properties of tissue to reconstruct 3D visualizations at high (< 
10 µm) resolution. OCT has many associated sub-modalities 
that can be applied to the nervous system that provide 
information related to structure and function, including: 
structure (OCT reflectance), blood flow (angiography / OCT-A), 
and more recently, birefringence (polarization sensitive / 
PS-OCT). These parameters can provide a quantitative 
means of assessing the peripheral nervous system (PNS) 
and associated blood vessels for perfusion and function in 
healthy, diseased, and/or damaged states. In this work, a 
combined platform to observe nerve function was explored, 
integrating an OCT imaging system and a custom-fabricated 
3D-printed nerve holder with stimulation electrodes. This 
system allows for the stable observation of nerve structure 
and perfusion, and the physiological dynamics with added 
electrical stimulation in the sciatic nerve of an animal model 
(rats), notably in real-time, in vivo, and without the use of any 
exogenous contrast agents. With this platform, the effects 
of electrical stimulation were characterized using stimulation 
parameters with increasing current densities under various 
conditions to observe representative neuromodulation and 
ischemic conditions leading to nerve damage. OCT results 
demonstrate that with specific stimulation conditions, blood 
vessel diameter and perfusion rates are reduced and can 
lead to nerve injury (as confirmed with histology), leading to 
a delayed loss in sensory function. Recently, PS-OCT was 
used to observe nerve structure with mechanical injury and 
stimulation. Although the physical structure of the nerve 
appeared intact, the function of the nerve can be degraded. In 

ISAN19.203
INTERSPECIES SCALING OF CERVICAL VAGUS NERVE 
STIMULATION PARAMETERS

Eric Musselman
Duke University, Biomedical Engineering, Durham, NC, UNITED 
STATES OF AMERICA

Abstract: Background: Computational modeling of vagus 
nerve stimulation (VNS) is a promising approach to aid in the 
translation of results from preclinical animal experiments to 
improved patient outcomes in the clinic. Validated models 
provide a means to understand better the mechanisms 
of action of VNS and give insight as to why clinical trials 
of VNS for heart failure (HF) failed to replicate promising 
preclinical studies in animals. In this study, we present 
modeling results that quantify interspecies differences in 
the activation of underlying nerve fibers due to differences 
in nerve morphology, electrode cuff design, and parameters 
of electrical stimulation. Materials and Methods: Volume 
conductor finite element models (FEMs) of individual-specific 
nerves and cuff electrodes were implemented in COMSOL 
Multiphysics to replicate conditions found in preclinical 
studies in rats and in clinical studies in humans. The FEMs 
were paired with a previously validated, double-cable model of 
mammalian peripheral axons (MRG) in NEURON to determine 
thresholds of excitation with preclinical and clinical waveforms 
using a binary search algorithm. Comparison of threshold 
current for excitation of underlying nerve fiber populations 
across species was performed. Results: The intensities of 
VNS stimulation used clinically achieve substantially less 
activation of the underlying nerve fiber population than the 
stimulation parameters used in preclinical studies. In human 
models of VNS, activation of fibers in the vagus nerve was 
strongly influenced by fascicle diameter, and model axons in 
smaller diameter fascicles were activated at lower currents 
than model axons in larger diameter fascicles. In models of 
VNS in rats, which have a monofascicular cervical vagus 
nerve, thresholds of excitation were dependent on fiber 
diameter rather than fascicle diameter. Our models suggest 
that previous efforts at clinical translation of VNS for HF may 
have failed due to insufficient activation of small myelinated 
and unmyelinated nerve fibers that was achieved in preclinical 
animal studies. Conclusions: The current amplitudes and 
pulse widths used in clinical VNS applications need to be 
increased to achieve levels of nerve fiber activation consistent 
with those found in the preclinical rat studies that exhibited 
promising results for VNS for heart failure. This finding may 
explain why pivotal trials of VNS for HF failed to meet primary 
efficacy outcomes despite promising preclinical outcomes in 
animal models. Funding: NIH SPARC OT2 OD025340
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general, this platform provides a means to define quantitative 
image-based biomarkers for stimulation and damage. This 
platform provides a ‘test-bed’ for understanding the biological 
mechanisms and effects related to electrical stimulation, 
ranging from different stimulation methods and parameters 
to directly observing the downstream results of stimulation. 
Systems like these provide valuable biological insight in the 
PNS and objective measures of stimulation safety and efficacy 
for future neuromodulation medical devices.

Disclosure: No significant relationships.
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ISAN19.205
MAPPING SPINAL CORD NEURONS ACTIVATED 
BY VOIDING AND ELECTRICAL PELVIC NERVE 
STIMULATION IN AWAKE RATS

Nicole Wiedmann1, Anges Wong1, James Fallon2, Janet 
Keast1, Peregrine Osborne1

1University of Melbourne, Anatomy and Neuroscience, Melbourne, 
VIC, AUSTRALIA, 2Bionics Institute, East Melbourne, VIC, 
AUSTRALIA

Abstract: The lumbosacral spinal cord orchestrates complex 
pelvic organs functions such as micturition (voiding) and 
contributes to pathophysiology such as urinary dysfunction 
and pelvic pain. However, the organization of the underlying 
neural circuitry is only partly known. In this study, we have 
used activity-dependent transcription factors to map and 
characterize neurons that are activated in lumbosacral by 
physiologically- or electrically-induced voiding in awake rats. 
To activate circuits physiologically, male Sprague-Dawley rats 
(n=6) were chronically implanted with a bladder catheter, 
exteriorised dorsally at the neck allowing for free moving 
cystometry during the following 2-week period. Repeated 
voids were induced through a constant infusion of saline 
(0.1ml/min) for two hours. Animals were then anesthetized 
and perfused intracardially with fixative, and the spinal cord 
(L5-S2) processed for immunofluorescence. Spatial analysis 
showed similar numbers of neurons immunolabelled for 
c-Fos and EGR-1 (Zif268), and in comparable spinal regions, 
but these two immediate-early genes showed limited co-
expression. The L6-S1 spinal cord segments contained the 
highest numbers of c-Fos and EGR-1 neurons, where they 
were predominately located in several regions of the dorsal 
horn, the dorsal commissure, and sacral parasympathetic 
nucleus (SPN), with sparse expression in the ventral horn 
and lamina I of the dorsal horn. Further immunohistochemical 
characterisation showed that c-Fos activation in the SPN 
occurred primarily in local interneurons that were located 
immediately dorsal to sacral preganglionic neurons; many 
of these local interneurons expressed tyrosine hydroxylase. 
Very few c-Fos neurons expressed Paired Box Gene 2 (Pax2), 
a marker of spinal cord inhibitory interneurons. In a separate 
cohort of rats, voiding was initiated by electrical activation of 
the pelvic nerve (chronically implanted, unilateral electrode 
array). Preliminary analyses indicate that the overall pattern 
of distribution of spinal neurons expressing c-Fos was 
comparable to the outcomes from constant filling cystometry. 
The results further suggest that neither type of stimulus 
for voiding activated nociceptive pathways. These studies 
provide quantitative maps of neurons in the lumbosacral cord 
activated during voiding and indicate that c-Fos and EGR-1are 
induced in complementary populations of neurons.

Disclosure: No significant relationships.
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PRE- AND POSTGANGLIONIC SYMPATHETIC TRACING 
OF INGUINAL WHITE ADIPOSE TISSUE INNERVATION IN 
ADULT MICE

Clara Huesing1, Hayden Torres1, Rui Zhang1, Nathan Lee1, 
Marie François1, Emily Qualls-Creekmore1, Christopher 
Morrison1, Sangho Yu1, Hans-Rudolf Berthoud1, David 
Burk1, Winfried Neuhuber2, Heike Münzberg3

1Pennington Biomedical Research Center, Baton Rouge, LA, 
UNITED STATES OF AMERICA, 2Friedrich-Alexander University 
Erlangen-Nürnberg, Erlangen, GERMANY, 3Louisiana State 
University, Neurobiology of Nutrition and Metabolism Department, 
Baton Rouge, LA, UNITED STATES OF AMERICA

Abstract: Adipose tissue is a dynamic endocrine organ that 
contains both the problem and the solution to discovering new 
therapies for individuals with obesity. On one hand, excessive 
adipose tissue causes type II diabetes, inflammatory disease, 
and cancer. Conversely, ongoing sympathetic nerve activation 
in white adipose tissue (WAT), e.g. during cold exposure, 
ignites a cascade of reactions, resulting in hydrolysis of 
the stored lipid droplet and increased recruitment of brown 
adipocytes. This browning of WAT depots has the ability 
to decrease body weight and improve metabolic health in 
obese conditions. Therefore, comprehensive insight into 
the organization of sympathetic innervation and how it 
communicates with adipocytes is critical in order to utilize 
its capacity to reduce body weight and improve metabolic 
health. Recent literature highlighted confusion about the 
neuronal origin of postganglionic sympathetic innervation 
and little is known about preganglionic inputs. Here we 
inject a retrograde transsynaptic tracer, pseudorabies virus 
(PRV), into the right inguinal WAT (iWAT) of mice to label pre- 
and postganglionic neurons that innervate iWAT. To ensure 
a thorough investigation into the sympathetic structures, 
we established a whole-body tissue clearance method 
combined with a double immunohistological detection to 
identify sympathetic nerves (tyrosine hydroxylase) and 
iWAT-related sympathetic circuits (PRV). Three-dimensional 
images generated with light sheet microscopy allowed for an 
unprecedented view of abdominal sympathetic structures. 
iWAT postganglionic innervation was found to be restricted 
to sympathetic chain ganglia (SCG) from thoracic ganglion 
12 (T12), to lumbar ganglion 2 (L2). Variation in labeling 
was observed between animals, but all remained within 
the range of SCG T12-L2 (n=8). Furthermore, preganglionic 
neurons were identified in the intermediolateral (IML) spinal 
cord, ranging from thoracic levels T5-T11. Similarly, variation 
in labeling between animals was observed, but remained 
within the range of T5-11 (n=7). Importantly, PRV labeling 
was not identified in the prevertebral celiac ganglia. Our 
data demonstrate that a discrete anatomical population of 
pre- and postganglionic neurons innervate iWAT. Moreover, 
iWAT innervating neurons do not overlap with neurons 
that innervate other adipose tissue depots (interscapular 
brown adipose tissue, presented in another poster from our 
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ISAN19.207
REGIONAL CHANGES IN SENSORY AND AUTONOMIC 
INNERVATION OF THE VASCULATURE AND 
EPITHELIUM OF THE FEMALE RAT URETHRA

Esther Ji, Nicole Wiedmann, Peregrine Osborne, Janet 
Keast
University of Melbourne, Anatomy and Neuroscience, Melbourne, 
VIC, AUSTRALIA

Abstract: Sympathetic innervation of the urethra smooth 
muscle contributes to urinary continence by supplementing 
the actions of the striated muscle urethral rhabdosphincter. 
The urethra is also supplied by cholinergic axons that inhibit 
smooth muscle, and other axon populations that have 
unknown functions. The aim of this study was to map the 
distribution of cholinergic autonomic and peptidergic sensory 
axons associated with the epithelium and vasculature of the 
female rat urethra, and compare how this changes across 
the different regions of the urethra and the adjacent bladder 
neck. Adult female Sprague-Dawley rats were euthanised and 
the entire length of the urethra removed, fixed and processed 
for immunofluorescence to visualise axons immunoreactive 
for vesicular acetylcholine transporter (VAChT), tyrosine 
hydroxylase (TH), nitric oxide synthase (NOS), calcitonin 
gene-related peptide (CGRP) or pan-neural markers (PGP, 
Tuj1). Selected types of non-neural cells were immunolabelled 
for keratin-5 (basal epithelial cells), serotonin (neuroendocrine 
cells/paraneurons and a subclass of mast cells), Acta2 (smooth 
muscle) and Acta1 (striated muscle). Structural relationships 
between axon classes and regional changes in axon density 
were best observed in full-thickness flat preparations of 
urethra or the entire, undissected lower urinary tract (viewed 
with light sheet microscopy). Peptidergic sensory innervation 
of the urethra epithelium decreased in density towards the 
distal urethra, whereas cholinergic autonomic innervation 
was most prevalent in the middle urethra. Many of the 
peptidergic axons penetrated the urethra epithelium but this 
was rarely seen for cholinergic axons that were aggregated 
immediately below the epithelial basal cells. Mapping the 
innervation of vascular beds in each tissue layer and urinary 
tract region showed that specific vascular beds were supplied 
by cholinergic axons, in addition to noradrenergic axons. 
The majority of these cholinergic axons co-expressed nitric 
oxide synthase and some were accompanied by peptidergic 
sensory axons. The location and density of these putative 
vasodilator axons varied between tissue layers and urinary 
tract regions, indicating a capacity for complex local changes 
in vascular regulation that may be required during sustained 
continence. Cholinergic activity may also modulate sensation 
transduced at the urethral epithelium.

Disclosure: No significant relationships.
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emptying under safe pressures without pharmacological 
treatments that have unwanted side-effects.
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ISAN19.208
TARGETING URINARY CONTINENCE WITH EPIDURAL 
STIMULATION AFTER HUMAN SPINAL CORD INJURY

April Herrity1, Sevda C. Aslan1, Samineh Mesbah1, Charles 
Hubscher2, Susan J. Harkema1

1University of Louisville, Neurological Surgery, Louisville, KY, 
UNITED STATES OF AMERICA, 2University of Louisville, Anatomical 
Sciences and Neurobiology, Louisville, UNITED STATES OF 
AMERICA

Abstract: Deficits in urological function after spinal cord 
injury (SCI) include neurogenic detrusor over-activity and 
uncoordinated bladder and external urethral sphincter 
contractions, resulting in inefficient emptying and high bladder 
pressure. An inability of the bladder to store urine under 
appropriately low pressures and the associated complications 
from chronic and intermittent catheterization can lead 
to serious clinical conditions, including recurrent urinary 
tract infections, calculi, renal deterioration, and bladder 
cancer. Current therapies to improve efficiency of bladder 
voiding, management and continence after SCI include 
catheterization, pharmacologic and surgical interventions, 
functional electrical stimulation, as well as urethral stents. 
However, there is a critical need for a successful treatment 
that restores normal lower urinary tract function as these 
management strategies continue to diminish the capacity 
of the bladder, require life-long maintenance, and have 
deleterious side effects that increase morbidity long-term. The 
use of spinal cord epidural stimulation (scES) is a promising 
alternative approach to target the primary phases of bladder 
dysfunction and is aimed at addressing recovery of function, 
benefiting both autonomic and motor systems. Additionally, 
the effects of scES on bladder alone in humans are not entirely 
known as its use has been directed towards the locomotor 
system. Thus, our overall goal is to map the effects of scES 
on storage and voiding phases and to test the effects of 
training with scES targeted specifically for bladder function 
for at home use. The objective of this current study was to 
map first with scES for safely maintaining urinary continence. 
These initial experiments were conducted in two participants 
(AIS B; C4 and T2 levels of injury) during cystometry with 
continuous measurements of blood pressure and heart rate 
using the non-invasive blood pressure monitoring system 
(ADInstruments). Over a period of 4-6 weeks, optimal 
scES configurations (anode/cathode selection, amplitude, 
frequency and pulse width) were identified at the lumbosacral 
level (L1-S1) that promoted both the neural control of bladder 
storage (capacity) and blood pressure. Successful bladder 
storage was obtained for both subjects to date, which 
included capacity and detrusor pressures during filling within 
the recommended guidelines of the International Continence 
Society without the triggering of autonomic dysreflexia. 
Different combinations of scES parameters were required for 
the two participants to obtain the most effective outcomes for 
each of them. Targeted scES for urinary continence provides 
a means for regular standard time intervals between bladder 
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Activity to Relieve Conditions (SPARC) can be investigated, 
underlying physiological and pathological mechanisms can be 
identified, and the outcome of envisioned treatment strategies 
can be predicted through virtual simulations. Figure 1. Panels 
A and B show Fecobionics pressure and geometry during 
two stages of expulsion in a healthy volunteer. From the 
impedance planimetric data, we successfully reconstructed 
the dynamic organ geometry. Figure 2. Diagram representing 
the different components involved in the development and 
validation of the proposed biomechanical model of the lower 
GI tract.
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ISAN19.209
FECOBIONICS TECHNOLOGY FOR MAPPING 
COLORECTAL STRESS AND DEFORMATION PATTERNS

Bhavesh Patel, Ghassan Kassab, Hans Gregersen
California Medical Innovations Institute, San Diego, CA, UNITED 
STATES OF AMERICA

Abstract: Dysfunctions of the lower gastrointestinal (GI) tract 
are quite common; i.e., defecatory disorders and irritable 
bowel syndrome (IBS) affect +25% of the population. Colonic 
transport of feces is a complex mechano-physiological 
process through which solid, semisolid, and/or liquid waste 
material are moved along the colon, stored in the rectum, 
and eliminated from the body via the anus. Coordinated 
muscular contractions controlled by slow waves in the 
colonic wall are influenced by enteric nervous system (ENS), 
peripheral nervous system (PNS) and central nervous system 
(CNS), and move fecal matter towards the rectal ampulla. 
Methods to study neuromuscular interactions and activity 
in health and gastrointestinal (GI) disease have been limited 
due to lack of appropriate technologies. We are currently 
developing a novel technology called Fecobionics to 
address this need. Fecobionics is a simulated electronic 
feces that has the consistency and shape of normal stool. 
This wireless technology can be placed at any location along 
the colon and is capable of measuring multiple physical 
parameters of interested while being defecated naturally 
by the patient. Specifically, it contains multiples sensors 
(pressure transducer, gyroscopes, accelerometers) and 
measurement capabilities include pressures, deformation, 
velocity and orientation. Hence, it is feasible to use the 
recorded parameters to map and describe objectively, without 
disturbing the colonic transport and defecation processes, 
the transport characteristics and neuromuscular signatures 
during fecal transport and defecation. In this study, we 
developed a mathematical framework to establish a virtual 
model of the lower GI tract based on data collected with the 
Fecobionics. The resulting model allows predicting patient-
specific mechanical stress distribution in the tissue, which is 
known to be central to the function of the GI since stresses 
are directly related to neuromodulated muscular contraction. 
Specifically, we applied inertial navigation algorithms to map 
patient-specific geometry of the colorectal segment using 
measurements from the gyroscopes and accelerometers 
(Fig. 1). Moreover, we developed a constitutive framework 
to allow prediction of tissue stresses based on measured 
deformation pattern (Fig. 2). The framework was tested 
on data collected with the Fecobionics in tubes of known 
geometry and mechanical properties and we were able to 
predict deformation and stress distribution with less than 
10% error using our algorithms. The mathematical framework 
was, moreover, incorporated into a software with user-friendly 
interface to easily import Fecobionics data and visualize 
predicted stress distribution during defecation. The proposed 
framework and resulting model of the lower GI tract can offer a 
virtual medium in which approaches for Stimulating Peripheral 



3711TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

ORAL PRESENTATIONS

(n=24 in 3 rats). The images of functional activity matched 
the histological assessment and inverse source analysis, with 
resulting spatial resolution of 100 m and temporal resolution 
of 0.3 ms. Selective stimulation was optimised in simulations, 
and validated in sheep vagus nerve, where spatially distinct 
cardiac-specific and pulmonary-specific regions of the nerve 
were identified and selectively stimulated to cause targeted 
heart rate drop and breath rate drop respectively without 
causing off-target effects (n=24 in 12 sheep). Work in progress 
is to image the cardiac and pulmonary-related spontaneous 
activity in large animals using ECG-gated triggering, evaluate 
specificity and selectivity of combination of EIT and selective 
neuromodulation in large animals, translate the techniques to 
broader scientific community, and perform proof of concept 
test for to relieve intractable conditions in human, such as 
epilepsy, chronic heart failure, COPD, and asthma.
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EIT IMAGING AND SELECTIVE NEUROMODULATION 
IN COMPLEX AUTONOMIC NERVES WITH 
MULTIELECTRODE CUFF ARRAYS
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Thaleia-Rengina Stathopoulou3, Daniel J. Chew2, Justin 
Perkins5, David Holder1

1University College London, Medical Physics and Biomedical 
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SG NY, UNITED KINGDOM, 3Royal Veterinary College London, 
TA, UNITED KINGDOM, 4University College London, BT, UNITED 
KINGDOM, 5The Royal Veterinary College, Clinical Science and 
Services, Hatfield, UNITED KINGDOM

Abstract: Neuromodulation of peripheral nerves to relieve 
intractable conditions such as diabetes mellitus and 
rheumatoid arthritis has recently received great interest in 
the academic and industrial community. The cuff devices 
which are placed around nerve generate electric pulses 
which trigger action potentials conducted to the organ of 
interest and modify its function. They have been shown to be 
effective for treatment of drug-resistant epilepsy in humans, 
and chronic heart failure, stroke rehabilitation, and chronic 
inflammation inter alia in animal studies. Most such cuffs 
are currently placed around the cervical vagus nerve in the 
neck to minimise surgical risk, as placement in small nerves 
near end-organs is technically demanding and risky. This 
nerve is a complex nerve with anatomical connections to 
about a dozen organs in the chest and abdomen. Current 
devices use a blunt approach of stimulating the entire nerve, 
which typically produces severe off-target effects as organs 
unrelated to the target organ are inadvertently stimulated. 
In many cases these effects prevent delivering therapeutic 
effect entirely, and limit the specificity and selectivity in others 
(Mertens et al 2018). The purpose of presented work was to 
design and prove the method for imaging of fascicular level 
activity related to the target organ of interest using surface 
cuff arrays, and subsequent selective neuromodulation of the 
targeted organ without affecting off-target fascicles in cervical 
vagus nerve. Here we use present techniques which allow 
fascicular level imaging and selective neuromodulation using 
16-32 contact multielectrode cuff arrays placed around the 
complex nerves. Imaging is performed using the novel fast 
neural electrical impedance tomography (EIT), which uses 
injections of small AC current (typically 10-30 A) at 2-10kHz, 
and uses simultaneous voltage change measurements 
to reconstruct tomographic functional activity within the 
nerve. Neural traffic activity can be reconstructed using 
evoked or spontaneous event-triggered averaging. Selective 
neuromodulation is performed by focusing the current 
on the identified area or interest within the cross-section, 
and can be combined with EIT for closed-loop selective 
neuromodulation. EIT imaging was validated in rat sciatic 
nerve showing functionally distinct fascicular neural activity 
regions evoked by stimulation of tibial and peroneal branches 

SESSION: SPARC: TOOLS TO STUDY AND MODULATE AUTONOMIC FUNCTION - SESSION II 
JULY 27, 2019 | 1:00 PM–2:00 PM



3811TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

ORAL PRESENTATIONS

ISAN19.212
CLOUD-COMPUTING ANALYTICS FOR 
NEUROHISTOLOGY: A DEVELOPMENT A SPATIAL 
STATISTICAL ANALYSIS WORKFLOW

Bartek Rajwa1, Michael W. Jenkins2, Vidhu V. Thaker3, 
Heike Münzberg4, Antonino M. Cassarà5, Charles C. Horn6

1Purdue University, Bindley Bioscience Center, West Lafayette, IN, 
UNITED STATES OF AMERICA, 2Case Western Reserve University, 
Biomedical Engineering, Cleveland, OH, UNITED STATES OF 
AMERICA, 3Columbia University, New York, NY, UNITED STATES 
OF AMERICA, 4Louisiana State University, Neurobiology Of 
Nutrition and Metabolism Department, Baton Rouge, LA, UNITED 
STATES OF AMERICA, 5IT‘IS Foundation, Zurich, SWITZERLAND, 
6University of Pittsburgh, Medicine, Pittsburgh, PA, UNITED 
STATES OF AMERICA

Abstract: Neuroscientists need effective tools to share 
analytic workflows and the accompanying data. One of the 
goals of the NIH-supported international SPARC (Stimulating 
Peripheral Activity to Relieve Conditions) initiative is to 
develop cloud computing resources for neuroscience data 
hosting, neuroanatomical mapping, and computational 
simulations of peripheral nerve-to-organ systems. The SPARC 
program has adopted the FAIR (findability, accessibility, 
interoperability, and reusability) principles for sharing the 
collected data as well as the generated data-processing 
workflows, visualization methods, and statistical approaches. 
Here, we present the first practical example of the integration 
of the SPARC data resources with custom-developed data 
analytics. The demonstrated reusable statistical pipeline 
utilizes an open-source programming framework and 
delivers quantitative spatial analysis methodology for 
neurohistological and neuroanatomical imaging. Although 
quantification of spatial organization of biological structures 
(location and distribution of distinct neuronal populations, 
neuronal branching, and other geometric and topological 
properties) is a critical component of neuroscience, few tools 
to examine such properties statistically are available. The 
developed computational module provides various techniques 
of spatial statistics previously validated in cartography, 
ecology, epidemiology, forestry, and astronomy. We adopted 
these well-established mathematical descriptors, models, 
and inference methods for classification, characterization, 
and simulation of spatial patterns in neuroanatomy and 
neurohistology. The spatial statistics algorithms implemented 
in R are executed within an interactive Jupyter computational 
notebook, all packaged into a self-contained Docker image. 
This Docker container application, “Spat-An-App” (Spatial 
Anatomy Application), operates on the o2S2PARC platform 
(Open Online Simulations for Stimulating Peripheral Activity to 
Relieve Conditions), a dedicated cloud-based computational 
environment established specifically for the SPARC 
consortium. We describe the rapid prototyping, deployment, 
and integration of Spat-An-App in o2S2PARC. We illustrate 
the module’s utility by analyzing neurohistological images 
of the nerves, ganglia, and organs. Our module can be 
easily integrated with other Docker containers supplying 

ISAN19.211
INFRARED NEUROMODULATION (IRN) IN THE 
PERIPHERAL NERVOUS SYSTEM
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Mohit Ganguly3, Jeremy B. Ford3, E D. Jansen3, Hillel J. 
Chiel4, Stephen J. Lewis2, Michael W. Jenkins1

1Case Western Reserve University, Biomedical Engineering, 
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Reserve University, Department of Pediatrics, Cleveland, OH, 
UNITED STATES OF AMERICA, 3Vanderbilt University, Department 
of Biomedical Engineering, Nashville, TN, UNITED STATES OF 
AMERICA, 4Case Western Reserve University, Department of 
Biology, Cleveland, OH, UNITED STATES OF AMERICA

Abstract: Neuromodulation has the potential to treat various 
diseases (i.e., heart failure, obesity). Using devices to 
modulate activity and treat diseases has great potential and 
may have several advantages compared to pharmaceutical 
approaches including cheaper costs to develop and fewer 
side effects. In the past, the electric current has been primarily 
used for neuromodulation. The use of electrical current to 
modulate neural function is well established, but there is also 
a need to develop other neuromodulation technologies that 
have higher spatial selectively and avoid some of the other 
issues commonly associated with electrical stimulation. For 
example, the inability to modulate small-diameter axons was 
considered a critical factor of several clinical trial failures. 
Previously, we demonstrated unique selectivity (e.g., 
preferential inhibition of small-diameter fibers, high spatial 
selectivity) of peripheral structures (e.g., nerve, ganglia) using 
infrared neuromodulation (IRN). By using different protocols, 
we can either inhibit or stimulate neural activity. Here, we 
will present our recent developments which includes work 
on understanding the mechanisms of IRN and mapping 
physiological responses elicited by IR illumination in the 
nodose ganglion.
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image processing, computational neuroscience simulations, 
machine learning functionality, or other complex analyses. 
The Spat-An-App toolkit can also be readily shared and 
extended by other users of the SPARC data resource center. 
In summary, we demonstrate prototyping, deployment, and 
use of an open source statistical analysis module in the NIH 
SPARC-supported cloud platform. Our software performs 
spatial analysis of neuroscience-relevant patterns in light and 
electron microscopy images and can be further integrated 
with other tools compatible with the o2S2PARC environment.
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EXTRINSIC AFFERENT AND EFFERENT NERVE 
RESPONSES TO ACUTE LOCAL INFLAMMATION IN THE 
RAT ILEUM

Martin Stebbing1, Anthony Shafton1, Robin M. Mcallen1, 
Catherine Davey2, John B. Furness1

1Florey Institute of Neuroscience and Mental Health, Parkville, VIC, 
AUSTRALIA, 2University of Melbourne, Biomedical Engineering, 
Parkville, VIC, AUSTRALIA

Abstract: Inflammation in the intestine has both short and 
long term effects on visceral afferent and efferent neurons 
that can lead to disturbances of sensation and function in 
the gastrointestinal tract. Electrical stimulation of vagal 
and sympathetic nerves connecting with the gut is being 
investigated as therapy for inflammatory bowel disease 
(IBD). To determine the mechanisms by which the nervous 
system responds to gut inflammation we made recordings 
from nerves innervating the distal ileum in anaesthetized 
rats while infusing the hapten 2,4,6-trinitrobenzenesulfonic 
(TNBS; 0.1%in 30% ethanol) into the lumen to disrupt the 
mucosal barrier and cause local inflammation. We observed 
sustained increases in activity that lasted for the duration of 
the recordings (up to 6 h) in afferent axons in small mesenteric 
nerves close to the intestine. These nerves contain axons 
arising from multiple types of afferent neuron which were 
therefore studied separately at sites further along the nerve 
pathways. We observed populations of afferent axons that 
were activated by intestinal infusion of TNBS in the splanchnic 
nerve (axons of dorsal root ganglion neurons) as well as the 
coeliac and hepatic branches of the vagus nerve (axons 
of nodose ganglion neurons). Responses in hepatic vagal 
afferents had a longer latency and were maintained following 
extrinsic denervation of the TNBS application site, suggesting 
they were indirectly stimulated via release of factors into the 
hepatic portal vein. Responses to TNBS were also recorded 
in efferent filaments split from small mesenteric nerves 
very close to the wall of the intestine. During responses, 
bilateral vagotomy via preimplanted snares had no effect 
on efferent activity and bilateral splanchnic nerve section 
caused only a minor reduction. In contrast, systemically 
administered hexamethonium (10 mg/kg) reduced activity 
to a large but variable extent, even after splanchnic nerve 
section. Our interpretation is that TNBS activates cholinergic 
intestinofugal neurons with cell bodies in the gut that synapse 
with efferent neuron cell bodies in sympathetic ganglia. 
Separate populations of sympathetic efferent neurons inhibit 
motility and blood flow in the intestine, yet our observations 
suggest that these populations were not activated by TNBS. 
The majority of active axons recorded close to the intestine 
were not barosensitive. Luminally applied TNBS caused the 
gut to become engorged with blood and gut motility was not 
inhibited. We conclude that TNBS infused into the lumen of 
the intestine reflexly activates a subpopulation of sympathetic 
efferent neurons that are distinct from those that inhibit 
motility and blood flow. We hypothesize that these efferent 

neurons regulate inflammation in the gut and include neurons 
that innervate gut associated lymphoid tissue.

Disclosure: No significant relationships.



4111TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

ORAL PRESENTATIONS

might be appropriate for.

Disclosure: No significant relationships.
ISAN19.214
ABDOMINAL VAGAL NERVE STIMULATION RELIEVES 
INFLAMMATION OF THE RAT SMALL INTESTINE

Sophie Payne1, John B. Furness2, Ross Thomas1, Alicia 
Sedo2, Owen Burns1, Robert K. Shepherd1, James Fallon3

1The Bionics Institute, East Melbourne, VIC, AUSTRALIA, 2Florey 
Institute of Neuroscience and Mental Health, Parkville, VIC, 
AUSTRALIA, 3Bionics Institute, East Melbourne, VIC, AUSTRALIA

Abstract: Introduction: Inflammatory bowel disease 
(IBD) is a debilitating, chronic gastrointestinal disease, for 
which electrical stimulation of the cervical vagus nerve is 
an emerging treatment (Bonaz et al., 2016). However, side 
effects from cervical vagal nerve stimulation (VNS) are often 
reported by patients. Here, we hypothesise that stimulating 
the abdominal vagus nerve, closer to the end organ, will have 
fewer off-target effects and be an effective therapy for IBD. 
Specifically, we aimed to: i) compare off-target effects during 
abdominal and cervical VNS; ii) record in vivo electrically-
evoked neural responses, thereby verifying stimulation levels 
were suprathreshold; iii) determine whether abdominal VNS 
reduces chemically-induced intestinal inflammation in rats. 
Materials and Methods: An electrode array, designed to 
stimulate and record neural responses, was developed 
in-house. VNS off-target experiment: The cervical and 
abdominal vagus nerves of anaesthetised rats (n=5) were 
implanted with the electrode array, and changes to heart 
rate in response to VNS (10 Hz; symmetric biphasic current 
pulse; 320 nC) were measured. VNS efficacy experiment: 
The abdominal vagus nerve of rats was implanted with 
an electrode array. Two weeks later, the intestine was 
chemically inflamed with TNBS (2.5% 2,4,6-trinitrobenzene 
sulphonic acid in ethanol), an established rodent model of 
IBD. Rats were randomly selected to receive therapeutic 
VNS (n=7; 10 Hz; symmetric biphasic current pulse; 320 
nC; 3 hours/day) or no stimulation (n=8) for 5 days. Stool 
quality, C-reactive protein (an inflammatory response protein) 
content in blood and histology of the inflamed intestine were 
assessed. Result: VNS off-target experiment: Abdominal 
VNS had no effect (two-way RM-ANOVA (location x current): 
P>0.05) on heart rate, while during cervical VNS heart rate 
decreased (P=0.013). VNS efficacy experiment: During the 
implantation period, electrically-evoked neural response 
thresholds were stable (one-way RM-ANOVA (time): P = 
0.838), and stayed below 320 nC, confirming that therapeutic 
stimulation remained suprathreshold. Following TNBS 
injection, abdominal VNS rats had decreases in stool quality 
score (unpaired t-Test: P=0.002), C-reactive protein levels in 
blood (two-way RM ANOVA (time x treatment): P=0.005) and 
resident inflammatory cell populations within intestinal layers, 
compared to unstimulated rats (Kruskal-Wallis: P<0.05). 
Conclusion: Abdominal VNS has no cardiac off-target effects 
to stimulation and is an effective treatment of TNBS-induced 
inflammation. Discussion: Future studies aim to determine 
the efficacy of abdominal VNS in other rodent models of IBD, 
in order to extend the patient population that this therapy 
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Gastric MRI data showed that afferent VNS induced stronger 
antral contraction, especially at the distal compartment of the 
antrum, relative to efferent stimulation. When applied with 
relatively high amplitudes, direct efferent VNS could cause 
immediate and excessive secretion in the antrum, while 
retarding antral contraction. Conclusion: This study was 
designed to investigate a possible differential effect of afferent 
versus efferent cervical VNS on gastric motility under a range 
of stimulation parameters.Gastric MRI data revealed that 
afferent VNS induced stronger antral contractions relative to 
efferent VNS, pointing to the notion that activating the afferent 
pathway may promote gastric motility and coordination more 
effectively. The physiology data also indicated that efferent 
stimulation was often accompanied with undesirable off-
target effects such as bradycardia and bradypnea. (SPARC 
OT2 OD023847)

Disclosure: No significant relationships.

ISAN19.215
DIFFERENTIAL EFFECTS OF AFFERENT AND EFFERENT 
VAGUS NERVE STIMULATION ON GASTRIC MOTILITY 
ASSESSED WITH MRI

Kun-Han Lu1, Jiayue Cao2, Robert J. Phillips2, Terry L. 
Powley3, Zhongming Liu4

1Purdue University, Biomedical Engineering, West Lafayette, 
IN, UNITED STATES OF AMERICA, 2Purdue University, West 
Lafayette, IN, UNITED STATES OF AMERICA, 3Purdue University, 
Psychological Sciences, West Lafayette, IN, UNITED STATES 
OF AMERICA, 4Purdue University, Electrical and Computer 
Engineering, West Lafayette, IN, UNITED STATES OF AMERICA

Abstract: Purpose: Vagus nerve stimulation (VNS) is an 
emerging electroceutical therapy to treat gastric disorders. 
While most studies have focused on direct activation of the 
motor limb of the vagovagal circuitry by stimulating efferent 
vagal fibers, the therapeutic potential of afferent stimulation 
that engages the complete reflex arcs remains unclear. 
Furthermore, little is known about the potential effects 
of VNS parameters on the efficacy of neuromodulation 
of gastric functions. Therefore, here we investigated a 
range of VNS parameters and directionality preferences of 
electrical activation of the cervical vagus nerve for gastric 
modulation. These results could serve as an index for 
optimizing concurrent VNS doses and shed lights on the 
effects of afferent versus efferent stimulations on gastric 
motility. Method: The modulatory effects of left cervical 
VNS on gastric motility in rats were measured with contrast-
enhanced magnetic resonance imaging (MRI). The rats were 
trained to voluntarily consume a post-fast, gadolinium(Gd)-
labeled meal. Soon after ingestion, the rats underwent neck 
surgery for implantation of a bipolar cuff electrode around the 
left cervical vagus nerve, and were allocated into 3 groups 
as follows: (i) an afferent VNS group (n = 8); (ii) an efferent 
VNS group (n = 5) and (iii) a biphasic VNS group including 
the rats that received alternating afferent and efferent VNS (n 
= 8). The directionality of electrical activation of the cervical 
vagus nerve was controlled by the placement of the cathode 
on the bipolar electrode. Directionality preferences were 
confirmed by electrophysiological recordings in the nucleus 
tractus solitarius (NTS). In addition, the VNS parameters were 
varied in terms of pulse amplitude, width, and frequency, 
where each setting was performed with a duty cycle of 1 
minute on and 1 minute off. VNS were delivered at the start 
of image acquisition and different VNS parameter settings 
were performed in a randomized order. In T1-weighted MR 
images, the Gd-labeled gastric content outlined the geometry 
of the gastrointestinal tract and therefore allowed us to 
quantify gastric motility under different VNS settings. Results: 
Brainstem neuronal responses to electrical stimulation 
at the left cervical vagus depended on the polarity of the 
applied stimulation pulse. The neural responses at NTS was 
significantly larger when the cathode was placed cranial to the 
cuff, suggesting that monophasic VNS was able to activate 
afferent or efferent signal flow with reasonable selectivity. 
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control session to 175.5±10.33ml with SCS (p = 0.035). 3. 
SCS was found to significantly increase vagal activity (HF) 
in HRV analysis (11% vs. baseline, P<0.05). 4. Vagotomized 
dog showed reduction in accommodation by~60% in fed 
state compared to normal dogs and SCS could not increase 
the gastric volume in our observation. 5. Our mechanistic 
study showed that atropine and L-NAME administrations 
blocked the effects of SCS in improving accommodation in 
both fasting and fed state suggesting the role of vagal nerve 
in modulating accommodation following SCS. Conclusion: 
SCS with appropriate parameter relaxes gastric fundus and 
improves gastric accommodation, mediated via the activation 
of vagal activity. Our mechanistic study showed that this 
inhibitory effect of SCS on gastric fundus was mediated by 
the cholinergic nerve and nitric oxide neurons as the effect 
was blocked by atropine and L-NAME. SCS nay have a 
therapeutic potential for treating gastroparesis or FD. (This 
study was funded by NIH SPARC 1U18TR001920-01)

Disclosure: No significant relationships.

ISAN19.216
IMPROVING GASTRIC ACCOMMODATION BY SPINAL 
CORD STIMULATION IN CANINE

Jiande Chen1, Payam Gharibani2

1Johns Hopkins University, Baltimore, MD, UNITED STATES OF 
AMERICA, 2Johns Hopkins University, Medicine, Baltimore, MD, 
UNITED STATES OF AMERICA

Abstract: Background: Impaired gastric accommodation is 
common in patients with functional dyspepsia (FD). Impaired 
gastric accommodation is associated with early satiety and 
weight loss and explains some dyspeptic symptoms. Our 
preliminary study indicated that spinal cord stimulation (SCS) 
improved gastric motility in diabetic rats by suppressing 
sympathetic activity. Enhancement of vagal activity or 
suppression of sympathetic activity has been shown to 
increase accommodation. The Aim of this study was to 
investigate the effects and mechanisms of SCS, a method that 
is being used for treating pain but never investigated for gastric 
accommodation, on gastric tone and gastric accommodation 
using barostat in a canine model. In addition, we investigated 
the role of autonomic nervous system by using atropine 
(acetylcholine blocker) and L-NAME (nitric oxide blocker) in 
normal and selective vagotomized dogs. Methods: Under 
general anesthesia, 8 healthy dogs (18-26 kg) were implanted 
with a gastric cannula at the anterior wall of stomach 15 
cm above the pylorus. Meanwhile, a multi-electrode pedal 
spinal lead (16 channels, Boston Scientific) was inserted into 
the epidural space covering T10-T12 and connected to an 
implantable pulse generator (Precision SpectraTM, BSC) 
placed in a subcutaneous pouch on the back. 1 dog (out of 
8) was selectively vagotomized for gastric fundus and body 
innervation. SCS was performed using parameters, location 
and duration optimized for improving antral contractions. 
Each dog was studied in four sessions on four separated days 
randomly: with/without SCS, with/without L-NMAE/atropine. 
In the session without SCS, gastric volume was measured for 
30 min in the fasting state and 60 min after feeding a liquid 
meal (Ensure, 237ml). In the session with SCS, stimulation was 
performed during the entire experiment. L-NAME (0.5mg/kg) 
and atropine (0.05mg/kg) injected intravenously after 30 min 
recording in the fasting state. Gastric tone was represented 
by fasting volume and gastric accommodation was calculated 
by the difference in gastric volume between the fed state and 
the fasting state. In addition, electrocardiogram (ECG) was 
recorded during the experiment. While autonomic functions 
were assessed by the spectral analysis of heart rate variability 
(HRV), vagal activity was represented by the high frequency 
(HF) and sympothavagal balance was represented by the ratio 
of low frequency (LF) and HF. Results: 1. SCS significantly 
decreased gastric tone. The gastric volume was significantly 
increased from 80.5±11.9ml at baseline to 116.8±9.18ml with 
SCS (p = 0.008) in the fasting state, and from 215.92±21.9ml 
in the control session to 292.31±33.8ml in the SCS session 
in the postprandial state (P<0.01). 2. SCS significantly 
increased gastric accommodation from 135.4±11.90ml in the 
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IR neurons (187/mm2) compared to the a-centrifC (73/mm2) 
and a- centripC (92/mm2). SP-IR is particularly prominent 
in dense fibers and beaded processes that surrounded 
neurons, often obscuring the cells bodies. In the submucosal 
plexuses, enteric neurons are overall more abundant in the 
ISP (686/mm2 averaging ascending, tC and sC) than the OSP 
(335/mm2) (p<0.05). GFAP immunoreactive fibers closely 
surround enteric neurons in both plexuses. The neuronal 
characterization of the ENS in the pig provides a platform to 
explore pathophysiological mechanisms underlying colonic 
disorders. Our results are in line with findings in the human 
colon supporting the suitability of porcine colonic innervation 
as a model for translational research to better understand 
neuronal control of colonic functions in humans.

Disclosure: No significant relationships.

ISAN19.217
CHARACTERIZATION OF ENTERIC NEURONS IN 
DIFFERENT SEGMENTS OF THE PORCINE COLON

Maurizio Mazzoni1, Filippo Caremoli2, Janira De Los 
Santos2, Million Mulugeta2, Giulia Lattanzio3, Paolo 
Clavenzani4, Roberto De Giorgio5, Catia Sternini2

1David Geffen School of Medicine, Medicine and Neurobiology, Los 
Angeles, CA, UNITED STATES OF AMERICA, 2David Geffen School 
of Medicine, Los Angeles, CA, UNITED STATES OF AMERICA, 
3University of Bologna, Department of Medical and Surgical 
Sciences, Bologna, ITALY, 4University of Bologna, Departments 
Of Medical Surgical Science and Veterinarian Medicine, Bologna, 
ITALY, 5University of Ferrara, Department of Clinical Sciences, 
Ferrara, ITALY

Abstract: Mazzoni M, Caremoli F, de los Santos J, Million 
M, Lattanzio G, Clavenzani P, De Giorgio R, Sternini C. The 
pig has attracted attention as a valuable preclinical model 
for medical research for its close resemblance to humans in 
nutrition, physiological and metabolic processes. The enteric 
nervous system (ENS) plays a pivotal role in the regulation of 
colonic activities and its structural organization in pig shares 
similarities with the human ENS. In the pig, enteric neurons 
are grouped into separate ganglionated plexuses, which 
are interconnected with a dense network of nerves and are 
located between the longitudinal and circular muscle, forming 
the myenteric plexus (MP), and in the submucosa wher ethey 
form two plexuses, the outer submucous plexus (OSP) 
adjacent to the circular muscle layer and the inner submucous 
plexus (ISP) positioned between the muscularis mucosa and 
lamina propria. The aim of this study was to characterize 
enteric neurons in different segments of the porcine colon. 
We used 6 male, castrated adult (6-7 months old, 25-30 kg) 
Yucatan pigs for whole mount preparations of the porcine 
colon, from the ascending centrifugal (or internal, a-centrifC) 
and centripetal (or external, a-centripC) loops, the transverse 
(tC), the descending/sigmoid (sC). Tissues were processed for 
single and double labeling immunohistochemistry and high 
resolution confocal imaging and quantification using Imaris 
software. For the quantitative evaluations, at least two whole 
mount preparations per pig were examined for each segment. 
We used different markers including antibodies to HuC/D 
as a pan-neuronal marker, neuronal nitric oxide synthase 
(nNOS) for inhibitory motorneurons and interneurons, choline 
acetyltransferase (ChAT) for excitatory motorneurons and 
interneurons, substance P (SP), a peptide expressed in 
different types of enteric neurons including afferent neurons, 
and GFAP as a marker of enteric glia. The tC has the least 
abundance of enteric neurons in the MP (average168/mm2) 
and the highest in the sC (270/mm2) averaging 204/mm2 
and 210/mm2 in the a-centripC and a-centrifC, but without 
statistically significant differences. nNOS immunoreactive 
(IR) neurons represent about 45-57% of the enteric neuronal 
population with no differences in any segment, although the 
a-cetrifC has the largest number of nNOS-IR neurons (154/
mm2). ChAT-IR neurons range from 42% in a-centrifC to 63% 
in sC (p<0.05). The sC shows the largest number of ChAT-
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ISAN19.219
5-HT3 RECEPTORS MEDIATE SOME FAST EXCITATORY 
SYNAPTIC POTENTIALS IN MYENTERIC NEURONS IN 
MOUSE PROXIMAL COLON

Parvin Zarei Eskikand, Joel Bornstein, Katerina 
Koussoulas, Rachel M. Gwynne
University of Melbourne, Dept. of Physiology, Parkville, VIC, 
AUSTRALIA

Abstract: Purpose: The role of serotonin (5-HT) in the 
control of gastrointestinal motility is still being debated 
because its role in synaptic transmission within enteric neural 
circuits has been difficult to identify. We addressed this in 
the mouse proximal colon using intracellular recording of 
synaptic potentials correlated with morphology and axonal 
projections, Ca imaging of neural activity and analysis of 
distension-evoked reflexes, focusing on 5-HT3 receptors. 
Methods: Proximal colon from male C57/B6 mice (6-10wks) 
was dissected to reveal the myenteric plexus. Myenteric 
neurons were impaled with microelectrodes containing 
biocytin for post hoc analysis of neuron morphology using 
conventional techniques. Synaptic inputs were excited by 
single electrical stimuli (0.5ms, 0.5-2mA) applied to nerve 
trunks to produce fast excitatory synaptic potentials (fEPSPs). 
After 6-8 stimuli, hexamethonium (200 µM) was added to the 
perfusate to block nicotinic receptors and then ondansetron 
(3 µM) to block 5-HT3 receptors, with 6 to 8 stimuli applied for 
each drug treatment. Preparations were processed to reveal 
morphology and projections of impaled neurons and whether 
they contained either nitric oxide synthase (NOS) or calretinin. 
For Ca2+ imaging, myenteric preparations were taken from 
Wnt1-Cre;R26R-GCaMP3/6f mice (either sex), which express 
a calcium indicator in all enteric neurons and glia. Single 
electrical stimuli were applied to internodal strands before and 
during exposure to ondansetron (3 µM). Preparations were 
fixed and processed to reveal nNOS. Opened proximal colon 
was mounted in a two-chamber organ bath with a distension 
balloon in the proximal chamber; an extracellular suction 
electrode in the distal chamber recorded inhibitory junction 
potentials (IJPs) in the smooth muscle. Drugs were applied 
separately to each chamber. Results: Hexamethonium 
abolished fEPSPs in 9 of 22 neurons and depressed them in 
13 neurons. Ondansetron with hexamthonium reduced (N=5) 
or abolished (N=2) fEPSPs in 7 neurons (control amplitude 
39 ± 5 mV, hex 8 ± 1 mV, hex + ond 3 ± 1 mV, P = 0.002). 
Ondansetron alone reduced fEPSP amplitude by >25% in 2 
of 2 neurons. Four neurons with ondansetron sensitive fast 
EPSPs projected orally with terminals in circular muscle, 
projections characteristic of excitatory motor neurons. In 
total, 186 neurons were examined via Ca2+ imaging where 
a significant number of single pulse neuronal calcium 
responses were abolished by ondansetron compared to time 
controls (1P con: 5/85, 1P ond: 18/101, P = 0.01). Additionally, 
ondansetron reduced the overall amplitude of single pulse-
evoked Ca2+ transients (1P %ΔFi/F0 control: 101 ± 5 % N 
= 85; % ΔFi/F0 ond: 75 ± 6 % N = 101, P = 0.0007). Some 

ISAN19.218
GENETICALLY ENCODED TOOLS FOR EXAMINING 
PATTERNS OF MYENTERIC ACTIVITY RESPONSIBLE 
FOR MODULATING THE MURINE CMMC

Terence Smith1, Dante Heredia2, Thomas Gould2

1Department of Physiology and Cell Biology, University of Nevada, 
Reno School of Medicine, Reno, NV, Reno, NV, UNITED STATES OF 
AMERICA, 2University of Nevada, Reno, NV, UNITED STATES OF 
AMERICA

Abstract: The primary motor pattern responsible for the 
movement of fecal matter along the murine large intestine is 
the colonic migrating motor complex (CMMC). The CMMC 
consists of rhythmically occurring sequences of neuronal 
activity and muscle contractions propagating along the bowel 
occurring transpiring both spontaneously and when a fecal 
pellet in present in the intestinal lumen. While these patterns 
may appear to be phasic, enteric neurons display ongoing 
neural activity both between (tonic inhibition) and during 
CMMCs. Whereas cholinergic activity is responsible for the 
CMMC, nitreregic activity is responsible for the period of tonic 
inhibition in between CMMCs. In order to further characterize 
the neuronal subpopulations underlying these different 
temporal patterns of activity, we generated transgenic 
mice expressing the genetically-encoded calcium indicator 
GCaMP3 in cholinergic and nitrergic neurons using ChAT-Cre 
and nNOS-CreERT2 mice, respectively. Fluorescent imaging 
of the myenteric plexus revealed that Ca2+ transients of 
nitrergic neurons in nNOS-GCaMP3 mice were significantly 
more frequent in between CMMCs than during a CMMC. 
Conversely, Ca2+ transients of cholinergic neurons in ChAT-
GCaMP3 mice were significantly more frequent during the 
CMMC than in between CMMCs. Interestingly, the nitric 
oxide synthase inhibitor L-NNA suppressed the inactivity 
of ChAT-GCaMP3 neurons between CMMCs. These data 
suggested that nitrergic activity is responsible for reducing 
cholinergic activity between CMMCs. To determine if such 
regulation could also occur during a CMMC, we crossed 
nNOS-CreERT2 mice to mice expressing the light-activated 
cation channel channelrhodopsin-2 (ChR2). In these mice, 
exposure with ChR2-activating blue light abolished nascent 
CMMCs that were measured with force transducers placed 
along the entirety of the colon. These data highlight the role 
of reciprocal patterns of activity of ChAT and nNOS enteric 
neurons during the periods of tonic inhibition and the CMMC. 
Grant support from SPARC 10T20D0204899-01 and National 
Institute of Diabetes and Digestive and Kidney Diseases 
R56DK109277.
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affected neurons were immunoreactive for nNOS. In the 
reflex experiments, we found that hexamethonium in either 
chamber depressed distension evoked IJPs, ondansetron had 
no effect in the stimulation chamber but enhanced IJPs in the 
recording chamber indicating that blocking 5-HT3 receptors 
disinhibited descending inhibitory reflexes. Conclusions: 
Most myenteric neurons in mouse proximal colon exhibit 
fast synaptic potentials mediated by acetylcholine acting 
at nicotinic receptors. However, neurally released 5-HT can 
mediate some fEPSPs in excitatory motor neurons and some 
local inhibitory (NOS+) interneurons via 5-HT3 receptors. 
These data confirm that neurally released 5-HT can regulate 
colonic motility.

Disclosure: No significant relationships.
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ISAN19.220
STRUCTURE AND FUNCTION OF SINGLE CELLS FROM 
STELLATE AND INTRINSIC CARDIAC GANGLIA

John Tompkins
University of California - Los Angeles (UCLA) Cardiac Arrhythmia 
Center, Neurocardiology Research Program of Excellence, 
Department of Medicine - Cardiology, Los Angeles, CA, UNITED 
STATES OF AMERICA

Abstract: Intracellular microelectrode recordings combined 
with retrograde tracers, dye backfill, and extracellular 
stimulation of interganglionic nerves have been used to 
delineate neural components of cardiac autonomic control in 
mice and pigs. With these approaches, single cell membrane 
properties, morphology and synaptology have been studied 
in isolated whole-mount preparations of stellate ganglia (mice 
only) and intrinsic cardiac ganglia (mice and pigs). Mouse 
intrinsic cardiac neurons (ICNs) were characterized as having 
adendritic morphology and receive single, suprathreshold 
synaptic inputs capable of following high frequency (20Hz) 
trains of presynaptic stimuli. In contrast, porcine ICNs 
display complex dendritic arbors, and receive both sub- 
and suprathreshold inputs from multiple presynaptic inputs. 
The porcine ICNs follow high frequency stimulation poorly 
compared to the relatively obligatory synapse observed in 
mice. The ganglionic nicotinic blocker hexamethonium (Hex; 
100-500 M) inhibited approximately 80% of the synaptic 
potential in both species. In contrast to murine ICNs, mouse 
stellate ganglion neurons have complex dendritic arbors (with 
5-9 principle dendrites) and receive suprathreshold synaptic 
inputs from multiple communicating rami. Backfilling of 
the cardiac nerve (presumed outflow tract to the heart), or 
injection of cholera toxin-B into the ventricular myocardium, 
localized cardiac projecting sympathetic neurons to the 
cranial-medial pole of the stellate. Stimulation of the cardiac 
nerve evoked hexamethonium-sensitive synaptic potentials 
in cardiac stellate neurons. Measurements of latency and 
jitter for synaptic potentials are indicative of mono-, di-, 
and polysynaptic neural circuits within the stellate. Data 
from these studies is being used to populate openly shared 
databases detailing single cell anatomy and physiology of 
cardiac sympathetic and parasympathetic neurons from 
mouse and pig. Future work will be targeted to recordings 
from human ganglia to compare to the cellular phenotypes 
observed in mouse and pig.

Disclosure: No significant relationships.

ISAN19.221
CARDIAC NERVE SYNAPTIC EVENTS IN MOUSE 
STELLATE GANGLION SUGGEST CHOLINERGIC 
COLLATERALS.

Michael C. Andresen, Mark Doyle, Marion Bied, Antoinette 
Olivas, Beth A. Habecker
Oregon Health and Science University, Physiology and 
Pharmacology, PORTLAND, OR, UNITED STATES OF AMERICA

Abstract: Many stellate ganglion (SG) neurons send 
noradrenergic efferents to modulate heart function. Here 
we focused on patch clamp characterization of synaptic 
transmission within intact mouse SG. Surprisingly, stimulation 
of a postganglionic nerve projecting to the heart, the 
inferior cardiac nerve (CN), evoked cholinergic excitatory 
postsynaptic currents (EPSCs) similar to preganglionic EPSCs 
evoked from T2 rami. Hexamethonium blocked both T2 and 
CN EPSCs. Graded shocks recruited 1-4 synaptic inputs 
with unique all-or-none thresholds (modest preganglionic 
convergence). Latencies indicate conduction velocities, <2 
m/s, however, synaptic jitter values (latency SD) fall into two, 
normally distributed groups, low jitter (<200 µs) and high jitter 
(>200 µs) indicative of mono- and poly-synaptic connections. 
Pericardial injection of Cholera toxin B conjugated to 
Alexa488 identified cardiac projecting SG neurons whose 
synaptic characteristics were indistinguishable from other 
SG neurons. Paired recordings indicate that each SG 
neuron has unique T2 and CN events (no common inputs 
so no preganglionic divergence) and activity in one neuron 
does not affect the other. We hypothesize that a cholinergic 
collateral is responsible for both high jitter responses and CN 
activated EPSCs from these noradrenergic SG neurons. To 
test this, mice were generated whose sympathetic neurons 
lack choline acetyltransferase (ChAT), the synthetic enzyme 
for acethylcholine (ACh). In these iChAT KO mice, low jitter, 
T2 EPSCs and CN retrograde action potentials remained, but 
high jitter polysynaptic EPSCs were absent. These results 
suggest that the CN evoked EPSCs originate from ACh 
releasing collaterals belonging to noradrenergic SG cells.

Disclosure: No significant relationships.
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ISAN19.223
AUTONOMIC ACTIVITY GENERATES REGIONAL 
HETEROGENEITIES OF CA2+ TRANSIENTS AND 
ALTERS VM-CAI DELAYS IN VENTRICLES.

Guy Salama1, Beth A. Gabris-Weber1, Rajkumar 
Mantravadi2

1University of Pittsburgh, Medicine, Pittsburgh, UNITED STATES 
MINOR OUTLYING ISLANDS, 2University of Pittsburgh, Medicine, 
Pittsburgh, PA, UNITED STATES OF AMERICA

Abstract: Background: Based on anatomical and functional 
studies using optical mapping of cardiac action potentials 
(AP), we showed that sympathetic nerve stimulation (SNS) 
increases heart rate and reduces AP durations more at the 
base than the apex resulting in a reversal of repolarization 
gradients and apex-base differences in restitution kinetics. 
In contrast, bilateral vagus nerve stimulation (VNS) reduced 
heart rate and also reversed repolarization gradients. 
However, the effects of SNS and VNS on Ca2+-transients 
(CaT) and excitation-contraction coupling (ECC) are unknown. 
Methods: Langendorff rabbit hearts were isolated with 
intact and functional autonomic nerves, stained with voltage 
sensitive (RH237) and Ca2+ indicator (Rhod-2/AM) dyes 
and were optically mapped at normal sinus rate (SR) and 
during SNS (electrode inserted in the spinal canal) or VNS 
(electrodes placed on the right and left vagus). SNS and VNS 
electrodes were set at 15V and 15Hz). Cai dynamics were 
compared for SR, vs. SNS vs. VNS and apex vs. base by 
measuring: CaT durations (90% recovery to baseline), Vm-Cai 
delay (cross correlation analysis), Risetime (time-to-peak) and 
peak Cai (Cai: % change). Data were expressed as mean ± 
SEM and paired t-test with p<0.05 considered significant. 
Results: The figure summarizes the findings and shows that 
SNS produced significantly shorter voltage-Cai (V-Ca) delay, 
shorter CaT durations, shorter rise-time and higher peak Cai 
at the base compared to the apex. In contrast, VNS prolonged 
Vm-Ca delay, Cai rise-times and heart rates. Conclusions: 
The data provides new insights on the regional effects of SNS 
and VNS on Ca2+ handling and highlights heterogeneities of 
Cai properties of the myocardium and V-Cai coupling caused 
by heterogeneities of sympathetic and parasympathetic 
innervation. Figure: Dual mapping of APs and CaT allows 
us to measure the time-delay between the voltage and Cai 
upstrokes which is a measure of the gain of function for 
Ca2+-induced Ca2+ release and rate of force generation. Left 
panel: Control Vm-Cai delay; Middle during SNS and right: 
during VNS. SNS and VNS reduced and increased the delay, 
respectively most likely through their effect on the kinetics of 
the L-type Ca2+ channel and ICa,L.

Disclosure: No significant relationships.

ISAN19.222
DISCOVERING MOLECULAR PHENOTYPE GRADIENTS 
AND MARKERS WITHIN THE RAT ICN

Alison Moss1, Sirisha Achanta2, Shaina Robbins1, Sean 
Nieves1, Clara Leung3, Jin Chen3, Jonathon Gorky1, Susan 
Tappan4, Maci Heal4, Zixi J. Cheng3, James Schwaber1, 
Rajanikanth Vadigepalli1
1Thomas Jefferson University, Philadelphia, PA, UNITED 
STATES OF AMERICA, 2Thomas Jefferson University, Pathology, 
Philadelphia, PA, UNITED STATES OF AMERICA, 3University of 
Central Florida, Burnett School of Biomedical Sciences, Orlando, 
FL, UNITED STATES OF AMERICA, 4MBF Bioscience, Williston, VT, 
UNITED STATES OF AMERICA

Abstract: The intrinsic nervous system within the heart 
(ICN) influences cardiac function at both physiological 
and molecular levels. Recent studies suggest that cardiac 
neurons interact as a network to control cardiac function. We 
find that neurons, as well as the specific neuronal networks 
that influence each neuron, are molecularly and functionally 
heterogeneous. To date knowledge of the spatial organization 
of these neuronal phenotypes within and among cardiac 
ganglia is absent or sparse. We are collecting these data 
towards a functional understanding of the complexity within 
the cardiac intrinsic nervous system and how it communicates 
with other autonomic centers of the central nervous system. 
We are using a methods pipeline that combines 3-D 
reconstruction of the entire ICN in whole rat heart with specific 
localization of cellular transcriptomic data and functional 
connectivity. With the use of Laser Capture Microdissection, 
single cell and small cell pools are collected from the rat 
ICN, some labeled by projection tracers, while recording 
precise position of each sample in whole ICN context. By 
using the transcriptomic data from the collected samples and 
superimposing their locations onto the 3D reconstruction of 
the heart, we are able to visualize and characterize the gene 
expression profiles of intracardiac neurons in the context of 
their anatomical location within the heart. We have so far 
made important discoveries that show a gradient of molecular 
phenotypes with respect to the Z-axis of the heart. For 
example, genes such as Cxcr4, Npff, and Gal show a very 
strong bias in expression levels with respect to their spatial 
localization. Other patterns arise when examining pair-wise 
comparison of gene expression levels. One example is that 
neurons in the lower atria express high levels of both Npff and 
Dbh while the expression of both genes are more variable at 
high levels in the atria. These results lend important insight 
into the different types of neurons and different neuronal 
signaling pathways that are involved in cardiac signaling. We 
in particular look for differential markers in specific locations 
with strong functional implications to follow-up for possible 
specific physiological and disease related roles.
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increased intracellular calcium and depolarization in vitro and 
ex vivo. For genetically targeted neuromodulation to specific 
neuronal pathways, we generated an AAV construct with 
cre-dependent expression of antiferritin-TRPV1. Construct 
expression and magnet activation are only seen in neurons 
that also express cre recombinase. In vivo studies to remotely 
activate specific pancreatic neurons and examine the effects 
on glucose metabolism are underway. In summary, we have 
1) mapped pancreatic innervation using non-viral and viral 
tracers and shown extensive inputs from parasympathetic, 
sympathetic and somatosensory ganglia, 2) optimized viral 
serotypes, titers and delivery routes for gene delivery to 
pancreatic nerves and 3) generated novel viral tools for pan-
neuronal and genetically targeted, remote modulation of 
peripheral nerves. These new technologies will now allow us 
to specifically assess the functional roles of organ-specific 
and circuit-specific peripheral innervation in vivo.

Disclosure: No significant relationships.

ISAN19.225
TOOLS FOR REMOTE MODULATION OF PERIPHERAL 
NERVES INNERVATING THE PANCREAS

Maria Jimenez-Gonzalez1, Lisa Pomeranz2, Rosemary Li1, 
Gary Schwartz3, Rupangi Vasavada4, Sarah Stanley5

1Icahn School of Medicine at Mount Sinai, New York, UNITED 
STATES OF AMERICA, 2The Rockefeller University, New York, 
AL, UNITED STATES OF AMERICA, 3Albert Einstein College of 
Medicine, New York, NY, UNITED STATES OF AMERICA, 4City of 
Hope National Medical Center, Los Angeles, AL, UNITED STATES 
OF AMERICA, 5Icahn School of Medicine at Mount Sinai, New York, 
NY, UNITED STATES OF AMERICA

Abstract: Diabetes is a devastating disease for patients and 
their families. In the US, one in nine people have diabetes and 
84 million people with pre-diabetes are at significant risk of 
the disease. Adequate treatment of diabetes to reduce its 
long-term consequences is difficult to achieve. So a broader 
range and better therapies to prevent and treat diabetes are 
clearly needed. The synchronized action of many organs act to 
regulate blood glucose but the pancreas is central to glucose 
regulation. Pancreatic endocrine cells secrete hormones such 
as insulin and glucagon to maintain glucose levels within a 
narrow range. The nervous system plays a critical role in 
coordinating and modulating pancreatic function and glucose 
regulation. The pancreas is densely innervated and electrical 
activation or sectioning of peripheral nerves alters insulin 
and glucagon release modifying blood glucose. However, 
manipulating vagal or splanchic nerves through sectioning or 
electrical stimulation may affect many other intra-abdominal 
organs. Recent advances in genetic tools for neuromodulation 
now allow specific, temporally controlled regulation of 
organ-specific innervation to dissect their functional roles. 
The objectives of our current studies are to develop and 
characterize tools for wireless regulation of peripheral 
nerves to assess the roles of specific neural pathways in 
regulating pancreatic function. We first mapped pancreatic 
innervation using non-viral and viral tracers and showed 
extensive innervation from parasympathetic, sympathetic 
and somatosensory ganglia as well as innervation between 
intra-abdominal organs. We examined multiple adeno-
associated virus (AAV) serotypes, viral titers and delivery 
routes to identify viral vectors capable of gene delivery to 
specific pancreatic nerves. Next, we generated a novel 
AAV construct for pan-neuronal, remote neuromodulation. 
Our system combines magnetic fields that freely penetrate 
tissues, with expression of a modified multimodal channel, 
transient receptor potential vanilloid 1 receptor (TRPV1) 
tethered to the iron storage protein, ferritin. In our newly 
developed tool, we tethered TRPV1 to ferritin using a novel 
anti-ferritin nanobody fused to TRPV1 (antiferritin-TRPV1) that 
binds endogenous ferritin. Expression is directed to neurons 
using a neuron-specific promoter. In the presence of magnetic 
fields, energy captured by iron oxide within the ferritin shell 
leads to TRPV1 activation. We have shown that magnet 
treatment of neurons expressing our construct leads to 
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WIRELESS REAL-TIME SENSOR PLATFORM FOR 
MONITORING BOWEL STATE AND FUNCTION

Dennis Bourbeau1, Aref Smiley2, Steve J. Majerus3, Margot 
Damaser2

1MetroHealth Medical System, Cleveland, OH, UNITED STATES 
OF AMERICA, 2Cleveland Clinic, Dept Of Biomedical Engineering, 
Cleveland, OH, UNITED STATES OF AMERICA, 3Louis Stokes 
Cleveland VA Medical Center, Research, Cleveland, OH, UNITED 
STATES OF AMERICA

Abstract: The neural control of bowel function during content 
storage, motility, and defecation is not well understood. 
A more complete understanding may be possible with 
electrophysiology or pharmacology studies that include 
functional measures of the bowel in conscious subjects. 
There are few options for continuous bowel monitoring in 
awake subjects. Therefore, we are developing a wireless 
sensor platform as a research tool for measuring bowel 
pressure and estimating volume for use in experiments of 
bowel function in conscious ambulating animals. The bowel 
sensor was built on a core wireless sensor platform and its 
form factor was designed for multi-day monitoring in the 
porcine colon. The prototype is approximately 80 mm long 
and 7 mm wide, and it can be affixed to the bowel mucosa 
using an endoscopic hemoclip. The current device prototype 
comprises a miniaturized flexible circuit board with four sensor 
modalities, including pressure, conductance, conductivity, 
and capacitive measurements. Pressure sensors are located 
at each end of the board with 50 mm distance from each other 
to detect pressure changes at two nearby colon sections and 
movement of contents. Volume of contents in the region of 
the sensor is estimated from conductivity, capacitance, and 
conductance measurements. The sensor board is designed to 
wirelessly transmit these sensor data to an external receiver to 
be monitored and stored. In addition to sensor modalities, the 
sensor board has a small rechargeable battery, an ultra-low 
power microcontroller, inductive transmission, and inductive 
recharge input. Initial prototypes using flexible printed circuit 
boards were inserted in silicone tubes, filled with silicone 
gel, and then sealed with silicon glue. The conductance, 
conductivity, and capacitive electrodes were then placed 
around the tube. Our packaging protocol maintains the 
flexible nature of the device while making it biocompatible for 
in vivo experiments. Accuracy and precision of sensors were 
first characterized through benchtop testing in a benchtop 
colon phantom. The functionality of the sensors was further 
evaluated in 2 preliminary acute in vivo experiments. Benchtop 
results showed that the pressure sensor was capable of 
detecting controlled pressure changes with a root mean 
square error (RMSE) of 3.7 cmH2O. Regression analysis for 
the conductivity measurements showed a maximum error of 
19% and a RMSE of 675 µS/cm. For volume estimation, there 
was a maximum error of 26% and a RMSE of 4.5 mm for 
the diameter of a stool. In vivo conductivity measurements 
were sensitive to stools with different conductivities. When 

ISAN19.226
IN VIVO TWO-PHOTON IMAGING OF SYMPATHETIC 
AND PARASYMPATHETIC NEUROMODULATION OF 
PANCREATIC MICROVESSELS

Joseph Canzano1, Narayan Subramanian2, Abdurahman 
Siddiqi2, Rebeca Castro2, Richard D. Johnson3, Karim 
Oweiss2

1University of Florida, College Of Medicine, Gainesville, FL, UNITED 
STATES OF AMERICA, 2University of Florida, College Of Electrical 
and Computer Eng., Gainesville, FL, UNITED STATES OF AMERICA, 
3University of Florida, Physiological Sciences, Gainesville, FL, 
UNITED STATES OF AMERICA

Abstract: The pancreas is densely innervated with 
parasympathetic, sympathetic, and visceral afferent fibers 
that regulate various metabolic functions, yet little is known 
about how local endocrine activity is influenced by the 
neurovascular activity within and outside of pancreatic islets, 
and its role in the pathogenesis or symptoms of disease. These 
studies are especially challenging to perform as the pancreas 
is a soft abdominal organ containing numerous excitable 
cell types, subjected to constant respiratory and digestive 
movements, and composed of distinct endocrine and 
exocrine innervation targets randomly distributed throughout 
the whole organ volume. Herein we describe a preparation 
facilitating highly-stable in vivo imaging of rat pancreatic 
tissues in situ at cellular resolution using a custom upright 
two-photon laser scanning microscope with simultaneous 
electrical stimulation of its peripheral innervation. Coupled 
with intravenous injection of fluorescent dyes, this method is 
capable of simultaneously imaging hundreds of microvessels 
within and immediately surrounding individual islets at high 
temporal resolution, and minimally affected by movement 
artefacts originating from breathing and peristaltic motion. 
By scanning along predefined paths extremely fast sampling 
(2 KHz) can be achieved, allowing the tracking of blood 
flow velocities up to 5 mm/sec within individual capillaries 
at 40 Hz, sufficient to resolve instantaneous pulsation 
using time-frequency analysis. This platform was applied 
to explore the differential influences of parasympathetic 
and sympathetic innervation on pancreatic microvascular 
activity. Diameter and flow rate of microvessel populations 
within and around islets were imaged while stimulating the 
vagus nerve or celiacomesenteric ganglion. A variety of 
stimulation parameters were applied to maximize effects on 
islet capillary beds and minimize off-target actuation of peri-
islet vessels. Preliminary data show significant modulatory 
influence of both stimulation targets in opposing directions on 
islet and acinar microvessel diameters, with differential effects 
achievable by varying current amplitude or pulse width. 
The outcome of these studies could have direct impact on 
neuromodulatory therapies to address diabetes, pancreatitis, 
and other conditions of the pancreas.

Disclosure: No significant relationships.

SESSION: SPARC: TOOLS TO STUDY AND MODULATE AUTONOMIC FUNCTION - SESSION III 
JULY 27, 2019 | 2:10 PM–3:10 PM



5111TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

ORAL PRESENTATIONS

the device was covered with stool, adding more stool shifted 
conductivity measurements. Conductivity and capacitance 
data showed a significant difference between full and empty 
bowels. The pressure sensors recorded changes in bowel 
pressure in response to abdominal compressions and slow-
wave bowel contractions. Initial results from in vitro and 
preliminary in vivo studies suggest that wireless pressure 
monitoring and volume estimation from conductivity and 
capacitance measurements is feasible. This device has the 
potential to provide data in awake, behaving subjects in 
chronic experiments of bowel function.
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nerve transection than shams. These findings follow a similar 
trend to those previously demonstrated from unilateral 
superior cervical ganglion removal, but still possess 
characteristics that are unique to the ganglioglomerular nerve 
alone. This which suggests the role the superior cervical 
ganglion has in modulating the hypoxic response is through 
the ganglioglomerular nerve and the carotid body, as well as 
other yet unknown mechanisms. This work was supported in 
part by a SPARC NIH award OT2OD023860
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ISAN19.228
GANGLIOGLOMERULAR NERVE REGULATION OF 
CAROTID BODY RESPONSES TO HYPOXIC-GAS 
CHALLENGE IN JUVENILE RATS

Greg Coffee1, Stephen Lewis2, Paulina M. Getsy2

1Case Western Reserve University, Pediatrics, Cleveland, OH, 
UNITED STATES OF AMERICA, 2Case Western Reserve University, 
Pediatrics, Cleveland, UNITED STATES OF AMERICA

Abstract: The superior cervical ganglion sends sympathetic 
input to the carotid body via the ganglioglomerular nerve 
in order to modulate carotid sinus nerve chemosensory 
afferent discharge via controlling vascular tone. This 
chemoafferent discharge is then relayed to the nucleus tractus 
solitarius where the information is processed resulting in a 
compensatory increase in respiration. We have determined 
that hypoxic gas challenges increase the activity of the 
ganglioglomerular nerve. However, little is known about to 
the effects of ganglioglomerular nerve transection (GGNx) on 
carotid body chemosensory afferent response to hypoxia. 
Our major objective was to determine the effect of unilateral 
ganglioglomerular nerve transection on the ventilatory 
responses elicited by hypoxia (10% O2, 90% N2) gas 
challenge (5 episodes of 5 minutes in duration separated by 15 
minutes in room-air) in freely-moving juvenile (post-natal day 
25) male Sprague-Dawley rats. The rats (post-natal 21) were 
subjected to sham or unilateral (right or left) ganglioglomerular 
nerve transection and were given 4 days to recover. On the 
day of the experiment, P25 rats were placed in whole-body 
plethysmography chambers and subjected to the hypoxic 
gas exposure. Ventilatory parameters included frequency 
of breathing, tidal volume, minute ventilation (= frequency x 
tidal volume), inspiratory and expiratory times, end inspiratory 
and expiratory pauses, peak inspiratory and expiratory flows, 
inspiratory and expiratory drive, EF50 (expiratory flow at 50% 
expired tidal volume), Rpef (rate of achieving peak expiratory 
flow) and Rejection Index (index of disordered breathing 
including apneas). Resting Rejection Index was diminished 
in rats with left or right ganglioglomerular nerve transection 
compared to sham-operated rats. Rpef was diminished in 
rats with right ganglioglomerular nerve transection compared 
to sham rats. Resting peak inspiratory flow was increased 
in only left ganglioglomerular nerve transection, while peak 
expiratory flows were increased in rats with either left or 
right ganglioglomerular nerve transection. The hypoxic 
challenge elicited altered ventilatory responses in rats 
subjected to unilateral ganglioglomerular nerve transection. 
Minute ventilation exhibited ventilatory roll-off during hypoxic 
challenge in shams, no such trend was observed in rats 
with left ganglioglomerular nerve transection. Although 
peak inspiratory flow, inspiratory drive, and expiratory drive 
reached similar plateaus in rats with right ganglioglomerular 
nerve transection, the onset of the responses was delayed 
when compared to their sham counterparts. Increases in End 
expiratory pause were more robust following return to room 
air after hypoxic challenge in rats with right ganglioglomerular 
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SUPERIOR CERVICAL GANGLIONECTOMY AFFECTS 
THE BRAINSTEM CARDIORESPIRATORY NETWORK 
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Yee-Hsee Hsieh2, Thomas E. Dick2, Mathias Dutschmann3, 
Stephen J. Lewis4
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Abstract: Surprisingly, the superior cervical ganglia (SCG) 
projects centrally to the nucleus tractus solitarii. (nTS) 
We hypothesized that this projection directly modulates 
cardiorespiratory function, independently of carotid body 
input to the nTS. We recorded heart rate, perfusion pressure 
and the efferent activities of thoracic sympathetic chain, vagal 
and phrenic nerves, 4d after removing the SCG bilaterally (Bi-
SCGX, n=23), or transecting bilaterally the ganglio-glomerular 
nerve (GGNX, n=9), which removed the projection from the 
SCG to the carotid body, or sham surgery (n=22). To study 
whether the left and the right SCG input to the brainstem 
have different physiological function we selectively removed 
the left SCG (L-SCGX, n=20), selectively removed the right 
SCG (R-SCGX, n= 18) or sham surgery (n= 17), 4d later we 
recorded perfusion pressure and the efferent activities of 
both vagi and both phrenic nerves. We compared cardio-
respiratory patterns at baseline and during chemoreceptor 
reflexes. The baseline cardio-respiratory pattern was similar 
in Bi-SCGX and Shams. However, GGNX affected the baseline 
pattern and required greater perfusion pressure (PP) than the 
sham group. Both Bi-SCGX and GGNX affected differently 
the chemo-response compared to the sham-treated rats. 
The chemoreceptor response involves increases in perfusion 
pressure (PP) and respiratory frequency (fR) and a decrease in 
heart rate (HR) and these variables were affected differential by 
the interventions. The increase in PP was attenuated for both 
the GGNX and SCGX groups compared to the sham group but 
the increase in PP was greater for GGNX than SCGX groups. 
The increase in fR and the decrease in HR was greatest in 
the SCGX groups and least in the sham group. The GGNX 
group tracked with the sham groups for fR but with the SCGX 
group with HR. Baseline respiratory frequency was similar 
in the L-, R-SCGX and sham group. However, the R-SCGX 
group had a greater response to chemoreceptor stimulation 
than the L-SCGX, but smaller than the sham. Similarly, the L-, 
R-SCGX and sham group required similar perfusion pressure 
during baseline; but the L-SCGX had a smaller increase in 
perfusion pressure during chemoreceptor stimulation. Thus, 
the superior cervical ganglia, which innervates numerous 
autonomic organs affect the response to stimuli tempering the 
dynamic range of the evoked responses. In such a function 
the SCG could be a novel target for determining vasomotor 

ISAN19.229
ACUTE AIRWAY ACIDIFICATION MODIFIES MUCUS 
SECRETION AND TRANSPORT PROPERTIES

Leah Reznikov, Shin-Ping Kuan, Yan-Shin Liao, Joshua 
Dadural, Emily Collins, Maria Guevara, Kalina Atanasova, 
Kevin Vogt
University of Florida, Gainesville, FL, UNITED STATES OF AMERICA

Abstract: Airway acidification is a potent stimulus of airway 
sensory nerves and a common feature of several airway 
diseases, including cystic fibrosis and asthma. In the current 
study, we examined the effects of acute airway acidification 
on mucus secretion and transport properties in neonatal 
male and female piglets. Acute airway acidification induced 
glycoprotein obstruction of the intrapulmonary airways in 
both sexes, suggesting a defect in either the secretion or 
transport properties of mucus. Thus, we examined mucus 
secretion in response to methacholine ex vivo using lectins. 
The pattern of mucus secretion was profoundly different in 
acid-challenged piglets compared to saline-treated controls. 
Notable differences included a greater expulsion of surface 
mucus and significant dilation of the submucosal gland ducts. 
We also examined mucus transport properties in submerged 
tracheas using fluorescent nanospheres. Computer-assisted 
tracking revealed a decrease in the mean speed of fluorescent 
particle movement. These findings indicate that acute airway 
acidification modifies mucus behavior and suggest that 
targeting sensory nerves might be benefiical in some airway 
diseases.
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CERVICAL SYMPATHETIC CHAIN STIMULATION ON 
UPPER AIRWAY PRESSURE IS MEDIATED BY THE 
INTERNAL CAROTID NERVE

Yee-Hsee Hsieh1, Sarah F. Hassan2, Woineshet J. Zenebe3, 
Stephen J. Lewis4
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Abstract: Background: Cervical sympathetic chain 
stimulation decreases upper airway pressure and airway 
resistance. The cervical sympathetic chain is connected to 
the superior cervical ganglion. There are two major post-
ganglionic projections to the head and neck arising from 
the superior cervical ganglion including the internal carotid 
nerve. We have previously shown through tract tracing that 
the nasopharynx projects to the superior cervical ganglion 
via the internal carotid nerve, however, their functional 
contribution to improve upper airway patency is unclear. 
Aim: We sought to investigate the contribution of the cervical 
sympathetic chain-superior cervical ganglion-internal carotid 
nerve pathways on lowering upper airway pressure, ECG, and 
cardiorespiratory systems. Methods: Urethane-anaesthetized 
healthy male Sprague-Dawley rats (n=4) were used to 
measure upper airway pressure and blood pressure while 
the cervical sympathetic chain and internal carotid nerve 
along the same side was isolated and placed on stimulating 
cuff electrodes. Cervical sympathetic chain and internal 
carotid nerve stimulation (0.8 mA, 7.5 Hz, 0.2 ms) mediated 
effects on upper airway pressure and cardiorespiratory 
parameters were then assessed. Results: In all cases of 
cervical sympathetic chain stimulation, upper airway pressure 
(mmHg) decreased by -15% ± 5%, HR increased by 25 ± 
3 bpm, arterial blood pressure increased by 10 ± 2 mmHg. 
Internal carotid nerve stimulation with the same parameters 
decreased upper airway pressure -22 ± 3% and had no 
impact on heart rate or arterial blood pressure. Conclusion: 
For the first time, we have demonstrated that internal carotid 
nerve stimulation alone can replicate the effects of cervical 
sympathetic chain stimulation on reduction of upper airway 
pressure without impacting hemodynamics. Supported by 
NIH1OT2OD023860-01, Galvani Bioelectronics
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tone at rest as well as serves to buffer cardio-respiratory 
responses to chemoreceptor reflexes. Funding: NIH SPARC 
1OT2OD023860-02 SJLewis
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CHARACTERIZATION OF ASCENDING 
INTERNEURONAL PATHWAYS IN MYENTERIC PLEXUS 
OF HUMAN COLON

Adam Humerick1, Bao Nan Chen1, Phil Dinning2, Lukasz 
Wiklendt1, David A. Wattchow2, Marcello Costa1, Simon 
Brookes3

1Flinders University, Human Physiology, College of Medicine, 
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AUSTRALIA, 3Flinders University, Human Physiology, College of 
Medicine, Adelaide, SA, AUSTRALIA

Abstract: Background: Retrograde tracing combined 
with immunohistochemical labelling has been widely used 
to characterize neuronal pathways in the small and large 
intestine. Method: After obtaining informed consent, 
specimens of human colon, obtained during elective surgery, 
were dissected in sterile Krebs solution to remove the mucosa. 
A small glass bead, coated with the fluorescent carbocyanine 
dye, 1,1‘-didodecyl-3,3,3‘,3‘-tetramethyl indocarbocyanine 
perchlorate (DiI), was applied to the myenteric plexus or 
circular muscle or longitudinal smooth muscle. After 4 days 
in organ culture the preparation was fixed and processed for 
immunohistochemical multiple labelling, then photographed 
and mapped on an epifluorescence microscope. Results: 
DiI-labelled axons were labelled from the application site 
and, in many cases, could be traced to DiI-filled nerve cell 
bodies. DiI applied to the circular muscle filled ascending 
motor neuron cell bodies located up to 13 anal to the DiI-
application site; 95% of ascending motor neurons were within 
8mm. DiI applied to the longitudinal muscle filled ascending 
motor neurons up to 10mm aborally and 95% were located 
within 6mm. However, when DiI was applied to the myenteric 
plexus, labelled nerve cell bodies were located up to 43mm 
aborally indicating that ascending interneuronal pathways 
are considerably longer than motor neuron pathways. Thus, 
nerve cell bodies located from 8 - 43mm aborally represent 
an enriched population of long ascending interneurons. 
Within this population, over 90% of the neurons (n=6) were 
immunoreactive for either Enkephalin (ENK+) or calbindin 
(Calb+) or for both markers (ENK+/Calb+). We have also 
examined descending interneuronal pathways in the colon 
using a similar rationale (excluding circular and longitudinal 
muscle motor neurons). In preliminary studies (n=3), fewer 
than 6% of descending interneurons were immunoreactive 
for ENK, although many contained Calbindin. Conclusion: 
Of long ascending interneurons in the human colon, nearly 
70% contained ENK immunoreactivity, and most of the 
rest contained Calbindin immunoreactivity. This suggests 
the existence of 2 or 3 classes of ascending interneurons 
which project for up to 43mm. Fewer than 6% of descending 
interneurons contained ENK. This means that ENK-containing 
varicosities in the myenteric plexus that surround nerve cell 
bodies are likely to reflect inputs from ascending interneuronal 
pathways, providing a means to analyse ascending motor 
pathways in the human bowel.
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in many neurons, while other neurons showed a substantial 
increase in excitability. The model also showed that, although 
activation of GABAC receptors depolarizes enteric neurons, 
synapses acting through such receptors also inhibit excitation 
produced by fEPSPs. This is consistent with published Ca 
imaging data from our laboratory. Conclusions: The results 
indicate that the interactions between distinct depolarizing 
synaptic events in enteric neurons are more complex than 
simple summation of membrane potentials with some synaptic 
depolarizations inhibiting firing in response to conventional 
fEPSPs. They highlight the utility of single neuron and small 
network models for understanding information processing in 
the enteric nervous system.

Disclosure: No significant relationships.

ISAN19.233
COMPUTATIONAL MODELS OF SYNAPTIC 
INTERACTIONS IN ENTERIC NEURONS REVEAL 
INHIBITION FROM DEPOLARIZING SYNAPSES

Parvin Zarei Eskikand1, Katerina Koussoulas1, Rachel 
Gwynne1, Joel C. Bornstein2

1University of Melbourne, Parkville, AUSTRALIA, 2University of 
Melbourne, Dept. of Physiology, Parkville, VIC, AUSTRALIA

Abstract: Purpose: The gut’s intrinsic nervous system, the 
enteric nervous system, includes many synaptic connections 
that mediate communication between neurons in the enteric 
circuitry. These produce a range of different synaptic 
potentials in individual neurons including fast excitatory 
synaptic potentials (fEPSPs) mediated by ionotropic 
receptors, slow EPSPs (sEPSPs) mediated by metabotropic 
receptors and inhibitory synaptic potentials. A wide range of 
different neurotransmitters including acetylcholine, ³-amino 
butyric acid (GABA), 5-HT, ATP and various neuropeptides 
contribute to this array of synaptic potentials. However, how 
these different synaptic responses interact at the level of 
generation of post-synaptic action potentials has not been 
quantitatively explored. We have addressed this issue using 
computational simulation of small networks of neurons and 
tested the predictions of these simulations using Ca imaging 
methods to analyse interacting responses to specific stimuli. 
Methods: A computational model of a small network of enteric 
neurons was constructed to explore interactions of fEPSPs 
and sEPSPs. The single neurons are conductance-based 
models of enteric neurons with various voltage dependent 
sodium and potassium currents including Nav1.3, Nav1.7, 
Kv7.2, a delayed rectifier K current and A-type K current. The 
neurons are connected through sEPSP and fEPSP synapses. 
sEPSPs are modelled based on activation, inactivation and 
summation of cAMP and protein kinase A-dependent second 
messenger cascades. In other experiments, interactions 
of fEPSPs and synaptic events mediated by GABA acting 
on GABAC receptors were analysed. For Ca2+ imaging, 
myenteric preparations were taken from Wnt1-Cre;R26R-
GCaMP3/6f mice (either sex), which express a calcium 
indicator in all enteric neurons and glia. Focal electrical 
stimulation was applied to local nerve trunks with a single 
pulse used to excite fEPSPs and a train of 20 pulses (20Hz) 
used to excite slow EPSPs. We compared Ca transients 
evoked by a single pulse before a 20 pulse train with those 
10 s and 20 s after the train. Results: The model predicted 
that while the slow synaptic depolarization produced an initial 
increase in firing of the post synaptic neuron, fEPSPs evoked 
after 10s during this prolonged depolarization are markedly 
reduced in amplitude and no longer trigger action potentials 
despite doing so in the absence of the slow depolarization. 
Blocking Kv7.2 channels in the model prevented the inhibitory 
effect of the slow synaptic depolarization (sEPSP) on fEPSPs. 
The inhibitory effect of the sEPSPs was confirmed for some 
neurons in Ca imaging experiments that showed a marked 
reduction in excitation produced by a single pulse stimulus 
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potassium channels like Kv7.2, which has slow inactivation 
kinetics. Substituting Kv7.3 for Kv7.2 in the model produces a 
more prolonged, but still transient, firing pattern due to a lower 
maximum conductance. Conclusions: The data indicate 
that different functional classes of myenteric neurons in the 
proximal colon of the mouse can be distinguished by their 
projections, terminal fields and firing patterns. The differing 
firing patterns can help subdivide the two broad classes of 
enteric neurons that have been identified in many previous 
studies and presumably reflect differential expression of 
voltage dependent potassium channels between different 
functional classes of neurons. The data underline the utility of 
computational simulation for analysis of neuronal properties 
within the enteric nervous system.

Disclosure: No significant relationships.

ISAN19.234
CORRELATION OF FIRING PROPERTIES AND 
FUNCTION OF MYENTERIC NEURONS IN MOUSE 
PROXIMAL COLON: MODELLING DIFFERENTIAL 
EXPRESSION OF ION CHANNELS

Parvin Zarei Eskikand, Joel Bornstein, Katerina 
Koussoulas, Rachel M. Gwynne
University of Melbourne, Dept. of Physiology, Parkville, VIC, 
AUSTRALIA

Abstract: Purpose: Many distinct functional classes of enteric 
neurons have been identified mixed together within individual 
ganglia. However, electrophysiological studies of these 
neurons have identified only two broad electrophysiological 
classes, which correlate with their cell body morphology and 
axonal projections. Enteric neurons express a wide variety 
of voltage dependent ion channels, but how they that act 
together to allow them to integrate information and regulate 
firing has not been established. We have investigated this 
issue using correlated intracellular recording, morphological 
analysis of impaled neurons and computational simulation 
using realistic compartmental models of individual neurons. 
Methods: Proximal colon from male C57/B6 mice (6-10wks) 
was dissected to reveal the myenteric plexus. Myenteric 
neurons were impaled with microelectrodes containing 
biocytin for post hoc analysis of neuron morphology and 
immunohistochemical analysis for either nitric oxide synthase 
(NOS) or calretinin. Neuron excitability was determined by 
passing depolarizing current pulses (500 ms duration) 
through the recording electrode and the number of action 
potentials evoked was counted over a range of injected 
currents. Neurons were simulated as conductance-based 
compartmental models with various voltage dependent 
sodium and potassium currents including Nav1.3, Nav1.7, 
Kv7.2 (and/or Kv7.3), a delayed rectifier K current and A-type 
K current. This simulates the typical action potentials of the 
most common broad electrophysiological class of enteric 
neurons, S neurons, which are known to be interneurons 
and motor neurons and to be monoaxonal. Results: Firing 
properties of 85 S neurons of 131 neurons impaled were 
examined. All, but one, fired action potentials within 75 ms 
of the start of a depolarization with a maximum frequency of 
up to 150 Hz. Some neurons fired only once at the start of 
the depolarization and morphological analysis showed that 
these were overwhelmingly ascending interneurons, identified 
because their axons ran orally for more than 1 mm within 
the myenteric plexus and had varicose side branches within 
more oral ganglia. Some, but not all of these neurons were 
immunoreactive for calretinin, others were immunoreactive 
for NOS. Other neuronal subtypes including anally directed 
interneurons and motor neurons (axons produced varicose 
terminals in the smooth muscle) fired several action potentials 
at the start of a depolarizing current pulse with the number 
depending on the current injected. The simulation analysis 
showed that the firing of individual neurons can be mimicked 
by varying the membrane expression of delayed rectifier 
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vs VNS: 6.1 ± 0.2 vs 6.4 ± 0.2 contractions per minute, p 
= .22). The degree to which VNS relaxed the pylorus was 
positively correlated with gastric emptying rate (r = .5887, 
P < .001). Conclusion: The MRI protocol employed in this 
study is expected to enable advanced preclinical studies to 
understand stomach pathophysiology and its therapeutics. 
This feeding protocol overcomes the challenge that animals 
are typically not compliant to test meals, and the advanced 
image analysis enables comprehensive high spatial and 
temporal resolution assessments of gastric functions and 
physiology. Results from this study suggest an electroceutical 
treatment approach for gastric emptying disorders using 
cervical VNS to control the degree of pyloric opening. (SPARC 
OT2 OD023847)

Disclosure: No significant relationships.

ISAN19.235
VAGUS NERVE STIMULATION PROMOTES GASTRIC 
EMPTYING BY INCREASING PYLORIC OPENING 
MEASURED WITH MRI

Kun-Han Lu1, Jiayue Cao1, Steven Oleson1, Matthew P. 
Ward2, Robert J. Phillips1, Terry L. Powley3, Zhongming Liu4

1Purdue University, West Lafayette, IN, UNITED STATES OF 
AMERICA, 2Purdue University, Biomedical Engineering, West 
Lafayette, IN, UNITED STATES OF AMERICA, 3Purdue University, 
Psychological Sciences, West Lafayette, IN, UNITED STATES 
OF AMERICA, 4Purdue University, Electrical and Computer 
Engineering, West Lafayette, IN, UNITED STATES OF AMERICA

Abstract: Purpose: Dysregulation of gastric functions may 
lead to chronic conditions such as gastroparesis, obesity, 
or gastroesophageal reflux diseases that are often resistant 
to pharmacological or dietary treatments. In this regard, 
vagus nerve stimulation (VNS), potentially utilizing the 
vagovagal circuitry that innervates the gastrointestinal tract, 
is an emerging electroceutical therapy for remedying gastric 
disorders. However, evaluation of the efficacy of VNS has 
long been impeded by the lack of comprehensive and high-
throughput readout of gastric physiology. Current assessments 
of gastric physiology are mostly based on invasive intubation, 
which are unsafe for repeated measurements, technically 
cumbersome, and/or physiologically confounding. Here, to 
evaluate the efficacy of VNS for GI modulation, we developed 
a contrast-enhanced MRI protocol to characterize gastric 
motility and emptying as the imaging-based readout of gastric 
physiology. Method: The modulatory effects of left cervical 
VNS on gastric emptying in rats were quantified using a 
feeding protocol in which the animal voluntarily consumed a 
post-fast, gadolinium-labeled meal, followed immediately by 
a 4-hour MRI scan to measure antral motility, pyloric activity 
and gastric emptying based on contrast-enhanced magnetic 
resonance imaging (MRI). Rats were allocated into 3 groups 
as follows: (i) an unoperated control group including the rats 
that did not receive surgery (n = 11); (ii) a sham control group 
including the rats that only received sham surgery (n = 9) 
and (iii) a VNS group including the rats that received both 
surgery and VNS (n = 10). Rats in the sham and VNS groups 
underwent the identical neck surgery for implantation of a 
bipolar cuff electrode around the left cervical vagus nerve. 
Electrical pulses (biphasic square pulses with inter-pulse 
duration = 50ms; pulse amplitude = 0.6mA; pulse width = 
0.36ms; frequency = 10Hz; 20 seconds on and 40 seconds 
off) were delivered at the start of image acquisition and lasted 
throughout the 4-hour experiment. Results: Vagus nerve 
stimulation significantly accelerated gastric emptying (sham 
vs VNS: 29.1% ± 1.5% vs 40.7% ± 3.9% of meal emptied per 
4 hours), caused a greater relaxation of the pyloric sphincter 
(sham vs VNS: 1.5 ± 0.1 vs 2.6 ± 0.4 mm2 cross-sectional 
area of the sphincter lumen), and increased antral contraction 
amplitude (sham vs VNS: 23.3% ± 3.0% vs 32.5% ± 3.0% 
occlusion), peristaltic velocity (sham vs VNS: 0.50 ± 0.02 vs 
0.67 ± 0.03 mm /s), but not its contraction frequency (sham 
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ISAN19.054
BLOOD PRESSURE-INDEPENDENT INCREASE IN 
CEREBRAL BLOOD FLOW BY ACUPUNCTURE TO THE 
SEGMENTAL REGION

Sae Uchida, Fusako Kagitani
Tokyo Metropolitan Institute of Gerontology, Department of The 
Autonomic Neuroscience, Tokyo, JAPAN

Abstract: Our previous study demonstrated that manual 
acupuncture stimulation of a forepaw in anesthetized rats 
increased regional cortical cerebral blood flow (rCBF) via 
activation of intracranial cholinergic vasodilative system. This 
increased rCBF was accompanied by elevation of systemic 
arterial pressure in similar temporal manner. It has been 
reported that acupuncture stimulation of the auricular regions 
does not elevate the systemic arterial pressure. This study 
aimed to determine whether acupuncture to the auricular 
region increases rCBF without increasing arterial pressure. 
The rCBF was measured using laser speckle contrast imaging 
in urethane-anesthetized rats. Acupuncture stimulation was 
performed manually at the auricular concha or abdomen. 
Unilateral auricular stimulation significantly increased the 
rCBF of the bilateral cerebral cortex in the frontal, parietal, 
and occipital lobes without altering the systemic arterial 
pressure. In contrast, abdominal stimulation affected neither 
rCBF nor systemic arterial pressure. The increase in the rCBF 
elicited by auricular stimulation was completely abolished 
by the severance of the somatic nerves that innervated the 
auricular region, comprising the trigeminal nerve, facial nerve, 
auricular branch of the vagal nerve, glossopharyngeal nerve, 
and great auricular nerve. The increase in the rCBF was not 
influenced by i.v. administration of naloxone, suggesting that 
endogenous opioids are not involved in the present response. 
We conclude that rCBF was increased by acupuncture to 
the segmental region (auricular region) via the somatic 
afferent nerves without increasing the blood pressure. These 
findings may provide a scientific basis for the application 
of acupuncture to the auricular region in patients with 
disturbances in the rCBF.

Disclosure: No significant relationships.

ISAN19.053
BILATERAL INHIBITION OF VAGAL AFFERENT INPUT TO 
THE NUCLEUS OF THE SOLITARY TRACT DECREASES 
BODY WEIGHT IN RATS

Bruce N. Ngo1, Mariana R. Melo2, Angela A. Connelly2, 
Jaspreet K. Bassi2, Sharon L. Layfield1, Stuart J. 
Mcdougall1, Ross A.D. Bathgate1, Andrew Allen2

1University of Melbourne, Florey Institute of Neuroscience and 
Mental Health, Parkville, AUSTRALIA, 2University of Melbourne, 
Physiology, Parkville, AUSTRALIA

Abstract: Background: Sensory afferents from the 
gastrointestinal tract project to the spinal dorsal horn and 
the medullary nucleus of the solitary tract (NTS). Vagal 
afferent input to the NTS has complex effects on body weight 
homeostasis, but electrical vagal nerve block decreases body 
weight (BW). Lesions of the caudal, commissural NTS (cNTS) 
also decrease BW, but it is difficult to determine whether 
this is due to loss of the vagal afferent input. Objective: We 
developed a novel chemogenetic approach, using the insect 
allatostatin (Ast) peptide system, to selectively inhibit vagal 
afferent input to cNTS. Methods: We developed an adeno-
associated virus that expresses allatostatin and injected 
it, under anesthesia, bilaterally into the nodose ganglion 
of all Sprague-Dawley rats. Two weeks later the rats were 
re-anesthetized and a lentivirus expressing either the Ast 
receptor (AstR; Experimental), or GFP (Control) was injected 
into the cNTS. Lentiviral transgene expression was under the 
control of a phox2 promoter. We measured BW throughout 
the surgical procedures and for 31 days following the cNTS 
injections. Results: All animals had small, surgery-related BW 
decreases (3-10g) that were maximal 2-3 days post-surgery. 
In Experimental animals, bilateral AstR expression in the cNTS 
induced a large decrease in BW that was maximal at day 7 
and sustained for the remainder of the recording period (day 
31: Control: 472±11g (n=9) v Experimental: 436±4g (n=10)). 
Discussion: Continuous inhibition of vagal afferent input to 
phox2-expressing neurons in the cNTS induces a sustained 
decrease in BW.

Disclosure: No significant relationships.
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ISAN19.056
A TRIP INTO NEURAL CONTROL OF CARDIAC 
ELECTROPHYSIOLOGY

Katharina Scherschel1, Hanna Bräuninger1, Christiane 
Jungen2, Nadine Erlenhardt3, Andrea Mölders3, Ehsan 
Amin3, Christian Eickholt1, Dane Chetkovitch4, Nikolaj 
Klöcker3, Christian Meyer1

1University Heart Center, University Hospital Hamburg-Eppendorf, 
Department of Cardiology - Electrophysiology, Hamburg, 
GERMANY, 2University Heart Center, University Hospital Hamburg-
Eppendorf, Department of Cardiology - Electrophysiology, 
Hamburg, GERMANY, 3University Clinic Düsseldorf, Inst. Of Neural 
and Sensory Physiology, Düsseldorf, GERMANY, 4Northwestern 
University, Chicago, UNITED STATES OF AMERICA

Abstract: The neuron-specific tetratricopeptide repeat-
containing Rab8b-interacting protein (TRIP8b/PEX5R) is an 
auxiliary subunit of hyperpolarization-activated cation (HCN) 
channels known to limit their cyclic nucleotide gating in the 
central nervous system. HCN channels are indispensable for 
heart rhythm control, but whether TRIP8b in cardiac neurons 
plays a role, has not been elucidated yet. Therefore, we 
aimed determine the role of TRIP8b deficiency on cardiac 
electrophysiology and to study TRIP8B expression in heart 
and brainstem. Ex vivo electrophysiological characterization 
was performed in a whole heart Langendorff model with male 
Trip8b/PEX5R-deficient mice (C57Bl6 background, aged 12-
22 weeks, n=6) using programmed stimulation. Wildtype (WT) 
littermates served as controls. No significant differences in 
baseline heart rate could be detected between genotypes 
(528.3±24.42 ms in WT vs 503.3±10.22 ms in KO). However, 
atrial refractory period was increased in KO animals from 
25.0±2.2 ms to 32.7±2.2 ms (p=0.033), the atrioventricular 
nodal recovery interval was prolongated from 59.0±3.5 ms to 
73.7±4.4 ms (p=0.026), and Wenckebach periodicity increased 
from 71.7±2.0 ms to 81.2±3.8 ms (p=0.044). Ganglionic 
blockade by systemic perfusion with 0.5 mM hexamethonium 
reversed these effects. TRIP8b/PEX5R immunoreactivity 
was inconclusive in the working myocardium, intracardiac 
neurons and the conduction system, but TRIP8b-expressing 
perineuronal cells were found in the brainstem. In conclusion, 
mice deficient for the HCN channel auxiliary subunit TRIP8b 
show alterations in cardiac electrophysiology that might 
indicate changes in parasympathetic tonus. Whether and 
how Trip8b/PEX5R controls activation of HCN channels via 
yet unknown expression in the heart or its regulation in the 
brainstem, remains to be elucidated.

Disclosure: No significant relationships.

ISAN19.055
INCREASED OCCURRENCE OF VENTRICULAR 
ARRHYTHMIAS IN TYPE 2 DIABETIC MICE

Christiane Jungen1, Katharina Scherschel1, Pradeep S. 
Rajendran2, Haesung Jee2, Frederik Flenner3, Christian 
Meyer1, Jeffrey L. Ardell2, John D. Tompkins2

1University Heart Center, University Hospital Hamburg-Eppendorf, 
Department of Cardiology - Electrophysiology, Hamburg, 
GERMANY, 2University of California - Los Angeles (UCLA) 
Cardiac Arrhythmia Center, Neurocardiology Research Center of 
Excellence, Department of Medicine - Cardiology, Los Angeles, 
UNITED STATES OF AMERICA, 3Cardiovascular Research Centre, 
University Medical Centre Hamburg-Eppendorf, Department of 
Experimental Pharmacology and Toxicology, Hamburg, GERMANY

Abstract: Background: Cardiac autonomic neuropathy 
is a complication of type 2 diabetes mellitus (T2DM) and 
may result in an increased risk for life threatening cardiac 
arrhythmias. Objective: To determine if autonomic 
neuropathy contributes to arrhythmia susceptibility of T2DM 
mice. Methods and Results: Measurements in Langendorff-
perfused hearts revealed greater arrhythmia inducibility in 
T2DM mice, while baseline electrophysiological parameters 
and epicardial conduction velocities were not different. Since 
increased arrhythmia burden may be attributed to autonomic 
neuropathy from diabetes, we investigated the structure and 
function of the cardiac autonomic nervous system in T2DM 
mice. Intracellular recordings from intrinsic cardiac neurons 
showed no differences in membrane properties or synaptic 
transmission compared to control mice, however a greater 
asynchronous neurotransmitter release was clearly present at 
stellate ganglia of T2DM mice. In-vivo stimulation of cardiac 
parasympathetic (vagus) or cardiac sympathetic (stellate 
ganglion) nerves induced similar changes in heart rate in 
control and T2DM mice. Western blot analysis revealed a 
reduction of tyrosine hydroxylase (TH) from the ventricles of 
T2DM mice, which was confirmed with confocal imaging as a 
heterogeneous loss of TH from the ventricular wall but not the 
heart apex. The kinetics of pacing induced-Ca2+ transients, 
recorded from isolated cardiomyocytes, were similar in 
control and diabetic cells. Antagonism of cardiac muscarinic 
receptors had no effect on the frequency or severity of 
arrhythmias in T2DM mice, however β-adrenergic blockade 
with propranolol completely inhibited arrhythmogenicity. 
Conclusions: The increased arrhythmia susceptibility in 
T2DM mice may result from a dysregulation of the cardiac 
sympathetic nervous system.

Disclosure: No significant relationships.
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ISAN19.058
SACRAL NERVE STIMULATION MODULATES COLONIC 
MOTILITY IN CONSCIOUS RODENTS

Bradley Barth, Warren M. Grill, Xiling Shen
Duke University, Biomedical Engineering, Durham, UNITED STATES 
OF AMERICA

Abstract: One in five people suffer from functional 
gastrointestinal and motility disorders (FGIMD). Despite 
the prevalence and severity of FGIMD, pharmaceutical 
interventions are largely unsuccessful and even impede 
gut motility. Sacral nerve stimulation (SNS) is an alternative 
treatment for motility disorders. SNS received FDA approval 
to treat fecal incontinence in 2011 and can relieve symptoms 
of constipation. However, the mechanisms mediating the 
effects of SNS are poorly understood. Our objective is to 
characterize the effects of SNS on colonic motility in awake 
rodents. We measure myoelectric activity and propagating 
waves of calcium activity during sacral nerve stimulation. 
Rats were implanted with MEAs in the distal colon and 
stimulating leads in the S2 foramen. Myoelectric activity was 
recorded continuously for one hour daily for up to nine days. 
SNS was applied for 15 minutes after a 30-minute baseline 
period. The median response for each rat was determined 
by normalizing the number of myoelectric events during SNS 
to the number of events during the baseline period. In awake 
rats, SNS increased the frequency of myoelectric events, and 
the observed effect of SNS on colonic motility was occluded 
by injection of lidocaine into the sacrum. Transgenic acta2-
RCaMP1.07 mice, which express calcium indicator in smooth 
muscle fibers, were implanted with abdominal windows 
and stimulating leads in the S2 foramen. During conscious 
intravital imaging, we characterized the directionality of 
spontaneous calcium waves and the effect of SNS on wave 
behavior. In awake rodents, SNS increased the contraction 
frequency and modulated the properties of contractions.

Disclosure: No significant relationships.

ISAN19.057
CARDIOVASCULAR AND LOCOMOTOR RESPONSES 
ELICITED BY CHEMOGENETIC ACTIVATION OF THE 
MEDIAL AND LATERAL HYPOTHALAMUS

Jamie Dracup1, Bruno Dampney2, Irfan Beig3, Neda 
Assareh1, Gavan Mcnally1, Pascal Carrive4

1University of New South Wales, School of Psychology, Sydney, 
AUSTRALIA, 2University of New South Wales, School of Medical 
Sciences, Department of Anatomy, Sydney, AUSTRALIA, 3Indus 
Instruments, Webster, UNITED STATES OF AMERICA, 4University 
of New South Wales, School of Medical Sciences, Department of 
Anatomy, Sydney, NSW, AUSTRALIA

Abstract: Disinhibition of the dorsal tuberal hypothalamus 
with microinjection of bicuculline evokes marked 
cardiovascular and locomotor effects. However direct 
excitation via glutamate microinjection evokes smaller, less 
consistent changes. To further probe the neural substrate of 
these effects, we used a non pharmacological, chemogenetic 
approach with the excitatory hM3Dq Designer Receptor 
Exclusively Activated by a Designer Drug (DREADD). We 
tested 2 promoters, human Synapsin (hSyn) and a more 
restrictive one, CamKIIα. Adeno-associated virus (AAV) 
vectors encoding hM3Dq designer receptors were injected 
bilaterally in the medial or lateral hypothalamus (MH and LH) 
of male Sprague Dawley rats implanted with telemetric probes 
(n=24). One week later the rats were injected with clozapine-
N-oxide (CNO, 3 mg/kg, i.p.). CNO evoked increases in 
locomotor activity, heart rate and blood pressure that lasted 
more than 2 hours, with stronger effects evoked from the MH 
than the LH (+8.1 vs +5.6 activity units n.s, +128 vs +73 bpm, 
p<0.05, +18 vs +13 mmHg, p<0.05, respectively). These were 
significantly reduced by half with the dual orexin receptor 
antagonist Almorexant (100 mg/kg, ip). Interestingly, hSyn and 
CamKII promotors had similar effects in the MH, but in LH, 
CamKII had significantly greater effects on locomotion and 
heart rate than hSyn. In conclusion, chemogenetic activation 
with DREADD can be used to activate the local hypothalamic 
network and study its role in the regulation of cardiovascular 
function. The difference between hSyn and CamKII in LH but 
not MH may reflect a different balance between inhibitory and 
excitatory neurons in these two regions.

Disclosure: No significant relationships.
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ISAN19.060
LEADING PACEMAKER SHIFT WITH REFLEX VAGAL 
STIMULATION AND ALTERED ELECTRICAL SOURCE-
TO-SINK BALANCE

Jesse Ashton1, Mark L. Trew2, Ian J. Legrice1, David J. 
Paterson3, Julian F. Paton1, Anne M. Gillis4, Bruce H. 
Smaill2

1University of Auckland, Physiology, Auckland, NEW ZEALAND, 
2University of Auckland, Auckland Bioengineering Institute, 
Auckland, NEW ZEALAND, 3University of Oxford, Department of 
Physiology, Oxford, UNITED KINGDOM, 4University of Calgary, 
Libin Cardiovascular Institute of Alberta, Calgary, CANADA

Abstract: Vagal reflexes slow heart rate and change where 
the heartbeat originates within the sinoatrial node (SAN). The 
mechanisms responsible for this process – termed leading 
pacemaker (LP) shift – have not been investigated fully. Our 
objective was to determine the mechanisms driving cholinergic 
LP shift. Optical maps of right atrial activation were acquired 
in a rat working heart-brainstem preparation (n=11) during 
baroreflex and chemoreflex stimulation or with carbachol. All 
stimulation methods triggered shifts to caudal pacemaker 
regions which were later identified as HCN4-positive with 
uniform cholinergic innervation. Baroreflex reduced capacity 
to drive activation as the amplitude (-0.13% dF/F0, 95% CI 
[-0.14 -0.12], p < .0001) and gradient (-7.4%, 95% CI [-8.6 -6.1], 
p < .0001) of optical action potentials around the central SAN 
decreased vs. baseline. There was altered entrainment in the 
caudal SAN with decreased conduction velocity (-.072 m/
sec, 95% CI [-.091 -.053], p < .0001) and activation time (-1.3 
ms, 95% CI [-2.3, -0.4], p = .0128). Atropine abolished these 
responses. Chemoreflex produced similar effects but central 
capacity to drive activation was preserved before LP shift. In 
contrast, carbachol produced a prolonged period of reduced 
capacity to drive and altered entrainment. Previous studies 
suggest LP shift is a rate dependent phenomenon whereby 
acetylcholine slows central pacemakers disproportionately, 
enabling caudal cells that are less acetylcholine-sensitive to 
lead. Here we show cholinergic LP shifts are also determined 
by altered electrical source-to-sink balance in the SAN. We 
conclude that the LP region is defined by both rate and 
capacity to drive activation.

Disclosure: No significant relationships.

ISAN19.059
NPY AND THE RELATIONSHIP WITH CORONARY 
MICROVASCULAR CONSTRICTION, INFARCT SIZE AND 
MORTALITY FOLLOWING STEMI.

Thomas Gibbs1, Nidi Tapoulal2, Manish Kalla1, Chieh-Ju 
Lu1, Erica Dall’Armellina3, Adrian P. Banning3, Robin P. 
Choudhury3, Stefan Neubauer3, Rajesh K. Kharbanda3, 
Keith M. Channon3, Neil Herring1

1University of Oxford, Burdon Sanderson Cardiac Science Centre, 
Department of Physiology, Anatomy and Genetics, Oxford, 
UNITED KINGDOM, 2University of Oxford, Burdon Sanderson 
Cardiac Science Centre, Department of Physiology, Anatomy and 
Genetics, Oxford, UNITED KINGDOM, 3University of Oxford, British 
Heart Foundation Centre Of Research Excellence, Department of 
Cardiovascular Medicine, Oxford, Uk, Oxford, UNITED KINGDOM

Abstract: Background: We have shown that the sympathetic 
co-transmitter neuropeptide-Y (NPY) released during ST-
elevation myocardial infarction (STEMI) constricts the 
coronary microvasculature and that high coronary sinus 
(CS) levels are associated withreduced ejection fraction 6 
months later. Objective: We sought to establish whether 
peripheral venous (PV), CS or a CS-arterial (CS-A) NPY levels 
best predicted myocardial recovery and prognosis following 
STEMI in the OxAMI study. Methods and Results: Both PV 
(n=163) and CS (n=97) NPY levels measured immediately 
following primary percutaneous coronary intervention (PPCI) 
for STEMI significantly (p<0.05) correlated with coronary flow 
reserve measured with a coronary flow wire. There was also 
a significant correlation between PV and CS NPY levels and 
ejection fraction and myocardial edema measured by cardiac 
MRI 2 days post infarct, and ejection fraction, infarct size 
(by late gadolinium enhancement) and end systolic volume 6 
months after the event. None of these correlations reached 
significance for CS-A (n=69) NPY. Over a median follow up 
of 5.34 [3.29-6.51, interquartile range] years, overall mortality 
was 9.5%. Kaplan-Meier survival analysis demonstrated 
that PV NPY levels above the median predicted increased 
incidence of death compared to those below the median, 
despite having similar pain to balloon times. Conclusion/
Discussion: Both PV and CS NPY levels significantly correlate 
with microvascular function, infarct size and prognosis in 
STEMI whilst a CS-A gradient does not, presumably as both 
cardiac and peripheral NPY release is extremely high and 
equilibrated by the time of PPCI. PV NPY levels may be a 
useful prognostic marker in these patients.

Disclosure: No significant relationships.
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ISAN19.062
CROSS-VALIDATION OF FAST NEURAL EIT FOR 
IMAGING FASCICULAR ACTIVITY IN VAGUS NERVE

Svetlana Mastitskaya1, Enrico Ravagli2, Nicole Thompson1, 
Kirill Aristovich2, David Holder2

1University College London, Medical Physics and Biomedical 
Engineering, London, UNITED KINGDOM, 2University College 
London, Medical Physics and Biomedical Engineering, London, 
UNITED KINGDOM

Abstract: The vagus nerve supplies parasympathetic 
innervation of nearly all visceral organs and is, therefore, the 
primary target for neuromodulation. However, the fascicular 
organisation of the cervical vagus nerve is not understood. 
Fast neural Electrical Impedance Tomography (EIT) is a non-
invasive imaging technique that can be used for imaging 
fascicular activation in peripheral nerves (Aristovich et al, 
2018, J Neural Eng. 15:056025). We apply EIT in combination 
with neuroanatomical tracing, multielectrode arrays (MEA) and 
microCT to map the fascicular anatomy of the vagus nerve 
from numerous target effectors to the cervical level. Initially, 
all four techniques were cross-correlated in the experimental 
model of imaging individual fascicles in sciatic nerves in 
anaesthetised rats. Dextran tracers selectively labelled 
individual fascicles. MicroCT with iodine staining allowed 
imaging and segmentation of 3-4 fascicles at the entire length 
of the scanned nerve (resolution <4 µm); MEA (carbon fiber 
FlexArray) enabled imaging of fascicle-dependent spatially 
localized peaks of evoked activity with accuracy 132 µm/0.3 
msec. EIT correlated with all three invasive techniques and 
enabled 3D imaging of action potentials in individual fascicles 
with high spatiotemporal resolution (200 µm/0.5 msec), which 
demonstrates the technical integration of the methods. The 
refined methods will then be used in a defining dataset in 
anaesthetised pigs to create an atlas of functional anatomical 
organisation of the vagus nerve to enable selective stimulation 
of fascicles innervating the organ/tissue of interest. This will 
ultimately help to avoid the off-target effects so frequently 
experienced during VNS and improve its therapeutic efficacy 
in humans.

Disclosure: No significant relationships.

ISAN19.061
ANTIARRHYTHMIC EFFECTS OF GLP-1

Svetlana Mastitskaya1, Richard Ang2, Andrew Tinker3, 
Alexander V. Gourine2

1University College London, Centre For Cardiovascular and 
Metabolic Neuroscience, London, UNITED KINGDOM, 2University 
College London, Centre For Cardiovascular and Metabolic 
Neuroscience, London, UNITED KINGDOM, 3William Harvey 
Research Institute, London, UNITED KINGDOM

Abstract: Glucagon-like peptide-1 receptor (GLP-1R) 
agonists improve cardiovascular outcomes in patients with 
type 2 diabetes mellitus. However, the presence of GLP-1R 
in ventricular cardiomyocytes remains a controversial issue, 
and the effects of this peptide on the electrical properties of 
intact ventricular myocardium are unknown. We determined 
the effects of GLP-1R agonist exendin-4 (Ex4) on ventricular 
action potential duration (APD) and susceptibility to 
ventricular arrhythmia in the rat heart in vivo and ex vivo. 
Ventricular monophasic action potentials were recorded in 
anaesthetized (urethane) rats in vivo and isolated perfused 
rat hearts during sinus rhythm and ventricular pacing. In 
vivo, systemic administration of Ex4 (5 μg/kg i.v.) increased 
heart rate, and this effect was abolished by β-adrenoceptor 
blockade. Despite causing sympathetic activation, Ex4 
increased APD during ventricular pacing by 7% (P=0.044; 
n=6) and reversed the effect of β-adrenoceptor agonist 
dobutamine on APD. In isolated perfused hearts, Ex4 (3 nM) 
increased APD by 14% (P=0.015; n=6) with no effect on heart 
rate. Ex4 also reduced ventricular arrhythmia inducibility in 
conditions of β-adrenoceptor stimulation with isoproterenol. 
Ex4 effects on APD and ventricular arrhythmia susceptibility 
were prevented in conditions of muscarinic receptor blockade 
or inhibition of nitric oxide synthase. These data demonstrate 
that GLP-1R activation effectively opposes the effects of 
β-adrenoceptor stimulation on cardiac ventricular excitability 
and reduces ventricular arrhythmic potential. The effect of 
GLP-1R activation on the ventricular myocardium is indirect, 
mediated by acetylcholine and nitric oxide and, therefore, 
can be explained by stimulation of cardiac parasympathetic 
(vagal) neurons.

Disclosure: No significant relationships.
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ISAN19.064
IMPACT OF BILATERAL CARDIAC SYMPATHETIC 
DENERVATION ON ATRIAL RHYTHM IN STRUCTURAL 
HEART DISEASE

Veronica Dusi1, Julie M. Sorg2, Jeffrey Gornbein3, J Gima4, 
Jane Yanagawa5, Jay M. Lee6, Marmar Vaseghi7, Jason S. 
Bradfield4, Gaetano M. De Ferrari8, Kalyanam Shivkumar7, 
Olujimi A. Ajijola7

1UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, UNITED 
STATES OF AMERICA, 2UCLA, Cardiac Arrhythmia Center, Los 
Angeles, CA, UNITED STATES OF AMERICA, 3David Geffen School 
of Medicine at UCLA, Biomathematics Department, los angeles, 
UNITED STATES OF AMERICA, 4David Geffen School of Medicine 
at UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, UNITED 
STATES OF AMERICA, 5David Geffen School of Medicine at 
UCLA, Surgery, Los Angeles, CA, UNITED STATES OF AMERICA, 
6David Geffen School of Medicine at UCLA, Surgery, Los Angeles, 
UNITED STATES OF AMERICA, 7David Geffen School of Medicine 
at UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, CA, 
UNITED STATES OF AMERICA, 8University of Pavia, Department of 
Molecular Medicine, Section of Cardiology, Pavia, ITALY

Abstract: Background: Bilateral Cardiac Sympathetic 
Denervation (BCSD) is a promising treatment for refractory 
ventricular arrhythmias (VAs) in structural heart disease (SHD) 
patients, but its long-term impact on atrial rhythm is unknown. 
Aim: To assess changes in atrial fibrillation (AF) burden and 
atrial pacing (AP) before and after BCSD. Methods: Patients 
with SHD undergoing BCSD for VAs were studied. Patients 
with no atrial sensing, in permanent AF and with < 6 months 
of ICD monitoring were excluded. A drug index was devised to 
correct for medication use. Results: Between 2010 and 2018, 
76 patients underwent BCSD: 34 (52± 14 yrs, 24% female, 
LVEF 41± 12%, 41% with a clinical history of AT/AF) fulfilled the 
inclusion criteria. Median ICD monitoring time was 8 months 
before and 15 after BCSD. Overall, median AF burden and AP 
percentages were, respectively, 0% (IQR 0-0.7) and 16.7% 
(IQR 5.2-66.8) before and 0% (IQR 0-0.06) and 38% (IQR 5.5-
77) after BCSD (p values for change= 0.4951 and 0.1296), with 
no differences in the drug index. In the same FU, there were 
no changes in NYHA class, atrial volumes and biventricular 
function, but there was a mild increase in LV end diastolic 
diameter (from 57 to 60.5 mm, p=0.002). 12% of cases 
had valvulopathy (≥ moderate) before and 28% after BCSD 
(p=0.1573). Conclusions: No significant changes in AF before 
as compared to after BCSD were observed in this group of 
patients with an already low AF burden. In this population, 
although VAs were reduced, progression of cardiomyopathy 
was noted.

Disclosure: No significant relationships.

ISAN19.063
THE EFFECT OF LOW-LEVEL TRANSCUTANEOUS 
VAGUS NERVE STIMULATION ON HEART FAILURE WITH 
PRESERVED EJECTION FRACTION

Jeremy Houser1, Mulan Tang2, Mary Beth Humphrey3, 
Stavros Stavrakis4

1University of Oklahoma HSC, Microbiology and Immunology, 
Oklahoma City, UNITED STATES OF AMERICA, 2Oklahoma School 
of Science and Mathematics, Oklahoma City, UNITED STATES 
OF AMERICA, 3University of Oklahoma Health Sciences Center, 
Department of Medicine, Oklahoma City, UNITED STATES OF 
AMERICA, 4University of Oklahoma Health Sciences Center, 
Department of Medicine, Oklahoma City, OK, UNITED STATES OF 
AMERICA

Abstract: Heart failure with preserved ejection fraction 
(HFpEF) is a prevalent heart condition among the elderly. 
Inflammation and left ventricular fibrosis play an important 
role in the development of HFpEF. We have previously shown 
that low level transcutaneous vagus nerve stimulation (LLTS) 
is antiarrhythmic and anti-inflammatory. The goal of this study 
was to examine the effects of LLTS on diastolic dysfunction in 
a rat model of HFpEF. To analyze this, 7-week-old Dahl salt-
sensitive rats were randomized into high salt (HS, 8% NaCl) or 
low salt (LS, 0.3% NaCl) diet treatments for 6 weeks, followed 
by 4 weeks of active or sham LLTS (30 minutes daily, 20Hz, 
3mA). Echocardiographic and electrocardiographic markers 
were measured at baseline and again at endpoint along with 
histological staining and flow cytometry of left ventricular 
tissue. HS animals developed significant hypertension and 
signs of HFpEF, with a mortality rate of 24% of females and 
54% of males (p=0.0242). After 4 weeks of treatment, active 
LLTS decreased corrected QT (p=0.017) and cardiac fibrosis 
(p=0.0002) compared to sham animals. Flow cytometry 
showed significant changes in acetylcholine-producing 
immune cells infiltrating into the heart tissue. These results 
demonstrate a significant difference in mortality and disease 
markers between male and female animals, while showing the 
efficacy of LLTS for the treatment of HS diet-induced HFpEF 
in both groups. We propose that LLTS may be used to prevent 
ventricular arrhythmias in patients with HFpEF.

Disclosure: No significant relationships.
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ISAN19.066
NEUROPATHIC PAIN FOLLOWING CARDIAC 
SYMPATHETIC DENERVATION FOR VENTRICULAR 
ARRHYTHMIAS

Veronica Dusi1, Luigi Pugliese2, Silvia Castelletti3, Federica 
Dagradi3, Lia Crotti3, Anna Mori4, Marco Maurelli5, 
Rita Camporotondo6, Claudia Raineri7, Stefano Ghio7, 
Alessandro Vicentini7, Roberto Rordorf8, Alessandro 
Proclemer9, Luigi Oltrona Visconti7, Peter J. Schwartz3, 
Gaetano M. De Ferrari10

1University of Pavia, Department of Molecular Medicine, Section of 
Cardiology, PAVIA, ITALY, 2Fondazione IRCCS Policlinico San Matteo, 
Department of Surgery, Unit of General Surgery 2, Pavia, ITALY, 
3Center for Cardiac Arrhythmias of Genetic Origin, Istituto Auxologico 
Italiano, IRCCS, Milano, ITALY, 4Fondazione IRCCS Policlinico 
San Matteo, Emergency and Urgency Department, Pavia, ITALY, 
5Fondazione IRCCS Policlinico San Matteo, Department of Emergency 
and Urgency, Pavia, ITALY, 6Fondazione IRCCS Policlinico San Matteo, 
Cardiac Intensive Care Unit, Arrhythmia and Electrophysiology and 
Experimental Cardiology, Pavia, ITALY, 7Fondazione IRCCS Policlinico 
San Matteo, Department of Cardiology, Pavia, ITALY, 8Fondazione 
IRCCS Policlinico San Matteo, Department of Cardiology, Pavia, 
ITALY, 9Azienda Sanitaria Universitaria Integrata di Udine, Department 
of Cardiology, Udine, ITALY, 10University of Pavia, Department of 
Molecular Medicine, Section of Cardiology, Pavia, ITALY

Abstract: Background: Cardiac Sympathetic Denervation 
(CSD) is an antiarrhythmic intervention of established efficacy 
in channelopathies and with promising results in structural 
heart disease (SHD). Despite surgical improvements including 
video-assisted thoracoscopic surgery (VATS), transient but 
disabling post-CSD neuropathic pain has been reported with 
increasing rates. Predisposing factors are unknown. Aim: To 
assess the incidence of neuropathic pain (NP) in patients 
undergoing VATS-CSD according to the underlying heart 
disease. Methods: Follow up data on patients undergoing 
CSD in a single center were analyzed. All patients received 
prophylactic gabapentin for at least 1 month after CSD 
unless refused or contraindicated (n=2). A specific telephonic 
monitoring was adopted in the first months after CSD to 
assess NP. Results: Between 2014 and 2019, 34 patients 
underwent left (67%) or bilateral VATS-CSD. The incidence 
of NP was 4/24 (17%) in channelopathies and/or structurally 
normal hearts (54% female, mean 26 ± 14 yrs) as compared 
to 6/10 (60%, p=0.012) in SHD (20% female, mean 54±17 yrs, 
mean LVEF 32%). Patients with no SHD were significantly 
younger at CSD (p=0.0005); all except one underwent left 
CSD. All patients with SHD received bilateral CSD. Since 
5/6 (83%) of SHD patients with NP had bilateral symptoms, 
the incidence of NP per side of surgery in SHD was 11/20 
(55%). All NP cases resolved within 6 months. Conclusions: 
Neuropathic pain incidence after VATS-CSD is significantly 
higher in SHD than in channelopathies. The more pronounced 
sympathetic neuronal remodeling ongoing in SHD might be 
involved, although older age might be a favoring factor as well.

Disclosure: No significant relationships.

ISAN19.065
IMPACT OF ATRIAL VOLUME AND ATRIAL 
ARRHYTHMIAS ON OUTCOMES FOLLOWING CARDIAC 
SYMPATHETIC DENERVATION

Veronica Dusi1, Julie M. Sorg2, Jeffrey Gornbein3, J Gima4, 
Jane Yanagawa5, Jay M. Lee6, Marmar Vaseghi7, Jason S. 
Bradfield8, Gaetano M. De Ferrari9, Kalyanam Shivkumar10, 
Olujimi A. Ajijola7

1UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, UNITED 
STATES OF AMERICA, 2UCLA, Cardiac Arrhythmia Center, Los 
Angeles, CA, UNITED STATES OF AMERICA, 3David Geffen School 
of Medicine at UCLA, Biomathematics Department, los angeles, 
UNITED STATES OF AMERICA, 4UCLA, Cardiac Arrhythmia Center, 
Los Angeles, UNITED STATES OF AMERICA, 5David Geffen School 
of Medicine at UCLA, Los Angeles, UNITED STATES OF AMERICA, 
6David Geffen School of Medicine at UCLA, Surgery, Los Angeles, 
UNITED STATES OF AMERICA, 7David Geffen School of Medicine 
at UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, CA, 
UNITED STATES OF AMERICA, 8David Geffen School of Medicine 
at UCLA, UCLA Cardiac Arrhythmia Center, Los Angeles, 
UNITED STATES OF AMERICA, 9University of Pavia, Department 
of Molecular Medicine, Section of Cardiology, Pavia, ITALY, 
10University of California - Los Angeles (UCLA) Cardiac Arrhythmia 
Center, Neurocardiology Research Center of Excellence, 
Department of Medicine - Cardiology, Los Angeles, CA, UNITED 
STATES OF AMERICA

Abstract: Background: Cardiac sympathetic denervation 
(CSD) is a promising treatment for patients with structural 
heart disease (SHD) and refractory ventricular arrhythmias 
(VAs). The prognostic impact of atrial dimensions and atrial 
arrhythmias (AAs) on CSD outcome is unknown. Aim: To 
assess the impact of pre-procedural AAs and left atrial 
volume index (LAVI) on the outcome (death/heart transplant/
ICD shocks) after CSD. Methods: Pre-procedural and follow 
up (FU) data on patients with SHD undergoing CSD for VAs 
were analyzed. Cox proportional hazard models were used 
to assess predictors of death/heart transplant (HT) while 
competing risk models were used for predictors of ICD 
shocks. Results: Between 2009 and 2018, 91 patients (56 ± 
13 yrs, 15% female, LVEF 34 ±14 %) underwent left (16%) or 
bilateral CSD. Most (74%) had non-ischemic cardiomyopathy 
and 36% were in NYHA class >2. Mean LAVI was 43 ± 26 ml/
mq and 47% had a history of AAs. The median FU was 14 
months (IQR 4-37). Under multivariable assessment, neither 
LAVI nor AAs were associated with recurrent shocks, with 
NYHA class III and IV being the only independent predictors 
of shocks. On a multivariable model controlled for age, LAVI 
was an independent predictor of death/HT (HR=1.020 per 
unit, 95% CI 1.005-1.035, p=0.0075), together with LVEF 
(HR=0.952 per unit) and chronic kidney disease (HR= 2.044) 
(c stat=0.779 for model). Conclusions: In patients with SHD 
undergoing CSD a history of atrial arrhythmias doesn’t affect 
the outcome, whereas LAVI is independently associated with 
death and transplant risk but not with recurrent ICD shocks.

Disclosure: No significant relationships.
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ISAN19.068
TARGETING SPINAL D3 RECEPTORS TO IMPROVE 
URINARY FUNCTION IN RATS WITH COMPLETE SPINAL 
CORD INJURY

Jeremy Weinberger, Dong Wang, Jaclyn Definis, Veronica 
Tom, Shaoping Hou
Drexel University College of Medicine, Spinal Cord Research 
Center, Department of Neurobiology and Anatomy, Philadelphia, 
PA, UNITED STATES OF AMERICA

Abstract: Lower urinary tract (LUT) dysfunction often occurs 
after a spinal cord injury (SCI) interrupts spinobulbospinal 
micturition pathways. Although an involuntary bladder reflex 
can be reestablished due to the reemergence of spinal 
segmental circuits, the dysregulated neuronal activity evokes 
bladder hyperreflexia and detrusor-sphincter dyssynergia, 
resulting in inefficient urinary elimination or continence 
problems. We recently discovered that following SCI, 
intraspinal plasticity of DA-ergic machinery is involved in 
the spontaneous micturition reflex. To dissect the specific 
function of DA receptor subtypes, in the present study, 
we employed pharmacological interventions of spinal D3 
receptors to examine urodynamics in SCI rats. Three weeks 
after spinal cord transection at the 10th thoracic (T10) level, 
adult female rats were placed into metabolic cages for 
spontaneous micturition function assays. Subcutaneous 
(s.c.) injection of 7-OH-DPAT, a specific D3 receptor agonist, 
significantly increased the voiding volume and frequency. 
Subsequently, rats were restrained for bladder cystometry 
and external urethral sphincter (EUS) electromyography (EMG) 
assessments. Intravenous (i.v.) administration of Nafadotride, 
a specific D3 receptor antagonist, did not induce significant 
changes, whereas stimulating the receptors with 7-OH-DPAT 
dramatically increased bladder contractions and prolonged 
EUS bursting, facilitating more urine emptying. In addition, 
immunostaining showed the expression of D3 receptors on 
autonomic and motor neurons in the injured lower cord, 
but the mRNA levels were decreased compared to those 
with intact neuraxis, as validated by q-PCR. Collectively, 
lumbosacral D3 receptors are downregulated after thoracic 
spinal transection; pharmacologically stimulating these 
receptors enhances voiding capability, indicating a novel 
target for LUT functional improvement in subjects with SCI.

Disclosure: No significant relationships.

ISAN19.067
SYMPATHETIC BLOCK FOR PREDICTION OF 
COMPENSATORY HYPERHIDROSIS IN PRIMARY 
PALMAR HYPERHIDROSIS

Jin Yong Jeong
Incheon St. Mary’s Hospital, College of Medicine, The Catholic 
University of Korea, Department of Thoracic and Cardiovascular 
Surgery, Incheon, KOREA, REPUBLIC OF

Abstract: Background: Compensatory hyperhidrosis is 
the most common adverse effects related with patients’ 
dissatisfaction after sympathicotomy for primary palmar 
hyperhidrosis. Objective: To predict the occurrence 
and the severity of compensatory hyperhidrosis, we 
performed a local anesthetic sympathetic block before 
sympathicotomy. Methods: From September 2013 to 
February 2017, 184 sympathetic blocks were performed 
using 2-mm thoracoscope in 92 patients with severe primary 
palmar hyperhidrosis. A week later, the patients were 
interviewed about the effect of primary hyperhidrosis and 
the occurrence of compensatory sweating, and decided 
whether to proceed with sympathicotomy. Results: The 
mean age of the patients (56 males, 36 females) was 24 
years (from 14 to 53 years). With sympathetic block, primary 
hyperhidrosis were relieved in all patients except one who 
complained that he did not experience any effect of predictive 
procedure. Compensatory hyperhidrosis was shown in 
45 patients and were not complained in 38 patients. Nine 
patients could not interpret compensatory hyperhidrosis 
due to the short effect duration. Eighty patients underwent 
sympathicotomy. After sympathicotomy, the occurrence 
and the severities of compensatory hyperhidrosis were not 
different with those after sympathetic block. Discussion: 
Through the predictive procedure, patients experienced not 
only relief of primary hyperhidrosis but also the side effects 
of sympathicotomy including compensatory hyperhidrosis, 
which may mediate expectations, thereby increasing the level 
of satisfaction. Conclusion: Sympathetic block for prediction 
of compensatory hyperhidrosis before sympathicotomy 
is supposed to be a useful modality for patient to decide 
whether to proceed with the operation and to be satisfied 
with the results of surgery.

Disclosure: No significant relationships.
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ISAN19.070
EFFECTS OF PREGNANCY ON SYMPATHETIC 
RESPONSES TO ISOMETRIC HANDGRIP

Rachel Skow, Margie H. Davenport, Craig D. Steinback
University of Alberta, Faculty of Kinesiology, Sport, and Recreation, 
Edmonton, CANADA

Abstract: Isometric handgrip (IHG) is used to assess 
sympathetic nervous system responses to exercise and may 
be useful at predicting hypertension in both pregnant and 
non-pregnant populations. We have previously observed 
altered sympathetic nervous system control of blood pressure 
in the late pregnancy. Therefore, we measured sympathetic 
nervous system activity (SNA) and blood pressure during 
muscle metaboreflex activation (IHG) in late-pregnant vs. 
non-pregnant women. We recruited seven pregnant (32 ± 
3wks gestation) and seven non-pregnant women. Women 
were matched for age and parity, and all were non-obese 
(BMI range: 20-29kg/m2). Muscle SNA (microneurography) 
and mean arterial blood pressure (MAP; Finometer) were 
continuously recorded during ten minutes of baseline, two 
minutes of IHG at 30% of maximal voluntary contraction, and 
two minutes of post-exercise circulatory occlusion (PECO). 
Mean arterial blood pressure was not different between 
pregnant and non-pregnant women (79±9 and 84±6 mmHg, 
respectively). Additionally, the pressor response during IHG 
and PECO was not different between groups (p=0.933). 
Baseline SNA was elevated in pregnant (30.3±9 bursts/
min) compared to non-pregnant women (43.7 ± 12 bursts/
minute; p=0.03). However, there was no significant interaction 
between group and condition for burst frequency, incidence, 
and total activity (p=0.208, 0.125, and 0.403, respectively). 
Neurovascular transduction (TPR/burst frequency) is lower 
in pregnant (0.26 ± 0.11) compared to non-pregnant (0.47 ± 
0.27) women at baseline (p=0.03) but there was no significant 
interaction between group and condition (p=0.448) during 
IHG/PECO. These data suggest the sympathetic and pressor 
responses to IHG and PECO are not different between 
normotensive late-pregnant and non-pregnant women.

Disclosure: No significant relationships.

ISAN19.069
DONEPEZIL, A CENTRALLY-ACTING CHOLINESTERASE 
INHIBITOR, ACTIVATES VAGAL AND SYMPATHETIC 
EFFERENT PATHWAYS

Donald Hoover1, Aaron J. Polichnowski2, Tesha E. Blair2

1East Tennessee State University, Biomedical Sciences, Johnson 
City, TN, UNITED STATES OF AMERICA, 2East Tennessee State 
University, Biomedical Sciences, Johnson City, UNITED STATES OF 
AMERICA

Abstract: Background: We assessed effects of donepezil 
on autonomic efferent pathways in mice by monitoring 
blood pressure and cardiac function in conscious mice. 
Pharmacological methods were used to elucidate mechanisms 
underlying cardiovascular and hypothermic effects. Methods: 
Mean arterial pressure (MAP) or temperature were recorded 
telemetrically from adult male C57BL/6 mice. Heart rate 
(HR) was calculated from blood pressure recordings. Drug 
treatments were randomized and separated by at least 
two days. Treatments included subcutaneous donepezil 
hydrochloride or saline and intraperitoneal atropine sulfate 
(AS), atropine methyl bromide (AMB) or neostigmine methyl 
sulfate. Results: Donepezil, at 2.5 and 5 mg/kg, decreased 
HR by 36±4 and 44±3% compared to saline (n=10, P<0.0001). 
Donepezil caused dose-dependent hypothermia in separate 
experiments (31.4±0.7 and 28.4±0.6°C, respectively; n=6, 
P<0.0001). Despite bradycardia and hypothermia, neither 
dose lowered MAP. Rather, small increases in MAP occurred 
after peak bradycardia. AS and AMB (5 mg/kg) blocked 
bradycardic responses to donepezil (5mg/kg) but only AS 
attenuated hypothermia. The pressor response to donepezil 
was augmented after AMB (123±4 mmHg versus baseline 
of 101±2, n=5). Neostigmine did not affect HR, MAP or 
temperature. Conclusions: Donepezil causes hypothermia 
mediated by central muscarinic receptors. Bradycardia occurs 
independent of hypothermia and likely involves central vagal 
stimulation since neostigmine did not affect HR. Donepezil 
causes centrally-mediated elevation of vascular sympathetic 
tone, an expected reflex response to bradycardia. However, 
the pressor response to donepezil was augmented after 
muscarinic blockade, and neostigmine did not affect MAP. 
Therefore, donepezil can also increase sympathetic vascular 
tone by central actions independent of the baroreflex.

Disclosure: No significant relationships.
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ISAN19.072
ROLE OF OREXIN NEURONS DURING SOCIAL DEFEAT 
STRESS AND DESCENDING PROJECTIONS FROM THE 
HYPOTHALAMUS IN THE RAT

Ena Yamamoto, Takatoshi Horiuchi, Misaki Ichikawa, Jouji 
Horiuchi
Toyo University, Biomedical Engineering, Kawagoe,Saitama, JAPAN

Abstract: The neurons in the hypothalamus causes the 
cardiovascular response evoked by psychological stress. 
Also, orexin neurons (ORX) are localized within dorsomedial 
hypothalamic area (DMH) and the perifornical area (PeF). 
It is suggested that ORX is involved in the cardiovascular 
response during the psychological stress. However, neural 
network of the stress response is still unknown. In the present 
study, we investigated the role of the orexin neurons on the 
cardiovascular response evoked by social defeat stress 
(SDS) and its descending projection from the hypothalamus 
in conscious Wistar rats. The rats were microinjected neural 
tracer, BDA and were exposed to temporal SDS (one day) or 
repeated SDS (14 days). After the SDS exposures, the brains 
were removed and stained BDA and c-Fos. Blood pressure 
(BP) and heart rate (HR) were significantly increased during 
both SDSs. After the repeated SDS, baseline BP and HR 
were not changed. The number of c-Fos immunoreactive 
(IR) neurons in DMH and PeF rose after both SDSs, but the 
number of ORX in the areas were not changed in both groups. 
In the repeated SDS, the rate of c-Fos expressions in the 
ORX of the DMH increased (~40%) compared to that of the 
temporal SDS (~20%). The nerve terminals from the DMH 
were observed in rostral medulla oblongata. These results 
suggest that the ORX in the DMH play a crucial role in the 
cardiovascular response evoked by the SDS and the neurons 
may directly project to the rostral medulla.

Disclosure: No significant relationships.

ISAN19.071
PROPOSAL FOR THE CLASSIFICATION OF SWEATING 
DISORDERS BASED ON LESION SITE FOR ACCURATE 
TREATMENT

Yoko Inukai1, Satoshi Iwase2

1Aichi Medical University School of Medicine, Department of 
Physiology, Nagakute, JAPAN, 2Aichi Medical University School of 
Medicine, Department of Physiology, Nagakute, JAPAN

Abstract: Background: The classification of sweating 
disorders includes hyperhidrosis and hypo/anhidrosis. 
They express generally and locally, respectively. Moreover, 
localized disorder includes unilateral, segmental, and partial. 
However, etiology of the sweating disorder is necessary to 
be revealed for the treatment. Objective: We propose a 
novel classification of sweating disorders based on the 
anatomical lesion site through the sweating disorder patients 
whose clinical conditions were analyzed by us. Results: 1. 
Hypothalamic disorders cause generalized anhidrosis with 
heat retention and dry skin. The patient may also be vulnerable 
to cold, have poikilothermia, and respond to thyroid hormone, 
TSH/TRH, or Pueraria decoction therapies. 2. Spinal cord 
disorders manifest as ipsilateral segmental hyperhidrosis, or 
anhidrosis on the affected segment or inferior accompanied 
by contralateral compensatory hyperhidrosis. It may include 
other autonomic symptoms or sensory/motor disorders. 3. 
Cervical sympathetic trunk disorders manifest as ipsilateral 
hemifacial hyperhidrosis, or anhidrosis superior to the lesion 
with contralateral flushing and compensatory hyperhidrosis. 
They sometimes may be accompanied by ipsilateral Horner’s 
syndrome. 4. Sympathetic ganglionic/Postganglionic 
sudomotor disorders manifest as hyperhidrosis, or 
anhidrosis with compensatory patchy hyperhidrosis. 5. Sweat 
gland disorders manifest as hyperhidrosis or anhidrosis. 
For example, idiopathic pure sudomotor failure develops 
as thermoregulatory generalized anhidrosis, sometimes 
accompanied by sharp pain, cholinergic urticaria, and high 
IgE level, and responds to steroid therapy. Discussion 
and Conclusion: Altogether, these classifications provide 
accurate strategies to treat sweating disorders based on 
clinical manifestations, laboratory examinations of sweat 
distribution, head and spinal cord magnetic resonance 
imaging, a quantitative sudomotor axon reflex test, and a 
skin biopsy.

Disclosure: No significant relationships.
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ISAN19.074
ARRHYTHMOGENIC ACTION OF THE CARDIAC 
SYMPATHETIC CO-TRANSMITTER NEUROPEPTIDE-Y

Nidi Tapoulal1, Manish Kalla1, Guoliang Hao1, Kun Liu1, 
Dan Li1, Olujimi A. Ajijola2, Kalyanam Shivkumar3, David J. 
Paterson4, Neil Herring5

1University of Oxford, Department of Physiology, Anatomy and 
Genetics, Oxford, UNITED KINGDOM, 2UCLA Health System, 
DGSOM, Medicine (Cardiology), Los Angeles, CA, UNITED 
STATES OF AMERICA, 3UCLA Health System, DGSOM, Medicine 
(cardiology), Radiology and Bioengineering, Los Angeles, CA, 
UNITED STATES OF AMERICA, 4University of Oxford, Department 
of Physiology, Oxford, UNITED KINGDOM, 5University of Oxford, 
Department of Physiology, Anatomy and Genetics, Oxford, UNITED 
KINGDOM

Abstract: Background: Myocardial infarction is associated 
with high levels of cardiac sympathetic drive and release of 
the sympathetic co-transmitter, neuropeptide-Y (NPY). NPY 
can influence both calcium handling and electrophysiology 
in isolated ventricular cardiomyocytes. Objectives: We 
hypothesized that despite beta-blockade, NPY may reduce 
ventricular fibrillation threshold (VFT), and precipitate 
arrhythmias during ischaemia reperfusion. Methods/
Results: RT-qPCR demonstrated the presence of NPY mRNA 
in both human and rat stellate ganglia. In the Langendorff 
perfused rat heart, prolonged stimulation (10Hz, 2 minutes) 
of the left or right stellate ganglia caused significant (p<0.05) 
NPY release and also significantly lowered VFT despite 
maximal beta-blockade with metoprolol (10μM). This could 
be prevented by the Y1-receptor antagonist BIBO3304 (1μM). 
Exogenous NPY (250μM) also lowered VFT and this could 
be prevented by inhibition of the Y1-receptor (BIBO3304), 
phospholipase-C (U73122, 2μM), calmodulin (W7, 10μM), 
and calcium-calmodulin-dependent protein kinase (CaMKII) 
(KN93, 1μM), but not by a negative control (KN92, 1μM). Dual 
voltage/calcium optical mapping (using RH-237 and Rhod2) 
demonstrated anincrease in magnitude and shortening in 
duration of the intracellular calcium transient in response 
to both exogenous and endogenous NPY that could also 
be prevented by BIBO3304 without a significant change in 
action potential duration. NPY (250nM) significantly increased 
the prevalence of VT/VF (60 v’s 10%) during ischaemia 
reperfusion compared to control, and this could be prevented 
by BIBO3304. Conclusions: NPY is a novel pro-arrhythmic 
trigger during ischaemia reperfusion and drugs inhibiting the 
Y1 receptor may offer potential therapeutic opportunity. In 
the rat, these effects are mediated by a Y1R-PLC-CaMKII 
dependent pathway.

Disclosure: No significant relationships.

ISAN19.073
EFFECT OF ROTENONE ADMINISTRATION ON 
INTESTINAL PERMEABILITY AND ENTERIC NEURONS 
IN A53T MICE

Rachel Mcquade1, Enie Lei1, Lewis M. Singelton1, Remy 
Constable1, David I. Finkelstein2, John B. Furness3, Shanti 
Diwakarla1

1Florey Institute of Neuroscience and Mental Health, Digestive 
Physiology and Nutrition Laboratory, Melbourne, AUSTRALIA, 
2Florey Institute of Neuroscience and Mental Health, Parkinson‘s 
Disease Laboratory, Melbourne, AUSTRALIA, 3University of 
Melbourne, Anatomy and Neuroscience, Melbourne, AUSTRALIA

Abstract: Background: Parkinson’s disease (PD) is a 
progressive neurological disorder associated with nerve 
damage and dysfunction in the brain and gut. A hallmark of 
PD is the aggregation of the protein α-synuclein in various 
regions of the brain, which has been linked to nerve cell 
death. Various animal models have been used to investigate 
disease progression and symptoms of PD, however, no 
single mouse model fully replicates all the hallmarks of 
the human condition, such as gut dysfunction. Methods: 
Female transgenic mice, that overexpress human A53T 
variant α-synuclein, and WT mice, aged 16 weeks, were 
administered vehicle or rotenone (30mg/kg) for 14 or 28 
days via oral gavage. Motor and GI functions were assessed 
and compared periodically over a 16-week period following 
dosing. At 16 weeks post-treatment, mice were euthanized, 
and ileum tissue was collected for assessment of FITC 
permeability and transepithelial resistance. Enteric neurons 
were assessed via immunohistochemistry. Results: 14-day 
rotenone treatment had no effect on motor function or on any 
in vivo GI function that was measured in either WT or A53T 
mice. However, following 28-days rotenone administration, 
mice demonstrated significant motor deficits, which were 
accompanied by a significant increase in whole gut transit 
time. Interestingly, the ileum from vehicle-treated A53T 
mice from both the 14 and 28-day cohorts demonstrated a 
significantly greater FITC permeability than ileum from WT 
mice. The greater permeability was reversed by treatment 
with rotenone. Conclusions: These findings suggest that 
changes in mucosal barrier function may contribute to the 
progression of the disease.

Disclosure: No significant relationships.
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ISAN19.076
PHARYNGEAL STIMULATION PROMOTES SECRETION 
OF THYROXIN AND CALCITONIN, VIA THYROID 
PARASYMPATHETIC NERVE REFLEX

Harumi Hotta1, Kaori Iimura2, Harue Suzuki2

1Tokyo Metropolitan Institute of Gerontology, Department of 
Autonomic Neuroscience, Tokyo, JAPAN, 2Tokyo Metropolitan 
Institute of Gerontology, Department of Autonomic Neuroscience, 
Tokyo, JAPAN

Abstract: Background: We have recently showed that 
secretion of immunoreactive thyroid hormones and calcitonin 
(iCT) into the thyroid venous blood increased during electrical 
stimulation of either intact myelinated nerve fibers (typically 
afferent) or cut peripheral unmyelinated nerve fibers (typically 
efferent) of the superior laryngeal nerve (SLN). Therefore, we 
have hypothesized that excitation of myelinated afferents of 
SLNs promotes hormonal secretion from the thyroid gland, 
via reflex activation of parasympathetic efferent nerve fibers 
in the SLN. Objective: We aimed to examine the effects of 
non-noxious mechanical stimulation of the pharynx on the 
secretion of immunoreactive thyroxin (iT4) and iCT into thyroid 
venous blood in anesthetized rats. Methods: Secretion rate 
of iT4 and iCT was calculated from the concentration in 
thyroid venous plasma and the plasma flow rate. Mechanical 
stimulation of the pharynx was delivered by moving a rubber 
balloon placed on the tongue pushing into pharyngeal cavity 
intermittently. Results: Pharyngeal stimulation increased 
iT4 and iCT secretion. These responses were abolished by 
transecting the SLNs bilaterally. The activities of thyroid 
parasympathetic efferent nerves in the SLN, as well as afferent 
nerves in the SLN, increased during pharyngeal stimulation. 
Conclusion: These results indicate that pharyngeal 
mechanical stimulation promotes thyroxin and calcitonin 
secretion from the thyroid gland, by reflex increase in SLN 
parasympathetic efferent activity, triggered by excitation of 
SLN mechanoreceptive afferents.

Disclosure: No significant relationships.

ISAN19.075
CHARACTERISATION OF 5-HT IMMUNOREACTIVE 
NEURONS IN HUMAN COLONIC MYENTERIC PLEXUS

Bao Nan Chen1, Adam Humenick1, Phil Dinning2, David A. 
Wattchow2, Simon J. Brookes1

1Flinders University, Human Physiology, College of Medicine, 
Adelaide, AUSTRALIA, 2Flinders Medical Centre, Surgery, Adelaide, 
AUSTRALIA

Abstract: 5-Hydroxytryptamine (5-HT) is abundant 
throughout the gastrointestinal tract, largely localised in 
enterochromaffin cells. However 5-HT-containing enteric 
nerve cell bodies and immunoreactive axons have been 
reported in enteric ganglia. Here we characterised 5-HT 
immunoreactive neurons in human colonic myenteric plexus. 
The retrograde tracer, DiI was applied to the myenteric 
plexus of 5 live surgical specimens of human colon over 4 
days in organ culture (3 ascending, 2 descending; SACHREC 
Ethics permit: 2017.17). Tissue was fixed and processed for 
multiple-labelling immunohistochemistry. 5-HT containing 
neurons were located exclusively oral to the DiI application 
site and thus had descending (aborally-directed) projections 
up to 56mm long. Previous studies showed that enteric 
motor neurons project up to 17mm: 5-HT neurons frequently 
exceeded this length and therefore are probably descending 
interneurons. 5-HT neurons accounted for 7.9% of DiI labeled 
long descending interneurons (>17mm) (92 out of 1168, n=5). 
Among DiI/5HT neurons, 56.5% also contained nitric oxide 
synthase immunoreactivity Compared to the pan neuronal 
marker, HuC/D, 5-HT containing neurons accounted for 3.6% 
of all myenteric neurons (n=5) and all were immunoreactive 
for choline acetyltransferase. Just over half were additionally 
immunoreactive for nitric oxide synthase (52.8%, n=5). 5-HT 
containing descending interneurones were among the largest 
myenteric neurons, with somata averageing 1549 µm2 (24 cells, 
n=4), compared to other myenteric neurons (553 µm2 , 200 
cells, n=3). 5-HT containing neurons in the myenteric plexus 
of human colon form two populations of large, descending 
cholinergic interneurones that make up fewer than 4% of all 
nerve cells in the myenteric plexus.

Disclosure: No significant relationships.
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ISAN19.078
CARDIAC SYMPATHETIC TONE AND CENTRAL BLOOD 
PRESSURES

Peter Latchman1, Gregory Gates2, Jason Pereira3, Robert 
Axtell4, Kenneth Gardner5, Jennifer Schlie6, Qin Yang4, 
Tianhong Yue4, Ally Morin-Viall4, Ronald Demeersman7

1Southern Connecticut State University, Department of Health and 
Movement Sciences, Southern Connecticut State University, New 
Haven, CT, UNITED STATES OF AMERICA, 2Albert Einstein College 
of Medicine, Bronx, UNITED STATES OF AMERICA, 3Yale Health, 
New Haven, UNITED STATES OF AMERICA, 4Southern Connecticut 
State University, New Haven, UNITED STATES OF AMERICA, 
5Gerald Claude Eugene Foster College of Physical Education and 
Sports, Spanish Town, JAMAICA, 6University of Munster, Munster, 
GERMANY, 7Teachers College, Columbia University, New York, 
UNITED STATES OF AMERICA

Abstract: Background: High central blood pressure is 
more predictive of cardiovascular disease (CVD) versus high 
peripheral blood pressure. Measures of central pressures 
(CPs) include central systolic blood pressure (CSBP). 
Measures of central pressures augmentation (CPsA) include 
augmentation pressure (AP) and the augmentation index at 
75 beats per minute (AIx@75). Increased sympathetic tone 
(ST) is also associated with CVD. The low to high frequency 
ratio (LF/HF) is often used to determine sympatho-vagal 
balance. Given the association between ST and CVD and 
the associations between CPs, CPsA, and CVD there is need 
to examine the associations between ST, CPs, and CPsA. 
Objective: To examine the associations between the LF/HF 
ratio, CPs, and CPsA in a group of combined men and women 
and based on gender. Methods: We measured the LF/HF 
ratio, CSBP, AP, and AIx@75 in 102 participants (41F/61M). 
The LF/HF ratio was determined via power spectral density 
analysis while CSBP, AP, and AIx@75 were determined via 
applanation tonometry. Results: Combined in total, the LF/
HF ratio was inversely associated with AP (r = -0.26) and 
AIx@75 (r = - 0.29). In men, the LF/HF ratio was inversely 
associated with CSBP (r = - 0.27), AP (r = - 0.28), and AIx@75 
(r = - 0.32) but not in women. Discussion: Increased LF/HF 
ratio might have different prognostic information based on 
gender. Conclusion: There is an inverse association between 
the LF/HF ratio, AP, and AIx@75 in men and women but this 
association differs based on gender.

Disclosure: No significant relationships.

ISAN19.077
DOWN SYNDROME MOUSE MODELS HAVE 
SUBMUCOSAL PLEXUS HYPOGANGLIONOSIS

Ellen M. Schill1, Christina M. Wright2, Alisha Jamil2, 
Jonathan M. Lacombe3, Randall J. Roper3, Robert 
Heuckeroth4

1Washington University School of Medicine, Pediatrics, St. Louis, 
UNITED STATES OF AMERICA, 2The Children‘s Hospital of 
Philadelphia and The Perelman School of Medicine at the University 
of Pennsylvania, Philadelphia, UNITED STATES OF AMERICA, 
3Indiana University-Purdue University, Biology, Indianapolis, 
UNITED STATES OF AMERICA, 4The Children‘s Hospital of 
Philadelphia and The Perelman School of Medicine at the University 
of Pennsylvania, Pediatrics, Philadelphia, UNITED STATES OF 
AMERICA

Abstract: Background: Children with Down syndrome (DS, 
trisomy 21) have many serious medical problems including 
~130-fold increased Hirschsprung disease (HSCR) risk, 
frequent HSCR-associated enterocolitis, and high rates 
of constipation and diarrhea. Etiology of these bowel 
problems is not understood, except that excess collagen 
VI may increase HSCR risk. Human partial trisomy studies 
identified a HSCR-associated region on chromosome 21 
that contains ~160 genes including DSCAM and DYRK1A 
that are plausible HSCR candidate genes. Objective: To 
test the hypothesis that mouse DS models have enteric 
nervous (ENS) defects and determine if excess DSCAM 
and DYRK1A contribute to ENS phenotype. Methods: We 
analyzed ENS structure and bowel motility in two mouse DS 
models, Ts65Dn and Tc1. Quantitative analysis of enteric 
neurons, glia and neuron subtypes were completed using 
whole mount staining. FITC-Dextran transit and colon bead 
expulsion assays evaluated bowel motility in vivo. Oxygenated 
organ bath studies evaluated bowel contractility in vitro. DS 
models were bred to DSCAM and DYRK1A heterozygotes to 
determine if normalizing copy number would correct ENS 
defects. Results: Ts65Dn and Tc1 mice have submucosal 
plexus hypoganglionosis and abnormal colon motility in 
vivo. Correcting DSCAM or DYRK1A copy number did not 
correct anatomic defects in these DS models. Discussion: 
Our studies suggest the possibility that reduced submucosal 
neuron number may occur in children with HSCR and 
predispose to bowel dysfunction.

Disclosure: No significant relationships.
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ISAN19.080
CARDIAC NEUROMODULATION USING EPICARDIAL 
BOTULINUM TOXIN INJECTIONS IN A CANINE MODEL 
OF VENTRICULAR TACHYCARDIA

Xun Zhou1, Fabrizio Assis2, Cecillia Lui3, Hari Tandri2, 
Kaushik Mandal4
1Johns Hopkins University School of Medicine, Cardiac Surgery, 
Baltimore, UNITED STATES OF AMERICA, 2Johns Hopkins 
University School of Medicine, Cardiology, Baltimore, MD, 
UNITED STATES OF AMERICA, 3Johns Hopkins University School 
of Medicine, Cardiac Surgery, Baltimore, MD, UNITED STATES 
OF AMERICA, 4PennState University Milton S Hershey Medical 
Centre, Cardiac Surgery, Heart and Vascular Institute, Hershey, PA, 
UNITED STATES OF AMERICA

Abstract: Introduction: Stellate ganglionectomy is the 
gold standard for patients with ventricular tachycardia 
and fibrillation (VT/VF) refractory to medical management. 
Botulinum toxin has been shown to be effective at preventing 
atrial tachyarrhythmias. We sought to investigate the use 
of botulinum for the treatment of VTs as a potentially less 
invasive therapy. Methods: A total of 18 adult mongrel 
dogs were assigned to sham procedure, bilateral stellate 
sympathectomy, or epicardial botulinum toxin injection. 6 
dogs received unilateral left- or right-sided cardiac plexus 
botulinum injection. After a 4-week recovery period, 
hemodynamic responses to stellate ganglia stimulation was 
characterized. After coronary artery ligation, the dogs were 
scored for ventricular ectopy using a standardized rubric. 
Denervation was confirmed with immunofluorescence staining 
for tyrosine hydroxylase and choline acetyltransferase. 
Results: Stimulation of the stellate ganglia in control dogs 
demonstrated characteristic increases in heart rate (+126.0%), 
contractility (+314.0%), and ST-segment morphology. The 
change in contractility in response to left stellate stimulation 
was significantly decreased in the treatment groups 
(sympathectomy: +1.3%, botulinum +15.3%), while the heart 
rate response was significantly decreased following right 
stellate stimulation (sympathectomy +45.8%, botulinum 
+23.5%). Dogs treated with unilateral botulinum responded 
only to contralateral stimulation. VT/VF was seen in 83% of the 
control group, but none of the treatment groups. Ventricular 
ectopy scores for treatment groups were significantly lower 
than controls at 1 hour (p = 0.029). Conclusions: Stimulation 
of the left stellate ganglia primarily drives increases in 
contractility, while the right primarily affects heart rate. 
Targeted cardiac sympathetic neuromodulation can be 
achieved with botulinum.

Disclosure: No significant relationships.

ISAN19.079
THE SUSCEPTIBILITY OF CARDIAC DISORDERS AFTER 
SPINAL CORD CRUSH INJURY IN RATS

Silvia Fernandes, Jeremy Weinberger, Idiata W. Iredia, 
Shaoping Hou
Drexel University College of Medicine, Spinal Cord Research 
Center, Department of Neurobiology and Anatomy, Philadelphia, 
PA, UNITED STATES OF AMERICA

Abstract: High-level spinal cord injury (SCI) often interrupts 
supraspinal regulation of sympathetic activity in the heart. 
The loss of balance between autonomic components renders 
the exposure of cardiac disorders. However, few animal 
experiments have successfully been investigated to model 
the disease for potential therapeutic interventions. In the 
present study, we employed complete spinal cord crush 
injury, which is an ideal lesion for further cell transplantation, 
at the T2/3 or T9 level in rats; naïve rats served as a control. 
Using a radio-telemeter to record electrocardiogram (ECG) 
and blood pressure, we analyzed heart rate variability (HRV) 
and cardio-electric alterations 4 weeks after SCI. With 24-h 
recording, total HRV was reduced in rats with a T2/3 injury, 
but not T9/10. The T2/3 SCI cohort showed decreased low 
frequency (LF) but increased high frequency (HF) powers in 
frequency domains, while standard deviation of R-R intervals 
(SDNN) and its derivations significantly declined in time 
domains, indicating reduced sympathetic and unopposed 
parasympathetic activity for the heart. During colorectal 
distention (CRD)-induced autonomic dysreflexia, more 
arrhythmia events were triggered in rats receiving T2/3 injury, 
such as bradycardia with sinus arrest, pause related aberrant 
conduction, ventricular ectopy, and possible atrial fibrillation. 
This suggests the vulnerability of cardiac electrical system 
under stress. Thus, the results illustrate that susceptibility of 
cardiac dysfunction is prevalent following SCI at high levels 
due to compromised autonomic homeostasis; rats with T2/3 
spinal cord crush injury is a suitable model to study cardiac 
abnormalities.

Disclosure: No significant relationships.
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ISAN19.082
A REVIEW OF ACUTE RESPONSES, AFTER-EFFECTS 
AND CHRONIC COMPLICATIONS RELATED TO 
MICRONEUROGRAPHY

Victoria L. Meah, Stephen A. Busch, Kelvin E. Jones, 
Margie H. Davenport, Craig Steinback
Univeristy of Alberta, Faculty of Kinesiology, Sport, and Recreation, 
Edmonton, CANADA

Abstract: Microneurography is used to detect postganglionic 
sympathetic nerve traffic and further the understanding 
of autonomic regulation in health and disease. However, 
a variety of adverse outcomes have been documented 
following microneurography. We synthesized available 
literature to calculate objective incidence rates of acute 
responses, after-effects and chronic complications of 
microneurography. Specifically, eight reports of participant 
discomfort (dysesthesia, local pain), (pre)syncope, infection, 
paraesthesia, and or/muscle weakness during and following 
microneurography were identified and synthesized. We also 
screened our laboratory dataset for similar outcomes. Our 
dataset included 428 assessments in 303 individuals (93 
males, 92 non-pregnant women, 128 pregnant women; 125 
repeat assessments). The incidence rate for each outcome 
was then calculated using the sum of all investigations and 
the sum of events (including relevant previously published 
data and our own data if available). Objective incidence rate of 
acute responses to microneurography including dysesthesia, 
and pain were 3.8 and 1.4%, respectively. We also identified 
a substantial incidence of pre-syncopal responses to 
microneurography (7.4%) that was most prominent in our 
pregnant population, including one event of full syncope, 
anecdotally occurring at the point of insertion into the 
nerve (0.2%). Incidence rates for after-effects including 
paraesthesia, pain and muscle weakness were 4.6, 2.8 and 
1.5%, respectively. There was an incidence rate of 0.3% for 
chronic complications, such as persistent or chronic muscle 
weakness, paresthesia or neuropathy. This review and 
analyses provides objective evidence of the rare, but present, 
potential adverse outcomes following microneurography. 
Funded by NSERC and WCHRI.

Disclosure: No significant relationships.

ISAN19.081
BAROREFLEX CONTROL OF SYMPATHETIC ACTION 
POTENTIAL DISCHARGE DURING ORTHOSTATIC 
STRESS

Stephen Klassen, M. Erin Moir, J. Kevin Shoemaker
University of Western Ontario, Kinesiology, London, CANADA

Abstract: The arterial baroreflex exerts heterogeneous 
influence over differently-sized sympathetic action potentials 
(AP) synchronized into bursts of muscle sympathetic nerve 
activity. How baroreflex-AP control becomes modified 
with orthostatic stress remains unclear. In six healthy 
individuals, we studied baroreflex threshold relationships 
for integrated bursts and the subpopulations of AP clusters 
(microneurography and continuous wavelet transform) during 
baseline (BSL) and lower body negative pressure (LBNP; 
-40 or -80 mmHg). Baroreflex threshold was measured as 
the slope of the linear regression between burst probability 
(%; bursts/100beats) or AP probability (%; APs/100beats) 
vs. diastolic blood pressure (DBP; Finometer). During BSL, 
baroreflex threshold analysis for each AP cluster revealed 
non-uniform regulation: compared to small-medium APs, 
the smallest and largest clusters expressed lesser slopes. 
Compared to BSL, the baroreflex threshold slope for each 
AP cluster was modified differently with LBNP (Condition-
by-Cluster: P < 0.05). Specifically, small-medium AP slopes 
increased with LBNP (e.g., cluster 4: -3.6±0.6 to -6.9±1.8 
%/mmHg, P < 0.05), while the slopes for the smallest and 
largest APs present at BSL exhibited either a reduction 
(e.g., cluster 1: -1.4±0.4 to -0.4±0.1 %/mmHg, P < 0.05) or 
no change (e.g., cluster 9: -0.2±0.1 to -0.7±0.2 %/mmHg, P 
> 0.08), respectively, compared to BSL. Threshold analysis 
for burst probability revealed no change in slope from BSL 
to LBNP (-3.8±0.4 to -4.1±0.8 %/mmHg, P > 0.7), though the 
operating point was reset upwards and rightwards. Therefore, 
baroreflex mechanisms exert differential control over distinct 
AP clusters that comprise the integrated sympathetic burst 
responses to LBNP. Supported by NSERC.

Disclosure: No significant relationships.
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ISAN19.084
CHANGES IN AUTONOMIC PARAMETERS 
THROUGHOUT THE DAY IN UNIVERSITY STUDENTS

Conrado Borgatello1, Jorge Guridi2, Sebastián Luna1, 
Alejandrina Funes1, Lorena Neila1, Silvana Rosso1

1National University of Rosario, Experimental Toxicology 
Laboratory, Rosario, ARGENTINA, 2National University of Rosario, 
Physiology, Rosario, ARGENTINA

Abstract: Living beings have a system capable of measuring 
time, and as a consequence they exhibit oscillations in certain 
physiological functions, repeating values periodically in the 
day. In order to correlate the fluctuations of cardiovascular 
and metabolic variables and determine the chronotype in 
students of different curricular schedules, we evaluated 30 
students (16 females) aged 19±1.2 on winter break in different 
hours: morning (between 9-10 AM); afternoon (4-5 PM) and 
night (10-11 PM). After the Horne-Ostberg questionnaire, 
heart rate (HR), mean arterial pressure (MAP), and axillary 
temperature (T°), was measured during 1 day and in other 
2 days in similar hours. Kruskall Wallis intra group analysis 
revealed that morning students registered higher Tº values 
in the afternoon 36.74±0.28 (mean±SD) compared to those 
registered during the morning 36.21±0.26 (P<0.01), maybe 
due to the circadian rhythm. Interestingly night students 
registered the highest Tº values in the night 36.6±0.25, 
statistically higher compared to the morning assessments 
36.3±0.32 (P<0.05), probably by increased nocturnal activity 
of the sympathetic nervous system. Inter group analysis 
revealed that afternoon students showed higher T° values 
in the afternoon 36.9±0.63 than night students 36.56±0.15 
(P<0.05) probably by their normal metabolic peak coinciding 
with their usual class schedule. Students the all schedules 
registered no significative differences in HR and MAP 
values throughout the day. The predominant chronotype in 
all students was intermediate (n=15) and evening moderate 
type (n=10) probably due to the fact that adolescents tend to 
exhibit a delay in sleep – wake schedules due to biological 
and social changes.

Disclosure: No significant relationships.

ISAN19.083
THE INFLUENCE OF ACUTE, CHRONIC AND LIFELONG 
HYPOXIA ON CARDIAC RESPONSES TO APNEA

Stephen A. Busch1, Sean Van Diepen1, Lydia L. Simpson2, 
Andrew Steele1, Victoria L. Meah1, Lindsey Berthelsen1, 
Megan P. Smoschok1, Michael M. Tymko3, Christopher 
K. Willie3, Philip N. Ainslie3, Jonathan P. Moore2, Michael 
Stembridge4, Craig Steinback1

1Univeristy of Alberta, Faculty of Kinesiology, Sport, and 
Recreation, Edmonton, CANADA, 2Bangor University, School of 
Sport, Health and Exercise Sciences, Bangor, UNITED KINGDOM, 
3University of British Columbia – Okanagan, School of Health 
and Exercise Science, Kelowna, CANADA, 4Cardiff Metropolitan 
University, Cardiff School of Sport and Health Sciences, Cardiff, 
UNITED KINGDOM

Abstract: Cardiovagal control is influenced by prevailing 
ventilation during hypoxia. We conducted a series of 
studies investigating integrative influences of hypoxia and 
apnea on heart rate (HR) and rhythm. ACUTE HYPOXIA: 
22 participants (12 females) exposed to 20min and 5hrs 
of hypoxia (SpO2=78±3%); CHRONIC HYPOXIA: 14 
Lowlanders (2 females) tested at 334m and after 2-10 
days at 5050m (SpO2=82±3%); 13 Lowlanders (4 females) 
tested after 4-9 days at 4300m (SpO2=82±3%); LIFELONG 
HYPOXIA: Highlanders tested at 5050m (n=8 Himalayan 
Sherpa, SpO2=84±4%) and 4300m (n=17 Andean Queshua, 
SpO2=81±3%). Continuous ECG (lead II) was recorded during 
maximal end-expiratory apneas in each study. Resting HR 
increased in Lowlanders during acute (+12±9bpm, P<0.05 at 
5hrs) and chronic (+10±11bpm, P<0.05 at 5050m) hypoxia. 
Normoxic apneas did not influence HR or rhythm. In 
Lowlanders, apneas during acute hypoxia elicited bradycardia 
(-17±14bpm, P<0.001 at 20min; -19±15bpm, P<0.001 at 5hrs), 
but did not affect rhythm. Lowlander apneas during chronic 
hypoxia (altitude) caused bradycardia (-32±15bpm, P<0.01 at 
4300m; -39±18bpm, P<0.001 at 5050m), and arrhythmias (e.g. 
sinus pause, junctional rhythm, atrio-venticular blocks). When 
hyperoxia was introduced at altitude (5050m), bradycardia 
and arrhythmias were no longer present during apnea. In 
contrast, lifelong high altitude natives had similar resting 
HR but did not exhibit bradycardia or arrhythmias during 
maximal apnea. These studies demonstrate: 1) HR responses 
to hypoxia differ in the presence (tachycardia) vs absence 
(bradycardia) of ventilation in humans; 2) Apnea during 
chronic hypoxia elicits arrhythmias in Lowlanders; 3) High 
altitude natives do not have significant cardiac responses to 
apnea. Funded by NSERC.

Disclosure: No significant relationships.
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ISAN19.086
INTRANEURAL RECORDINGS OF SINGLE-UNIT 
AUTONOMIC NEURAL ACTIVITY WITH A NOVEL 
MICROELECTRODE ARRAY

Elizabeth Bottorff1, Ahmad Jiman2, Elissa Welle2, David 
Ratze2, Paras Patel2, John P. Seymour2, Cynthia Chestek2, 
Tim Bruns2

1University of Michigan, Biomedical Engineering, Ann Arbor, 
UNITED STATES OF AMERICA, 2University of Michigan, Ann Arbor, 
UNITED STATES OF AMERICA

Abstract: Vagus nerve stimulation (VNS) was first FDA 
approved to treat epilepsy in 1997. Since then, it has also 
been approved for the treatment of depression, with ongoing 
research about its benefits in treating tinnitus, diabetes, 
rheumatoid arthritis, and other diseases. As this field of 
bioelectronic medicine grows, so does the demand for 
advanced electrical interfaces that can provide highly selective 
stimulation and monitoring to improve therapy and advance 
the understanding of underlying mechanisms. Currently, 
the most advanced electrodes for recording from small 
autonomic nerves like the vagus nerve are extraneural and are 
only capable of detecting compound action potentials. We are 
developing microneedle array electrodes to obtain single-unit 
signals and will share our tissue response analysis. Previously, 
Patel et al. 2016 developed carbon fiber microelectrode arrays 
(CFMA) for cortical interfacing, obtaining long-term single 
unit fidelity, and we are translating these arrays to peripheral 
interfaces. CFMA, of 200-µm length and 132-µm pitch in a 2x8 
arrangement, are inserted into the left cervical vagus nerve of 
male rats during non-survival anesthetized procedures using 
a custom 3D-printed nerve hook. Unique unit waveforms have 
been observed in response to direct KCl application on the 
nerve and in response to intraperotineal glucose and insulin 
infusions. Signal amplitudes of 40-600 µV peak-to-peak have 
been detected across these trials. Further development work 
is underway to create an array for chronic implant and use. 
This advanced interface may allow researchers to design 
more intelligent neural stimulation therapies for targeting a 
broad range of autonomic disorders.

Disclosure: No significant relationships.

ISAN19.085
PROJECTIONS TO THE ROSTROVENTRAL MEDULLA 
AND THE CARDIOVASCULAR RESPONSE EVOKED BY 
SOCIAL DEFEAT STRESS IN RATS

Mio Matsuyama, Ena Yamamoto, Jouji Horiuchi
Tokyo University, Biomedical Engineering, Saitama, JAPAN

Abstract: When we are exposed by stressors, we show a 
physical reaction via the autonomic nervous system such as 
increases in blood pressure and heart rate. The reaction is 
a part of defense reactions to survive, so called “Fight or 
Flight” response. It has been shown that the sympathetic 
vasomotor pathway of acute psychological stress is mediated 
via neurons in the rostroventral medulla (RVM) indirectly from 
the dorsomedial hypothalamus where is a possible autonomic 
center for the stress response. However, it is still unknown 
detailed neural projections from the hypothalamus to the RVM. 
In the present study, we investigated that direct projections to 
the RVM and distribution of c-Fos expressed neurons during 
the acute psychological stress (social defeat stress: SDS) in 
conscious Wistar rats. In order to verify neural projections 
to the RVM, we injected a retrograde tracer, FluoroGold (FG; 
2% solution, 50 nL) into the unilateral RVM in the rat. The FG 
injected rat was allowed to recover for a week, and then was 
exposed to the SDS challenge. After the exposure, c-Fos and 
FG were stained and observed in the brain sections. The SDS 
evoked pressor response and tachycardia from our previous 
study. The FG labeled neurons were confirmed throughout 
from the pons to the hypothalamus. The double labeled 
(c-Fos and FG) neurons were distributed in the midbrain and 
hypothalamus. These results suggest that the neurons in 
the midbrain and hypothalamus contribute to the defensive 
reaction evoked by acute psychological stress, like the social 
defeat stress.

Disclosure: No significant relationships.
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ISAN19.088
DEFINING SEGMENTAL PARASYMPATHETIC EFFERENT 
CARDIAC PROJECTIONS IN THE YUCATAN MINI PIG

Michael Dacey1, Mohammed A. Swid2, Owais Salahudeen2, 
Cameron Carlson2, Kalyanam Shivkumar3, Jeffrey L. Ardell4
1University of California Los Angeles (UCLA) Cardiac Arrhythmia 
Center and Neurocardiology Research Program of Excellence, 
Department of Surgery, UCLA, Los Angeles, CA, UNITED STATES 
OF AMERICA, 2University of California Los Angeles (UCLA) Cardiac 
Arrhythmia Center and Neurocardiology Research Program of 
Excellence, Department of Medicine, UCLA, Los Angeles, CA, 
UNITED STATES OF AMERICA, 3UCLA Health System, DGSOM, 
Medicine (cardiology), Radiology and Bioengineering, Los Angeles, 
CA, UNITED STATES OF AMERICA, 4UCLA, UCLA Cardiac 
Arrhythmia Center, Los Angeles, CA, UNITED STATES OF AMERICA

Abstract: Background: Parasympathetic control of regional 
cardiac function is coordinate by dispersed network of 
intrinsic cardiac ganglia, each with a preferred sphere 
of regional of cardiac control, and that together form the 
intrinsic cardiac nervous system (ICN). Objective: Define the 
segmental organization of parasympathetic preganglionic 
projections to the heart as they exit the intrathoracic 
vagosympathetic nerve trunk. Methods: Yucatan pigs (n = 
7) were anesthetized and the thoracic cavity exposed by 
sternotomy. Cervical vagus nerves (CVN) were stimulated with 
bipolar electrodes at supramaximal intensities (10-20 Hz, 1 
ms duration, 3x threshold). Stimulations were performed at 
baseline and sequentially following progressive debranching 
in 1/3 increments of the ipsilateral thoracic vagosympathetic 
nerve trunk (VST) in a rostral-to-caudal manner. Results: Both 
right and left-sided VNS induced ventricular bradycardia and 
reductions in ventricular inotropic and lusitropic function. 
Transections of branches exiting the top 1/3 of the right-
VST eliminated parasympathetic modulation of regional 
cardiac function (Mean HR 39.4 vs. 91.9 vs. 93.5 vs. 88.3 
bpm; intact, 1/3-, 2/3-, 3/3-VST debranching respectively). 
TranSection of branches exiting the left-VST demonstrated 
similar, albeit proportionally smaller, decrements in function 
with each segment (Mean HR 35.2 vs. 63.2 vs. 71.3 vs. 86.2 
bpm; intact, 1/3-, 2/3-, 3/3-VST debranching respectively). 
Conclusions: The divergence of intrathoracic projections 
to the heart converges within the ICN. Whereas, right-sided 
preganglionic projections predominantly exit in the rostral 
VST, the left-VST demonstrates great dispersion across all 
thoracic levels. VNS-targeted therapies to engage all elements 
of ICN should be applied in rostral structures, preferably the 
cervical vagosympathetic nerve trunk.

Disclosure: No significant relationships.

ISAN19.087
POOR LEEP QUALITY AFFECTS CARDIOVASCULAR 
AUTONOMIC IMBALANCE IN HYPERTENSIVES

Leandro Brito1, Laura Silva1, Tiago Peçanha1, Rafael 
Fecchio1, Rafael Rezende1, Andrea Abreu2, Giovânio Silva2, 
Décio Mion-Junior2, Cláudia Forjaz1

1University of São Paulo, School of Physical Education and Sport, 
São Paulo, BRAZIL, 2University of São Paulo, Hypertension Unit, 
General Hospital, São Paulo, BRAZIL

Abstract: Background: Reduction in sleep quality may 
increase blood pressure (BP) levels leading to the development 
of hypertension due to a relation between cardiovascular 
autonomic imbalance and sleep quality. However, it is unclear 
whether sleep quality is associated with cardiovascular 
autonomic imbalance in treated hypertensives. Objective: 
To evaluate whether sleep quality affects the cardiovascular 
autonomic control of treated hypertensives. Methods: Forty-
seven middle-aged hypertensive men were assessed for the 
sleep quality by the Pittsburgh Sleep Quality Index (PQSI) (e.g. 
as higher the score, the sleep quality is worse). BP and heart 
rate (HR) were assessed as hemodynamic measurements, 
and cardiovascular autonomic modulation was assessed 
by HR and BP variability. Spearman‘s correlation test was 
performed to investigate association. Independent t test was 
used to compare groups, subjects with poor sleep quality 
(PQSI> 5 scores - n = 23) and good (PQSI ≤5 scores - n = 
24), P≤0.05. Results: Hypertensives with poor sleep quality 
presented lower cardiac parasympathetic modulation (High 
frequency band – HF) (36.0 ± 15.0 vs. 25.8 ± 12.9 n.u., p = 
0.028) and cardiac baroreflex sensitivity (4.5 ± 2.3 vs. 7.1 ± 
3.2 ms/mmHg, p = 0.007). Sleep quality presented positive 
correlations with parasympathetic cardiac modulation (r = 
+0.34), and negative with HR (r = -0.34), total variance of 
RR-interval (r = -0.35) and cardiac baroreflex sensitivity (r 
= -0.42). Conclusion: Treated hypertensive men with poor 
sleep quality presented worse cardiovascular autonomic 
modulation compared to hypertensive patients who had good 
sleep quality according to PQSI. FAPESP: 2018/05226-0. 
Corresponding author: leandrobrito@usp.br.

Disclosure: No significant relationships.
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ISAN19.090
CARDIAC INNERVATION IN THE NORMAL HEART

Joseph Westaby, Mary N. Sheppard
St George’s University of London, Cardiovascular Pathology, 
London, UNITED KINGDOM

Abstract: Sudden and unexpected cardiac death, mediated 
by ventricular arrhythmia, is the most common cause of 
death worldwide. Recent studies have highlighted the 
importance of the autonomic nervous system (ANS) as a 
trigger and predisposing factor for VA. The aim of this study 
is to describe the topography of cardiac innervation observed 
microscopically in the normal heart. Cases were selected on a 
basis of a negative post mortem, a negative specialist cardiac 
autopsy and positive toxicology following panel review. 
Two sections of right ventricular outflow tract were stained 
with PGP9.5. Positive and negative controls were utilised. 
Slides were scanned using a Hamamatsu Nanozoomer 
2.0RS. Strict quality controls were adhered to. Within the 
epicardial fat there are large nerve fibres and ganglia. These 
nerves are seen prominently around the coronary arteries 
at the atrioventricular junction. Thick nerves extend into the 
myocardium from the epicardium associated with blood 
vessels. These nerves become smaller as they progress into 
the myocardium becoming fascicles and fibrils extending 
between and parallel to myocytes. Small nerve endings 
lie in close contact to myocytes. Only very thin fibrils are 
seen in the subendocardium which surround the myocytes. 
Numerous large nerves and ganglia are seen surrounding 
the sinus node however, no large nerves or ganglia are seen 
adjacent to the atrioventricular node. Clarification of the 
mechanisms and alterations which occur in the ANS within 
sudden cardiac death victims would allow the development 
of specific targeted neuromodulatory techniques and 
therapeutic strategies. Specific innervation profiles may be 
established, enabling improved diagnostic characterisation.

Disclosure: No significant relationships.

ISAN19.089
ALTERED INSULAR ORGANIZATION IN OBSTRUCTIVE 
SLEEP APNEA DURING THE VALSALVA MANEUVER.

Amrita Pal1, Jennifer A. Ogren1, Ravi Aysola2, Rajesh 
Kumar2, Frisca Yan-Go3, Ronald M. Harper4, Paul M. 
Macey1

1University of California at Los Angeles (UCLA), Nursing, Los 
Angeles, CA, UNITED STATES OF AMERICA, 2University of 
California at Los Angeles (UCLA), Anesthesiology, Los Angeles, CA, 
UNITED STATES OF AMERICA, 3UCLA, Neurology, Los Angeles, 
CA, UNITED STATES OF AMERICA, 4UCLA, Neurobiology, Los 
Angeles, CA, UNITED STATES OF AMERICA

Abstract: Introduction: Autonomic regulation is impaired 
in obstructive sleep apnea (OSA) with possible functional 
reorganization of the insula. We examined that organization 
during a Valsalva maneuver autonomic challenge using 
functional magnetic resonance imaging (fMRI). Methods: 
We studied 37 newly-diagnosed, untreated OSA (mean 
age±SD: 46.4±8.7years; mean AHI±SD:35.8±19.2; 31 male) 
and 56 healthy control (47.2±9.1years; 36 male) participants. 
Subjects performed four Valsalva maneuvers (1 min interval, 
duration 18s, pressure 30mmHg) during fMRI scanning. 
Insular gyri identified from high-resolution T1-weighted scans 
were: 1. anterior short gyrus (ASG) 2. mid short gyrus (MSG) 
3. posterior short gyrus (PSG); 4. anterior long gyrus (ALG) 
5. posterior long gyrus (PLG). Timetrends from each gyri 
were extracted and assessed for within and between group 
differences with repeated measures ANOVA(RMANOVA). 
Results: Insular gyri functional organization differed in 
OSA, relative to controls. While controls showed sustained 
activation in right vs. left in all but the ASG, OSA subjects 
showed only transient right>left activation during the first 
4 s of the expiratory period. Left side anterior-to-posterior 
organization was similar in OSA and controls, with the ASG 
showing the greatest responses, followed by MSG/PSG, then 
ALG/PLG. However,in OSA the right ALG showed similar 
responses to the short gyri, in contrast with controls showing 
lower ALG responses than the short gyri. Conclusions: 
Reduced right-sided dominance appears in OSA during the 
sympathetic phase of the Valsalva maneuver. Combined 
with altered right-side ALG responses, the outcomes may 
reflect the higher resting static sympathetic tone and weaker 
cardiovascular responses to the same challenges in the 
condition.

Disclosure: No significant relationships.
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ISAN19.092
CAROTID FLOW RESPONSES TO L-CYSTEINE MAPPED 
IN THE PARTIALLY CAROTID-DENERVATED RAT 
VENTRAL MEDULLA

Yumi Takemoto
Hiroshima University Graduate School of Biomedical and Health 
Sciences, Neurophysiology, Hiroshima, JAPAN

Abstract: Microinjections of an ionotropic excitatory amino 
acid receptors activator L-cysteine into the rat ventrolateral 
medulla (VLM) autonomic areas produce changes in common 
carotid flow resistance (CAR) which are highly dependent on 
change in arterial pressure (AP). However, anterior but not 
posterior parts of the rostral VLM (RVLM) demonstrated no 
changes of CAR in the pressor sites in rats which insertion 
parts of the sternohyoid muscle or nerves connecting to the 
longus capitis muscle were cut when prepared. The RVLM pre-
sympathetic neurons may have differential sites dependent 
on the somatic tissue functions in the head area. The present 
study therefore examined CAR responses to L-cysteine 
microinjections over the VLM in rats which internal or external 
carotid (sympathetic) nerves were cut. In anesthetized rats 
with a window opened above the ventral medulla, right CA 
flow (CAF) and AP were measured, providing CAR by AP/CAF. 
In either denervated rat, L-cysteine microinjections produced 
the same response mapping; CAR was decreased in the 
caudal VLM depressor sites, and increased at posterior but 
not anterior parts of the RVLM. The complete denervation of 
sympathetic trunk produced no change in CAR to L-cysteine 
at AP responding sites through the VLM. Results indicate 
robust CAR responding place to L-cysteine stimulation in 
the posterior part of the RVLM when cranial sympathetic 
neurons were partially and differentially denervated. There 
seems no somatic localization of pre-sympathetic neurons 
in the rat RVLM regarding the head area, suggesting another 
mechanism for the differential sympathetic control in rats.

Disclosure: No significant relationships.

ISAN19.091
HEART RATE MODULATION IN PATIENTS WITH 
DIFFERENT LATERALITY OF ISCHAEMIC STROKE

Jan Galuszka1, Miloš Táborský2, Dana Galuszková2

1Palacký University and University Hospital Olomouc, Faculty 
of Medicine and Dentistry, Department of Internal Medicine I - 
Cardiology, Olomouc, CZECH REPUBLIC, 2Palacký University and 
University Hospital Olomouc, Faculty of Medicine and Dentistry, 
Olomouc, CZECH REPUBLIC

Abstract: Background: Heart and brain interactions can 
involve on the one side stroke caused by cardioembolism, but 
on the other side stroke of any etiology can cause malfunction 
of autonomic cardiovascular control. Objective: Assessment 
of heart rate variability (HRV) autonomic modulation in 
patients suffering from stroke. Methods: HRV time domain 
analysis (Holter 24 hours) in patients with sinus rhythm and 
brain ischemia detection on computer tomography. Normal 
range of HRV variables values according to guidelines. Study 
group A: 30 patients, mean age 66.9 years, 13 men, right-
sided stroke (RSS); Study group B: 30 patients, mean age 
63.2 years, 17 men, left-sided stroke (LSS). Comorbidities 
(%) Group A/ Group B: Hypertension 80/73, Diabetes 
mellitus 40/26, Hyperlipidemia 60/60, Another manifestation 
of atherosclerosis 16/10. Results: Mean values Group A/ 
Group B SDNN: 109.4/107.2 (p 0.982); under standard 16/11; 
above standard 1/0 Triangular index: 29.4/28.8 (p 0.801); 
under standard 6/4; above standard 0/0 SDANN: 93.8/89.4 
(0.723); under standard 17/16; above standard 0/0 RMSSD: 
35.0/30.4 (p 0.842); under standard 0/2; above standard 
7/5 Conclusions and discussion: No statistically significant 
difference of study parameters according to laterality were 
revealed but we can observe difference in comparison with 
standards: more decreased HRV in RSS: SDNN decreased 
in 53 % versus 36 % in LSS; TI decrease in 20 % in RSS 
versus 13 % (LSS) . There were mild increase in short-term 
component of HRV: 23 % of patients in RSS versus 16 % of 
patients in LSS. HRV could be useful parameter in individual 
stroke management.

Disclosure: No significant relationships.
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ISAN19.094
MICROCT OPTIMISATION FOR IMAGING OF 
FASCICULAR ANATOMY IN THE MAMMALIAN VAGUS 
NERVE

Nicole Thompson1, Enrico Ravagli1, Svetlana Mastitskaya2, 
Francesco Iacoviello3, Kirill Aristovich1, Justin Perkins4, 
Paul Shearing3, David Holder1

1University College London, Medical Physics and Biomedical 
Engineering, London, UNITED KINGDOM, 2University College 
London, Medical Physics and Biomedical Engineering, London, 
UNITED KINGDOM, 3University College London, Chemical 
Engineering, London, UNITED KINGDOM, 4The Royal Veterinary 
College, Clinical Science and Services, Hatfield, UNITED 
KINGDOM

Abstract: Vagus nerve stimulation (VNS) is a promising 
therapy for treatment of various conditions that are resistant 
to standard therapeutics. However, due to the lack of 
understanding of the functional fascicular organisation of 
the vagus nerve, VNS leads to unwanted off-target effects. 
MicroCT can be used to trace organ-specific fascicles from 
periphery and image fascicular anatomy of the cervical vagus 
nerve. In this work we optimised the scanning parameters for 
microCT of the pig vagus nerve. After dissection and fixation, 
pig vagus nerves were stained in Lugol’s solution for 12-240 
hours. The stained nerves were blotted dry, placed into a 
custom mount and microCT scanned. The optimal staining 
time was selected and scanning parameters were altered in 
subsequent scans. Scans were reconstructed, visualised in 
ImageJ and fascicles segmented with a custom algorithm 
in MATLAB to determine ultimate parameters for tracking of 
the nerve. Successful segmentation for tracking of individual 
fascicles was achieved after 120 hours of staining with 
Lugol’s solution (1% total iodine) and the following scanning 
parameters: 4 mm voxel size, 35 kVp energy, 114 mA current, 
4 W power, 0.25 fps in 4 s exposure time, 3176 projections 
and a molybdenum target. The optimised microCT protocol 
will be used to scan the full length, including the branches, of 
the pig, and possibly, the human vagus nerves. The resulting 
segmentation map of the functional anatomical organisation of 
the vagus nerve will enable selective VNS ultimately allowing 
for the avoidance of the off-target effects and improving its 
therapeutic efficacy.

Disclosure: No significant relationships.

ISAN19.093
SYMPATHETIC AND MOTOR ACTIVATION BY MIDBRAIN 
NEURONS PROJECTING TO THE VENTRAL MEDULLA

Satoshi Koba, Nao Kumada
Tottori University Faculty of Medicine, Division of Integrative 
Physiology, Yonago, Tottori, JAPAN

Abstract: Conceptually, central command originates in 
motor areas of the brain; this is capable of eliciting activation 
not only of efferent motor pathways to skeletal muscles 
but also of medullary sympathoexcitatory neurons. Central 
mechanisms how central command function is generated 
have not been fully understood yet. Our work aimed to 
identify central circuitries underlying central command 
function. Neural tracing experiments in rats found that the 
sympathoexcitatory rostral ventrolateral medulla (RVLM), 
that is activated during volitional exercise (Kumada et al. 
2017), receives axonal projections from the mesencephalic 
locomotor region (MLR) (MLR−RVLM neurons). Optogenetics 
experiments in urethane-anesthetized rats showed that 
excited MLR−RVLM neurons drove renal sympathoexcitation. 
The sympathoexcitatory response was partially prevented 
by bilateral microinjection into the RVLM of a cocktail 
containing the NMDA and non-NMDA receptor antagonists. 
Moreover, optogenetic excitation of MLR−RVLM neurons of 
decerebrated rats elicited not only renal sympathetic outflow 
but also persistent increases in ventral root discharges. In 
conscious free-moving rats, furthermore, excited MLR−
RVLM neurons elicited both locomotion and blood pressure 
increases. These observations lead us to hypothesize that the 
MLR−RVLM neurons are part of central circuitries of central 
command. Supported by JSPS KAKENHI 15H05367 (SK) and 
18H03151 (SK).

Disclosure: No significant relationships.
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ISAN19.096
CARDIONEUROABLATION FOR SYMPTOMATIC 
CARDIOINHIBITORY CAROTID SINUS SYNDROME AND 
ORTHOSTATIC INTOLERANCE.

Sebastian Stec1, Artur Pietrucha2, Aleksandra Wilczek-
Banc3, Janusz Sledz4, Michal Chrabaszcz4

1MediNice Research and Development Center, Aeropolis-jasionka, 
Jasionka-Rzeszów, POLAND, 2Jagiellonian University, Cardiology, 
Cracow, POLAND, 3Subcarpathia Center for Cardiac Rehabilitation, 
Polonia, rymanow Zdroj, POLAND, 4ELMedica EP-Network, SKA, 
POLAND

Abstract: Introduction: Although permanent pacing 
is recommended for symptomatic cardioinhibitory (CI) 
carotid sinus syndrome (CCS), a radiofrequency ablation 
of vagal ganglia (cardioneuroablation) may abolish the 
vagal efferent output. We present the first case of CI-CCS 
in which cardioneuroablation guided by repetitive carotid 
sinus massage (CSM) and direct extracardiac vagal nerve 
stimulation (ECANS) resulted in complete elimination of CI 
reflex and improvement of orthostatic intolerance (OI). Case 
report: 69-year-old Caucasian woman (BMI=21) was admitted 
for evaluation due to long-standing syncope episodes (1-2/
month) and daily dizziness and orthostatic intolerance. The 
patient had normal echocardiogram, Holter monitoring, head 
MRI and ECG. The final diagnosis of CI-CCS associated with 
OI according to current guidelines and methodology was 
confirmed. Only right-sided carotid sinus massage (CSM) 
resulted in consistent 6-10 seconds of sinus asystoles 
and prolonged sinus bradycardic periods associated with 
syncope and pre-syncope. Moreover, head-up tilt test 
confirmed OI. After share-decision making patient decided 
to choose experimental cardioneuroablation procedure before 
implantation of dual-chamber pacemaker. Before ablation 
right ECANS resulted in asystole and complete atrioventricular 
block while atrial pacing. Then, step-by-step endocardial 
ablation for 6 anatomic localization of gangionated plexi was 
performed on left and right atrium with repetitive CSM after 
radiofrequency applications in each location. Finally, repeated 
CSMs and ECANS did not shown asystoles and prolonged 
bradycardia periods. Patient has no further CI reflex after 
right sided CSM and OI was also eliminated. Conclusion: The 
case documents the first use of CSM and ECANS for guiding 
and validating effects of cardioneuroablation for treatment of 
symptomatic CI-CCS and OI.

Disclosure: No significant relationships.

ISAN19.095
GLP-1 DEFICIENCY IN PATIENTS WITH POSTURAL 
TACHYCARDIA SYNDROME AND POST-PRANDIAL 
GASTROINTESTINAL SYMPTOMS

Cyndya Shibao, Nicholas C. Breier, Sachin Y. Paranjape, 
Shea Scudder, Shahram E. Mehr, Suzanna Lonce, Charles 
R. Flynn
Vanderbilt University Medical Center, Nashville, UNITED STATES 
OF AMERICA

Abstract: Postural Tachycardia Syndrome (POTS) is the 
most common autonomic disorder affecting primarily young 
women. POTS is characterized by increased sympathetic 
activity and reduced vagal tone which contributes to 
orthostatic tachycardia. The effect of this autonomic 
imbalance on glucose homeostasis and GI hormone secretion 
in this population is unknown. We recruited 28 subjects (14 
POTS and 14 healthy controls (HC)), patients were matched 
by age (37±11 vs. 30±8 years in HC, P=0.13) and BMI (26±6 
vs. 23±4 kg/m2 in HC, P=0.21). POTS patients have elevated 
upright norepinephrine 796 ± 342 vs. 344 ± 156 pg/mL in HC, 
P= 0.001 and higher upright heart rate compared to HC (116 
± 5.11 vs. 86 ± 3.6 bpm, P= 0.001). All subjects underwent a 
75 grams oral glucose tolerance test combined with 20 mg/kg 
of acetaminophen. Blood samples were obtained at baseline, 
5, 10, 15, 30, 60, 90, and 120 min post-glucose ingestion for 
assessment of GLP-1, GIP, glucose, and insulin. Plasma levels 
of acetaminophen were measured as a surrogate marker of 
gastric emptying. At 120 min post-ingestion, POTS patient 
had similar glucose levels compared with HC (126 ± 31 vs. 114 
± 22 mg/dL, P=0.28). Insulin levels and GIP were significantly 
higher in POTS compared with HC (90 ± 44 vs. 46 ± 15 uU/
ml, P=0.002), and (354 ±212 vs 201±53 pg/mL in HC, P=0.02). 
GLP-1 levels were similar in POTS and HC (220 ± 71 vs. 173 
± 58 pg/mL, P=0.08). Acetaminophen levels were similar in 
both groups. In conclusion, after a glucose challenge, POTS 
patient developed hyperinsulinemia and impaired GLP-1 
secretion.

Disclosure: No significant relationships.
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with Neurolucida 360 in multiple projections. (vi). In the SMP, 
a large number of hpChAT IR and a comparative scarcity of 
nNos IR neurons were seen. Differently, hpChAT and VIP IR 
neurons shared similar numbers and were mostly double 
labeled. (vii). In the MP, dense hpChAT and nNos IR neurons 
were equally distributed and about 17% hpChAT IR myenteric 
neurons were also nNos IR, while there were only few VIP IR 
neurons which were labeled by hpChAT as well. Conclusions: 
The information from 3D images and videos, not readily 
revealed in 2D, provides fundamental and significant evidence 
that is critical and beneficial for distinguishing the intrinsic vs 
extrinsic cholinergic innervations in the colon, mapping the 
regional variation among the segments and understanding 
structure-function relationships and alterations in the relevant 
diseases. (Supported by NIH/SPARC 1OT2OD024899-01)

Disclosure: No significant relationships.

ISAN19.139
THREE-DIMENSIONAL (3D) IMAGING AND 
PHENOTYPING OF INTRINSIC CHOLINERGIC 
INNERVATION IN THE HUMAN COLON

Pu-Qing Yuan1, Jean-Pierre Bellier2, Tao Li1, Mary R. 
Kwaan3, Hiroshi Kimura2, Yvette Tache4

1University California Los Angeles, Medicine, Digestive Diseases 
Division, Los Angeles, CA, UNITED STATES OF AMERICA, 
2Shiga University of Medical Science, Molecular Neuroscience 
Research Center, Otsu, JAPAN, 3University California Los Angeles, 
Department of Surgery, Los Angeles, CA, UNITED STATES OF 
AMERICA, 4UCLA, Medicine, Digestive Diseases Division, Los 
Angeles, CA, UNITED STATES OF AMERICA

Abstract: Background: Very little information is available 
about 3D anatomical and phenotypical maps of cholinergic 
neurons and fibers in the human colonic enteric nerve system 
that is indispensable for understanding the structure-function 
relationships of intrinsic cholinergic innervation at cellular, 
circuit, and organ-wide level. CLARITY, a newly developed 
tissue clearing technique (Nature 2013; 497: 332; Cell 2014; 
158:945) enables immunofluorescence (IF) and maintenance 
of fluorophores during imaging of large volumes for 3D 
reconstruction. We have successfully applied it to the colon 
of the mouse, rat and pig. Aims: To demonstrate 3D imaging 
and phenotyping of the human colonic intrinsic cholinergic 
innervation by using CLARITY and a novel mouse antiserum 
against hpChAT, a specific marker for peripheral cholinergic 
neurons that was proved without cross-reaction with the 
common type of ChAT expressed preferentially in the 
central nervous system. Methods: Sigmoid colonic samples 
dissected from the healthy margins of resected specimens 
from two patients were processed for passive CLARITY 
technique and followed by IF for hpChAT and double labeling 
of hpChAT with PGP9.5, a pan-neuronal marker, neuronal nitric 
oxide synthase (nNOS) and vasoactive intestinal peptide (VIP). 
Images acquired with ZEISS LSM710 confocal microscope 
and SP8 DIVE multiphoton microscope were processed using 
Imaris 9.1 for neuroscientists to provide the optimum amount 
of information for 3D reconstruction. Results: 3D images and 
videos demonstrated: (i). Dense innervation in the circular 
and longitudinal muscle layers labeled by PGP9.5 and most 
of PGP9.5 immunoreactive (IR) nerve fibers and bundles 
were also labeled by hpChAT. (ii). A remarkable difference 
in the 3D morphology of hpChAT IR ganglia among enteric 
plexuses: sparse ganglia with few and far connection in the 
inner submucosal plexus (SMP), fewer and scattered ganglia 
in the outer SMP and dense, thick and bulky ganglia in the 
myenteric plexus (MP). (iii). Connection between inner and 
outer SMP via hpChAT IR fibers projected from hpChAT IR 
neurons in SMP. (iv). hpChAT IR Dogiel type II neurons had 
single axons providing terminals around type I and other type 
II neurons or running through many ganglia. In contrast, the 
axons of hpChAT IR type I neurons ran short distances. (v). 
A reciprocal projection between Dogiel Type I and II type 
hpChAT IR neurons was visualized and digitally reconstructed 
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motility. Significantly, distribution of stimulation locations with 
the strongest excitatory effect on duodenal motility correlates 
with highest density distribution of IMAs. Thus, this functional 
map can help to identify optimal GES locations and afferent 
concentrations for therapeutic potential to treat GI disorders. 
(SPARC OT2: OD023847)

Disclosure: No significant relationships.

ISAN19.140
MAPPING OF GI NEURAL CIRCUITS: STOMACH 
LOCATIONS STIMULATED DETERMINES EFFECTS ON 
DUODENAL PERISTALSIS

Zhenjun Tan1, Matthew P. Ward2, Robert J. Phillips1, 
Xueguo Zhang3, Bartek Rajwa4, Deborah Jaffey1, Elizabeth 
A. Baronowsky1, Jennifer L. Mcadams1, Logan Chesney1, 
Terry L. Powley5

1Purdue University, Department of Psychological Sciences, West 
Lafayette, IN, UNITED STATES OF AMERICA, 2Purdue University, 
Biomedical Engineering, West Lafayette, IN, UNITED STATES OF 
AMERICA, 3Clunbury Scientific LLC, Bloomfield Hills, MI, UNITED 
STATES OF AMERICA, 4Purdue University, Bindley Bioscience 
Center, West Lafayette, IN, UNITED STATES OF AMERICA, 5Purdue 
University, Psychological Sciences, West Lafayette, IN, UNITED 
STATES OF AMERICA

Abstract: Background: Recently, gastric electrical stimulation 
(GES) has been intensively investigated for its therapeutic 
potential for various GI motility disorders (gastroparesis, 
eating disorders etc.). Aim: To identify the optimal locations 
for GES, we determined a complete topographic map of 
regional gastric effects on duodenal motility, using duodenal 
motor responses elicited by gastric stimulation in different 
stomach regions. We also compared this functional map 
with our anatomical stomach circuit maps produced with 
neural tracers. Methods: Acute studies are performed with 
fasted anesthetized rats with patch stimulation electrodes 
(stimulation parameters: biphasic, I = 0.3mA, pw = 0.2ms, 10 
Hz, 20s-on-40s-off, 5 one-minute cycles) sutured in different 
sites of stomach and strain gauges (recording duodenal 
fasted motor activity) attached to proximal duodenal 
serosal surface. Precise sites of stimulation electrodes 
were measured on the surface of stomach and strength of 
duodenal motor activity (area under curve (AUC, contractile 
strength), frequency, amplitude, patterns etc.) were quantified. 
We generated the functional map using the stomach sites and 
their calculating ratios of AUC (motility index (MI)), ratios of 
frequency, ratios of amplitude, in the 15 -30 minute periods 
before and after start of stimulation. We mapped the efficacy 
of stimulation using various MI at a number of randomly 
assigned electrode placements (n=141) in acute experiments 
(n=81). Results: Maximal excitatory duodenal responses 
were dramatically produced with stimulation of forestomach 
sites, whereas inhibitory duodenal responses occurred with 
stimulation sites in the corpus. Moderate excitatory duodenal 
responses occurred with stimulation sites in the antrum. Weak 
and complex inhibitory/excitatory duodenal responses were 
produced with stimulation sites near the limiting ridge and 
the border between antrum and corpus are also observed. 
Furthermore, our 2D anatomical maps of concentrations of 
intramuscular arrays (IMAs) in the forestomach and antrum, 
particularly where longitudinal and circular IMAs overlap, 
coincided with empirically determined gastric regions yielding 
strong excitatory duodenal motility responses generated by 
GES. Conclusions: Stimulation of different stomach regions 
produces dramatic site-dependent effects on duodenal 
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non-adrenergic. Conclusions: In the minipig, cholinergic 
innervation of the SAN predominates, although additional 
subpopulations are identified by immunohistochemical 
and gene expression analyses. Ongoing work will further 
characterize neural subpopulations within the RAGP.

Disclosure: No significant relationships.

ISAN19.141
INTRINSIC CARDIAC NEURAL CONTROL OF THE 
SINOATRIAL NODE

Peter Hanna1, Michael J. Dacey2, Mohammed A. Swid3, 
Pradeep S. Rajendran4, Sarah Hiyari4, John D. Tompkins4, 
Ching Zhu1, Elizabeth Smith5, Stanley Peirce6, Jin Chen7, 
Rajanikanth Vadigepalli8, James Schwaber8, Zixi J. 
Cheng9, Donald B. Hoover5, Jeffrey L. Ardell4, Kalyanam 
Shivkumar10

1University of California - Los Angeles (UCLA) Cardiac Arrhythmia 
Center, Neurocardiology Research Program of Excellence, 
Department of Medicine - Cardiology, Los Angeles, CA, UNITED 
STATES OF AMERICA, 2UCLA, General Surgery, Los Angeles, 
CA, UNITED STATES OF AMERICA, 3University of California Los 
Angeles (UCLA) Cardiac Arrhythmia Center and Neurocardiology 
Research Program of Excellence, Department of Medicine, UCLA, 
Los Angeles, CA, UNITED STATES OF AMERICA, 4University 
of California - Los Angeles (UCLA) Cardiac Arrhythmia Center, 
Neurocardiology Research Center of Excellence, Department 
of Medicine - Cardiology, Los Angeles, CA, UNITED STATES OF 
AMERICA, 5East Tennessee State University, Biomedical Sciences, 
Johnson City, TN, UNITED STATES OF AMERICA, 6East Tennessee 
State University, Johnson City, TN, UNITED STATES OF AMERICA, 
7University of Central Florida, Orlando, FL, UNITED STATES OF 
AMERICA, 8Thomas Jefferson University, Philadelphia, PA, UNITED 
STATES OF AMERICA, 9University of Central Florida, Burnett 
School of Biomedical Sciences, Orlando, FL, UNITED STATES OF 
AMERICA, 10UCLA Health System, DGSOM, Medicine (cardiology), 
Radiology and Bioengineering, Los Angeles, CA, UNITED STATES 
OF AMERICA

Abstract: Introduction: The sinoatrial node (SAN) is 
under autonomic nervous system control; however, 
mechanisms of this control are incompletely understood. 
The intrinsic cardiac nervous system consists of a network 
of ganglionated plexi (GPs) embedded in fat pads on the 
epicardial surface. The objective of this study is to further 
characterize neuroanatomical connections between the right 
atrial GP (RAGP) and SAN region. Methods: Control hearts 
were harvested from 3 minipigs, and immunohistochemical 
analyses were performed to characterize the RAGP and 
SAN. To identify neurons projecting to the SAN, retrograde 
neural tracer Fast Blue (n = 4) was injected into porcine 
SAN in vivo for gene expression profiling. Three weeks later, 
hearts were collected and underwent analysis. Results: 
Immunohistochemical analysis identified a dense meshwork 
of cholinergic nerve fibers in the SAN region using the 
cholinergic marker vesicular acetylcholine transporter. In the 
RAGP fat pad, ganglia of various sizes (3 to ~100 neurons) were 
found throughout and were localized primarily in fat adjacent 
to the myocardium. Most neurons were cholinergic while a 
significant subpopulation also stained for tyrosine hydroxylase 
and/or neuropeptide Y. Using Fast Blue injection at the SAN, 
nerve fibers were traced back to neuronal cell bodies in the 
RAGP. Fast Blue-labelled neurons were isolated using laser 
capture microdissection and underwent high throughput qRT-
PCR to identify distinct transcriptional phenotypes within the 
classical neural subtypes of adrenergic, dopaminergic, and 
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ISAN19.143
CHARACTERIZATION OF SYNAPTIC SPECIALISATIONS 
IN PELVIC GANGLION NEURONS INNERVATING THE 
RAT LOWER URINARY TRACT

Peregrine Osborne, Pawan Bista, Victoria Morrison, Janet 
Keast
University of Melbourne, Anatomy and Neuroscience, Melbourne, 
VIC, AUSTRALIA

Abstract: The major pelvic ganglia (MPG; synonym, human: 
inferior hypogastric plexus) are the source of the majority 
of sympathetic axons and all of the parasympathetic axons 
innervating urogenital organs and the large intestine. These 
autonomic ganglia are unique as they contain a mixture 
of sympathetic and parasympathetic neurons, which 
respectively receive spinal preganglionic input from the 
upper lumbar cord (via the hypogastric nerves) or the lower 
lumbar and sacral cord (via the pelvic nerves). To determine 
if there are differences in the weighting of these spinal 
inputs to functionally distinct classes of MPG neurons, this 
study compared synaptic specialisations associated with 1) 
randomly selected noradrenergic and cholinergic neurons, 
and 2) neurons innervating the bladder body, bladder trigone 
or proximal urethra. These projection neurons were identified 
by fluorescent retrograde tracer (Fast Blue or FluoroGold), 
which was microinjected in life into the corresponding 
LUT region in adult male and female Sprague-Dawley rats. 
Immunofluorescence was then used to 1) classify neurons as 
noradrenergic (tyrosine hydroxylase [TH] or a major class of 
cholinergic neuron (nitric oxide synthase [NOS]), 2) localise 
synaptic boutons originating from spinal preganglionic 
neurons (synaptophysin [SYN] or vesicular acetylcholine 
transporter [VAChT]); and 3) identify perisomatic glia (S-100 or 
glial fibrillary acidic protein [GFAP]). Neurons were visualised 
in 50µm cryosections using confocal microscopy (Zeiss 880 
with Airyscan) and imaged to allow associated boutons and 
glia to be reconstructed and quantified using Imaris software. 
All data was obtained in n=6 rats of each sex. Most MPG 
neurons are monopolar and are closely enveloped by several 
glial cells, enabling us to visualise a clear association between 
synaptic boutons and the relevant ganglion neuron soma. We 
found significant differences in the number and total volume 
of synaptic boutons associated with each neuronal class, 
with TH neurons showing the highest innervation density and 
cholinergic neurons innervating the lower urinary tract having 
the lowest. Our high-resolution 3D reconstructions also 
showed that boutons associate with different postsynaptic 
structural specializations(open or closed furrows, deep 
invaginations, and short extensions from the soma). These 
were more prevalent in sympathetic neurons (invaginations/
closed furrows: 96%/72% of TH sympathetic neurons vs 
68%/4% of NOS cholinergic neurons vs 25%/0% of bladder 
projecting neurons.In summary, high resolution microscopy 
in pelvic ganglia has provided structural evidence of diversity 
insynaptic strength and soma features. LUT-projecting 
cholinergic neurons having the fewestinputs and smoothest 

ISAN19.142
EPIDURAL STIMULATION OF THE LUMBOSACRAL 
CORD EVOKES VOIDING IN URETHANE-ANESTHETIZED 
WISTAR RATS.

Charles Hubscher1, Robert Hoey2, Daniel Medina-
Aguinaga2, Fahmi Khalifa3, Sharon Zdunowski2, Ayman 
El-Baz4

1Univ Louisville Sch Med, Louisville, KY, UNITED STATES OF 
AMERICA, 2Univ Louisville Sch Med, LOUISVILLE, KY, UNITED 
STATES OF AMERICA, 3Univ Louisville Sch Med, Bioengineering, 
LOUISVILLE, KY, UNITED STATES OF AMERICA, 4Univ Louisville Sch 
Med, Bioengineering, LOUISVILLE, UNITED STATES OF AMERICA

Abstract: Daily bladder management for conditions such 
as spinal cord injury (SCI) most frequently includes a 
combination of catheterization (either self-intermittent or 
suprapubic) and pharmacological approaches, which targets 
maintenance but does not promote recovery of function. We 
have exciting data from multiple individuals receiving spinal 
cord epidural stimulation (scES) that is optimized for stepping 
and standing, in combination with task-specific training, that 
shows improvements in lower urinary tract function. The 
overall objective of our current functional mapping pre-clinical 
animal studies is to identify scES configurations (electrode 
location, amplitude and frequency) at lumbosacral spinal 
levels that can promote and/or provide optimal neural control 
of urine storage (adequate bladder capacity at safe pressures 
without incontinence) and sufficient controlled emptying 
(high voiding efficiency at safe leak point pressures) after 
SCI. Different experimental groups of Wistar rats target the 
impact of SCI severity (complete transection and planned 
contusion models) relative to intact controls including gender 
differences. Initial mapping was done in acute anesthetized 
terminal preparations during cystometry (bladder filling) using 
a modified electrode array (Medtronic Specify 5-6-5 epidural 
device) that is being used by our group in parallel human 
scES studies. The data collected to date for the electrode 
placement location on the L5-S1 dorsal cord revealed 1) 
frequency and intensity dependent evoked contraction of the 
bladder with external urethral sphincter bursting and urine 
expulsion, and 2) different activation patterns between intact 
and T9 transected groups of animals. Stimulus intensity-
dependent changes in activity were also detected in EMG 
recordings of the bulbospongiosus muscle, external urethral 
and anal sphincter EMGs, and rectal pressure measurements. 
Visualized motor responses generated at high stimulus 
intensities with scES extended beyond the L5-S1 segmental 
motor distribution. Our innovative approach and novel 
application of this Medtronic Specify 5-6-5 epidural device 
will generate functional maps that will lay the groundwork 
for expedient translation of this promising technology to 
individuals with SCI as well as provide a powerful tool for 
elucidating underlying circuits present in the lumbosacral 
cord that are involved in urogenital function.

Disclosure: No significant relationships.
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ISAN19.144
FEEDING BEHAVIOR FOLLOWING ELECTRICAL 
STIMULATION OF VAGAL AFFERENT TERMINALS 
LOCATED IN THE STOMACH MUSCLE WALL

Robert Phillips1, Matthew P. Ward2, Kun-Han Lu3, Jiayue 
Cao3, Gabriel Albors2, Zhongming Liu3, Pedro Irazoqui2, 
Deborah Jaffey1, Zhenjun Tan1, Trevor Meyer2, Terry L. 
Powley4

1Purdue University, Department of Psychological Sciences, West 
Lafayette, IN, UNITED STATES OF AMERICA, 2Purdue University, 
Biomedical Engineering, West Lafayette, IN, UNITED STATES 
OF AMERICA, 3Purdue University, Electrical and Computer 
Engineering, West Lafayette, UNITED STATES OF AMERICA, 
4Purdue University, Psychological Sciences, West Lafayette, IN, 
UNITED STATES OF AMERICA

Abstract: Background: Bioelectric modulation of the vagal 
innervation of the stomach has had only limited success as 
a prescription for modifying ingestive behavior. This minimal 
past success may have resulted because a) electrodes were 
commonly placed during implantation without adequate 
knowledge of the topographical organization of the vagus-
stomach neural circuitry, or b) stimulation parameters were 
regularly employed without any information as to stimulus-
response relationships. Aims: Therefore, the goal of the 
present line of research is to use a behavioral endpoint (i.e., 
microstructural analysis of food intake) to determine the 
efficacy of properly placed, optimally tuned gastric electrodes 
to make substantive changes in ingestive behavior that can 
be used to improve the condition of individuals suffering 
from diseases such as diabetic gastroparesis or obesity. 
Methods: Based on high-resolution maps of vagal terminal 
specializations, we attached patch electrodes to the muscle 
wall of the stomach of 18 healthy adult male Sprague-Dawley 
rats at a site known to contain the highest density of putative 
stretch receptors. Nine operated rats were stimulated while 
the remaining nine served as sham controls, and an additional 
six rats served as unoperated controls. Following recovery, the 
feeding behavior of individual rats was continuously monitored 
(BioDAQ automated intake monitoring system; Research 
Diets Inc.) while being stimulated for 42 days using pulse 
parameters known to a) generate the greatest contraction 
amplitude and frequency in the stomach muscle wall, and b) 
evoke activation in the cingulate and somatosensory cortex as 
well as thalamus; 0.6mA/0.2ms/5Hz; 20s On:40s Off. Results: 
Chronic continuous stimulation had no significant effect on 
the number of meals (Panel A; p > 0.05; ANOVA), meal size 
(Panel B; p > 0.05; ANOVA), and total daily intake (Panel C; p 
> 0.05; ANOVA). Interestingly, preliminary findings appear to 
indicate that meal-related changes in gastric compliance can 
be tracked using electrode impedance, potentially providing 
information needed for the development of a closed-loop 
bioelectronic device for the management of gastric disorders. 
Discussion: We hypothesize that since chronic stimulation 
was made on intact, healthy rats, and not animals with GI 
disorders that it may be more difficult to shift animals away 
from strongly multi-determined, even over-determined, 

surface of all neuronal classes.

Disclosure: No significant relationships.



8711TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, FRIDAY JULY 26 
JULY 26, 2019 | 8:00 AM–5:00 PM

ISAN19.145
THE BRAIN RESPONDS TO GASTRIC ELECTRIC 
STIMULATION WITH ORIENTATION SELECTIVITY

Jiayue Cao1, Ranajay Mandal1, Kun-Han Lu2, Christina L. 
Hendren1, Robert J. Phillips3, Terry L. Powley3, Zhongming 
Liu2

1Purdue University, Biomedical Engineering, West Lafayette, IN, 
UNITED STATES OF AMERICA, 2Purdue University, Electrical 
and Computer Engineering, West Lafayette, IN, UNITED STATES 
OF AMERICA, 3Purdue University, Psychological Sciences, West 
Lafayette, IN, UNITED STATES OF AMERICA

Abstract: Background: Gastric electric stimulation (GES) 
is widely used to treat gastric motility disorders. It can 
modulate gastric motility by directly innervating the enteric 
nervous system and indirectly engaging the central nervous 
system. The latter utilizes mechanical and chemical receptors 
that vary in morphology, orientation, and distribution over 
the stomach wall. Electrical stimulation of such receptors 
may induce brain responses through both vagal and spinal 
pathways and trigger the neural circuitry to modulate gastric 
function. Here, we characterized neural responses to GES 
and evaluated their selectivity to the location, orientation, 
and parameters of GES. Methods: For GES, we applied 
monophasic current stimulation to two forestomach locations 
along the limiting ridge: one at the greater curvature and 
the other at the midpoint between the lesser and greater 
curvature. The former has a dense distribution of longitudinal 
intramuscular arrays (IMAs), a type of mechanical receptor, 
whereas the latter has abundant circular IMAs. To either 
location, a 4-polar electrode was implanted, creating two 
pairs of bipolar electrodes providing current flow in any one 
of four possible directions. Current pulses were delivered 
repeatedly as a pulse train with variable pulse amplitude and 
width. During GES, we recorded the multi-unit activity and 
local field potential in the nucleus tractus solitarius (NTS) 
and the primary somatosensory cortex (S1FL). For a total 
of eight rats, we evaluated the NTS or S1FL responses as 
a function of the location, orientation, and parameters of 
GES. Results: We stimulated the forestomach wall with four 
stimulation orientations and recorded the stimulus-evoked 
multi-unit activity from neuronal populations in caudal NTS. 
Each neuronal population was selective to the GES with a 
specific orientation, with which the firing rate of unit activity 
was notably stronger than those with other orientations. Such 
an orientation selectivity depended on the electrode location 
for GES. When GES was applied at the interSection of the 
greater curvature and the limiting ridge, the response was 
strongest if the current direction pointed from the distal to 
proximal stomach perpendicular to the limiting ridge. When 
GES was delivered at the midpoint along the limiting ridge, the 
NTS response was strongest if the current direction pointed 
from the lesser to greater curvature. For both locations, the 
orientation of GES that maximally evoked the NTS response 
was aligned with the primary orientation of underlying sensory 
receptors. Similarly, we found the same orientation selectivity 

homeostatic balance than it would be to restore such balance 
in animals in which the homeostasis of energy balance is 
compromised by disorder or disease. Thus, data will also 
be presented from similarly implanted and stimulated diet 
induced obese (n = 12) and obese, Type II diabetic rats (n = 
6; ZDSD; CrownBio Inc.). Additionally, we will present data 
from a novel preparation in which we are able to record antral 
motility in awake, freely moving rats. These animal models will 
eventually enable us to adjust stimulation parameters derived 
from acute studies conducted on anesthetized fasted rats, 
so that we are able to evoke comparable global alterations in 
systemic physiology of the stomach in unanesthetized, freely 
moving rats, consuming a chow diet. Funding: SPARC OT2 
OD023847

Disclosure: No significant relationships.
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ISAN19.146
BUILDING THE GANGLION-ORGAN CONNECTOME FOR 
DISTINCT REGIONS OF THE LOWER URINARY TRACT 
IN RATS

Janet Keast1, Anges Wong2, Victoria Morrison1, Peregrine 
Osborne1

1University of Melbourne, Anatomy and Neuroscience, Melbourne, 
VIC, AUSTRALIA, 2University of Melbourne, Anatomy and 
Neuroscience, Melbourne, AUSTRALIA

Abstract: Therapeutic manipulation of peripheral nerves 
innervating the lower urinary tract (LUT) requires a clear 
delineation of circuitry responsible for the distinctive features 
of voiding, continence and pain. Studies on autonomic and 
sensory innervation of the LUT have largely focused on the 
bladder body (dome), whereas the innervation of other LUT 
regions is less well understood. The aim of our study was 
to map and quantify functionally distinct classes of sensory 
and autonomic neurons that innervate the bladder body, 
bladder trigone and proximal urethra, in adult male and female 
Sprague-Dawley rats. Microinjection of retrograde tracers 
(Fast Blue, FluoroGold) identified sensory and autonomic 
neurons projecting to each region. Analysis of T13-S2 dorsal 
root ganglia (DRG) identified LUT afferent neurons in L1-L2 
and L6-S1 ganglia, with L6 providing a majority of the sensory 
projection to each LUT region. For both bladder regions, 
projections from S1 DRG were rare in females. Retrogradely 
labelled neurons were rarely found in the nodose ganglia, 
irrespective of LUT region. LUT DRG neurons were first 
stratified into nociceptive (Trpv1) and myelinated (NF200) 
functional classes, then further classified by their expression 
of peptides, sodium channels or calcium binding proteins. 
Weightings of each DRG projection pathway for each LUT 
region and sex were developed (n=6). The majority (>90%) of 
autonomic neurons innervating each region of the LUT were 
located in the major pelvic ganglia (MPG), with the remainder 
located in the sympathetic chain and only rarely in the inferior 
mesenteric ganglion. Quantitation of immunohistochemically 
classified cholinergic and noradrenergic neurons and several 
subtypes of preganglionic inputs formed weightings for 
MPG projection pathways to each LUT region (n=6). Many 
spinal classes preferentially innervated non-LUT neurons 
but somatostatin inputs were strongly represented in LUT 
pathways. By performing dual-labeling studies we established 
that very few DRG or autonomic neurons have projections to 
both the bladder body and trigone; dual projections to both 
trigone and urethra are more common. Integration of this data 
will enable the development of a ganglion-organ connectome 
for sensory and autonomic innervation of three LUT regions 
in male and female rats.

Disclosure: No significant relationships.

was applicable to neurons in S1FL, on the basis of local 
field potential recording. The orientation selectivity of GES-
evoked brain responses was similar for both vagal and spinal 
pathways. Conclusion: GES evokes neural responses at NTS 
and S1FL via the vagal and spinal pathway, respectively. At 
both NTS and S1FL, the response is highly selective to the 
stimulus orientation, being the most sensitive to the primary 
orientation of underlying sensory receptors. The orientation 
selectivity reported herein may help to guide the placement 
and setting of GES electrodes to modulate the gut-brain 
interaction for potential treatment of gastric disorders. This 
study was funded by National Institutes of Health’s SPARC 
program (OT2OD023847).

Disclosure: No significant relationships.
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experiments will be discussed at this meeting.

Disclosure: No significant relationships.
ISAN19.147
ANATOMICAL AND FUNCTIONAL MAPPING OF RENAL 
NERVES

Roman Tyshynsky1, Dusty Van Helden2, Erin Larson1, John 
Osborn3, Lucy Vulchanova1

1University of Minnesota, Department of Neuroscience, 
Minneapolis, MN, UNITED STATES OF AMERICA, 2University of 
Minnesota, Department of Integrative Biology and Physiology, 
Minneapolis, MN, UNITED STATES OF AMERICA, 3University of 
Minnesota, Minneapolis, UNITED STATES OF AMERICA

Abstract: Hypertension is a major health concern throughout 
the world and is the leading contributor to cardiovascular-
related deaths. While drug-based treatments exist, many 
patients are drug-resistant while others do not adhere to their 
prescribed treatment. To combat these obstacles, clinical 
trials are currently underway investigating the efficacy of 
renal denervation (RDN) for the treatment of hypertension. 
While recent clinical trials support the concept that RDN is 
efficacious, it is nonspecifically destructive in nature, ablating 
both sympathetic (efferent) and sensory (afferent) renal nerves. 
Furthermore, the specific roles of sympathetic and sensory 
renal nerves in regulating cardiovascular function is still 
unclear. As technologies rapidly advance for more targeted 
ablation of specific types of renal nerves, a thorough mapping 
of renal nerves, combined with a deeper understanding of 
the physiological roles of specific nerve fibers, will help guide 
the development of future therapies using both ablation and 
neuromodulation technology. With this objective in mind, 
we are utilizing large volume tissue clearing and imaging 
techniques, as well as targeted optogenetic modulation 
of specific renal sympathetic and sensory fiber types. 
Although it is generally believed that renal afferent nerves 
primarily innervate the pelvic wall, we have discovered a 
close anatomical relationship between renal glomeruli and 
sensory fibers. To the best of our knowledge, this has not 
been quantified previously. Renal sensory nerves are known 
to be mechanosensitive and/or chemosensitive. These fibers 
do not appear to penetrate Bowman‘s capsules, and they 
often follow a periglomerular path. Our working hypothesis 
is that these fibers sense changes in glomerular function, 
most likely glomerular pressure. However, we cannot rule 
out the possibility that they are chemosensitive. Ongoing 
experiments will directly test this hypothesis. Furthermore, 
experiments investigating the roles of specific renal sensory 
and sympathetic fibers on cardiovascular and renal function 
are in progress. Using a custom-designed optogenetic cuff, 
optogenetic stimulation is applied to periarterial renal nerves 
in transgenic mice that express channelrhodopsin in subsets 
of afferent and efferent nerve fibers. To define the functions of 
these nerve fibers, we are measuring mean arterial pressure 
and cortical blood flow as physiological outputs of their 
optogenetic activation. Preliminary results suggest that 
activation of periarterial TRPV1-expressing sensory fibers in 
an anesthetized mouse increases mean arterial pressure and 
ipsilateral renal cortical blood flow. Further results from these 
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ISAN19.149
MOLECULAR CHARACTERISTICS OFTHE RIGHT 
ATRIAL GANGLIONATED PLEXUS AND THE SINOATRIAL 
NODE COMPLEX IN PIG HEART

Alison Moss1, Sirisha Achanta2, Shaina Robbins1, Sean 
Nieves1, Peter Hanna3, Jeffrey L. Ardell4, Kalyanam 
Shivkumar5, James Schwaber1, Rajanikanth Vadigepalli1
1Thomas Jefferson University, Philadelphia, PA, UNITED STATES OF 
AMERICA, 2Thomas Jefferson University, Pathology, Philadelphia, 
PA, UNITED STATES OF AMERICA, 3UCLA Cardiac Arrhythmia 
Center and Neurocardiology Research Program of Excellence, Los 
Angeles, UNITED STATES OF AMERICA, 4University of California - 
Los Angeles (UCLA) Cardiac Arrhythmia Center, Neurocardiology 
Research Center of Excellence, Department of Medicine - 
Cardiology, Los Angeles, UNITED STATES OF AMERICA, 5UCLA 
Health System, DGSOM, Medicine (Cardiology), Radiology and 
Bioengineering, Los Angeles, CA, UNITED STATES OF AMERICA

Abstract: Our current work has focused on molecular 
phenotypes of cardiac ganglia in the pig heart. Specifically, 
neurons from both the right atrial ganglionated plexus 
(RAGP) and the sinoatrial node (SAN) complex were collected 
individually and in pools using laser capture microdissection. 
90% of the neurons in the RAGP were positive for choline 
acetyltransferase (ChAT) consistent with expected 
preponderance of cholinergic neurons in this region, most of 
which also had detectable expression of high affinity choline 
transporter (ChT). Neurons in the RAGP showed varying 
levels of both tyrosine hydroxylase (Th) and dopamine beta-
hydroxylase (Dbh), indicating the presence of dopaminergic 
and adrenergic neurons. A subset of Th expressing cells 
were also positive for expression of vesicular monoamine 
transporter (Vmat). In contrast, neurons in the SAN complex 
were smaller in size than the Principal Neurons observed in 
the RAGP and showed consistent levels of Th and not Dbh, 
suggesting these comprise a population of small intensely 
fluorescent (SIF) cells. Our analysis will aim to further 
characterize neurons in the SAN complex and RAGP in an 
effort to understand the functional differences between the 
different ganglia and signaling between them.

Disclosure: No significant relationships.

ISAN19.148
CHEMICAL TAXONOMY OF ENTEROENDOCRINE CELLS 
AND NERVE FIBERS IN HUMAN OXYNTIC MUCOSA

John Furness1, Josiane Fakhry1, Yulia Bayguinov2, Sean 
Ward2, Martin J. Stebbing3, Kent Sasse2, Billie Hunne1

1University of Melbourne, Parkville, VIC, AUSTRALIA, 2University of 
Nevada, Reno, UNITED STATES OF AMERICA, 3Florey Institute of 
Neuroscience and Mental Health, Parkville, VIC, AUSTRALIA

Abstract: The gastric mucosa contains a variety of 
enteroendocrine cells (EECs) with roles in regulating both 
gastric functions and whole body responses such as appetite 
and metabolism. We found that EEC in the human fundus and 
corpus were mainly located in regions of the gastric glands 
populated by parietal cells. Gastrin cells were absent and 
PYY cells were very rare. Except for about 25% of 5-HT cells 
being a subpopulation of ECL cells marked by pancreastatin, 
colocalisation of hormones in gastric EEC was infrequent. 
Ghrelin cells were distributed throughout the fundus and 
corpus; most were basally located in the glands, often very 
close to parietal cells, and were closed cells, that is, not in 
contact with the lumen. A small proportion had long processes 
located close to the base of the mucosal epithelium. The 5-HT 
cells were of at least 3 types; small round closed cells, cells 
with multiple, often very long, processes, and a sub-group of 
ECL cells. Processes were in contact with their surrounding 
cells, including parietal cells. Somatostatin cells were closed 
type with long processes. Nerve fibers immunoreactive 
for VIP, NPY, CGRP, GRP, TH or VAChT occurred in the 
mucosa. Very rare CGRP-immunoreactive (IR) fibers were 
seen, suggesting that neither DRG derived nor vagal/nodose 
afferents containing CGRP make up a large component of the 
mucosal innervation in human. The neuropeptides VIP and 
GRP were generally colocalized and presumably in axons 
of intrinsic origin, based on previous studies. While these 2 
markers were in axons cobundled with NPY-IR axons they 
did not colocalize with NPY. NPY was coexpressed in TH-
IR nerve fibers suggesting mucosal NPY-IR fibers are of 
sympathetic origin as in other species. While NPY-IR axons 
were cobundled with VAChT-IR axons, colocalization was not 
seen. In conclusion, four major chemically-defined EEC types 
occurred in the human oxyntic mucosa. The high density of 
VIP/GRP-IR axons suggests these may interact in some way 
with EECs such as ghrelin cells. Funding: NIH SPARC OT2 
OD023847

Disclosure: No significant relationships.
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ISAN19.151
SEROTONIN RECEPTOR PLASTICITY ON PHRENIC 
MOTOR NEURONS AFTER CERVICAL SPINAL INJURY 
AND INTERMITTENT HYPOXIA

Latoya Allen, Yasin B. Seven, Marissa C. Ciesla, Kristin N. 
Smith, Zachary A. Asa, Alec K. Simon, Ashley E. Holland, 
Juliet V. Santiago, Kelsey Stefan, Ashley Ross, Elisa J. 
Gonzalez-Rothi, Gordon S. Mitchell
University of Florida, Physical Therapy, Gainesville, FL, UNITED 
STATES OF AMERICA

Abstract: Serotonin is critical for multiple forms of spinal 
respiratory motor plasticity, including acute intermittent 
hypoxia (AIH) induced phrenic long-term facilitation. Relevant 
serotonin receptor subtypes include 5-HT2A, 5-HT2B and 
5-HT7 receptors. Cervical spinal cord injury (cSCI) disrupts 
serotonergic projections to spinal respiratory motor neurons, 
transiently abolishing serotonin-dependent, AIH-induced 
phrenic motor plasticity. However, serotonergic innervation 
recovers with time post-injury (>8 wks.), restoring the capacity 
for AIH-induced phrenic motor plasticity. Repetitive “low 
dose” AIH exposure is a promising therapeutic strategy to 
restore breathing after cSCI; conversely, “high dose” chronic 
intermittent hypoxia (CIH) simulating a key feature of sleep 
apnea, undermines these functional benefits and triggers 
pathology. Despite the powerful influences of cSCI, repetitive 
AIH and CIH on breathing, we know little concerning their 
potential to change the expression of serotonin receptors 
(neurochemical plasticity) in phrenic motor neurons. Thus, 
we tested the hypothesis that cSCI, repetitive AIH and CIH 
exert differential effects on serotonin receptor expression 
in phrenic motor neurons. 5-HT2A, 5-HT2B and 5-HT7 
receptor expression were determined in rats with C2 spinal 
hemisection (C2Hx; 12 wks. post-injury vs. intact time 
controls) exposed to 28 days of: 1) normoxia; 2) daily AIH 
(10, 5-min 10.5% O2 episodes with 5-min intervals; 1.5 hrs./
day); 3) moderate CIH (IH28-5/5: 5-min 10.5% O2 episodes, 
5-min intervals; 8 hrs./day); and 4) high dose CIH (IH28-2/2: 
2-min 10.5% O2 episodes, 2 min intervals; 8 hrs./day). C3-
C5 tissue sections were processed for 5-HT2A, 5-HT2B, 
5-HT7 receptors and Cholera toxin B subunit (CtB, injected 
14 days before C2Hx). Using a custom MATLAB algorithm, 
optical density in CtB-positive phrenic motor neurons was 
quantified. C2Hx had marginal effects on 5-HT7 receptor 
expression (p=0.07). IH exerted protocol-specific effects on 
5-HT7 receptor expression (CIH 2/2 > CIH 5/5 > daily AIH; 
p<0.001), and these effects were most prominent after C2Hx 
(injury/treatment interaction; p<0.011) consistent with the idea 
that the injured spinal cord is a new spinal cord. Chronic C2Hx 
had no effect on 5-HT2A expression in phrenic motor neurons 
(p=0.35). IH effected 5-HT2A receptor expression with high 
dose CIH only after cSCI, again consistent with the idea that 
the injured spinal cord is a new spinal cord. Quantification of 
5-HT2B receptor is ongoing. Phrenic motor neuron serotonin 
receptor plasticity may be significant as we work to develop 
new therapeutic strategies to improve breathing after spinal 

ISAN19.150
ANATOMICAL MAPPING OF SYMPATHETIC 
INNERVATION TO INTERSCAPULAR BROWN ADIPOSE 
TISSUE IN ADULT MICE

Rui Zhang1, Marie François2, Clara Huesing3, Nathan Lee2, 
Emily Qualls-Creekmore3, Hayden Torres2, Christopher 
Morrison2, Sangho Yu2, Hans-Rudolf Berthoud2, David 
Burk2, Heike Munzberg3

1Pennington Biomedical Research Center, Louisiana State 
University, Baton Rouge, LA, UNITED STATES OF AMERICA, 
2Pennington Biomedical Research Center, Baton Rouge, LA, 
UNITED STATES OF AMERICA, 3Pennington Biomedical Research 
Center, Baton Rouge, LA, UNITED STATES OF AMERICA

Abstract: Adipose tissue is importantly involved in 
homeostasis maintenance and pathological condition 
development of individuals‘ energy balance and metabolism. 
Sympathetic nerves densely innervate interscapular brown 
adipose tissue (iBAT), and sensory nerves provide feedback 
from iBAT to the central nervous system (CNS). To treat 
health conditions related to disturbed energy balance and 
metabolism, such as obesity, iBAT innervation is a potential 
target for peripheral neuromodulation. Although the 
sympathetic innervation of iBAT is well acknowledged, the 
precise anatomy, neurochemistry, and functionality are not 
well understood, and would greatly enhance our ability to 
direct strategies for selective modulation of iBAT innervation. 
Here we use the classical transsynaptic retrograde tracer, 
pseudorabies virus (PRV), to label pre- and postganglionic 
sympathetic nerves that specifically innervate iBAT. In 
addition, we adapted iDISCO (3D imaging of solvent-cleared 
organs) based co-staining for sympathetic nerves (tyrosine 
hydroxylase) and PRV to visualize the entire spinal complex 
with associated sympathetic chain ganglia and prevertebral 
ganglia in adult mice (whole body tissue clearance). We found 
that postganglionic iBAT innervating neurons consistently 
originate from upper thoracic chain ganglia including stellate 
ganglion/T1 to T5 (n=10/10 animals), with less frequent 
contributions from levels T6 and T7. We also demonstrated 
that surgically denervated iBAT prevented PRV infection, 
confirming that PRV was strictly transported via sympathetic 
innervation. The iBAT-associated preganglionic neurons 
originated from the intermediolateral bundle of the spinal cord 
at levels T2 to T6 (n=7/7), with less consistent contributions 
of T7 and T8. Also, we found iBAT innervating neurons were 
not overlapped with inguinal white adipose tissue innervating 
neurons (presented in another abstract from our laboratory). 
In addition, the prevertebral celiac ganglion did not contribute 
to iBAT innervation. This study identifies the anatomical 
location of specific sympathetic circuits innervating iBAT and 
provides the groundwork for further comprehensive functional 
mapping of adipose tissue innervation. Acknowledgement: 
This work was supported by the NIH common funds SPARC 
grant 1 OT2 OD23864-01.

Disclosure: No significant relationships.
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ISAN19.152
ADENOSINE RECEPTOR EXPRESSION ON PHRENIC 
MOTOR NEURONS AFTER CERVICAL SPINAL INJURY 
AND INTERMITTENT HYPOXIA

Yasin B. Seven, Latoya Allen, Marissa C. Ciesla, Kristin 
Smith, Zachary A. Asa, Alec K. Simon, Ashley E. Holland, 
Juliet V. Santiago, Kelsey Stefan, Ashley Ross, Amanda 
Zwick, Elisa J. Gonzalez-Rothi, Gordon S. Mitchell
University of Florida, Physical Therapy, Gainesville, FL, UNITED 
STATES OF AMERICA

Abstract: Repetitive acute intermittent hypoxia (AIH) has 
emerged as a promising therapeutic strategy to restore 
breathing (and non-respiratory) function after spinal cord 
injury. Moderate AIH elicits a long-lasting, serotonin-
dependent increase in phrenic motor output known as phrenic 
long-term facilitation (pLTF). Cervical spinal cord injury (cSCI) 
disrupts descending projections to the respiratory motor 
neurons, including descending axons from serotonergic 
neurons, which are partially restored in chronic time-points. 
However, serotonergic plasticity mechanisms are undermined 
by persistent pathogenic events post-SCI (e.g. relative 
tissue hypoxia and inflammation), which are associated 
with increased extracellular adenosine concentrations. For 
example, A2AR activation undermines therapeutic efficacy 
of repeated AIH in chronic cSCI such that A2AR antagonism 
combined with AIH improves functional recovery. Thus, 
the role of adenosine receptors in modulating AIH-induced 
phrenic motor plasticity after cSCI should be considered. 
Adenosine 1 and 2A receptors (A1Rs and A2ARs) inhibit and 
stimulate cAMP production via Gi- and Gs-protein-coupled 
signaling cascades, respectively. Since A1Rs and A2ARs 
compete to determine the outcome of adenosinergic signaling, 
it is critical to characterize their expression with chronic cSCI 
and intermittent hypoxia. Similar to A2AR activation, œhigh-
dose chronic intermittent hypoxia (CIH), which mimics sleep 
apnea, also undermines pLTF and exacerbates pathology. 
Thus, we hypothesized that expression of A1 and A2ARs are 
differentially regulated following AIH and CIH. A1 and A2AR 
immunohishtochemistry was performed in phrenic motor 
neurons in male Sprague Dawley rats with and without C2 
spinal hemisection (C2HX; 12 wks post-injury) that were 
exposed to 28 days of: 1) normoxia; 2) daily AIH (10, 5-min 
10.5% O2 episodes with 5-min intervals per day; 1.5 hrs/day); 
3) moderate CIH (5-min 10.5% O2 episodes, 5-min intervals; 
8 hrs/day); and 4) high dose CIH (2-min 10.5% O2 episodes, 
2 min intervals; 8 hrs/day). Rats were perfused and cervical 
spinal cords were sectioned. In 12 samples uniformly sampled 
from C3 to C5, A1R and A2AR immunoreactivity is being 
determined in Cholera toxin B subunit-labeled phrenic motor 
neurons. Analyses of A1R expression are ongoing. A2AR 
expression was decreased in chronic C2HX (p CIH 5/5 > 
daily AIH; p=0.014). The dual effects of injury and intermittent 
hypoxia on A2A receptor expression suggest that adenosine 
receptor plasticity may be important in the development of 
new therapeutic strategies to improve breathing after spinal 

cord injury.

Disclosure: No significant relationships.



9311TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, FRIDAY JULY 26 
JULY 26, 2019 | 8:00 AM–5:00 PM

ISAN19.153
DARPP-32 AND CDK5 EXPRESSION IN THE VENTRAL 
CERVICAL SPINAL CORD OF RATS

Ashley Ross, Mia N. Kelly, Latoya L. Allen, Marissa C. 
Ciesla, Yasin B. Seven, Gordon S. Mitchell
University of Florida, Physical Therapy, Gainesville, FL, UNITED 
STATES OF AMERICA

Abstract: Dopamine- and cAMP-regulated phosphoprotein, 
32 kDa (DARPP-32) is a phosphatase that integrates 
complex information arriving at neurons, including dopamine 
responsive neurons in the striatum. Differential regulation of 
DARPP-32 phosphorylation is an important CNS mechanism 
integrating neuronal responses to concurrent activation 
by diverse neurochemicals, including neurotransmitters, 
neuromodulators, hormones, etc. When Gs protein-coupled 
metabotropic receptors activate adenylyl cyclase and increase 
cAMP levels, PKA activation phosphorylates DARPP-32 at 
Threonine 34; in this state, DARPP-32 is a potent inhibitor of 
protein phosphatase-1 (PP-1). Conversely, when DARPP-32 is 
phosphorylated at Threonine 75 by Cyclin-dependent kinase 
5 (Cdk5), DARPP-32 is converted into a PKA inhibitor. Thus, 
DARPP-32 is a dual-function enzyme that inhibits PP-1 or 
PKA, depending on prevailing conditions. Since PKA (Hoffman 
& Mitchell, Neuroscience, 2013) and PP-1 (Huxtable et. al., J 
Appl. Physiol., 2018) are both key regulators of plasticity in 
the phrenic motor system, we performed preliminary studies 
to determine if DARPP-32 and Cdk5 are expressed in phrenic 
motor neurons or nearby cells. Since cervical spinal injury 
and/or intermittent hypoxia preconditioning trigger plasticity 
in the phrenic motor system, we explored if they change 
expression patterns of DARPP-32 (n = 3) and/or Cdk5 (n = 
15). We used immunofluorescence to detect DARPP-32 and 
Cdk5 expression in the cervical spinal cords of young adult, 
male rats that received intrapleural cholera toxin B subunit 
(CtB) injections to identify phrenic motor neurons. We 
studied naïve rats and rats with chronic (~8 week) C2 spinal 
hemisections exposed to 4 weeks of normoxia or repetitive 
acute intermittent hypoxia (10, 5 min episodes of 10.5% O2; 
5 min intervals; 4 days per week, 4 weeks). Cervical spinal 
cords were harvested from perfused rats, sectioned (40 
µm) from C3 to C5 and processed with antibodies for CtB 
and either DARPP-32 or Cdk5. In all three rats, DARPP-32 
was not expressed in motor nuclei, including phrenic motor 
neurons, or in the substantia gelatinosa of the dorsal spinal 
cord. Dense labeling was observed in distinct cells distributed 
throughout the medial grey matter; the size, shape, and 
distribution of these cells is consistent with tanycytes. On the 
other hand, Cdk5 expression was observed in many cell types 
throughout the grey matter, including phrenic motor neurons. 
Using a custom MATLAB algorithm, phrenic motor neuron 
somatic and total ventral horn expression was quantified; 
while there was a significant effect on staining intensity due 
to C2 hemisection, there was none due to repetitive AIH. In 
additional rats (n = 12), daily AIH for 28 consecutive days 
had no detectable effect on Cdk5 mRNA levels in ventral 

cord injury. Supported by: OT2OD023854 (SPARC), NIH T32 
HD043730 (LLA), K12 HD055929 (EGR), and McKnight Brain 
Institute.

Disclosure: No significant relationships.
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ISAN19.154
NOVEL INHIBITORY POST-SYNAPTIC POTENTIALS IN 
MOUSE PROXIMAL COLON MYENTERIC NEURONS -  
A ROLE FOR NITRIC OXIDE

Joel C. Bornstein1, Parvin Zarei Eskikand1, Rachel M. 
Gwynne2

1University of Melbourne, Dept. of Physiology, Parkville, VIC, 
AUSTRALIA, 2University of Melbourne, Parkville, VIC, AUSTRALIA

Abstract: Purpose: Colonic migrating motor complexes 
(CMMCs) observed in whole mouse colon preparations in 
vitro are commonly studied to gain insight into the enteric 
neural circuitry controlling propulsion. However, very few 
studies have investigated synaptic transmission between 
myenteric neurons of the proximal colon where these 
CMMCs are generated. We used intracellular recording 
from mouse proximal colon myenteric neurons to identify 
their synaptic inputs, the underlying neurotransmitters 
and receptors to understand how complex motor patterns 
might be regulated by synaptic activity between individual 
neurons. Methods: Segments of mouse proximal colon from 
male C57/b6 mice (6-10wks) were dissected to allow access 
to the myenteric plexus. Myenteric neurons were impaled 
with standard intracellular electrodes containing biocytin 
for post-experiment identification of neuron morphology 
and projections and immunohistochemistry for nitric oxide 
synthase (NOS) or calretinin. Single or multi-pulse (5P or 
15P, 20Hz) electrical stimuli were applied to interganglionic 
fibre tracts to evoke synaptic potentials in impaled neurons. 
Pharmacological agents were added to the perfusion solution 
to investigate neurotransmitter(s) underlying responses 
evoked. Results: Recordings from 125 myenteric plexus 
neurons were obtained. Fast excitatory post-synaptic 
potentials (fEPSPs), slow EPSPs (sEPSPs) and inhibitory 
post-synaptic potentials (IPSPs) were evoked. IPSPs were 
the focus for this study. IPSPs were evoked by a 15P stimulus 
in 29% of neurons tested (36 of 125 neurons). IPSPs had 
mean amplitudes of 8.9 ± 1.1 mV (range 0.3-25 mV) and were 
increased by hyperpolarising the membrane potential (peak 
-75 to -80 mV). Half durations ranged from 0.3-16s (mean 3.8 ± 
0.6s). Underlying membrane conductance changes tested by 
injecting hyperpolarising current pulses during IPSPs (N=17) 
were variable with most neurons showing no clear change 
(N=12) and 5 showing a decrease. 5P stimuli evoked IPSPs 
in 7 of 16 neurons tested (mean amp 7.5 ± 1.9 mV, mean half 
duration 2.6 ± 1.4 s) and 1P IPSPs were rarely seen. The NO 
synthase blocker nitro-L-arginine (NOLA, 100 µM) was tested 
on IPSPs (N=7), it abolished the IPSP in 1 neuron, reduced 
the amplitude in 3 (control 8.2 ± 0.4 mV, NOLA 4.5 ± 0.8 mV), 
reduced IPSP duration but not amplitude in 1 and had no 
effect in 2 neurons. Neurons displaying IPSPs predominantly 
projected orally (20 of 34, 59%) whereas 8 projected anally 
(24%), and 6 circumferentially or in both directions (18%). 
20 of 32 functionally identified neurons were interneurons, 
with 15 projecting orally (75%) compared with 5 anally. Motor 
neurons projected orally (5) anally (4) or in both directions (3). 

spinal cord homogenates, as assessed by qPCR (p=0.116). 
In conclusion, DARPP-32 is not expressed in motor nuclei of 
the mid-cervical spinal cord, making any role in phrenic motor 
plasticity unlikely; the role of DARPP-32 in putative spinal 
tanycytes is unknown. On the other hand, Cdk5 expression in 
phrenic motor neurons suggests potential for roles in plasticity 
or other motor neuron functions. Supported by: University of 
Florida Graduate School Preeminence Award (MNK), NIH T32 
HD043730 (LLA), NIH OT2OD023854 (SPARC; GSM), NIH R01 
69064 (GSM), and the McKnight Brain Institute.

Disclosure: No significant relationships.
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ISAN19.155
NEUROMODULATION MAPPING OF THE SENSORY AND 
MOTOR NEURONS INNERVATING THE PANCREATIC 
VASCULATURE IN THE RAT

Aritra Kundu1, Victoria P. Dugan2, Richard D. Johnson2

1Univeristy of Florida, Physiological Sciences, Gainesville, FL, 
UNITED STATES OF AMERICA, 2University of Florida, Physiological 
Sciences, Gainesville, FL, UNITED STATES OF AMERICA

Abstract: Diabetes mellitus is a major health issue and the 
current treatment strategies are not fully effective, often 
leading to decreased quality of life and potentially lifelong 
complications. Neuromodulation therapies (stimulation/
blocking) directed towards pancreatic nerve subpopulations 
might decrease pancreatic inflammatory responses and 
increase re-vascularization of islets to support beta-cell 
function. The present study focused on the motor and 
sensory innervation of the pancreatic vasculature in an effort 
to provide a more detailed neurophysiological map of these 
neuronal subpopulations. This was achieved by physiological 
measurement of pancreatic blood flow to neuromodulation of 
each of the pancreatic neural subpopulations. In anesthetized 
mature male and female rats, in vivo experiments were 
performed to assess the neuromodulation effects on 
pancreatic blood flow measured with high resolution laser 
speckle contrast imaging. Surgical isolation of the following 
nerves; thoracic splanchnic, abdominal and cervical vagus, 
celiacomesenteric ganglion, main pancreatic nerve, was 
followed by placement of a silicone microelectrode cuff, in-
continuity or a transected/crushed nerve end. The common 
carotid artery, jugular vein, trachea, and descending aorta 
were intubated for the purposes of blood pressure/heart 
rate monitoring, i.v. infusion route, facilitation/measurement 
of respiration, and measurement of blood glucose with 
an implanted DSI-CGM probe, respectively. A Transonic 
PressureVolume probe was inserted into the left common 
carotid artery. Body temperature was maintained at 36-37 
degrees C using an esophageal thermistor and our custom-
fabricated circulating water heating pads under the animal. 
The ventilatory state was constantly monitored with an end-
tidal pCO2 monitor and the animals were artificially ventilated 
if necessary (or when adminstering atracurium, a short-acting 
paralytic) with a rodent ventilator supplied with oxygen. 
Blood flow of whole pancreatic lobe (duodenal or splenic) 
or individual vessels was measured before, during, and after 
neuromodulation (single train of 3 sec at 50Hz, 100/400/800 
µs pulse widths). Multi-channel vital signs and neural signals 
were recorded with a Spike2 DAQ processor running a custom 
script. Selective stimulation of thoracic splanchnic nerves 
and/or celiacomesenteric ganglion (sympathetic motor) 
produced a potent vasoconstriction of pancreatic blood 
vessels followed by a delayed vasodilatation, the latter effect 
likely produced by antidromically activated CGRP sensory 
axon reflex-induced vasodilatation. Bilateral stimulation 
produced a greater pancreatic blood flow response compared 
to unilateral stimulation. These changes in pancreatic blood 

Immunohistochemical analysis showed IPSPs were evoked 
in 11 of 31 NOS-IR neurons tested (35%) and in 5 of 25 
calretinin-IR neurons tested (25%). Conclusions: This study 
has identified novel IPSPs in proximal colon myenteric plexus 
neurons, many of which are orally projecting interneurons. We 
have also identified a role for NO in mediating these IPSPs 
although other transmitters are involved and remain to be 
identified. Whether NO mediated IPSPs play a role in the 
generation or modulation of propulsive motor patterns in the 
mouse colon should be the focus of future studies.

Disclosure: No significant relationships.
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ISAN19.156
COLON EPITHELIAL CELLS INITIATE ACTIVITY IN 
MYENTERIC NEURONS AND EXTRINSIC PRIMARY 
AFFERENT NEURONS

Sarah Najjar1, Kristen Smith-Edwards2, Kathryn M. Albers3, 
Brian M. Davis1

1University of Pittsburgh, Neurobiology and Pittsburgh Center For 
Pain Research, Pittsburgh, PA, UNITED STATES OF AMERICA, 
2University of Pittsburgh, Pittsburgh, PA, UNITED STATES OF 
AMERICA, 3University of Pittsburgh, Neurobiology, Pittsburgh, PA, 
UNITED STATES OF AMERICA

Abstract: Visceral pain and dysmotility are common 
debilitating symptoms of inflammatory bowel disease (IBD). 
Pain is thought to be mediated in part by extrinsic primary 
afferent neurons (ExPANs) innervating the colon, but evidence 
shows that epithelial cells in the colon may contribute to 
changes in afferent excitability. Our recent studies showed that 
in an ex vivo colon-nerve electrophysiological preparation, 
optogenetic stimulation of colon epithelial cells alone initiates 
robust action potential firing in ExPANs. Additionally, selective 
epithelial activation engages pain-like behaviors, suggesting 
that the epithelium has a considerable role in sensory 
signaling in the gut. These data led us to investigate whether 
the epithelium can also activate intrinsic neurons in the colon 
and how inflammation impacts epithelial cell activity. To 
answer these questions, we employed ex vivo Ca2+ imaging 
of the whole colon in 2 mouse models. To examine epithelial-
myenteric neuron signaling, channelrhodopsin (ChR2) was 
targeted to colon epithelial cells (using a Villin-cre driver) 
and rCAMP was virally expressed in myenteric neurons, 
allowing visualization of the myenteric plexus concurrent 
with selective activation of epithelial cells. Our results show 
that ChR2-mediated activation of the epithelium activates a 
small percentage of myenteric neurons (measured by Ca2+ 
influx). We also found that epithelial activation in the distal 
colon initiates longitudinal muscle activity, evidenced by 
tissue movement. This suggests that in addition to sensory 
signaling, the epithelium also has a role in colon motility. To 
examine how inflammation changes epithelial cell function, 
GCaMP6 was specifically expressed in colon epithelium via 
the Villin-cre driver. We imaged the colon epithelium and 
found that the addition of inflammatory mediators results in 
significant increases in intracellular Ca2+, as well as increases 
in spontaneous activity. Further studies will examine how 
chronic inflammation impacts epithelial cell activity. Given the 
evidence that the epithelium can modulate neural activity, 
inflammation-induced changes in epithelial cell activity may 
drive the neuronal changes that result in pain and dysmotility. 
The study of epithelial-neuronal communication may provide 
new insight into the pathophysiology of human gastrointestinal 
disorders.

Disclosure: No significant relationships.

flow occurred without producing a significant decrease in 
heart rate, respiratory rate, or blood pressure, demonstrating 
that the blood flow modulation is not due to systemic 
cardiovascular changes. In contrast, selective stimulation of 
the abdominal vagus nerve (parasympathetic motor) did not 
produce a change in pancreatic blood flow. These results, in 
combination with our neuroanatomical mapping of pancreatic 
sensory (DRG and nodose) and motor immunohistochemical 
phenotypes, suggest distinct differences in physiological 
control of pancreatic blood flow among the pancreatic nerve 
sub-populations. Support: NIH SPARC OT2OD023861-01

Disclosure: No significant relationships.
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ISAN19.158
NANOSCALE ORGANIZATION OF THE 
NEUROVASCULAR UNIT

Eric Arreola1, Luis F. Santana2

1UC-Davis, Physiology and Membrane Biology, Davis, CA, UNITED 
STATES OF AMERICA, 2University of California, Davis, Physiology 
and Membrane Biology, Davis, CA, UNITED STATES OF AMERICA

Abstract: Vascular smooth muscle contractility is tightly 
regulated by the autonomic nervous system. During 
sympathetic nerve stimulation, ATP release activates P2X1 
receptors in arterial myocytes leading to a rapid increase 
in intracellular calcium that is amplified by the subsequent 
activation of adrenergic receptors. At present, however, the 
spatial organization of these proteins and the functional 
implications of their activation in male and female arterial 
myocytes are incompletely understood. We used confocal 
and super-resolution to determine the subcellular distribution 
of P2X1 and adrenergic receptors in female and male 
arterial myocytes. Our data indicate that P2X1 receptors are 
expressed to a larger extent in female than in male myocytes. 
Furthermore, in female myocytes, but not in male myocytes, 
P2X1 form large, micron-sized clusters along the surface 
sarcolemma. Alpha adrenergic receptors are also expressed 
to a larger extent in female than in male myocytes. Consistent 
with these data, activation of P2X1 and alpha adrenergic 
receptors induced larger increases myogenic tone in female 
than in male arteries. These data suggest sex-specific 
diffrences in the expression and organization of P2X1 and 
alpha adrenergic receptors in arterial smooth muscle.

Disclosure: No significant relationships.

ISAN19.157
RESPONSE OF DISTAL COLON AND RECTUM TO 
SPINAL CORD EPIDURAL STIMULATION IN RATS 
UNDER URETHANE ANESTHESIA.

Robert Hoey1, Daniel Medina-Aguinaga1, Fahmi Khalifa2, 
Sharon Zdunowski1, Ayman El-Baz3, Charles Hubscher4

1Univ Louisville Sch Med, LOUISVILLE, KY, UNITED STATES OF 
AMERICA, 2Univ Louisville Sch Med, Bioengineering, LOUISVILLE, 
KY, UNITED STATES OF AMERICA, 3Univ Louisville Sch Med, 
Bioengineering, LOUISVILLE, UNITED STATES OF AMERICA, 
4University of Louisville, Anatomical Sciences and Neurobiology, 
Louisville, UNITED STATES OF AMERICA

Abstract: Numerous complications arise after spinal cord 
injury (SCI) including bowel dysfunction, with up to 95% 
of individuals requiring at least one method of initiating a 
bowel movement (e.g. laxatives, digital stimulation). Bowel 
dysfunction after SCI is most often due to reduced gastric and 
colonic motility (constipation, fecal impaction, difficulty with 
evacuation) with the additional complication of incontinence 
due to lack of rectal/anal sensation and control. Our lab 
has been investigating the effect of spinal cord epidural 
stimulation (scES) on bowel function in an animal model 
utilizing spinal cord transection (T9) and spinally intact male 
and female Wistar rats (contusion injuries planned) in an 
acute anesthesia (urethane, IV) terminal preparation. Using a 
modified Medtronic 5-6-5 electrode, the L5-S1 segments of 
the cord were targeted and numerous stimulus combinations 
(frequency, Hz; intensity, µA) were applied to determine the 
effect on distal colon, rectal, and anal sphincter function. 
To measure bowel function, pressure probes (Millar SPR-
524, 3.5F tip) were positioned at depths of 2 cm (rectum) 
and 10 cm (distal colon) from the anal verge. Anal sphincter 
function was measured by implanting fine-wire electrodes 
bilaterally into the external anal sphincter. Baseline data 
collected prior to scES is compared to those data collected 
during stimulation periods to assess any effect on bowel 
contraction activity in these structures. Dependent measures 
for pressure recordings include: the presence of contractile 
waves, frequency of contractions, amplitude of contraction, 
and whether the contractions are stimulated or inhibited by 
the epidural stimulation. The data collected to date indicate 
1) scES stimulation of the L5-S1 cord inhibits the contractile 
activity of both the distal colon and rectum, 2) this inhibition 
is intensity but not frequency-dependent, and 3) the inhibition 
is not sex dependent. Additionally, because data regarding 
bowel and bladder function can be collected concurrently, 
any interaction or dynamic interplay in these systems can 
be investigated. Furthermore, the ability to control multiple 
system dysfunctions with a single intervention is an exciting 
possibility for the treatment of human SCI using scES.

Disclosure: No significant relationships.
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in spinal afferents compared to nodose afferents. Calcium 
imaging experiments are still in the preliminary stages, 
but we have seen responses to capsaicin, mustard oil, ± 
²-methylene ATP as well as responses to immune receptors 
ligands in both vagal and spinal afferents. Our analysis of 
colon afferents from the nodose ganglia, thoracolumbar and 
lumbosacral DRGs revealed unique molecular profiles in 
visceral afferents. Most importantly, colon afferents from the 
nodose were molecularly distinct from spinal colon afferents, 
suggesting different functional roles of dual innervation of 
the colon. In addition, several immune receptors were found 
on both vagal and spinal afferents, indicating that functional 
neuroimmune interactions exist in both types of afferents. 
The results from this study and future studies will identify 
molecular subpopulations of visceral afferents from different 
levels of innervation and help elucidate the functional roles of 
the different levels of sensory innervation in viscera.

Disclosure: No significant relationships.

ISAN19.159
IDENTIFYING SUBPOPULATIONS OF VISCERAL 
AFFERENTS INVOLVED IN NEUROIMMUNE 
INTERACTIONS AND NOCICEPTION

Kimberly Meerschaert1, Peter C. Adelman2, Robert L. 
Friedman1, Kathryn M. Albers1, H. R. Koerber1, Brian M. 
Davis3

1University of Pittsburgh, Neurobiology, Pittsburgh, PA, UNITED 
STATES OF AMERICA, 2Afiniti, Washington D.C., DC, UNITED 
STATES OF AMERICA, 3University of Pittsburgh, Neurobiology 
and Pittsburgh Center For Pain Research, Pittsburgh, PA, UNITED 
STATES OF AMERICA

Abstract: For unknown reasons, visceral organs receive 
sensory innervation from two sources associated with 
sympathetic and parasympathetic nerves. Hypotheses for 
this dual innervation include: a) different levels of innervation 
are involved in different qualitative aspects of pain, b) different 
levels are important for the integration of autonomic function, 
or c) different levels play complementary roles in immune 
modulation. The first step in discerning the role of these 
different afferents is to characterize the molecular identity 
of afferents from different levels innervating the same organ. 
The goal of the current study was to identify the molecular 
profile of colon afferents from thoracolumbar, lumbosacral, 
and nodose ganglia using single cell RT-qPCR. In addition, 
we have begun to use calcium imaging to validate gene 
expression from single cell RT-qPCR experiments. Visceral 
afferents were back-labeled using fluorescently tagged 
cholera toxin beta injected into the colon. The nodose ganglia, 
thoracolumbar (T12-L2), and lumbosacral (L5-S1) dorsal root 
ganglia (DRG) were dissected and dissociated for single 
cell pickup. Individual cells were identified and extracted 
for single cell RT-qPCR. Cells were clustered according to 
their relative transcription level using an unbiased clustering 
method. Dissociated ganglia from each level were used 
for single cell calcium imaging experiments. The nodose 
ganglia, thoracolumbar, and lumbosacral DRGs were back-
labeled and dissociated as described above. Coverslips 
were incubated in Fura-2AM to visualized calcium transients 
and tested with agonists for receptors found in RT-qPCR 
experiments. A total of 96 colon afferents from the nodose, 
thoracolumbar, and lumbosacral level were run for 44 genes. 
Interestingly, colon afferents from the nodose ganglia were 
clustered distinctly from colon afferents from the DRGs. 
Major differences included higher levels of expression 
in DRG afferents for mRNAs for Calc ± (the precursor of 
CGRP), GFR ±3 (the co-receptor for artemin, a cytokine 
associated with inflammatory pain), and TrkA (the NGF 
receptor, also associated with chronic inflammatory pain). 
In addition, numerous receptors involved in neuroimmune 
interactions were found in both vagal and spinal afferents 
from the colon. For example, PDL1, an important immune 
checkpoint inhibitor, was found in higher levels in nodose 
afferents compared to spinal afferents. In contrast, Il4ra, an 
important cytokine for a Th2 response, has higher expression 
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Disclosure: No significant relationships.ISAN19.160
SUPERIOR CERVICAL GANGLIONECTOMY ALTERS O2-
SENSING K+ CURRENTS IN CAROTID BODY GLOMUS 
CELLS

Paulina Getsy1, Gregory A. Coffee2, Stephen J. Lewis2

1Case Western Reserve University, Physiology and Biophysics, 
Cleveland, OH, UNITED STATES OF AMERICA, 2Case Western 
Reserve University, Pediatrics, Cleveland, OH, UNITED STATES OF 
AMERICA

Abstract: Carotid body chemosensory glomus (type I) cells 
respond to changes in blood PO2, PCO2, and pH by releasing 
neurotransmitters that cause an increase in action potential 
firing of chemosensory afferent fibers within the carotid 
sinus nerve. The carotid sinus nerve chemoafferents then 
signal to the commissural nucleus tractus solitarius (nTS) 
within the dorsal brainstem, which leads to a compensatory 
increase in ventilation in order to restore normal status of 
arterial blood-gas chemistry. The ganglioglomerular nerve, 
which contains postganglionic sympathetic fibers originating 
from the superior cervical ganglion, innervates the carotid 
body. We have found that electrical stimulation of the 
ganglioglomerular nerve causes an increase in carotid body 
chemosensory afferent discharge. However, it is unknown 
whether loss of sympathetic input to the carotid body directly 
alters the chemosensitivity of glomus cells. Our objective was 
to characterize electrophysiological properties of carotid 
body glomus cell potassium (K+) currents in response to 
acute hypoxia following superior cervical ganglionectomy. 
Sprague Dawley male rats postnatal day 21 were subjected 
to unilateral (right) superior cervical ganglionectomy. The left 
superior cervical ganglion was identified, but not removed. 
Four days post surgery (post-natal day 25), the right and left 
carotid bodies were removed, and primary glomus cells were 
isolated and plated on coverslips. Glomus cell outward K+ 
currents were then recorded using the whole cell perforated 
patch clamp technique. Our preliminary results show that 
following unilateral (right) superior cervical ganglionectomy, 
glomus cells responded to hypoxia with significant reductions 
(P<0.05 to P<0.01) in outward K+ current amplitudes over 
the test potential range +10 to +60 mV. The mean maximal 
effect, a reduction in K+ amplitude of 64.9 ± 18.5% (mean 
± SD, n = 3 cells), occurred at a Vtest of +30mV. In contrast, 
control carotid body glomus cells responded to hypoxia with a 
significant reduction (P<0.05) in outward K+ current amplitude 
at a Vtest of +60mV (n = 4 cells). In addition, glomus cells that 
received superior cervical ganglionectomy appear to respond 
to hypoxia via different K+ currents that do not appear to be 
presently active in control glomus cells when exposed to 
hypoxic conditions. These findings provide evidence that 
loss of sympathetic input from the superior cervical ganglion 
(via the ganglioglomerular nerve branch) to the carotid body 
increases glomus cell sensitivity to hypoxia, and alters glomus 
cell O2-sensing K+ currents. This work was supported in part 
by a SPARC NIH award OT2OD023860



10011TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, FRIDAY JULY 26 
JULY 26, 2019 | 8:00 AM–5:00 PM

ISAN19.162
THE EFFECTS OF INFLAMMATION ON COLON 
MOTILITY PATTERNS

Brian Edwards, Kristen M. Smith-Edwards, Brian M. Davis
University of Pittsburgh, Neurobiology and Pittsburgh Center For 
Pain Research, Pittsburgh, PA, UNITED STATES OF AMERICA

Abstract: Inflammatory bowel disease (IBD) consists of 
Crohn‘s Disease and ulcerative colitis and is characterized 
by either acute or chronic inflammation with unknown 
etiology. Colitis is thought to lead to colon dysmotility by 
altering the intrinsic and extrinsic neural circuits of the enteric 
nervous system, including changes to the epithelium and 
interstitial cells of cajal. One of the milestones in our lab is 
to characterize the intrinsic and extrinsic ENS connectome, 
and describe whole colon motility behavior, in an inflamed 
colon. To determine the effects of acute inflammation on colon 
motility patterns, we recorded spontaneous colonic migrating 
motor complexes (CMMC) in isolated colon preparations 
before and after the addition of a cocktail of inflammatory 
mediators (inflammatory soup, IS; n=5). To determine changes 
in colon motility in a model of colitis, we used 2% dextran 
sodium sulfate (DSS, a well-established model for colitis) for 7 
days (n=4). IS significantly increased the rate and frequency of 
spontaneous CMMC, and interestingly, the CMMC amplitude 
decreased, producing small, weak (but rapid) contractions 
in the colon. This new pattern of CMMC is likely to produce 
dysmotility with respect to the movement of fecal matter. We 
have validated that our DSS protocol consistently induces 
colon inflammation, as evidenced by the hallmark shortening 
of the colon, the presence of blood in fecal pellets, as well 
as increased spleen weights. DSS-treated mice showed 
increased frequency of spontaneous CMMC, similar to 
the effects of IS. We have begun to use calcium imaging 
(GCaMP) to assess changes in myenteric neuron activity and 
preliminary results suggest that spontaneous and evoked 
activity is increased, but additional experiments are required. 
Interestingly, myenteric neurons receive input from extrinsic 
sympathetic fibers that have an overall inhibitory effect on 
colon motility. Given that in our models of colon inflammation 
motility was spastic and rapid, one possible mechanism for 
these changes could involve alterations in sympathetic input 
to the colon. Supporting this hypothesis, NPY-GFP reporter 
mice that received DSS treatment had significantly lower 
sympathetic fiber density in the myenteric plexus compared 
to controls. Future studies will further elucidate the role of 
sympathetic tone in producing dysmotility during colon 
inflammation.

Disclosure: No significant relationships.

ISAN19.161
SEX DIFFERENCES IN RAT CARDIAC AUTONOMIC 
INNERVATION

Richard Bayles1, Beth Habecker1, Suzanne Fei2, William 
Woodward1, Lina Gao2, Joanne Tran1, Antoinette Olivas1

1Oregon Health and Science University, Physiology and 
Pharmacology, PORTLAND, OR, UNITED STATES OF AMERICA, 
2Oregon Health and Science University, National Primate Center, 
PORTLAND, OR, UNITED STATES OF AMERICA

Abstract: Background: The majority of the sympathetic 
innervation to the heart comes from the stellate ganglia. 
Cardiovascular diseases have been associated with 
changes in the stellate ganglia, and there are differences in 
risk between men and women. Aim: To determine if there 
were any differences in stellate ganglia gene expression or 
neurotransmitter levels between healthy male and female 
rats. Methods: Stellate ganglia, superior cervical ganglia 
(SCG), and hearts were dissected from WKY rats (16-20 
wk old 8F/6M). RNA from stellate ganglia and SCG were 
used for RNAseq analysis and qPCR. Norepinephrine (NE) 
was quantified in stellates and the heart by HPLC with 
electrochemical detection. Cardiac acetylcholine (ACh) was 
quantified by mass spectrometry, and tyrosine hydroxylase 
(TH) assayed by western blot. Results: Numerous genes were 
differentially expressed in M vs. F stellate ganglia, but they 
were not associated with neurotransmission. Several of these 
sex differences were confirmed by qPCR, and a subset were 
shared with SCG. NE levels in M and F stellates were identical, 
but NE content was significantly higher in female ventricles 
and right atria. ACh content was also higher in female right 
atria. TH levels were similar in both sexes. Conclusions: M 
and F stellate ganglia have significant differences in genes 
across a range of pathways. NE and ACh were significantly 
higher in female right atria, and NE higher in female ventricles. 
No sex differences were identified in TH protein content or the 
expression of noradrenergic-related genes that could explain 
elevated NE in female hearts.

Disclosure: No significant relationships.
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ISAN19.164
SPINAL ADENOSINE 2A RECEPTOR ACTIVATION 
ELICITS PHRENIC LONG-TERM FACILITATION IN 
CAROTID-DENERVATED RATS

Raphael Rodrigues Perim1, Paul S. Kubilis2, Gordon S. 
Mitchell1
1University of Florida, Physical Therapy, Gainesville, FL, UNITED 
STATES OF AMERICA, 2University of Florida, Gainesville, FL, 
UNITED STATES OF AMERICA

Abstract: Hypoxia depolarizes carotid body glomus cells, 
increasing carotid sinus nerve firing rate. Nucleus of solitary 
tract neurons activated by the chemoafferent neurons 
stimulate “either directly or indirectly “a subpopulation 
of serotonergic medullary raphe neurons. These neurons 
project to the ventral spinal cord and play an essential role 
in modulating phrenic motor neuron excitability and initiating 
important forms of phrenic motor plasticity. For example, 
moderate acute intermittent hypoxia (AIH) elicits a long-lasting 
increase in phrenic nerve activity, known as phrenic long-
term facilitation (pLTF). Although pharmacological inhibition 
of spinal serotonin receptors abolishes pLTF, pLTF is blunted, 
but not eliminated by carotid body denervation. Thus, other 
mechanisms must account for residual pLTF following carotid 
denervation. Carotid-body denervated rats (CBX) present 
exacerbated hypotension during hypoxic episodes, which 
may impair spinal blood flow and tissue oxygen delivery. 
With greater tissue hypoxia, increased extracellular adenosine 
accumulation could account for residual pLTF, activating 
via a distinct cellular cascade to phrenic motor facilitation; 
similar adenosine-dependent pLTF is observed with severe 
(vs moderate) hypoxic episodes in the same AIH protocol. To 
test the hypothesis that spinal adenosine 2A (A2A) receptor 
activation underlies residual pLTF after CBX, phrenic nerve 
activity and spinal tissue PO2 were measured in vivo during 
our standard pLTF protocol in urethane anesthetized, male 
Sprague Dawley rats. The contribution of greater hypoxia-
induced hypotension to residual pLTF after CBX was evaluated 
by preventing the arterial pressure drop during hypoxic 
episodes with systemic phenylephrine. We demonstrate that 
severe hypoxia-induced hypotension diminishes spinal tissue 
oxygen tension (even at the same arterial PO2) during hypoxic 
episodes, potentially eliciting residual pLTF. Preventing 
hypoxia-induced hypotension minimizes tissue hypoxia during 
the AIH protocol, and residual pLTF is no longer observed. 
Further, spinal A2A receptor (MSX-3; 12 L, 10 M), but not a 
serotonin 2A receptor antagonism (Ketanserin, 500 µM, 15 µL) 
abolished residual pLTF after CBX. We conclude that changes 
in cardiovascular regulation following CBX impact the 
expression and mechanisms of AIH-induced phrenic motor 
plasticity, a finding of importance for conditions characterized 
by hypotension such as anemia or spinal injury.

Disclosure: No significant relationships.

ISAN19.163
ADRENERGIC EFFECTS ON PORCINE CARDIAC 
ELECTROPHYSIOLOGY: COMBINED EXPERIMENTAL 
AND MODELING FRAMEWORK

Haibo Ni, Stefano Morotti, Lianguo Wang, Bardia 
Ghayoumi, Yanyan Jiang, Yi-Je Chen, Daisuke Sato, 
Crystal M. Ripplinger, Eleonora Grandi
University of California Davis, Department of Pharmacology, Davis, 
CA, UNITED STATES OF AMERICA

Abstract: Despite strong evidence of the fundamental 
connection between the brain and the heart, there is still 
a very poor quantitative and functional understanding 
of the role of autonomic stimulation in normal cardiac 
electrophysiology and life-threatening arrhythmias. Here, 
we describe a pipeline for global parameterization and 
validation of biophysically detailed computational models 
of porcine electrophysiological and calcium handling 
responses to beta-adrenergic activation. We utilize a well-
established human model (including initial parameter 
guesses) as an initial framework and record optical maps of 
transmembrane potentials and intracellular calcium transients 
from porcine right and left ventricular wedge preparations. 
We identify model parameters via an optimization algorithm 
that compares simulated outcomes to optically measured 
rate-dependent action potential and calcium transient 
properties, and their response to global agonists or nerve-
released catecholamine. Parameterization is performed for 
various cardiac regions, including right vs. left ventricle, 
epi- vs. endocardial layer, and apex vs. base. Experimentally 
determined tissue-level outcomes, such as dispersion 
of repolarization and arrhythmia propensity are used for 
validation of the newly developed porcine model. Further, we 
simulate populations of model variants to capture intra- or 
inter-subject variability, perform model parameter sensitivity 
analysis, quantify uncertainty, and assess arrhythmia risk. We 
also build tools for quantitative predictions of experimental 
outcomes across different conditions or tissues in the same 
species (pig-to-pig translators), or across different species 
(pig-to-human translators). The proposed approach allows 
for rapid characterization of heterogeneous cellular function, 
for example due to transmural or apico-basal differences in 
ion channel expression, adrenergic receptor density, or nerve 
distribution. Our study will also lead to the development of 
a robust and predictive simulation framework that is well 
grounded and validated with a broad experimental data 
set. Predicting the mechanisms underlying the interaction 
between adrenergic activation and the functional cardiac 
substrate would facilitate identification and specific targeting 
of arrhythmia provoking conditions by drugs or direct nerve 
stimulation.

Disclosure: No significant relationships.
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(10, 5-min 10.5% O2 episodes with 5-min normoxic intervals 
per day; 1.5 hrs/day); 3) mild CIH (CIH 5/5: 5-min 10.5% O2 
episodes, 5-min intervals; 8 hrs/day); and 4) moderate CIH 
(CIH 2/2: 2-min 10.5% O2 episodes, 2 min intervals; 8 hrs/
day). No IH protocol had significant effects on serotonergic 
innervation, although there was an effect from injury alone. 
Ipsilateral to injury the number of serotonergic boutons 
innervating the phrenic motor nuclei was reduced (p<0.05), 
with an increase in bouton size (p<0.0001). The net result was 
a greater area of serotonin terminals within the phrenic motor 
nucleus ipsilateral to injury (p<0.0001). Thus, by only 2 weeks 
post injury serotonergic reinnervation to ipsilateral phrenic 
motor nuclei is complete, although the serotonin terminals 
are of abnormal size. There did not appear to be any impact 
of intermittent hypoxia, regardless of protocol.

Disclosure: No significant relationships.

ISAN19.165
SEROTONERGIC RECOVERY IN PHRENIC MOTOR 
NUCLEI AFTER CERVICAL SPINAL INJURY, WITH AND 
WITHOUT INTERMITTENT HYPOXIA

Marissa Ciesla, Yasin B. Seven, Latoya L. Allen, Kristin N. 
Smith, Zachary A. Asa, Alec K. Simon, Ashley E. Holland, 
Juliet V. Santiago, Kelsey Stefan, Ashley Ross, Elisa J. 
Gonzalez-Rothi, Gordon S. Mitchell
University of Florida, Physical Therapy, Gainesville, FL, UNITED 
STATES OF AMERICA

Abstract: Serotonin initiates plasticity in respiratory motor 
neurons, such as phrenic long-term facilitation (pLTF) 
following acute intermittent hypoxia (AIH). After cervical 
spinal cord injury (cSCI), spinal projections from medullary 
serotonergic neurons are disrupted, limiting the capacity for 
serotonin-dependent pLTF. However, with time post-injury (>8 
wks), serotonergic innervation of the phrenic motor nucleus 
partially recovers, restoring AIH-induced pLTF. Repetitive 
“low-dose” AIH is a promising therapeutic strategy to 
elicit serotonin-dependent respiratory motor plasticity with 
chronic cSCI, restoring lost breathing (and other somatic 
motor) function. In contrast, “high-dose” chronic intermittent 
hypoxia (CIH) simulating that experienced during sleep apnea 
elicits spinal (and systemic) inflammation, undermining the 
potential of AIH to elicit respiratory motor plasticity. Although 
repetitive moderate AIH has been reported to increase 
serotonergic innervation of the phrenic motor nucleus, the 
impact of moderate “low dose” AIH and “high dose” CIH 
on serotonergic innervation following cSCI has not been 
investigated. Further, the time course of spontaneous 
serotonergic recovery in the phrenic motor nucleus following 
cSCI has not been carefully documented. Thus, we tested the 
hypotheses that: 1) recovery of serotonergic innervation in 
the phrenic motor nucleus following cSCI is nearly complete 
with chronic (>6 wks) cSCI; and 2) repetitive AIH and CIH 
exert differential effects on serotonergic innervation of phrenic 
motor nuclei post-cSCI. Cholera toxin B subunit (CtB) was 
injected intrapleurally 14 days before C2 hemisection to label 
phrenic motor neurons. Rats were perfused and cervical 
sections containing the phrenic motor nuclei were processed 
for serotonin. Serotonergic innervation to phrenic motor nuclei 
was assessed via immunofluorescence. In the first series 
of experiments, time-dependent recovery of serotonergic 
innervation in respiratory motor nuclei 2 and 8 weeks post 
cervical (C2) hemisection was investigated. Contrary to 
our expectations, there was no significant decrease in the 
number of serotonergic varicosities innervating phrenic 
motor nuclei at 2 or 8 weeks post injury compared to intact 
controls (p>0.05). However, at both time points post injury, 
ipsilateral boutons were significantly larger than those in 
intact or contralateral to injury (p<0.0001). This resulted in a 
greater overall area of innervation to phrenic motor neurons 
ipsilateral to injury (p = 0.029). In the second experimental 
series, serotonergic innervation was assessed 12 weeks post-
injury in rats exposed to 28 days of: 1) normoxia; 2) daily AIH 
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ISAN19.167
NEURAL RESPONSES OF THE CERVICAL 
SYMPATHETIC CHAIN TO BARORECEPTER ACTIVATION 
AND TO HYPOXIC CHALLENGE IN RATS

Martin Muntzel1, Yee-Hsee Hsieh2, Stephen J. Lewis3

1Lehman College (CUNY), Bronx, NY, UNITED STATES OF 
AMERICA, 2Case Western Reserve University, Department of 
Medicine, Cleveland, UNITED STATES OF AMERICA, 3Case 
Western Reserve University, Department of Pediatrics, Cleveland, 
UNITED STATES OF AMERICA

Abstract: Neural Responses of the Cervical Sympathetic 
Chain to Barorecepter Activation and to Hypoxic Challenge 
in Sprague-Dawley Rats Martin Muntzel1, Yee-Hsee Hsieh2, 
Stephen J. Lewis3 1 Department of Biological Sciences, 
Lehman College (CUNY), Bronx, NY, 10468, USA 2 Division 
of Pulmonary, Critical Care, and Sleep Medicine, Department 
of Medicine, Case Western Reserve University, Cleveland, OH 
44106, USA 3Department of Pediatrics, School of Medicine, 
Case Western Reserve University, Cleveland, OH 44106, USA 
The superior cervical ganglion and cervical sympathetic chain 
contain cell bodies that project to the cerebral arteries, and 
to peripheral structures such as the carotid bodies and upper 
airways. Despite the importance of these pathways, little is 
known about how the cervical sympathetic chain responds 
to baroreceptor stimuli and to hypoxic challenges that mimic 
upper airway obstruction and central apneas. To characterize 
sensory control of cervical sympathetic chain activity, we 
anesthetized male Sprague-Dawley rats (275-300g) with 
isoflurane (2%) and placed bipolar recording electrodes 
under the cervical sympathetic chain at approximately 3 mm 
caudal to the SCG, and a blood pressure catheter into the 
left femoral artery (Telemetry Research, model TR56SP). A 
catheter was placed in the left femoral vein for intravenous 
injections. Heart rate, arterial blood pressure, and multi-fiber 
cervical sympathetic chain neural activity were recorded 
during 10% oxygen challenge, tracheal occlusion, and during 
IV drug administration. At the end of the protocol, the rats 
were euthanized to determine background noise activity. In 
on-going studies (n = 4), we found that cervical sympathetic 
chain recordings yielded typical sympathetic responses to 
phenlyephrine (2.5 µg) and sodium nitroprusside (2.5 µg). For 
phenyephrine, arterial blood pressure increased by 24 ± 5 
mmHg with cervical sympathetic chain decreases of 100% 
baseline to 69 ± 11%. For sodium nitroprusside, arterial blood 
pressure decreased by 26 ± 3 mmHg with cervical sympathetic 
chain increases of 100% to 111 ± 14%. Ganglionic blockade 
with hexamethonium (10 mg/kg) decreased arterial blood 
pressure by 49 ± 2 mmHg and lowered cervical sympathetic 
chain activity by 69 ± 8%. Temporary occlusion of the tracheal 
airway arterial blood pressure by 16 ± 4 mmHg and increased 
cervical sympathetic chain activity from 100% to 120 ± 
17%. Finally, a 1 min 10% oxygen challenge lowered arterial 
blood pressure by 33 ± 9 mmHg but did not alter cervical 
sympathetic chain activity (100% to 103 ± 5%). These findings 
indicate that the cervical sympathetic chain, just caudal to 

ISAN19.166
THE STIMULUS INTENSITY-DEPENDENT 
RECRUITMENT OF NAV1S IN ACTION POTENTIAL 
INITIATION IN VAGAL C-FIBER TERMINALS

F Ru1, Nikoleta Pavelkova2, Marian Kollarik2

1Johns Hopkins University, baltimore, UNITED STATES OF 
AMERICA, 2Morsani College of Medicine, University of South 
Florida, Molecular Pharmacology and Physiology, Tampa, FL, 
UNITED STATES OF AMERICA

Abstract: We investigated voltage-gated sodium channels 
(NaV1s) that regulate action potential initiation in the nerve 
terminals of vagal nodose C-fibers innervating the esophagus. 
Extracellular single fiber recordings were made from the 
nodose C-fibers with mechanically-sensitive nerve terminals 
in the isolated innervated guinea pig esophagus. NaV1 
inhibitors were selectively delivered to the tissue containing 
nerve terminals. Graded esophageal distention was used for 
mechanical stimulation. The NaV1.7 inhibitor PF-05089771 
nearly abolished action potential initiation in response to low 
levels of esophageal distention, but only partially inhibited 
the response to higher levels of esophageal distention. 
The PF-05089771-insensitive component of the response 
progressively increased (up to ‰ˆ50%) with increasing 
esophageal distention and was abolished by tetrodotoxin 
(TTX). In addition to NaV1.7, nodose C-fiber (TRPV1-positive) 
neurons retrogradely labeled from the esophagus expressed 
mRNA for multiple TTX-sensitive NaV1s. The group NaV1.1, 
NaV1.2 and NaV1.3 inhibitor ICA-121431 further inhibited but 
did not abolish the PF-05089771-insensitive component of 
the response to high level of esophageal distention. However, 
combination of ICA-121431 with Compound 801, which also 
inhibits NaV1.7 and NaV1.6 nearly abolished the response to 
high level of esophageal distention. Our data indicate that 
action potential initiation in esophageal nodose C-fibers 
evoked by low (innocuous) levels of esophageal distention 
is mediated by NaV1.7. However, the response evoked 
by higher (noxious) levels of esophageal distention has a 
progressively increasing Nav1.7-independent component that 
involves multiple TTX-sensitive NaV1s. The stimulus-intensity 
dependent recruitment of NaV1s may offer novel opportunities 
for strategic targeting of NaV1 subunits for inhibition of 
nociceptive signaling in visceral C-fibers. Supported by 
SPARC U01 DK116311.

Disclosure: No significant relationships.
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ISAN19.168
DAILY ACUTE, BUT NOT CHRONIC, EPISODIC HYPOXIA 
ENHANCES PHRENIC MOTOR PLASTICITY IN CHRONIC 
SPINAL INJURY

Arash Tadjalli1, Elisa J. Gonzalez-Rothi2, Latoya L. Allen2, 
Marissa C. Ciesla2, Alec K. Simon2, Zachary A. Asa2, Kristin 
Smith1, Mohamad El Chami2, Ashley E. Holland2, Juliet V. 
Santiago2, Ashley Ross3, Gordon S. Mitchell2

1University of Florida, Physical Therapy, Gainesville, UNITED 
STATES OF AMERICA, 2University of Florida, Physical Therapy, 
Gainesville, FL, UNITED STATES OF AMERICA, 3University of 
Florida, Gainesville, FL, UNITED STATES OF AMERICA

Abstract: Daily acute intermittent hypoxia (dAIH; 3-15 
hypoxic episodes per day) is a promising therapeutic strategy 
to improve respiratory function after incomplete spinal 
cord injury by inducing spinal respiratory motor plasticity. 
Conversely, chronic intermittent hypoxia (CIH; >100 episodes 
per day) elicits multisystem pathology and is a hallmark 
of moderate sleep apnea, a condition highly prevalent in 
individuals with cervical spinal injury. In intact rats, 7 days 
of dAIH preconditioning enhances phrenic motor facilitation 
whereas it is abolished by 7 days of CIH, an effect likely 
due to CIH-induced neuroinflammation. Since the impact of 
prolonged CIH (> 1 wk) or dAIH on the capacity for phrenic 
motor facilitation with chronic spinal cord injury has not been 
explored, we compared the effect of 28 days of normoxia (21% 
O2; 8hrs/day), dAIH (10, 5 min episodes of 10.5% O2 with 5 min 
normoxic intervals/day) or CIH (2 min hypoxic episodes with 2 
min intervals; 8 hrs/day) on phrenic output in rats with chronic 
C2 spinal hemisection (C2Hx). Neurophysiology experiments 
were conducted one day after the final hypoxic exposure; 
bilateral phrenic nerve activity and moderate AIH-induced 
phrenic long-term facilitation (pLTF) were assessed. Ipsilateral 
phrenic nerve activity during baseline conditions and maximal 
chemoreflex activation was: 1) reduced in all injury groups 
vs intact rats (p0.98, respectively). No group differences in 
contralateral phrenic nerve activity were observed in either 
condition (p>0.49 and p>0.18, respectively). dAIH enhanced 
ipsilateral pLTF vs. all other groups (p=0.01); in contrast, CIH 
had no effect on pLTF (p=0.43). In conclusion, neither dAIH 
nor CIH had any detectable impact on phrenic nerve activity 
in rats with chronic C2Hx, but dAIH enhanced the capacity 
for additional pLTF. Further work is needed to explore: 1) 
mechanisms of enhanced respiratory plasticity following 
dAIH; 2) if detrimental effects of CIH can be resolved by 
treatments that mitigate inflammation; and 3) how enhanced/
restored phrenic motor plasticity can be harnessed to improve 
breathing ability in individuals with chronic cervical spinal 
cord injury. *AT and EGR contributed equally to this work.

Disclosure: No significant relationships.

the superior cervical ganglion, contains approximately 
69% post-ganglionic sympathetic nerve fibers. These 
nerve fibers respond appropriately to baroreceptor loading 
and unloading, and show increased activity to temporary 
upper airway occlusion. This work was supported in part by 
SPARC/NIH award 3OT2OD023680-01S2 and GSK-Galvani 
Bioelectronics.

Disclosure: No significant relationships.



10511TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, FRIDAY JULY 26 
JULY 26, 2019 | 8:00 AM–5:00 PM

ISAN19.170
INTEGRATED MAPPING AND MODELING OF THE 
INNERVATED MOUSE HEART REVEALS UNIQUE 
ADRENERGIC RESPONSES

Lianguo Wang, Stefano Morotti, Srinivas Tapa, Samantha 
F. Stuart, Yanyan Jiang, Eleonora Grandi, Crystal 
Ripplinger
UC Davis, Pharmacology, Davis, CA, UNITED STATES OF AMERICA

Abstract: Background: The mouse is a mainstay in 
cardiovascular research, yet the detailed electrophysiological 
and Ca2+ handling changes in the intact mouse heart in 
response to physiological sympathetic activity have never 
been investigated. In larger mammals, sympathetic activation 
typically results in increased heart rate (HR), accompanied by 
shortening of action potential duration (APD) to accommodate 
shorter cycle lengths and ensure adequate diastolic filling 
time. However, data on the effects of sympathetic activation 
on the rodent APD are somewhat inconsistent, with both 
shortening and prolongation reported. Here, for the first 
time, we systematically investigated the integrated effects 
of adrenergic activation and dynamic changes in HR in 
the mouse heart using a combination of experimental and 
computational approaches. Methods and Results: The heart 
and posterior thoracic cavity from mice (C57Bl6, N=12) were 
dissected and perfused through the descending aorta for dual 
optical mapping of transmembrane potential and intracellular 
Ca2+ transients (CaT) to study the effects of sympathetic 
nerve stimulation (SNS). SNS was performed via spinal cord 
stimulation at T1-T3. As expected, SNS (60sec, 10Hz) caused 
a monotonic increase in HR and CaT amplitude. Interestingly, 
APD showed a biphasic response, with initial prolongation 
(50.9 ±5.1ms at t=0sec to 60.6 ±4.1ms at t=20sec, p<0.05) 
followed by shortening (46.5±9.1ms at t=60sec). Mathematical 
modeling revealed that the initial APD prolongation during SNS 
was necessary to allow for optimal inotropic and lusitropic 
responses. Further, experiments demonstrated a similar 
biphasic response when the SNS-mediated HR increase was 
mimicked with pacing (56.7±1.0ms at t=0sec, 66.0±1.0ms at 
t=10sec, 53.8±3.3ms at t=30sec), suggesting HR increase as 
a primary contributor to APD changes during SNS. When HR 
was held constant, SNS had more modest effects on APD, 
with a slight monotonic increase. Conclusions: The mouse 
heart displays unique electrophysiological responses to 
physiological sympathetic activation that may be essential 
for the optimal fight-or-flight response in rodent hearts.

Disclosure: No significant relationships.

ISAN19.169
FUNCTIONAL IMAGING OF PERIPHERAL NERVES 
BY POLARIZATION-SENSITIVE AND ANGIOGRAPHIC 
OPTICAL COHERENCE TOMOGRAPHY

Mohsen Erfanzadeh1, Guillermo L. Monroy2, Ahhyun S. 
Nam1, Srikanth Vasudevan2, Daniel X. Hammer2, Benjamin 
J. Vakoc1

1MGH/Harvard Medical School, Wellman Center For 
Photomedicine, Boston, MA, UNITED STATES OF AMERICA, 2Food 
and Drug Adminisration, Division of Biomedical Physics, Silver 
Spring, MD, UNITED STATES OF AMERICA

Abstract: Optical coherence tomography (OCT) is a label-free 
microscopy widely used for anatomical imaging of the retina. 
With the development of angiographic and polarization-
sensitive (PS) methods in OCT, it has become possible to 
assess retinal function in addition to anatomy. These same 
functional measures can offer similar capabilities when 
applied to the peripheral nervous system. Here, we describe 
the application of functional OCT to peripheral nerve imaging. 
We summarize our prior studies in peripheral nerve trauma and 
regeneration, and we describe a roadmap for its development 
and validation for SPARC priorities including the assessment 
of nerve modulation and the mapping of peripheral nerve 
networks. As described, two functional measures are used 
to assess the peripheral nerve. The first is OCT angiography, 
which is based on detecting the intrinsic time-fluctuations 
that result from the movement of red blood cells. By detecting 
these changes, OCT can discriminate between intravascular 
and extravascular spaces. This enables high-resolution, label-
free imaging of microvascular networks within the peripheral 
nerve. The second measure is PS-OCT, which analyzes the 
variations in the detected polarization-state to extract the local 
birefringence and the local optical axis. In peripheral nerves, 
both the axonal structure and myelination are birefringent. 
As such, PS methods provide a unique opportunity to assess 
axonal integrity and myelination directly. We have developed 
and applied these angiographic and PS methods to wide-field 
imaging of peripheral nerve injury and repair in the rat in vivo. 
In addition to studies in nerve trauma, early results applying 
these methods to neuromodulation studies of the rat sciatic 
nerve will be presented. Strategies to expand OCT to support 
additional organ systems and the prospect of using OCT in 
larger animals will be described. Finally, the roadmap for the 
technique to provide imaging feedback and guide clinical 
decision making in human subjects will be discussed.

Disclosure: No significant relationships.
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ISAN19.172
STELLATE GANGLIA ION CHANNEL DYSFUNCTION 
LEADS TO REPETITIVE FIRING IN THE 
SPONTANEOUSLY HYPERTENSIVE RAT

Harvey Davis1, Neil Herring1, David J. Paterson2

1University of Oxford, Department of Physiology, Anatomy and 
Genetics, Oxford, UNITED KINGDOM, 2University of Oxford, 
Department of Physiology, Oxford, UNITED KINGDOM

Abstract: Background Sympathetic hyperactivity is a 
hallmark of hypertension, but its molecular mechanisms are 
unknown. A key aspect of neuronal information encoding is 
firing rate, however this fundamental property is unstudied in 
the cardiac innervating sympathetic stellate ganglia. Objective 
We hypothesised that stellate ganglia neurons would have 
higher firing rates in the spontaneously hypertensive rat 
(SHR) than age-matched normotensive Wistar controls. 
Methods/Results Using RT-qPCR, single-cell RNA-seq and 
immunohistochemistry, we observed expression of M-current 
subunits in stellate ganglia, with decreased transcript 
expression in the SHR. We then confirmed M-current 
transcript expression in human tissue by RT-qPCR. Through 
perforated patch recordings of stellate ganglia neurons 
from Wistar and SHRs, we observed that SHR neurons 
exhibited tonic firing compared to the phasic firing of Wistar 
neurons. M-current deactivation curves revealed a decrease 
in SHR M-current. Further to this, M-current inhibition with 
Linopirdine or XE991 induced tonic firing in Wistar neurons. 
Conversely, the M-current activator retigabine reduced firing 
rate in SHR neurons. This state appeared to be dependent 
upon an additional channel, as not all SHR neurons fired 
repetitively even after M-current inhibition. Indeed, our data 
indicate that Nav1.8 inhibition prevents repetitive firing in SHR 
neurons and in M-current inhibitor treated Wistar neurons. 
This phenomenon was not observed in other channels 
associated with neuronal firing rate. Conclusion/Discussion 
These data support the hypothesis that decreased M-current 
in the SHR stellate ganglia leads to a phenotype of increased 
neuronal firing and may represent a key component of 
sympathetic activity associated with hypertension.

Disclosure: No significant relationships.

ISAN19.171
MODELING THE STRUCTURE-FUNCTION 
RELATIONSHIP IN THE ENTERIC NERVOUS SYSTEM IN 
THE ADULT MOUSE COLON

Marthe Howard, Andrea Kalinoski, Samantha Mckee, 
Joseph F. Margiotta, Kalina Venkova
University of Toledo Health Sciences, Neurosciences, Toledo, 
UNITED STATES OF AMERICA

Abstract: Functions of the gastrointestinal tract are controlled 
by the enteric nervous system (ENS) which is a network 
of neurons located within the wall of the gut. The utility of 
molecular genetics for identification of molecules underlying 
structure and function has put a new focus on the ENS in the 
mouse. With the long-term goal of generating a predictive 
structure-function map of the mouse ENS, we have taken 
advantage of advanced imaging techniques combined 
with transcriptomics (RNA-Seq) to complete a quantitative 
description of the mouse ENS. Using both FACSorting and 
three-dimensional mathematical modeling we have mapped 
myenteric neuron numbers and volume per ganglion along 
the entire length of the colon. Our data demonstrate a larger 
range of cell size than previously appreciated including cell 
size distribution based on neurochemical code. We have 
generated a map of colonic connectivity patterning and 
demonstrate using advanced statistical methods that the 
pattern is not random. Our data demonstrate a change in 
ganglion size as well as distance between ganglia from 
proximal colon to distal colon. Additionally, we have mapped 
regions of the colon associated with the mesenteric border 
that are rich in immune cells but lacking myenteric ganglia. 
Our analysis of the neurochemical coding has identified a 
rostral to caudal pattern of neuronal subtype distribution in 
the colon. We have identified patterns of neuronal connectivity 
and cell-cell interaction not previously demonstrated in the 
colon. Overall, our data provide a comprehensive map of 
structural components within the myenteric plexus of the 
mouse.

Disclosure: No significant relationships.



10711TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, FRIDAY JULY 26 
JULY 26, 2019 | 8:00 AM–5:00 PM

ISAN19.174
CLINICAL PROFILE OF SMALL FIBER NEUROPATHY 
WITH NEURONAL ANTIBODIES

Freddy A. Martinez1, Peter Novak2

1Brigham and Women‘s Hospital, Boston, MA, UNITED STATES OF 
AMERICA, 2Brigham and Women‘s Hospital, Neurology, Boston, 
MA, UNITED STATES OF AMERICA

Abstract: Background: Small fiber neuropathy (SFN) 
clinically manifesting as sensory and autonomic dysfunction 
can be seen in patients with autoimmunity. Objective: To 
evaluate profile of SFN in patients with positive paraneoplastic 
neuronal antibodies targeting ganglionic acetylcholine 
receptor (GAChR), voltage-gated potassium channel (VGKC), 
voltage-gated calcium P/Q (VGCC-P/Q) and N (VGCC-N) 
channels. Methods: This retrospective study evaluated 
subjects referred for assessment of SFN. Evaluations 
included levels of GAChR, VGKC, VGCC-P/Q and VGCC-N 
antibodies, questionnaires for sensory (Neuropathy Total 
Symptom Score-6) and autonomic symptoms (the Survey 
of Autonomic Symptoms), skin biopsies for assessment of 
epidermal nerve fiber density (ENFD), sweat gland nerve fiber 
density (SGNFD) and functional autonomic testing (deep 
breathing test,Valsalva maneuver, tilt test,QSART or ESC). 
Results: Positive neuronal autoantibodies were found in 32 
patients (26/6 women/men,age 47.0±14.6 years). All patients 
recollected antecedent event, experienced chronic course 
with combination of sensory and autonomic complaints. The 
detected antibodies were targeting GAChR (n=15), VGKC (8), 
VGCC-P/Q (2) and VGCC-N (7). SFN was diagnosed in all 
seropositive patients, abnormal skin biopsy was in 26 (81%) 
patients, 6 patients had abnormal functional tests. Orthostatic 
hypotension was detected in 5 patients, postural tachycardia 
syndrome in 3, hypocapnic cerebral hypoperfusion in 4; 
and orthostatic cerebral hypoperfusion syndrome in 2. 
Conclusions: The GAChR, VGKC, VGCC-P/Q and VGCC-N 
antibodies are associated with chronic autonomic and 
sensory SFN. The typical clinical phenotype includes sensory 
complaints (pain and distal numbness) and mild-to-moderate 
dysautonomia. It remains to be proven whether the tested 
antibodies represent an inflammatory biomarker of SFN or 
the association is spurious.

Disclosure: No significant relationships.

ISAN19.173
ELECTRON MICROSCOPY STUDIES OF FIBER 
COMPOSITION AND NEURAL CIRCUITRY IN THE 
AUTONOMIC NERVOUS SYSTEM

Natalia Biscola1, Petra M. Bartmeyer1, Nianhui Zhang1, Leif 
A. Havton2

1UCLA, Neurology, Los Angeles, UNITED STATES OF AMERICA, 
2UCLA, Neurology and Neurobiology, Los Angeles, UNITED 
STATES OF AMERICA

Abstract: Peripheral nerves, such as the vagus and pelvic 
nerves, carry pre- or post-ganglionic autonomic fibers 
as well as afferent fibers and include both myelinated and 
unmyelinated axons. Autonomic ganglia, including the 
stellate, major pelvic, and intrinsic cardiac ganglia may serve 
a relay function but also include processing of information 
by local circuit neurons. Both autonomic nerves and ganglia 
may become targets of novel and emerging neuromodulation 
strategies. Transmission electron microscopy (TEM) offers 
a unique opportunity for fine structural analysis, including 
detailed studies of unmyelinated fibers and synaptic contacts 
in the autonomic nervous system. We have developed 
customized approaches for effective TEM analysis of 
autonomic nerve contents and ganglion cellular and synaptic 
features for structures related to autonomic control of 
cardiac, gastro-intestinal, and lower urinary tract systems. 
Automated and manual segmentation of nerve and ganglia 
structures were established for morphometric analysis, 
including axon diameter, fiber diameter, myelin thickness, 
and g-ratio. Axonal mapping with fiber density and spatial 
distribution determinations of myelinated and unmyelinated 
fibers are determined and compared between different 
autonomic nerves in the same species and within a specific 
autonomic nerve across small and large mammals, including 
humans. Immunogold detection techniques allow for the 
TEM identification of neuronal tracers in neuronal somata 
and axons as well as characterization of the pre- and post-
synaptic elements in autonomic ganglia. TEM represents an 
important tool to quantify and characterize nerve populations 
and synaptic relations of the autonomic nervous system and 
provides unique ultrastructural information to support the 
development of new neuromodulation therapies.

Disclosure: No significant relationships.
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ISAN19.176
EXPRESSION OF DIFFERENT CALCIUM-BINDING 
PROTEINS IN THE RAT ENTERIC GANGLIA DURING THE 
DEVELOPMENT

Petr Masliukov1, Antonina Budnik2, Alexandr Nozdrachev3

1Yaroslavl State Medical University, Normal Physiology, Yaroslavl, 
RUSSIAN FEDERATION, 2Kabardino-Balkarian State University, 
Nalchik, RUSSIAN FEDERATION, 3Saint Petersburg State 
University, Saint Petersburg, RUSSIAN FEDERATION

Abstract: Calbindin D28K (CB), calretinin (CR) and 
parvalbumin (PV) are members of the EF-hand family of 
calcium-binding proteins that are expressed in neurons and 
nerve fibers of the enteric nervous system. In the current 
study, immunohistochemistry and western blotting was used 
to label CB, CR and PV in the enteric ganglia of small and 
large intestine in rats of different ages (newborn, 10-day-
old, 20-day-old, 30-day-old, 1-year-old and 2-year-old). 
Experiments were performed in accordance with the national 
and international principles of laboratory animal care. The data 
obtained suggest a number of age-dependent changes in CB, 
CR and PV expression in the myenteric (MP) and submucous 
(SP) plexuses. In the MP, the lowest expression of all three 
types of calcium-binding in the enteric neurons was observed 
at birth, after which the number of immunoreactive (IR) cells 
significantly increased in the first ten days of life (p<0.05). In 
the SP, CR was identified in 73±5.7% (small intestine) and 
78±4.2% (large intestine) of neurons in newborns, but CB-
IR and PV-IR neurons were observed only from 10-day-old 
onwards. The percentage of CB-IR, CR-IR and PV-IR neurons 
in the SP did not significantly changed when compared 
10-day-old and older rats (p>0.05). In 10-day-old and older 
rats the mean of the cross-sectional area of the CB-IR, CR-
IR and PV-IR neuronal profiles was larger than that of CB-, 
CR-and PV-negative cells (p<0.05). Thus, the expression of 
different calcium-binding proteins changes during the early 
postnatal development. This work was supported by RFBR 
grant (N 17-04-00349).

Disclosure: No significant relationships.

ISAN19.175
NEUROCHEMICAL PROPERTIES OF THE 
HYPOTHALAMIC NEURONS DURING AGEING

Petr Masliukov, Konstantin Moiseev, Andrey Spirichev, 
Darya Aryaeva, Polina Vyshnyakova
Yaroslavl State Medical University, Normal Physiology, Yaroslavl, 
RUSSIAN FEDERATION

Abstract: The hypothalamus is the most important 
integrator of the autonomic and endocrine regulation and is 
responsible for growth, development, reproductive function 
and metabolism. In recent years, evidence has been obtained 
that the hypothalamus also controls aging. The ventromedial 
(VMH) and dorsomedial (DMH) hypothalamic nuclei are 
important hypothalamic nuclei critical for regulating feeding 
and maintaining whole body energy homeostasis. The aim 
of the study was to analyse of the expression of neuronal 
nitric oxyde synthase (nNOS), calbindin (CB), sirtuin 1 (Sir1) 
and steroid factor 1 (SF1) in neurons of the VMH and DMH 
hypothalamic nuclei using immunohistochemistry and 
western blotting in young (3-month-old) and aged (2-years-
old) rats during aging . The results has shown that nNOS, 
CB, Sir1 were observed in the VMH and DMH, and SF1 was 
expressed in the VMH of young and aged rats. The expression 
of nNOS significantly increased in the VMH, the expression 
of CB decreased in the DMH and SF1 declined in the VMH 
(p<0.05) during ageing. The number of Sir1-immunoreactive 
(IR) neurons decreased in both VMH and DMH.in aged rats 
(p<0.05). Thus, neurochemical properties of the hypothalamic 
neurons change during ageing. This was was supported by 
Russian Science Foundation, grant 19-15-00039.

Disclosure: No significant relationships.
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ISAN19.178
LOCALIZATION OF PEPTIDERGIC SENSORY 
COMPONENTS IN THE PELVIC NERVES AND MAJOR 
PELVIC GANGLION OF MALE RATS.

Martin Bertrand, Nadja Korajkic, Peregrine Osborne, Janet 
Keast
Melbourne University, Anatomy and Neuroscience, Melbourne, VIC, 
AUSTRALIA

Abstract: The pelvic splanchnic nerves are essential for 
pelvic organ function and have been proposed as targets for 
neuromodulation. We have focused on the rodent homologue 
of these nerves, the pelvic nerves. Our goal was to define 
the location of sensory axons within the pelvic nerves to 
determine whether they aggregated separately from sacral 
preganglionic and lumbosacral paravertebral postganglionic 
axons traveling in the same nerve. We also examined the 
projections of sensory axons from their point of entry at the 
major pelvic ganglion (MPG). Microscopy was performed 
on MPG with attached pelvic, cavernous, accessory and 
hypogastric nerves micro-dissected from young adult male 
Sprague-Dawley rats (6-8 weeks; n>20) and processed for 
fluorescence immunohistochemistry as whole mounts. The 
pelvic nerves were composed of five discrete fascicles, 
each fascicle with a consistent diameter and location (n=7). 
Sensory axons immunoreactive for calcitonin gene-related 
peptide (CGRP) showed a distinct pattern of aggregation 
within these fascicles. CGRP axons entering the MPG 
projected in one of three ways: directly along the cavernous 
nerve; across the surface of the MPG to the accessory nerves; 
or penetrated the MPG to form varicose associations with 
specific neuron classes Other axon classes in the pelvic 
nerves are concurrently being mapped by visualising 
expression of choline acetyltransferase, tyrosine hydroxylase 
and other neural markers. Together these studies reveal new 
molecular and structural features of the pelvic nerves and 
suggest functional targets of sensory nerves in the MPG. 
This anatomical data could direct the design of experimental 
bioengineering strategies to specifically modulate each axon 
class.

Disclosure: No significant relationships.

ISAN19.177
EXPRESSION OF CALCIUM-BINDING PROTEINS IN THE 
SYMPATHETIC PREGANGLIONIC NEURONS AFTER 
SENSORY DEPRIVATION

Petr Masliukov1, Valentina Porseva1, Alexandr Nozdrachev2

1Yaroslavl State Medical University, Normal Physiology, Yaroslavl, 
RUSSIAN FEDERATION, 2Saint Petersburg State University, Saint 
Petersburg, RUSSIAN FEDERATION

Abstract: It was previously shown that neurochemical 
properties of spinal cord (SC) motoneurons may change after 
the space flight. However, in the literature there are no data 
about changes in the expression of different calcium-binding 
proteins in the autonomic preganglionic neurons after different 
types of sensory deprivation. The purpose of this study was to 
study the expression of calbindin 28 kDa (CB)-, calretinin (CR)- 
and parvalbumim (PV)-containing sympathetic preganglionic 
neurons (SPN) of the thoracic Th2 segment of the SC of mice 
after sensory deprivation. The study was conducted on 
female C57BL/6 mice. Sensory deprivation was received after 
the antiorthostatic hanging (AOH) of the hind limbs (1) and 
capsaicin treatment (CT) (2). Immunohistochemical methods 
and western blotting was used to study the expression of CB, 
CR and PV in the SPN. CB and CR was identified in the SPN 
of control and experimental groups. In the control group, the 
percentage of CB-immunoreactive (IR) preganglionic neurons 
was 63±4.1, the proportion of CR-IR cells was lower (26±3.6). 
PV was not expressed in the SPN of all animals. We did not 
observed statistically significant changes in the percentage 
of IR neurons after both types of sensory deficit. However, 
the cross-sectional area of CB-IR and CR-IR SPN significantly 
decreased after AOH and CT. In SPM, the expression of 
CB and CR slightly decreased after sensory deprivation by 
western blot analysis. Thus, like dorsal horn interneurons and 
ventral horn motoneurons, SPN are also affected by sensory 
deprivation. This work was supported by RFBR, grant 17-
04-00349a.

Disclosure: No significant relationships.
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ISAN19.181
PAIN AND SLEEP QUALITY IMPROVE AFTER 
RESISTANCE TRAINING WITH INSTABILITY IN 
PARKINSON’S DISEASE PATIENTS

Carla Silva-Batista, Carlos Ugrinowitsch
School of Physical Education and Sport, University of São Paulo, 
São Paulo, BRAZIL

Abstract: Backgroung: Pain and poor sleep quality are non-
motor symptoms of Parkinson’s disease (PD) that can be 
dramatic and confounding mainly for patients with orthostatic 
hypotension, as these symptoms contribute to falls and 
hospitalization. These symptoms represent a therapeutic 
challenge because pharmacological treatment (dopaminergic 
medication) has limited effects. Thus, nonpharmacological 
treatment, such as physical training are needed. Objective: 
To evaluate whether 12 weeks of resistance training with 
instability (RTI) improves pain and poor sleep qaulity in PD 
patients with orthostatic hypotension. Methods: Twenty 
patients with moderate to severe PD were randomly assigned 
to a control group and RTI group. The RTI group performed 
exercises three a week for 12 wk and used high motor 
complexity exercises seven (i.e., progressive resistance with 
unstable devices). The patients of control group maintained 
their physiotherapy (three time per week for 12 weeks) during 
the study period. Before and after the 12 weeks, the sleep 
quality was assessed by the Pittsburgh Sleep Quality Index 
(PQSI) (e.g. as higher the score, the sleep quality is worse) 
and the pain was assessed by questionnaire and visual 
analogue scale (VAS). ANOVA two-way was performed. 
Results: There were significant group×time interactions 
for PSQI (P<0.0001) and VAS (P<0.0001). RTI was more 
effective than physiotherapy in improving the scores of PSQI 
(P=0.0154) and VAS (P<0.0001) at post-training. Conclusion: 
RTI improves pain and sleep quality of PD patients, likely 
because of the usage of high motor complexity exercises that 
may have a positive impact on the central nervous system. 
FAPESP:2018/16909-1. Corresponding author: csilvabatista@
usp.br

Disclosure: No significant relationships.

ISAN19.179
HIGH-RESOLUTION IMAGING, SEGMENTATION AND 
MAPPING OF MESOSCALE ORGANS USING TWO-
PHOTON EXCITATION MICROSCOPY

Michael Lake1, Lixin Wang2, Pu-Qing Yuan3, Yvette Tache4, 
Laurent Bentolila5

1UCLA, California Nanosystems Institute, Los Angeles, CA, UNITED 
STATES OF AMERICA, 2University California Los Angeles, Los 
Angeles, CA, UNITED STATES OF AMERICA, 3University California 
Los Angeles, Los Angeles, UNITED STATES OF AMERICA, 4UCLA, 
Medicine, Digestive Diseases Division, Los Angeles, CA, UNITED 
STATES OF AMERICA, 5UCLA, California Nanosystems Institute, 
Los Angeles, UNITED STATES OF AMERICA

Abstract: Two-photon excitation (2PE) laser scanning 
microscopy is the gold standard for multi-dimensional 
deep imaging of intact tissues and organs in live animals. 
Together with tissue clearing methods, 2PE microscopy can 
reveal the functional organization of complex anatomical 
structures, such as blood vessels and nerves, over very 
large volumes with subcellular resolution. When combined 
with the latest advancements in ultrafast lasers, linear 
scanners, single-photon counting detectors and increased 
computing power, 2PE microscopy is capable of producing 
high-throughput, exceptionally specific 3-D images that can 
dramatically accelerate segmentation, modeling and mapping 
of fluorescently labeled anatomical features. Our objective 
is to provide a general workflow, from image acquisition 
to data segmentation and analysis, which will generate 
detailed structural and functional mapping information of the 
innervation of various regions in large tracts of intact organs. 
Our method utilizes point-spread function engineering and 
deconvolution to transform raw optical observations into a 
more accurate representation of the object sampled. Our 
results show that a tunable excitation range from 680 nm 
to 1300 nm coupled with additional efficient wavelengths 
for 2PE cross-sections beyond frequency doubling, allows 
dramatically reduced label crosstalk and background, 
achieving the highest possible signal-to-noise ratio in photon 
counts. We further discuss how 4-D imaging can include 
fluorescence lifetime imaging at megapixel resolution and/
or label-free quantitative imaging using second-harmonic 
generation from biomolecules like collagen fibers. In 
conclusion, we demonstrate that this optimized imaging 
and segmentation workflow successfully details the neuro-
circuitry of mesoscale organs such as the colon, heart and 
brain organoids.

Disclosure: No significant relationships.
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ISAN19.182
DUAL-SIDED OPTICAL MAPPING OF THE HUMAN 
SINOATRIAL NODE

Jaclyn Brennan
The George Washington University, Biomedical Engineering 
Department, Washington, UNITED STATES OF AMERICA

Abstract: Introduction: Optical mapping is a valuable and 
widely used experimental tool in cardiac electrophysiology 
for revealing spatial and temporal changes of cardiac 
action potentials. It is also a useful high-resolution tool for 
elucidating the health, function, and specific spatial location 
of the leading pacemaker site in the sinoatrial node (SAN). 
This is particularly beneficial for providing novel insights into 
the electrophysiological effects of various anti-arrhythmic 
drugs on heart health. It was the goal of this study to 
investigate the origin of the leading pacemaker site from 
isolated donor human hearts, specifically in terms of its 
anatomical breakthrough to the epicardial and endocardial 
surfaces for a given beat. Methods: Adult human donor 
hearts were procured from Washington Regional Transplant 
Community (Washington, DC) and cardioplegically arrested 
in a high potassium solution immediately after removal from 
the chest in the operating room. Hearts were maintained in 
cardioplegic solution at 4ºC during transport to the laboratory 
and throughout the disSection of the SAN. The cannulated 
SAN was then submerged in a custom-made bath of warmed 
(37ºC) and oxygenated Tyrode’s solution and perfused at 
a flow rate suitable for obtaining 60-80mmHg of pressure 
to restore normal heart rhythm. The voltage sensitive dye, 
Di-4-ANEPPS, and the excitation-contraction uncoupler, 
blebbistatin, were loaded into the system to fluorescently 
label changes in the transmembrane potential without 
motion for a high signal-to-noise ratio. Two CMOS cameras 
(MiCAM ULTIMA-L) were mounted on either side of the SAN 
preparation for epicardical and endocardial mapping. Optical 
files were taken at a speed of 1ms/frame to examine surface 
differences in action potential morphologies, action potential 
durations, and restitution properties under normal sinus 
rhythm as well as under pharmacologic parasympathetic or 
sympathetic stimulation. Results and Discussion: A novel 
and robust algorithm was developed using MATLAB to 
precisely pinpoint the initial point of electrical breakthrough 
on both sides of the SAN as well as any observed shifts of 
this leading pacemaker region upon various changes in heart 
rates from various pharmacologic conditions. Conclusions: 
The results from this study offer novel insights into the 
complexity and heterogeneity of the leading pacemaker in 
healthy human sinoatrial nodes from the perspective of the 
epicardial and endocardial sides. It also provides a useful tool 
for experimenters to apply a robust data processing algorithm 
for identifying the location and activation properties of nodal 
tissues.

Disclosure: No significant relationships.
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ISAN19.238
MICROSCOPE INTEGRATABLE NON-INVASIVE LIGHT 
SHEET FLUORESCENT MICROSCOPE (MINILSFM)

Yehe Liu, Junqi Zhuo, Michael W. Jenkins
Case Western Reserve University, Biomedical Engineering, 
Cleveland, OH, UNITED STATES OF AMERICA

Abstract: Light sheet fluorescent microscopy (LSFM) is a 
useful technique for visualizing microstructures in whole-
mount tissue samples. It is especially useful for mapping the 
prepherial nerve systems. Yet, LSFM systems are not widely 
available because they are not affordable by most labs and 
research facilities. Commercial LSFM systems cost more than 
$100k, and even with sufficient optical expertise, it can still 
take several $10k to build a customized LSFM system. Each 
subcomponent of a functioning LSFM system (lasers, optics, 
optomechanical components, cameras and electronics) can 
cost from thousands to tens of thousands. Unlike LSFM 
systems, conventional fluorescent microscopes are widely 
available. Being able to use those microscopes for LSFM 
imaging without interfering their normal functions can save 
a large portion of the hardware cost (e.g., cameras, filters 
and detection optics). Based on this idea, we are working on 
an open source LSFM device that can be directly placed on 
the sample stage of a conventional fluorescent microscope. 
With our MiNiLSFM devices, every lab can have access to 
an affordable and easy-to-build light sheet microscope, and 
use it for rapid 3D visualization of whole-mount biological 
specimens. MiNiLSFM also addresses the prime cost of 
other important LSFM subsystems. The light source is often 
one of the most expensive components in a LSFM system. 
Unfortunately, consumer-grade bare laser diodes which are 
much cheaper than commercial scientific laser systems 
have been incapable of being focused to high-quality sheets 
needed for LSFM imaging. Here, we have overcome this 
limitation and created a stable laser source with sufficient 
performance for LSFM imaging. We designed mechanical 
components that can be conveniently made with online 
prototyping services, and easily assembled with common 
lab tools. We selected the off-the-shelf optical elements, 
optomechanical components and electronics to generate 
light sheets and facilitate linear motions that meet our design 
specifications. By combining MiNiLSFM with our fast single-
step LIMPID clearing technique, researchers can visualize 
labeled whole mount tissue samples (e.g., innervation in 
organs) in 4 simple steps. From tissue harvesting to 3D 
imaging, the entire procedure can be performed within 
hours with standard biological lab resources. In cases where 
immunohistochemistry is not required, rapid 3D visualization 
can even be faster and more convenient than conventional 
2D fluorescent microscopy. We hope this concept can help 
to accelerate research speed, broaden findings and improve 
throughput.

Disclosure: No significant relationships.

ISAN19.239
MULTICOLOR SPARSE LABELING OF MOUSE COLONIC 
ENTERIC NEURONS USING A NOVEL AAV CAPSID

Lixin Wang1, Collin M. Charlis2, Charless Fawlkes3, Pu-Qing 
Yuan4, Viviana Gradinaru5, Yvette Tache6

1UCLA, Los Angeles, CA, UNITED STATES OF AMERICA, 
2California Institute of Technology, Pasadena, CA, UNITED 
STATES OF AMERICA, 3UCI, Irvine, CA, UNITED STATES OF 
AMERICA, 4University California Los Angeles, Los Angeles, CA, 
UNITED STATES OF AMERICA, 5California Institute of Technology, 
Pasadena, UNITED STATES OF AMERICA, 6UCLA, Medicine, 
Digestive Diseases Division, Los Angeles, CA, UNITED STATES OF 
AMERICA

Abstract: Multicolor sparse labeling of mouse colonic 
enteric neurons using a novel AAV capsid Lixin Wang, Collin 
Challis, Charless Fowlkes, Pu-Qing Yuan, Viviana Gradinaru, 
Yvette Taché Background: Multicolor neuronal labeling by 
intravenous administration of adeno-associated virus (AAV) 
is a new non-invasive approach to profile single-cells for 
morphological analysis. However, this approach has been little 
used for neuronal tracing in the gastrointestinal tract. In this 
work, we studied enteric neurons of the mouse proximal colon 
using a novel AAV capsid (PHP.S) that efficiently transduces 
peripheral neurons (Chan KY et al., Nat Neurosci 2017), and 
compared 3D image reconstruction and neural tracing in three 
programs. Methods: We retro-orbitally injected a four-vector 
system (AAV-PHP.S:iihSyn-tTA:TRE-XFP) in male and female 
C57BL/6J mice to label enteric neurons with multiple hues 
via stochastic and combinatorial expression of spectrally 
distinct fluorescent proteins (XFP). The inducer vector (AAV-
PHP.S:iihSyn-tTA) was engineered to contain Synapsin-I 
promoter driving the expression of the tetracycline (tet) off 
transactivator (tTA) at an adjustable dose for labeling density 
visualized by XFP. The XFP were constructed in three separate 
vectors, which had tet-responsive elements (TRE) to drive 
expression of red, green, or cyan fluorescent protein (AAV-
PHP.S:TRE-mNeonGreen, AAV-PHP.S:TRE-mTurquoise2, and 
AAV-PHP.S:TRE-mRuby2; total 3.3 x 1011 GC/mouse), and 
they were co-administered with the inducer vector at various 
doses. We tested inducer vector at 2.5x109, 5x109, 1x1010 and 
5x1010 GC/mouse (n=3-5 mice/dose). Microscopic images 
were acquired in Zeiss confocal microscope 710 and 880, 
and reconstructed and traced using custom software (Vision 
Group, UCI), Neurolucida 360 (NL360, BFM Bioscience), and 
Imaris (version 9.2, Bitplane). Results: The dose of 1x1010 GC/
mouse yielded better expression than other tested doses for 
the tracing of individual enteric neurons and nerve fibers in the 
proximal colon. Each software allowed us to display neural 
elements in 3D images in microcircuits and to distinguish 
unique features of profiles and connections of neurons and 
fibers in different illustrations. Our custom software and 
NL360 were easy to trace individual neurons and fibers in 3D 
by user-guided semi-automated tracing, which demonstrated 
by defined colors of the soma and processes of various 
types of neurons, nerve fibers and connections inside one 
colonic enteric microcircuit. Individual neurons with contacts 
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ISAN19.240
VISUALIZATION OF THE HUMAN ENTERIC 
CHOLINERGIC SYSTEM USING A NEWLY GENERATED 
ANTIBODY AGAINST THE HUMAN PCHAT

Jean-Pierre Bellier1, Pu-Qing Yuan2, Ikuo Tooyama1, Yvette 
Tache2, Hiroshi Kimura1

1Shiga University of Medical Science, Molecular Neuroscience 
Research Center, Otsu, JAPAN, 2University California Los Angeles, 
Medicine, Digestive Diseases Division, Los Angeles, CA, UNITED 
STATES OF AMERICA

Abstract: In the absence of specific antibodies against 
the neurotransmitter acetylcholine, one of the most 
reliable methods to visualize the cholinergic system is 
immunohistochemistry against choline acetyltransferase, 
the enzyme responsible for acetylcholine synthesis. Previous 
studies have demonstrated that an antiserum against the 
rat peripheral choline acetyltransferase (rpChAT), a variant 
of choline acetyltransferase preferentially expressed in the 
peripheral nervous system, was particularly suitable for 
delineating the enteric cholinergic system in rat and mice, 
but was less effective to label the human counterpart. 
Herein, we described the production of a novel mouse 
polyclonal antiserum against the human peripheral choline 
acetyltransferase (hpChAT) using an antigenic peptide. 
Western-blot analysis of human colon extract showed that 
the novel antiserum recognized a single protein matching 
the expected size for hpChAT, but failed to detect any 
signal in protein extract from human ventral spinal cord. 
On tissue sections of human ileum and ascending colon, 
the immunolabeling pattern of hpChAT was similar to that 
previously described for rpChAT. hpChAT immunoreactivity 
(IR) was detected with a high resolution and exclusively located 
not only in neuronal cell bodies of the intramural plexuses, but 
also in smooth and varicose fibers throughout the intestinal 
wall. No labeling for hpChAT was seen in the human striatum. 
These data clearly indicate that hpChAT does not crossreact 
with the common type of ChAT expressed preferentially 
in the central nervous system. Further, in whole mount 
preparations of human sigmoid colonic longitudinal muscle/
myenteric plexus, hpChAT IR was visualized in neuronal 
cytoplasm and processes though varying in intensity. Both 
Dogiel type I and type II neurons were immunoreactive for 
hpChAT with hpChAT IR being stronger in type II. Absorption 
test using the antigenic peptide showed a total suppression 
of the immunolabeling. Finally, this novel hpChAT antiserum 
also labeled monkey and pig enteric nervous system. This 
study characterizes a newly generated antiserum against 
human pChAT and its particular suitability to visualize, with 
a high anatomical resolution, cholinergic structures in the 
human peripheral nervous system, as exemplified here in the 
human enteric nervous system. (J-P.B. is supported by JSPS 
KAKENHI 18K0885300, P-Q.Y. and Y.T. are supported by NIH/
SPARC 1OT2OD024899-01)

Disclosure: No significant relationships.

to other neurons and fibers were selected on display by 
NL360. Imaris was good at selection of neuronal elements of 
particular morphologic feature by clipping and/or cropping in 
the microscopic images visualized as 3D images and videos. 
Combined with images reconstructed by the three software, 
we collected 3D images of representative neural elements in 
one microcircuit and single neuron morphology in relationship 
to the surrounding structures, such as short stubby dendrites 
characteristic of Dogiel type I, short dendrites of Dogiel type 
IV and long ramified Dogiel type III neurons, “claw-like” 
terminals and parallel running fibers. Conclusion: The new 
multicolor AAV vector system and 3D image processing 
software provide us tools to demonstrate three-dimensional 
neuronal profiling and wiring in the enteric microcircuits. 
Supported by NIH SPARC award 1OT2OD24899

Disclosure: No significant relationships.
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ISAN19.242
IN-VIVO TRACING OF VAGAL PROJECTIONS TO THE 
BRAIN WITH MANGANESE ENHANCED MAGNETIC 
RESONANCE IMAGING

Steven Oleson1, Kun-Han Lu2, Jiayue Cao2, Terry L. 
Powley3, Zhongming Liu4

1Purdue University, Biomedical Engineering, West Lafayette, 
IN, UNITED STATES OF AMERICA, 2Purdue University, West 
Lafayette, IN, UNITED STATES OF AMERICA, 3Purdue University, 
Psychological Sciences, West Lafayette, IN, UNITED STATES 
OF AMERICA, 4Purdue University, Electrical and Computer 
Engineering, West Lafayette, IN, UNITED STATES OF AMERICA

Abstract: Purpose: We used MnCl2as an MR-contrast agent 
to trace the vagal projections into the brain. Mn2+ is a calcium 
(Ca2+) analog that can enter excited neurons via voltage-
gated Ca2+channels, and it is able to transport along axons by 
microtubules. It can also transport across multiple synapses 
to adjacent neurons. In this study, we have developed a 
novel experimental approach using manganese enhanced 
magnetic resonance imaging (MEMRI) to demonstrate the 
tracing of the vagus nerve projections to the brain in rats 
and how vagus nerve stimulation can modulate this process. 
Method: Baseline T1-weighted brain images were acquired 
in three groups of rats. After imaging, each rat in each group 
was immediately subject to a micro-injection of 1.0μl of 
500mM MnCl2 and an implantation of a biphasic electrode. 
The first group (n=5) was injected in the left nodose ganglion 
and was stimulated along the left cervical vagus nerve for 
four hours with electrical pulses from previous preclinical 
studies (biphasic square pulses with inter-pulse duration 
(IPD) = 50 ms; pulse amplitude (PA) = 1mA; pulse width (PW) 
= 0.5ms; frequency = 5Hz; 20 seconds on and 40 seconds 
off). The second group (n=6) was injected in the left nodose 
ganglion, implanted along the left cervical vagus nerve, but 
was not stimulated. The third group (n=5) was injected in the 
right nodose ganglion, implanted along the right cervical 
vagus nerve, and was also not stimulated. The first group 
was allowed to recover from surgery after the stimulation 
period, whereas the other two groups began their recovery 
after their injections. All three groups of rats were imaged 
at the same post-injection times to accurately compare 
Mn2+transport. Brain images were linearly registered to a 
template to visualize the statistically significant enhancement 
at a group-level. Post-injection normalized signal intensity 
increases were calculated and quantified relative to the pre-
injection images. Results: When we compared pre-injection 
images of the rat brain with the corresponding post-injection 
images, it was apparent that manganese was transported 
from the side-specific injection site to the ipsilateral nucleus 
tractus solitarius (NTS). The first group showed an increase 
in the normalized signal intensity in the left NTS at 12 hours 
post-injection (42.64%, p<0.02). The second group also 
showed an increase in the normalized signal intensity in the 
left NTS at 12 hours post-injection, but at a lesser magnitude 
(24.17%, p<0.02). The third group resulted in an observed 

ISAN19.241
NERVES OF THE BONE: FOUNDATIONAL 
NEUROANATOMICAL MAPPING OF SKELETAL NERVES 
FROM BONE TO BRAIN

Madelyn Lorenz1, Jennifer Brazill2, Eva Jeliazkova1, Natalie 
Wee3, Sungjae Park1, Zhaohua Wang2, Mark Jacquin4, 
Clarissa Craft2, Erica Scheller2

1Washington University School of Medicine, Im- Bone and 
Mineral Disease, St. Louis, MO, UNITED STATES OF AMERICA, 
2Washington University in, Department of Medicine, Division 
of Bone and Mineral Diseases, St. Louis, MO, UNITED STATES 
OF AMERICA, 3University of Connecticut Health Center, 
Reconstructive Sciences, Farmington, CT, UNITED STATES OF 
AMERICA, 4Washington University School of Medicine, Neurology, 
St. Louis, MO, UNITED STATES OF AMERICA

Abstract: Background: Neuropathy is associated with 
skeletal disorders including periodontal disease, fractures, 
and general bone loss. However, due to the lack of neural 
mapping in bone tissue, the mechanisms surrounding 
neuropathic bone loss remain unclear. Methods: In this 
study, we used retrograde viral tracing with herpes simplex 
1 and pseudo-rabies viruses to map the sensory afferent 
and autonomic efferent connections, respectively, to the 
spinal cord and brain. Given the prevalence of bone marrow 
adipose tissue in the metaphyses of the long bones, we also 
mapped from peripheral white adipose tissue as a control. 
In addition, we used thick section histology and tissue 
clearing, combined with confocal immuno-microscopy, to 
map sympathetic autonomic and sensory peptidergic nerves 
within the mouse tibia, femur, and jaw. Results: Retrograde 
viral tract tracing revealed overlapping neural pathways in the 
trochlear nucleus, lateral hypothalamus, and paraventricular 
hypothalamus between adipose tissue and long bone. Nerves 
were mapped within established sites important for bone 
repair and homeostasis, including regions of the metaphysis, 
mid diaphysis, and periosteum. Multiple subpopulations of 
myelinated and unmyelinated nerves were also identified in 
association with areas of bone marrow adiposity. Striking 
differences were observed in the proportion of sympathetic 
autonomic nerves (TH+) relative to sensory peptidergic 
nerves (CGRP+) in bone when compared to adipose tissues. 
Conclusions: The skeleton is highly innervated with distinct 
and overlapping neural networks relative to sites including 
peripheral adipose tissues. Additional studies are needed to 
establish the relationship of skeletal nerves across sites and 
with other related tissues such as the spleen.

Disclosure: No significant relationships.
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ISAN19.243
LOW-COST, IMPLANTABLE WIRELESS SENSOR 
PLATFORM FOR NEUROMODULATION RESEARCH

Brett Hanzlicek1, Ian Mcadams2, Aref Smiley2, Steve J. 
Majerus3, Dennis Bourbeau4, Margot Damaser2

1Louis Stokes Cleveland VA Medical Center, Research, Cleveland, 
OH, UNITED STATES OF AMERICA, 2Cleveland Clinic, Dept Of 
Biomedical Engineering, Cleveland, OH, UNITED STATES OF 
AMERICA, 3Case Western Reserve University, Cleveland, AL, 
UNITED STATES OF AMERICA, 4MetroHealth Medical System, 
Cleveland, OH, UNITED STATES OF AMERICA

Abstract: The role of peripheral nerves in regulating major 
organ function in health and disease is not well understood. 
Elucidating the relationships between biomarkers and neural 
activity during conditions free from anesthesia is essential to 
advancing future investigations of autonomic organ control 
and improving precision for neuromodulation treatment 
approaches. Here we present a simple, customizable, off-
the-shelf component sensor platform totaling less than USD 
$20 to meet research needs for studying different organs and 
implant environments under conscious, free movement. The 
platform consists of a small, rechargeable coin-cell battery, 
an energy-harvesting IC, a low-power microcontroller, a 
low-power pressure transducer, customizable number 
of electrodes with a common anode, inductive recharge 
input, and near-field transmission. As a more nuanced 
understanding of the neuroanatomy of bladder function 
could enable new treatment options or neuroprosthesis to 
eliminate incontinence, a case study demonstrating a bladder 
implant for long-term monitoring of bladder pressure and 
urine volume in felines is presented. Utilizing a novel, non-
hermetic encapsulation approach, the customized platform 
consists of two stimulation electrodes, one sensing anode, 
and an integrated pressure sensor. The device utilizes 
two sleep modes to minimize battery loading, exhibiting a 
maximum time-averaged current draw of 120 micro-amps 
during sensing and transmission, with a quiescent current 
draw of 95 nano-amps into the microcontroller. The packaged 
device is small enough to be surgically implanted within the 
bladder lumen, where it does not inhibit bladder function nor 
inflict trauma. Benchtop evaluation of the volume-sensing 
system in simulated bladder-like conditions has demonstrated 
prediction of intra-vesical fluid volume within <5mL mean 
error below 40mL and worst-case mean error of 13mL near 
full-scale volume. These results indicate that the platform’s 
capabilities encompass the design needs for a chronic 
bladder state monitoring device.

Disclosure: No significant relationships.

enhancement in the right NTS at 12 hours post-injection 
at a similar magnitude to the second group’s respective 
enhancement (24.72%, p<0.02). Additionally, we observed 
smaller enhancement within the contralateral NTS to the 
injection site, suggesting that there was a cross-synaptic 
transport of Mn2+. Conclusion: We have shown that the use of 
MEMRI to quantify the Mn2+transport along peripheral nerves 
is feasible, specific, and activity-dependent. We developed 
a robust, non-invasive, contrast-enhanced experimental MRI 
approach to trace neuronal connections in-vivo over time. The 
potential of this method can lead to establishing the activation 
signatures of vagal projections for different therapeutic VNS 
parameters . (SPARC OT2 OD023847)

Disclosure: No significant relationships.
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ghrelin system, and minimizing the 5-HT system, would be 
on the anterior surface of the corpus, towards the lesser 
curvature, where vagal afferents connecting to ghrelin cells 
congregate. The site currently used (on the greater curvature 
near the antrum-corpus junction) would appear to be not 
ideal. Supported by NIH/SPARC grant ID # 1OT2OD023847 
(to TW Powley)

Disclosure: No significant relationships.

ISAN19.244
DISTRIBUTIONS, MORPHOLOGIES AND INNERVATION 
OF GASTRIC ENTEROENDOCRINE CELLS IN THE RAT

John Furness1, Billie Hunne2, Martin J. Stebbing3

1University of Melbourne, Anatomy and Neuroscience, Melbourne, 
AUSTRALIA, 2University of Melbourne, Parkville, VIC, AUSTRALIA, 
3Florey Institute of Neuroscience and Mental Health, Parkville, VIC, 
AUSTRALIA

Abstract: Major symptoms of gastroparesis that require 
clinical intervention are post-prandial nausea and vomiting 
and premature meal-associated satiety. Pharmaceutical 
treatments are generally ineffective and many patients elect 
to have electrodes implanted to provide gastric electrical 
stimulation (GES) for symptom relief. Unfortunately, GES is 
only effective in about half the patients. It had been thought 
that GES would pace the stomach and promote emptying to 
relieve the symptoms, and electrode placement was based 
on this theory. However, it is now apparent that the treatment 
exerts its effects by activating the vagus nerve. Vagal 
signalling to promote or reduce nausea and vomiting, and to 
modify satiety originates with the release of hormones from 
enteroendocrine cells (EEC). Of the gastric hormones, 5-HT 
promotes nausea and vomiting and causes satiety, whereas 
ghrelin has anti-nauseant effects and stimulates hunger. 
Thus a rational placement of electrodes and choice of stimuli 
would aim to diminish signalling from 5-HT-rich regions and 
augment it from ghrelin-rich regions. To guide physiological 
studies and to determine the circuitry for gastric control, we 
are investigating the distribution of gastric EEC and their 
innervation. We have mapped the distribution of gastric EEC 
containing ghrelin (A cells), 5-HT (EC cells), somatostatin (D 
cells), gastrin (G cells), histidine decarboxylase (ECL cells) 
and gastric PYY cells. In the rat, the fundus has a squamous 
epithelial lining (like the esophagus) and EEC were confined 
to the corpus and antrum. Ghrelin cells were at high density in 
the corpus and low density in the antrum. These were closed 
cells (they did not contact the lumen) and were seen close to 
parietal cells in the corpus. 5-HT cells were at low density in 
the corpus and at moderate density in the antrum. They had 
a range of morphologies, including cells that were in contact 
with the lumen. Gastrin cells were confined to the antrum, 
where there were also many somatostatin cells, commonly 
with basal processes. Somatostatin cells were at moderate 
density in the corpus, and PYY cells were rare in the antrum 
and very rare in the corpus. ECL cells were very common, 
including close to the parietal cells. Nerve fibers formed a 
network that wraps around and between the glands, and 
are therefore close to the EECs at the basal surfaces of the 
epithelium. There were more fibers at the base of the glands, 
which is also where most of the EECs occur. In particular, 
VIP and bombesin nerve fibers came close to ghrelin cells. 
Our data in human parallel the results we have obtained in 
rat. If we extrapolate to human, the results suggest the ideal 
site to stimulate to relieve the symptoms of gastroparesis, 
considering surgical convenience, maximising engaging the 
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direct data transmission to the SU, the transceiver at the IU 
accumulate the data of every 8 channels in one packet and 
transmits it to the SU. Regardless of whether the SU receives 
the signals directly from the IU or indirectly through the WU, 
it processes the received data and through a USB interface 
sends them to stationary computer. We have designed a 
GUI in LabVIEW to monitor the recording slow-waves (in 64 
independent windows) in real-time and store them for offline 
analysis. The IU has been encapsulated using medical-grade 
epoxy. The system has been validated on rigorous benchtop 
and terminal animal studies. More long-term animal studies 
are needed in the future.

Disclosure: No significant relationships.

ISAN19.245
A 64-CHANNEL WIRELESS IMPLANTABLE SYSTEM TO 
STUDY GASTROINTESTINAL ELECTRICAL ACTIVITY

Amir Javan-Khoshkholgh1, Joseph Sassoon1, Mehdi Kiani2, 
Larry Miller3, Aydin Farajidavar4

1New York Institute of Technology, Electrical and Computer 
Engineering, Old Westbury, NY, UNITED STATES OF AMERICA, 
2Pennsylvania State University, University Park, UNITED 
STATES OF AMERICA, 3Feinstein Institute for Medical Research, 
Manhasset, NY, UNITED STATES OF AMERICA, 4New York Institute 
of Technology, Old Westbury, NY, UNITED STATES OF AMERICA

Abstract: Gastrointestinal (GI) peristalsis is coordinated 
by an underlying bioelectrical activity, referred to as slow 
waves. High-resolution (HR) mapping of the GI bioelectrical 
activity is an emerging method to define GI functional 
disorders such as gastroparesis and functional dyspepsia. 
Continuous monitoring and mapping of the GI activity is 
essential to optimize electrical stimulation parameters to 
modulate the GI activity which is proven to be effective in 
treating GI dysmotility. Targeting the development of a 
minimally invasive device for HR mapping with implantation 
capability for long-term studies; we have developed a 
wireless miniature high-resolution implantable system to 
study the GI electrophysiology. The system is composed of 
an implantable unit (IU), a wearable unit (WU), and a stationary 
unit (SU) connected to a computer. Through a biocompatible 
flexible 64-channel electrode with an array of 8 by 8 (32Ã—32 
mm2, with inter-electrode spacing of 4mm) connected to a 
multiplexing circuit, the IU (11Ã—40 mm2) acquires the gastric 
slow wave signals, continuously. IU then amplifies each 
channel’s signal with an adjustable gain of 20 to 10000, filters 
with applying a band-pass filter (0.016-1.6 Hz) and digitizes at 
the rate of 15 samples per second (S/s) per channel through 
a 12-bit digital-to-analog converter (ADC). A low-power 
microcontroller which encompasses the ADC manages the 
IU. The IU can wirelessly communicate in power-saving mode 
“with the WU” through an RFID link, and in long-range mode 
“with the SU” through an ISM-band RF communication link. 
The wireless data transmission mode can be determined 
through a graphical user interface (GUI) installed on the 
computer. For inductive data transmission, the sampled 
data of all 64 channels are encoded with a customized 
Manchester encoding algorithm (pulse position encoding) and 
at 125 kS/s sent to the WU through a load-shift keying (LSK) 
modulation over a 13.56 MHz inductive link. Simultaneously, 
the WU transmits 23dBm power over the same link to be 
received by the IU and through the charge management 
circuit, recharges its 3.7V lithium polymer battery. There is 
a RFID-based closed-loop mechanism between WU and IU, 
to maintain the rectified voltage at 4.2V level, regardless of 
possible misalignment or change of distance between the 
two planar coils. The WU demodulates and then decodes the 
data sent from IU, and either stores them locally on a memory 
card or transmits them to the SU through a 2.4 GHz radio link. 
The WU’s mode can also be determined through the GUI. For 
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will enable a 3D reconstruction of the ICN.

Disclosure: No significant relationships.
ISAN19.246
COMPREHENSIVE MAPPING OF THE INTRACARDIAC 
NERVOUS SYSTEM IN RODENTS USING KNIFE-EDGE 
SCANNING MICROSCOPY

Navid Farahani1, Hunter Jackson1, Todd Huffman1, James 
Schwaber2

13Scan, San Francisco, CA, UNITED STATES OF AMERICA, 
2Thomas Jefferson University, Philadelphia, PA, UNITED STATES 
OF AMERICA

Abstract: Background Despite numerous studies aimed at 
mapping intra-cardiac neurons (ICN), both in humans and 
large mammals, we are still devoid of a comprehensive 
microscopic atlas at a single-cell level. Neuroanatomical and 
ICN mapping of large mammalian tissues like a rodent heart, 
requires large volume serial section imaging with micron-level 
resolution to characterize contextual information and neural 
connectivity. The recapitulation of the three dimensional 
context and relative spatial location of neurons in the heart, in 
combination with gene expression data, enables registration 
of the cardiac connectome with the ICN-derived molecular 
signature. This integration of structure and function will likely 
yield novel insights into the how the ICN regulates cardiac 
function. Here we demonstrate an application of knife-edge 
scanning microscopy (KESM) to provide a comprehensive 
mapping of cardiac neurons in the heart of rat. Methods The 
rodent samples used in this study from collected from eight (4 
male, 4 female) 4-week-old F344/NGsd (Fisher) rats. In brief, 
after anaesthetizing the rats, a vascular perfusion method 
was used for fixation using neutral-buffered 10% formalin. 
This was followed by surgical reSection of the rodent hearts 
in addition to all other visceral organs which were placed 
in 10% formalin overnight. Six (3 male, 3 female) rat hearts 
were stained with Cresyl Violet (0.1% in H 2 O) and two (1 
male, 1 female) rat hearts were stained with 1% Luxol Fast 
Blue to enable visualization of the intrinsic cardiac neurons 
and ganglia. Following paraffin embedding, FFPE blocks of 
all eight samples were KESM digitized at slice thickness of 5 
m per z-slice. The xy-pixel resolution for all samples is 0.5 m/
pixel. Post-processing of the data utilizes the precise spatial 
alignment provided by the KESM technique to generate co-
registered 2D image planes, which can then be used for 
volumetric analysis, feature extraction, and 3D reconstruction. 
Results In total, eight whole-mount stained rodent hearts 
were digitized using KESM, which resulted in the generation 
of sub-micron, single-cell level imagery. KESM digitization of 
eight rodent hearts produced approximately 122,810 digital 
sections, corresponding to 113 terabytes of data. On average, 
each KESM digitized rodent heart contains thousands of 
distinct neuronal nuclei in addition to ganglionic plexi, which 
enables unprecedented mapping of the intracardiac nervous 
system. Conclusion/Discussion We have shown that KESM 
imaging provides a hitherto unforeseen understanding of the 
anatomical arrangement of the ICN in rodents. Next steps 
include manual, followed by semi-automated segmentation 
of the neuronal nuclei and other features of interest, which 
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ISAN19.248
MAPPING INTRINSIC CARDIAC NEURON DISTRIBUTION 
IN 3-D RECONSTRUCTED HEARTS OF RATS AND MICE

Clara Leung1, Jin Chen2, Shaina Robbins3, Alison Moss4, 
Sirisha Achanta5, Todd Huffman6, Navid Farahani6, Maci 
Heal7, Susan Tappan7, Rajanikanth Vadigepalli8, James 
Schwaber4, Zixi J. Cheng9

1University of Central Florida, Orlando, FL, UNITED STATES OF 
AMERICA, 2University of Central Florida, Orlando, UNITED STATES 
OF AMERICA, 3Thomas Jefferson University, Philadelphia, UNITED 
STATES OF AMERICA, 4Thomas Jefferson University, Philadelphia, 
PA, UNITED STATES OF AMERICA, 5Thomas Jefferson University, 
Pathology, Philadelphia, PA, UNITED STATES OF AMERICA, 
63Scan, San Francisco, UNITED STATES OF AMERICA, 7MBF 
Bioscience, Williston, VT, UNITED STATES OF AMERICA, 
8Thomas Jefferson University, Philadelphia, AL, UNITED STATES 
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Abstract: Introduction: Intrinsic cardiac neurons (ICN) 
are involved in the autonomic control of cardiac function. 
However, a holistic distribution of the ICN in the context of 
the whole heart is not well represented. The objective of this 
study is to determine the ICN distribution in the entire heart 
of rats and mice by 3D heart reconstruction using a novel 
combination of KESM serial sectioning and the new software 
Tissue Mapper developed by MBF. Methods: Two normal rat 
hearts were cryostat sectioned, Nissl stained, and imaged 
to create an image stack. An additional normal rat and one 
normal mouse hearts were cut and simultaneously imaged 
using KESM to produce an image stack. Image stacks were 
compiled into 3D volumes. 3D reconstruction of the heart and 
was performed with the Tissue Mapper software. Results: The 
ICNs in the rat hearts prepared by cryostat sectioning and 
KESM were localized at the atria and major blood vessels. 
Multiple ganglionated plexuses were found in the rat heart. 
There were two large ganglionated plexuses observed, which 
were speculated to be the œSA and œAV ganglia. In mice, 
multiple ICN clusters were found in defined ganglia at the 
atria and around blood vessels. Like rats, two large ganglia 
were also found. Conclusions: The combination of 3Scan 
KESM serial sectioning and MBF software Tissue Mapper 
can present a novel method of visualizing ICN in a 3D 
reconstructed heart. This work provides a proof-of-concept 
that can be used by SPARC Map Core for the anatomical 
scaffold of 3D hearts.

Disclosure: No significant relationships.

ISAN19.247
INTRINSIC CARDIAC NEURONS (ICNS) PROJECTING TO 
THE SA AND AV NODES IN RAT HEART

Jin Chen1, Rajanikanth Vadigepalli2, James Schwaber2, 
Susan Tappan3, Zixi J. Cheng1

1University of Central Florida, Orlando, FL, UNITED STATES OF 
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STATES OF AMERICA

Abstract: Introduction: Intrinsic Cardiac Neurons (ICNs) play 
an important role in cardiac regulation. Multiple ganglionated 
plexuses have been found on the dorsal surface of rat atria. 
There are two large plexuses, one close to the sinoatrial node 
(SAN), and another cluster near the atrioventrical node (AVN). 
The 3D distribution of ICNs projecting to the SAN and AVN 
remain unclear. Methods: SAN and AVN cells are identified 
using immunohistochemical staining (HCN4). To identify 
neurons projecting to the SAN, the tracers DiI (red) and DiA 
(green) are injected into SAN and AVN in rats. Fluorogold 
(FG, yellow) is injected intraperitoneally to label the whole 
ICNs. Two to three weeks after injection, hearts are collected 
and prepared as flat whole-mounts or serial sections. The 
Neurolucida system will be used for data analysis and 3D 
reconstruction of the whole heart. Results: SAN and AVN 
cells are identified in the right atrium. The Whole-mount tissue 
analysis showed that the majority of the neurons projecting 
to the SAN are located in the large plexus close to the SAN 
region. The distribution of ICNs projecting to SAN and AVN 
will be presented in 3D reconstruction of the whole heart. 
Conclusions: In rats, ICNs projecting to SAN are mainly 
located in the large ganglionated plexus near the SAN. The 
analysis of ICNs projecting to AVN is ongoing. The distribution 
of ICNs projecting to the SAN and AVN from 5-6 rats/each 
will be superimposed to create a 3D representation of these 
ICNs in the heart scaffold.

Disclosure: No significant relationships.
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neuronal phenotypes within the rat ICN. The combination of 
these methods and technologies act as an essential tool to 
developing a 3-D model of the heart, the neurons within it as 
well as the innervation, allowing us to provide new meaning 
to molecular data by providing anatomical context to the 
distribution of molecular phenotypes within the heart, and 
the relationship of these to the cardiac neuronal connectome.

Disclosure: No significant relationships.

ISAN19.249
INTEGRATED ANATOMICAL AND MOLECULAR ATLAS 
OF RODENT INTRA-CARDIAC NERVOUS SYSTEM
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Abstract: We have developed a comprehensive 3D 
anatomical and molecular map of rat and mouse intra-cardiac 
neurons (ICN) in the overall histological and ontological 
context of the heart demonstrating anatomically specific 
single-neuron transcriptional gradients. The development of 
the approaches needed to acquire these data have produced 
a methods pipeline which can achieve the goals of the NIH 
Directors Initiative Stimulating Peripheral Activity to Relieve 
Conditions (SPARC): Comprehensive Functional Mapping of 
Neuroanatomy of the Heart. We herein show the development, 
coordination, and integration of several technologies 
involving application of novel whole organ imaging, software 
development, precise 3D Neuroanatomical mapping and 
computational modeling into a pipeline that can achieve the 
SPARC goal of a comprehensive foundational data resource. 
We established two multi-component pipelines to map 
neurons identified from histological heart tissue sections. One 
approach optimizes precision of 3D heart shape and tissue 
section alignment for establishing a 3D reference framework. 
A second alternative sacrifices precision but supports, in 
addition to mapping neuron positions, the acquisition of 
projections/connectomic data and/or acquisition of neuron 
samples for molecular profiling. The first pipeline acquires 
sections and images by using the novel Knife Edge Section 
Imaging system (KESM, 3Scan) which maintains precision and 
eliminates most artifacts. The second pipeline uses cryostat 
sectioning which preserves the tissue and allows for collection 
of single neurons through laser capture microdissection. 
Images of these sections from both methods, including cell 
positions, have been mapped by software we developed 
in collaboration with MBF Biosciences, TissueMaker and 
Tissue Mapper. Images obtained through both methods 
have been stacked to create a whole heart volume where 
we have identified neurons within their 3D anatomical 
location. Over 2500 single neurons have been identified in 
each heart and we have identified distinguishable, spatially 
separated ganglia within the ICN using clustering of spatial 
coordinates. Molecular data for 151 single neuron samples 
acquired using the second pipeline suggest molecular 
gradients that align with the spatial location, suggesting 
gradient-based regulation of gene expression that underlie 



12111TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, SATURDAY JULY 27 
JULY 27, 2019 | 8:00 AM–5:00 PM

pudendal nerve using fibrin glue, and impedances ranged 
from 5-10 kΩ upon implantation to 60-100 kΩ at 4 weeks. The 
impedances increased to approximately 100-350k at 8 weeks. 
Preliminary experiments with the implanted stimulators 
allowed successful delivery of stimulation pulses to the 
pudendal nerves and monitoring of the electrode impedance 
over 15 days. We will continue to test the implantable devices 
out to 30 days. Conclusions: Low-profile implantable nerve-
cuffs successfully delivered stimulation in chronic implanted 
studies across a range of nerve diameters and species with 
a reduced electrode impedance. Preliminary results suggest 
the use of an implantable stimulator to enable freely behaving 
studies may overcome the limitations of conventional methods 
and tools.

Disclosure: No significant relationships.

ISAN19.250
AN IMPLANTABLE NEUROMODULATION DEVICE 
WITH RECORDING AND STIMULATION FOR FREELY-
BEHAVING SMALL-ANIMALS

Bryan Mclaughlin1, Warren M. Grill2, Chris Langdale2, Zhe 
Hu1, Kevin Meador1, Bill Mckinney1, Girish Chitnis1, John 
Ogren1, Liane Wong1

1Micro-Leads, Inc, Somerville, UNITED STATES MINOR OUTLYING 
ISLANDS, 2Duke University, Biomedical Engineering, Durham, 
UNITED STATES OF AMERICA

Abstract: Introduction: Performing chronic visceral and 
autonomic neuromodulation studies in small animals is limited 
by inadequate tools and thus constrained experimental 
design. Poor nerve-electrode coupling, deterioration of 
the electrode-nerve interface, and changes in electrode 
impedance complicate studies and the interpretation of 
study results. Three enduring challenges limit these studies: 
(1) existing implantable telemeters perform stimulation, but 
do not have impedance monitoring or physiological sensing 
capabilities (ex. EMG, ECG, neural readouts, pressure) (2) 
head-caps consistently fatigue and fracture resulting in 
substantial animal loss, reduction of statistical power of 
results, and high-cost of repeat studies, and (3) nerve cuff or 
surface electrodes positioned on visceral nerves or organs 
suffer from significant tethering forces from hook-up wires. 
Multi-functional implantable stimulation telemetry devices 
connected to self-closing nerve cuffs using stretchable wires 
can overcome these issues to enable chronic neuromodulation 
studies and therapies. Methods: An implantable telemeter 
with programmable stimulation waveforms and EMG and 
ENG sensing was developed to enable freely-behaving 
animals to undergo chronic stimulation and recording. After 
soak-testing of the implantable devices for 6-8 weeks, the 
devices were implanted for 14 days with electrodes attached 
to the pudendal nerves. Self-closing and low-profile nerve 
cuffs were designed for 300 μm and 400 μm pudendal and 
pelvic nerves. Helical-wound stretchable and flexible lead 
wires were developed from high-strength and low resistivity 
MP35N braided wire to create a stretchable wire connection 
intended to reduce tethering forces. Benchtop testing of the 
stretchable wires included 50,000 cycles with a 30% (10 mm 
elongation) and a 5 N cyclic load. In-vivo chronic testing in 
multiple animal species and multiple nerve targets has been 
used to demonstrate the efficacy of nerve stimulation over 
time. Results: Functional performance of the implantable 
stimulators under soak-test confirmed water resistance of 
the system over 6-8 weeks. Stimulation of the pudendal 
nerve to modulate bladder function shows changes in 
urethral sphincter EMG indicating functional response. 
We also demonstrate wireless sensing of pudendal nerve 
activity. Self-closing nerve cuffs for 200, 300, and 400 μm 
diameter nerves exhibit an impedance in saline of 3-5kΩ, 
2-5kΩ, 1-5kΩ. No wire breakage or change in isolation or 
impedance was observed across the nerve-cuffs during 
cyclic benchtop testing. Electrodes were positioned on the 



12211TH CONGRESS OF THE INTERNATIONAL SOCIETY FOR AUTONOMIC NEUROSCIENCE    JULY 25-27, 2019 |  LOS ANGELES CALIFORNIA

POSTER PRESENTATIONS

POSTER SESSION, SATURDAY JULY 27 
JULY 27, 2019 | 8:00 AM–5:00 PM

potential for treating diabetes.

Disclosure: No significant relationships.
ISAN19.251
VAGAL NERVE STIMULATION USING AN IMPLANTABLE 
PULSE GENERATOR FOR CONTROLLING BLOOD 
GLUCOSE

Jieyun Yin
Transtimulation Research Inc, Oklahoma City, UNITED STATES OF 
AMERICA

Abstract: Background: Diabetes imposes a substantial 
burden on the economy of the U.S with an annual cost over 
$245 billion. High-frequency vagal nerve stimulation (VNS, 
V-BLOC) has been approved for treating obesity; however, 
little has been investigated on the effect VNS, especially 
low frequency VNS for diabetes. The aim was to investigate 
the effects and mechanisms of low-frequency VNS using an 
implantable pulse generator on glycemic control in dogs. 
Methods: The hyperglycemic canine model was induced by 
the combination of high fat diet and streptozotocin (22.5mg/
kg). Vagal nerve leads were implanted with one pair at the 
subdiaphragmatic dorsal trunk and the other pair at the 
ventral trunk. Oral glucose tolerance tests (OGTTs) with sham-
VNS and VNS of different configurations (different locations, 
durations and parameters) were then investigated on 
separated days. Insulin tolerance test (ITT) was studied with 
optimized SNS method. Autonomic functions were assessed 
by the spectral analysis of heart rate variability (HRV) derived 
from the ECG. Plasma glucagon like peptide-1 (GLP-1) was 
assessed from blood samples obtained during OGTT. Results: 
1) Intermittent VNS at a frequency of 5 or10 Hz was found to 
be the best stimulation parameters. This VNS method at the 
dorsal trunk for 180 min reduced blood glucose from 171 
±12.1mg/dl with sham VNS to 140.4 ±10.6mg/dl with VNS at 
30min (P = 0.037, n=5) and from 156.6 ±12.0mg/ml to 111.8 
±12.5mg/dl at 90min. 2) VNS with durations (180, 120, 60, 30 
and 15min) were studied and a duration of 30-min was found 
to be the best. The 30-min VNS reduced the blood glucose by 
15.3% at 30min, 16.3% at 60min, 22.9% at 90min and 32.3% 
at 120min (P < 0.04 respectively, n=5). 3) VNS with various off 
time (on-time fixed at 10s) were studied. VNS with 45s off, 90s 
off, 120s off and 180s off reduced blood glucose at different 
time points; VNS with 45s off was less effective on reducing 
blood glucose. VNS with both 90s off and 180s off significantly 
reduced blood glucose from 30min to 120min compared to 
the sham (P < 0.04 ANOVA, n=5). The AUC was reduced from 
414.4±28.6 with sham VNS to 343.1±24.0 with VNS at 90s off 
(P = 0.01) and to 333.6±23.2 with VNS at 180s off (P = 0.001). 
4) The insulin sensitivity was not changed by VNS (P > 0.05). 
5) Sympathovagal ratio assessed by the spectral analysis 
of HRV was not different between the sham VNS and VNS 
session (P =0.3), suggesting a possible vagal efferent instead 
of a vagal-vagal mechanism. 6) VNS significantly increased 
the plasma GLP-1 level from 44.6 ± 10.2 pmol/L to 53.1 ± 
9.7pmol/L at 30min after oral glucose (P =0.035 vs. sham 
VNS). Conclusions: VNS reduced blood glucose in a canine 
model of hyperglycemia; the reduction was possibly due to 
the release of GLP-1. VNS at low frequency has a therapeutic 
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ISAN19.253
A NOVEL STOCHASTIC SELF-ASSEMBLY MODEL FOR 
ION CHANNEL TRAFFICKING AND CLUSTERING IN 
EXCITABLE CELLS

Daisuke Sato1, Gonzalo Hernandez-Hernandez2, Collin 
Matsumoto2, Sendoa Tajada2, Claudia M Moreno2, Rosie 
Dixon2, Samantha O’Dwyer2, Manuel F. Navedo1, James 
S. Trimmer2, Marc Binder3, Colleen E. Clancy4, Luis F. 
Santana5

1University of California, Davis, Pharmacology, Davis, CA, UNITED 
STATES OF AMERICA, 2University of California Davis, Physiology 
and Membrane Biology, Davis, CA, UNITED STATES OF AMERICA, 
3University of Washington, Department of Physiology and 
Biophysics, Seattle, UNITED STATES OF AMERICA, 4UC Davis, 
Physiology and Membrane Biology, Davis, CA, UNITED STATES 
OF AMERICA, 5University of California, Davis, Physiology and 
Membrane Biology, Davis, CA, UNITED STATES OF AMERICA

Abstract: Membrane ion channels are expressed into clusters 
in excitable cells. At present, however, the mechanisms 
leading to the formation and maintenance of this complex 
spatial organization are unknown. In this study, we used 
super resolution microscopy to determine the time course 
of TRPV4 and CaV1.2 channel cluster formation. Our data 
indicates that TRPV4 and CaV1.2 channel cluster area 
and density increase rapidly after the initiation of channel 
expression, but both eventually reach a plateau. At every time 
point, the probability distribution functions of cluster size were 
described by a single exponential. We generated a stochastic 
model to simulate CaV1.2 and TRPV4 cluster formation. 
The model has parameters that reflect channel cluster 
nucleation, growth, and removal probabilities. Probabilities 
were determined based on the cluster density and the mean 
cluster size in experiments. Key features of our stochastic 
model include a recycling mechanism of channel nucleation, 
growth, and removal. Furthermore, the model assumes a 
relatively rapid channel turnover rate, which we found critical 
to reproduce the experimentally-determined steady-state 
channel organization. Importantly, our model incorporates 
a self-regulating mechanism for CaV1.2 and TRPV4 channel 
cluster formation that assumes a feedback process between 
channel activity and cluster formation. Finally, our model 
can reproduce the distributions of TRPV4, CaV1.2, CaV1.3 
and BK channels in cardiac and smooth muscle cells as well 
as in neurons. To conclude, our in vitro and in silico data 
support the view that TRPV4, CaV1.2, CaV1.3, BK, and TRPV4 
channels are randomly inserted in the membranes of muscle 
cells and neurons and that clusters grow in the membrane of 
these cells until they reach a steady-state likely determined 
by a feedback mechanism.

Disclosure: No significant relationships.

ISAN19.252
FUNCTIONAL MAPPING OF THE INFLUENCE OF 
NEUROMODULATION ON COLONIC MOTILITY IN A 
PORCINE MODEL

Muriel Larauche1, Yushan Wang2, Po-Min Wang2, Genia 
Dubrovsky3, Yi-Kai Lo2, Ian Hsiang2, James Dunn4, Wentai 
Liu2, Yvette Tache1, Million Mulugeta1

1UCLA, Medicine, Digestive Diseases Division, Los Angeles, 
CA, UNITED STATES OF AMERICA, 2UCLA, Bioengineering, Los 
Angeles, CA, UNITED STATES OF AMERICA, 3UCLA, Surgery, Los 
Angeles, CA, UNITED STATES OF AMERICA, 4Stanford University, 
Pediatric Surgery, Stanford, CA, UNITED STATES OF AMERICA

Abstract: Background: Neuromodulation could be an 
alternative therapy to bowel dysfunctions that are refractory to 
pharmaceutical treatments. However, foundational knowledge 
on the modalities, and effects of optimal neuromodulation 
are lacking. Aim: Map the colonic motor response to 
neuromodulation in a porcine model. Methods: Anesthetized 
Yucatan male pigs (7 months old, 27-32 kg, n=28) were used. 
Direct proximal (PC), transverse (TC) and distal (DC) colon 
electrical stimulations were performed using planar flexible 
multi-electrode array panels. Different stimulation parameters 
for single or multiple electrical stimulations at 2-100 Hz, 2-4 
msec, 4-15 mA paradigm were applied. In a group of pigs, the 
celiac branch of the vagus was stimulated (2 Hz, 4ms, 5mA) 
with or without afferent anodal block (200 Hz, 0.1ms, 2 mA). In 
all instances, PC, TC and DC wall bioimpedance and luminal 
pressure changes were monitored before, during and after 
stimulation. Regional colonic motility index was quantified by 
measuring the area under the curve of the phasic component 
of the luminal pressure trace (pAUC). Colonic luminal pressure 
heat map was generated. Data were analyzed using one-way 
ANOVA and Dunnett post hoc test. Results: Direct PC, TC 
and DC stimulations caused visible local circular (segmental-
like) or longitudinal muscle contractions that correlated with 
respective bio-impedance changes, Stimulation increased 
luminal pressure changes in PC, TC and DC (143.0 ± 40.7 
%, 135.8 ± 59.7% and 142.0 ± 62% respectively). Optimal 
contractile response was observed at 10 Hz, 2 ms, 15mA. 
Celiac vagus stimulation, without afferent block, increased 
luminal pressure changes across the colonic regions. 
Stimulation with afferent block had lesser area of influence. 
Conclusions: Colon tissue electrical stimulation causes 
primarily local contractions with occasional luminal pressure 
changes at distant colon sites. Celiac nerve stimulation 
without afferent block, recruits higher degree of colonic neural 
network as evidenced by enhanced motor responses across 
the colon, when compared to stimulation with afferent block. 
Funding: NIH SPARC 1OT2OD024899-01

Disclosure: No significant relationships.
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COMPUTATIONAL MODELS OF COMPOUND NERVE 
ACTION POTENTIAL RECORDINGS FROM RAT 
CERVICAL VAGUS NERVE

Edgar Pena1, Eric D. Musselman2, Nicole A. Pelot3, Gabriel 
B. Goldhagen2, Brandon J. Thio1, Matthew Ward4, Warren 
M. Grill2

1Duke University, Biomedical Engineering, Durham, NC, UNITED 
STATES OF AMERICA, 2Duke University, Biomedical Engineering, 
Durham, UNITED STATES OF AMERICA, 3Duke University, Durham, 
UNITED STATES OF AMERICA, 4Purdue University, West Lafayette, 
AL, UNITED STATES OF AMERICA

Abstract: Compound nerve action potential (CNAP) 
recordings provide a window into evoked autonomic nerve 
activity, but inter-individual variability and non-specific 
characteristics of current recording technologies limit 
the interpretation and consistency of such recordings. A 
computational model of CNAPs will enable the exploration 
of parameters that affect recording variability, will provide 
an efficient platform for electrode design (e.g. to enhance 
fiber type selectivity), and will allow validation of neural 
stimulation models against in vivo recordings of CNAPs. 
Here, we developed and tested a framework for predicting 
CNAPs evoked by stimulation of rat cervical vagus nerve. 
We quantified transmembrane currents during action 
potentials by using published biophysical axon models 
of myelinated and unmyelinated nerve fibers at diameters 
reported for rat cervical vagus nerve. To calculate the 
extracellular potentials consequent to these transmembrane 
currents, we implemented a homogeneous, anisotropic 
analytical model with point recording electrodes, as well as 
a detailed finite-element model with inhomogeneous tissue 
and material properties that incorporated rat cervical vagus 
nerve morphology with a cuff electrode. Compared to the 
homogeneous analytical model, CNAP predictions based on 
the finite element model had temporally broader peaks and 
lower CNAP amplitudes. Each material in the finite element 
model, when considered individually relative to the analytical 
model, affected the predicted CNAP amplitude by >5%, with 
a particularly pronounced effect observed due to the silicone 
cuff and perineurium (>40%). Across both myelinated and 
unmyelinated fibers, fiber location within a fascicle had a 
limited effect on modeled CNAP amplitude (<5%). Compared 
to in vivo experimental datasets, modeled CNAPs for 
unmyelinated C-fibers exhibited slower conduction velocities 
(3 m/s experimental vs 0.78 m/s modeled) and temporally 
broader peaks. Our findings indicate that the properties 
of modeled cuff and tissue can have a large impact on the 
shape and amplitude of the resultant simulated CNAPs. In 
addition, the differences between the predicted CNAPs and 
experimental recordings suggest a need for further model 
validation and for biophysical autonomic fiber models with 
membrane properties that adequately capture those of fibers 
in the vagus nerve.
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ISAN19.256
ULTRASOUND RADIATION FORCE AND CAVITATION 
MONITORING DURING FOCUSED ULTRASOUND 
NEUROMODULATION IN SCIATIC NERVE

Stephen Lee1, Hermes Kamimura2, Mark Burgess1, Elisa 
Konofagou2, Min Gon Kim1

1Columbia University, New York, NY, UNITED STATES OF 
AMERICA, 2Columbia University, New York City, NY, UNITED 
STATES OF AMERICA

Abstract: Focused ultrasound (FUS) neuromodulation 
could provide an important noninvasive surrogate with high 
specificity to chemcial, electrical, or magnetic modulation 
techniques for treating peripheral diseases. Numerous 
studies have demonstrated FUS activation of neural tissue 
across several animal models. The in vivo mechanism remains 
unknown with some theoretical models making assumptions 
that may not necessarily reflect the physical respons 
of the nerve to FUS in vivo. Imaging and understanding 
neuromodulation during modulation is thus critical. 
Previously, we have demonstrated that the sciatic nerve 
can be activated by FUS and can be imaged and quantified 
using the nerve displacement generated by the FUS radiation 
force. In this study, the development of simultaneous real-
time displacement and passive cavitation mapping is 
discussed that can assist in targeting and monitoring FUS 
neuromodulation while also shedding light into the mechanism 
in vivo. A 4 MHz single-element HIFU transducer, with focal 
volumes: 0.2 x 2 mm, (Sonic Concepts, WA) applied tone 
burst pulses of 0.5 ms, 0.01 Hz PRF, 30 MPa peak-to-peak 
pressure were used to generate action potentials recorded 
by electromyography (EMG). Real-time displacement images 
were acquired using an 18-MHz transducer (Vermon, France) 
and passive acoustic mapping (PAM) were recorded at 7.8 
MHz (Philips, MA). Displacement images were calculated by 
applying 1D cross-correlation (9l window, 99% overlap) with 
compounded RF acquired at a frame rate of 10kHz. Cavitation 
was mapped by acquiring passive acoustic emissions from 
the HIFU transmit and calculating using frequency-domain 
delay, sum, and integrate passive imaging. Both cavitation 
and displacement images were temporally and spatially 
tracked and overlaid onto B-mode images of the mouse thigh. 
Figure 1a shows real-time displacement images were used to 
locate and center the FUS focus onto the sciatic nerve in the 
mouse. 2 MPa peak positive pressure and 1ms pulse duration 
was used as the targeting pulse. Figure 1b illustrates EMG 
recordings of the gastrocnemius muscle in response to FUS 
stimulation shows a time dependent relationship. In one trial 
of 10 sequential sonications (.01 Hz PRF), large compound 
muscle action potentials up to 0.4 mV were acquired during 
sonications 1-3 that were diminished beyond sonication 
4. EMG response returned in sonications 5-6 but steadily 
decreased in amplitude until there was no response (7-10). 
The physical movement of the nerve tissue was tracked 
before, during, and after stimulation and the threshold peak 
displacement for successful activation was above 100 mm. 

ISAN19.255
MECHANISM FOR CAMP OVERSHOOT IN 
VENTRICULAR MYOCYTES FOLLOWING β1 - 
ADRENERGIC STIMULATION

Emily Meyer1, Colleen E. Clancy2, Timothy J. Lewis1

1University of California, Davis, Davis, CA, UNITED STATES OF 
AMERICA, 2UC Davis, Davis, CA, UNITED STATES OF AMERICA

Abstract: The sympathetic nervous system (SNS) plays 
a fundamental role in regulating cardiac function through 
activation of β-adrenergic receptors (β-ARs) and the 
subsequent increase in cAMP production. However, SNS 
input to the heart can sometimes lead to arrhythmias. In 
particular, certain motifs of SNS input have been shown to 
trigger large transient increases (i.e., overshoots) of cAMP 
concentration in ventricular cells, which have the potential 
to induce ectopic beats. The specific conditions promoting 
such proarrhythmic activity are unclear. Stimulation of β1-ARs 
leads to a cascade of intracellular reactions: adenylyl cyclase 
activated by stimulatory G-protein increases production 
of cAMP, which activates PKA; PKA then phosphorylates 
many targets, including calcium and potassium channels, 
ryanodine receptors, and troponin, as well as β1-ARs. 
Detailed computational models have been used to describe 
the β1-adrenergic signaling process, but the complexity of 
these models makes it difficult to uncover the mechanisms 
underlying subtle behavior, such as cAMP overshoots. Here, 
we exploit multiple timescales to reduce the 16-variable 
adrenergic signaling component of the Soltis-Saucerman 
model to a system of two differential equations for cAMP and 
active β1-AR concentrations. We then analyze the reduced 
model to reveal the mechanism underlying cAMP overshoot 
in response to β1-AR activation and identify parameters that 
determine the magnitude of the overshoot. Our results allow 
us to make predictions for how pharmacological methods can 
be used to deter the potential proarrhythmic effects of SNS 
input to the heart.

Disclosure: No significant relationships.
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ISAN19.257
A DEMONSTRATION OF MODULARITY 
AND REPRODUCIBILITY FOR CARDIAC 
ELECTROPHYSIOLOGY MODEL USING KEPLER 
WORKFLOWS

Pei-Chi Yang1, Shweta Purawat2, Pek U. Ieong3, Mao-Tsuen 
Jeng1, Kevin R. Demarco1, Igor Vorobyov1, Andrew D. 
Mcculloch4, Ilkay Altintas2, Rommie E. Amaro3, Colleen E. 
Clancy1

1UC Davis, Davis, CA, UNITED STATES OF AMERICA, 2San 
Diego Supercomputer Center, La Jolla, CA, UNITED STATES OF 
AMERICA, 3National Biomedical Computation Resource, Uc San 
Diego, La Jolla, CA, UNITED STATES OF AMERICA, 4UC San Diego, 
La Jolla, CA, UNITED STATES OF AMERICA

Abstract: Computational modeling and simulation have 
proven to be a powerful approach to reveal fundamental 
mechanisms of the cardiac rhythm in both normal and 
pathological conditions. There has been a tremendous 
increase in both the number of cardiac models in existence, 
and in model complexity over the last several decades. To 
ideally enable model components to be reused and coupled 
with one another, creating flexible, modular, portable and 
scalability, a model execution platform should be able to 
provide the reuse of code, reproduction of reported in 
silico predictions, as well as a way to run simulations in 
an efficient, expandable, modular and portable manner. 
Scientific workflow tools allow exactly these elements and 
can provide a user interface and potential for automation and 
optimization of software and hardware elements of the model 
execution. In this study, we have developed a Kepler based 
workflow for multiscale cardiac electrophysiology that can 
be utilized and expanded for any number of predictions as 
defined by the end user. We implemented differential equation 
models of cardiac physiology that automate the execution of 
simulations with user defined options of outputs from a single 
cell (0-dimensional), 1 or 2-dimensional tissue, and a pseudo-
ECG output, which can be compared to experimental or 
clinical data. The approach brings us closer to the increasingly 
shared goal of computational scientists to enable model 
modularity, reuse, reproducibility, portability and scalability. 
The workflow concept also allows a model execution platform 
that allows the reuse of code, reproduction of reported in 
silico predictions, as well as a way to run simulations in an 
efficient, expandable, modular and portable manner. We 
have demonstrated an application of the approach by linking 
models together for construction of multispecies multiscale 
models from existing models at various temporal and spatial 
scales.

Disclosure: No significant relationships.

Passive cavitation maps (Figure 1c) indicate stable cavitation 
was located within 1.0 mm of the focus and was postively 
correlated with compound muscle activation amplitude. 
Simultaneous cavitation and displacement imaging during 
FUS modulation may be capable of providing solid evidence 
for mechano-electric nerve conduction as well as monitoring 
the safety and efficacy of the methodology, rendering it thus 
a viable method for clinical application of ultrasound in 
peripheral neuropathy.

Disclosure: No significant relationships.
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ISAN19.259
RESPIRATORY-GATED TRANSCUTANEOUS VNS 
MODULATES 4D-CINE-MRI-ASSESSED STOMACH 
MOTILITY AND EMPTYING IN HUMANS

Roberta Sclocco1, Christopher Nguyen1, Rowan Staley1, 
Harrison Fisher1, Ronald Garcia1, Catherine Hubbard1, April 
Mendez1, Kun-Han Lu2, Zhongming Liu3, Matthew P. Ward4, 
Terry L. Powley5, Braden Kuo1, Vitaly Napadow1

1Massachusetts General Hospital, Harvard Medical School, 
Charlestown, MA, UNITED STATES OF AMERICA, 2Purdue 
University, Electrical and Computer Engineering, West Lafayette, 
IN, UNITED STATES OF AMERICA, 3Purdue University, Electrical 
and Computer Engineering, West Lafayette, UNITED STATES OF 
AMERICA, 4Purdue University, Biomedical Engineering, West 
Lafayette, IN, UNITED STATES OF AMERICA, 5Purdue University, 
Psychological Sciences, West Lafayette, IN, UNITED STATES OF 
AMERICA

Abstract: The vagus nerve plays an important role in gastric 
functioning via different neurotransmitters. For example, 
results from animal studies suggest that accommodation reflex 
consists of a vagovagal reflex pathway, a finding that was also 
confirmed in humans by comparing gastric accommodation 
in healthy volunteers and post-vagotomy patients. Therefore, 
modulating vagal efference to affect gastric function may be a 
promising therapeutic intervention for functional dyspepsia or 
gastroparesis. Transcutaneous vagus verve stimulation (tVNS) 
of the auricular branch of the vagus nerve is a promising non-
invasive neuromodulatory therapy for numerous disorders. 
The tVNS target is the nucleus tractus solitarii (NTS), located 
in the dorsal medulla. The NTS then sends information to 
other medullary efferent (premotor) parasympathetic nuclei, 
including the dorsal motor nucleus of the vagus (DMNX) 
and the nucleus ambiguus (NAmb), and outflow from these 
premotor regions course through efferent fibers of the vagus 
nerve to their target visceral organ. As these brainstem 
nuclei also show respiration-modulated activity, our group 
proposed and demonstrated that neural target-engagement 
can be enhanced by gating stimulation to the exhalation 
phase of respiration, via exhalatory Respiratory-gated 
Auricular Vagal Afferent Nerve Stimulation (eRAVANS). In 
this study, we evaluate six (6) healthy subjects with 4D MRI 
of the stomach during a test meal challenge and concurrent 
eRAVANS or Sham tVNS stimulation, to investigate effects 
on gastric motility and emptying. MRI examinations were 
performed immediately following ingestion of a food-based 
MR contrast test meal (pineapple-based with high manganese 
content), using real-time 4D cine MRI (3D stack of stars GRE 
FLASH sequence, TR = 2.7ms, TE= 1.14, FA = 3 deg, temporal 
resolution = 7s, 40 slices, FOV = 175mm, 2.7mm isotropic 
resolution, 40 volumes collected). Subjects were scanned 
at time 0, 20 and 40 minutes post-meal, while experiencing 
active eRAVANS (300 s pulse width, 1.5s stimulation trains 
delivered at 100Hz in the cymba concha of the left ear) or 
Sham (no current) for the duration of the MRI visit. Abdominal 
MRI images were segmented in order to isolate the stomach, 
and the total volume (including air and meal) was calculated 

ISAN19.258
MODELING NEURO-CARDIOVASCULAR COUPLING 
MODULATION WITH ATOMISTIC SIMULATIONS

Kevin Demarco1, John R.D. Dawson2, Vladimir Yarov-
Yarovoy1, Colleen E. Clancy1, Igor Vorobyov1

1University of California, Davis, Department of Physiology and 
Membrane Biology, Davis, CA, UNITED STATES OF AMERICA, 
2University of California, Davis, Biophysics Graduate Group, Davis, 
CA, UNITED STATES OF AMERICA

Abstract: In human physiology, efficient communication 
between electrically excitable cells, such as neurons and 
cardiac myocytes, is critical for the control of heart rhythm 
as well as the dilation and constriction of blood vessels. 
The mechanisms that underlie neuronal modulation 
of cardiovascular function are extremely complex and 
incompletely understood, limiting the availability of 
therapeutic tools for predicting emergent disorders in 
individuals. The overarching goal of our collaborative SPARC 
project is to develop a new suite of computational tools 
that comprise a predictive simulator of neuromodulation 
of cardiac and vascular function. Predictive functional 
models of cardiovascular and neuronal systems are typically 
parameterized using available experimental data, however, 
one longstanding issue is that kinetic parameters are often 
not experimentally measurable at present, and so the 
models are over-determined. To begin to solve this, we have 
developed structural models of isolated proteins and protein-
protein complexes, that are involved in subcellular signaling in 
cardiac and vascular myocytes, and used atomistic molecular 
dynamics (MD) simulations to quantitatively estimate ligand 
binding thermodynamics and kinetics. In particular, we have 
estimated kinetics and affinities of agonists and antagonists 
to adrenergic receptors, in order to compute parameters for 
neurotransmitter receptor binding at neuroeffector junction, 
a crucial component of sympathetic neuronal myocyte 
stimulation and/or inhibition in our functional models. We 
developed and validated empirical atomistic models of 
ligands such as norepinephrine, isoproterenol, phenylephrine 
and propranolol. Also, we developed structural atomistic 
models of adrenergic receptors in different conformational 
states with and without G protein bound, using available 
experimental structures and homology modeling. We then 
performed all-atom MD simulations of ligand interactions with 
those receptors embedded in hydrated lipid membranes and 
have computed binding affinities and rates that will be used to 
inform functional models of subcellular signaling, an integral 
component of our multi-scale neuro-cardiovascular simulator.

Disclosure: No significant relationships.
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ISAN19.260
SELECTIVE ACTIVATION OF FERRET ABDOMINAL 
VAGAL PATHWAYS USING A NERVE CUFF WITH 
MULTIPLE CIRCUMFERENTIAL CONTACTS

Jonathan Shulgach1, Derek M. Miller2, Ameya C. 
Nanivadekar3, Stephanie A. Fulton4, Michael Sciullo4, John 
Ogren5, Liane Wong5, Bryan Mclaughlin5, Lee E. Fisher3, 
Bill J. Yates2, Charles C. Horn4

1Carnegie Mellon University, Pittsburgh, PA, UNITED STATES OF 
AMERICA, 2University of Pittsburgh, Otolaryngology, Pittsburgh, 
PA, UNITED STATES OF AMERICA, 3University of Pittsburgh, 
Physical Medicine and Rehabilitation, Pittsburgh, PA, UNITED 
STATES OF AMERICA, 4University of Pittsburgh, Medicine, 
Pittsburgh, PA, UNITED STATES OF AMERICA, 5Micro-Leads, Inc, 
Somerville, MA, UNITED STATES OF AMERICA

Abstract: Introduction: Vagal afferents act as gatekeepers 
of abdominal organ sensory information and play significant 
roles in feeding disorders and gastrointestinal diseases. 
Vagus nerve stimulation is used in the treatment of epileptic 
seizures and obesity; however, given that the vagus nerve 
is comprised of diverse functional pathways, non-selective 
whole nerve stimulation may result in unwanted side-effects. 
Therefore, the development of an electrode technology 
that allows for targeted stimulation of nerve bundles may 
provide targeted therapy, with few or no off-target effects. 
Here, we report the use of a customized multi-contact 
nerve cuff electrode placed on the abdominal vagus nerve 
of ferrets to evaluate selective stimulation of regions of the 
nerve circumference on neural and GI responses. Methods: 
Acute experiments were performed in anesthetized adult 
male ferrets (1 “1.5 kg). The ferret is an ideal model for these 
investigations because, unlike rats and mice, it possesses an 
emetic reflex, which is a prototypical vagal response. Animals 
underwent a laparotomy, followed by placement of the multi-
contact cuff electrode (600-800 µm diameter; Micro-Leads, 
Inc) on the ventral or dorsal abdominal vagal trunk. The cuff 
electrode consisted of up to two rows of four contacts, with 
each row placed around the nerve circumference to provide 
current steering between selected contacts to target sub-
components of the whole nerve. A set of wire electrodes 
were also placed around to the nerve to compare a full wrap 
to selective regional stimulation. Additionally, we assessed 
GI myoelectric activity by placing a quad-contact conformal 
nano-fusion electrode array (200 m site diameter, Micro-
Leads, Inc) on the surface of the stomach and duodenum. 
Finally, in some experiments, the left or right cervical vagus 
trunk was exposed to record neural activity of teased nerve 
bundles using bipolar micro wires. In Study 1, we tested the 
compound action potential (CAP) measured from the cervical 
vagus nerve by selective stimulation using the cuff contacts 
versus non-selective stimulation using the full-wrap electrode 
in 4 ferrets. In Study 2, we assessed the effects of selective 
cuff stimulation on GI myoelectric responses in 8 ferrets. 
Results: Spatially selective stimulation of multi-contact 
vagus nerve cuff electrodes activated different populations 
of vagal afferents in the CAP analysis, including differential 

for each subject and post-meal time point. 4D MRI analyses 
allowed also to evaluate stomach motility (as measured by 
the frequency of peristaltic waves) within each 5-minute run. 
Subjects receiving eRAVANS showed increased stomach 
emptying at 40 minutes post-meal (N = 3, ”volume: -135 ± 
81.07 ml, mean ± SD) compared to the Sham group (N = 3, 
”volume: -105 ± 62 ml). Furthermore, subjects receiving active 
stimulation showed an overall increased stomach motility 
(3.24 ± 0.37 cpm, mean ± SD) compared to subjects receiving 
Sham (3.04 ± 0.28 cpm). Although preliminary, these results 
support the hypothesis that auricular tVNS can successfully 
modulate gastric functions. Future investigations will explore 
a wider variety of measures afforded by dynamic volumetric 
stomach MRI, as well as directly investigate the brain-gut axis 
underlying tVNS-modulated gastric physiology.

Disclosure: No significant relationships.
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ISAN19.261
ULTRASOUND-GUIDED FOCUSED ULTRASOUND 
INHIBITS ELECTRICALLY EVOKED MOTOR NEURON 
ACTIVITY IN MOUSE SCIATIC NERVE

Min Gon Kim, Stephen Lee, Hermes Kamimura, Elisa 
Konofagou
Columbia University, Biomedical Engineering, New York, NY, 
UNITED STATES OF AMERICA

Abstract: Noninvasively controlling neuronal activity 
remains a primordial challenge in neurology. Recently, our 
group developed focused ultrasound (FUS) for stimulation of 
peripheral nerve with safe/effective/specific nerve targeting. In 
this study, we propose an approach to reversibly inhibit motor 
neuron activity of the mouse sciatic nerve in vivo by controlling 
nerve temperature using ultrasound-guided FUS. To verify the 
proposed approach, we selected six different pulse repetition 
frequency (PRF) values to study thermal effects on the motor 
neuronal activity innervating the gastrocnemius muscle in vivo. 
The experimental setup consists of electrical or image-guided 
FUS stimulations and electromyography (EMG) recording/
analysis. After precisely locating the targeted sciatic nerve 
based on ultrasound B-mode imaging acquired by 7.8-MHz 
imaging transducer and muscle activation induced by FUS 
stimulation, the proximal/distal sciatic nerve was exposed to 
electrical/ultrasound-guided FUS stimulations, respectively. 
The effects of induced neuromodulation by using 3.1-MHz 
FUS transducer/1ms pulse duration/2s total sonication 
time/PRF (1/10/40/100/250/500Hz) on the sciatic nerve 
were recorded and analyzed in terms of EMG amplitude/
latency during FUS stimulation compared to the values 
before FUS exposure (n=18, mice). To evaluate the safety, 
cumulative equivalent minutes (CEM) 43 °C was calculated 
and hematoxylin and eosin (H&E) staining was conducted in a 
blinded study between the negative control and experimental 
groups. For temperature elevation below 1.7 ºC (PRF: 1/10Hz), 
the average normalized EMG amplitude/latency was similar 
to the values without FUS modulation. On the other hand, 
the average normalized amplitude and latency during FUS 
modulation (CEM 43 °C/PRF) were respectively decreased 
by 6% and 7% at a FUS-induced temperature increase of 
4.2 ºC (CEM 43 °C: 0.0025/PRF: 40 Hz), 16% and 9% at 8.9 
ºC (0.63/100Hz), 34% and 6% at 14.3 ºC (20.95/250Hz), and 
50% and 14% at 23.9 ºC (1421/500Hz), respectively. Based 
on the safety assessment with H&E results, compared with 
the experimental (PRF: 500Hz) group, negative control/
experimental groups (PRF: 1/10/40/100/250Hz) were not 
associated with any morphological changes of the treated 
sciatic nerve/its surrounding tissue areas. The experimental 
results show that FUS could be applied for noninvasive, 
selective and reversible control of neuronal activity in the 
peripheral nervous system with the ability of safe, effective 
and specific nerve targeting.

Disclosure: No significant relationships.

effects on C and A-delta fiber types. The gastric myoelectric 
activity was quantified for frequency domain characteristics 
such as dominant frequency (DF) and total power in the 
normogastric band. The mean baseline DF across all animals 
was 10.5 cycles per minute (cpm) with the mean normogastric 
range identified as ± 1.35 cpm around the DF. In a subset of 
ferrets, changing bipolar pairs in the cuff-induced different 
behavioral/GMA changes for the same set of stimulation 
parameters Conclusions: In conclusion, vagus nerve 
circumferential electrical stimulation had differential effects on 
neural signaling and GI function, which suggests the targeting 
of selective functional pathways. This technology could lead 
to the control of GI motility and the sensation of gastric fill. 
Ultimately, this approach could be used to design selective 
stimulation for treatment of GI disease and obesity. Research 
was supported by the NIH SPARC program (U18TR002205).

Disclosure: No significant relationships.
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ISAN19.263
MACHINE LEARNING TECHNIQUES TO REVEAL 
PREDICTORS OF CARDIAC DYNAMICS IN RESPONSE 
TO AUTONOMIC STIMULATION.

Parya Aghasafari1, Pei-Chi Yang2, Colleen E. Clancy3

1UC Davis, Physiology and Membrane Biology, Davis, UNITED 
STATES OF AMERICA, 2UC Davis, Davis, UNITED STATES OF 
AMERICA, 3UC Davis, Davis, CA, UNITED STATES OF AMERICA

Abstract: In this work, we addressed the importance of 
arrhythmia vulnerability parameters in simulated cardiac tissue 
and link them to various types of stimulation of the autonomic 
nervous system via the novel application of statistical analysis 
and machine learning techniques. The œTRiAD related 
parameters (triangulation, reverse use dependence, beat-
to-beat instability of action potential duration and spatial 
APD dispersion) were linked to proarrhythmia markers in 
ventricular myocytes. We generated varying case studies 
from various ANS stimulation protocols by randomly altering 
duration and strength of stimulation. We calculated the linear 
dependency between parameters by correlation coefficient 
and employed calculated parameters to train support vector 
machine (SVM) with Gaussian kernels classifier. We evaluated 
the influence off adding parameters on the prediction ability 
of classifier. Our results illustrated that there is no significant 
linear relationship between parameters. Slope of reverse use 
dependence curve and T-wave area were highlighted as the 
most important parameters for finding the best hyperplane 
for classification problem. We used receiver operating (ROC) 
analysis to evaluate classifier performance, and found that the 
area under ROC curve was 0.99, indicating strong predictive 
power of SVM classifier. Therefore, our study suggests the 
advantages of data training on machine learning based 
techniques for discoveries that may not have been evident.

Disclosure: No significant relationships.

ISAN19.262
ACUTE AND CHRONIC RESPONSES OF BONE TO 
BIOELECTRIC STIMULATION OF THE SCIATIC NERVE

Alec Beeve1, Priscilla Stecher2, Zhaohua Wang1, Kristann 
Magee1, Nathan Birenbaum2, John Cirrito3, Matthew 
Macewan2, Clarissa Craft1, Erica Scheller1

1Washington University in, Department of Medicine, Division of 
Bone and Mineral Diseases, St. Louis, MO, UNITED STATES OF 
AMERICA, 2Washington University, Department of Neurosurgery, 
St. Louis, MO, UNITED STATES OF AMERICA, 3Washington 
University, Department of Neurology, St. Louis, MO, UNITED 
STATES OF AMERICA

Abstract: Introduction: Despite decades of research, there 
is only one clinical anabolic therapy to treat patients with 
low bone mass and elevated fracture risk, and its use is 
limited to only 2-years of a patient›s lifetime. Recent studies 
indicate that nerves in bone have a role in the regulation of 
bone formation. Consequently, bioelectric peripheral nerve 
stimulation with targets to diseased or injured bones may 
present a novel, electroceutical osteoanabolic therapy. 
Type 1 diabetes mellitus serves as an appropriate disease 
model for studying such a treatment, as it often results in 
both peripheral polyneuropathy and decreased bone mass. 
Methods: In this study, unilateral acute and chronic electrical 
stimulation was applied to the sciatic nerve in STZ-induced 
diabetic and control rats. Skeletal microdialysis was paired 
with acute nerve stimulation to investigate soluble protein flux 
within bone. To study the effects of chronic stimulation on 
longitudinal bone accrual, rats were stimulated weekly for 
1-hour using a wireless receiver connected to an implantable 
nerve cuff and characterized using microCT after 10-weeks 
of treatment. Results: Acute stimulation of the sciatic nerve 
caused suppression of proteins within the serine protease 
inhibitor family, suggesting a role for neural regulation of cell-
level responses within the bone marrow. Nerve cuffing and 
chronic stimulation of the sciatic nerve resulted in differences 
in bone morphology and mineralization. Conclusions: 
Results from this study support previous findings that 
neuromodulation affects the skeleton and provide novel 
insights regarding acute mechanisms. Further investigation 
is needed to optimize chronic nerve stimulation for bone and 
marrow health and the treatment of skeletal disease.

Disclosure: No significant relationships.
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ISAN19.265
ULTRASOUND STIMULATION OF PERIPHERAL 
NERVES AND END-ORGANS FOR TREATING HEALTH 
DISORDERS

Hubert Lim1, Daniel Zachs2, Claire Kaiser2, Rachel 
Graham2, Erik Peterson2, Bryce Binstadt2

1University of Minnesota, Biomedical Eng / Otolaryngology, 
Minneapolis, MN, UNITED STATES OF AMERICA, 2University of 
Minnesota, Minneapolis, MN, UNITED STATES OF AMERICA

Abstract: Introduction: Recently, there has been a surge 
in interest and investments in neurostimulation technologies 
for treating various brain and health disorders with invasive 
and noninvasive devices. Invasive approaches enable more 
localized stimulation of brain or nerve targets but require 
surgery and long-lasting miniaturized devices for implantation. 
Noninvasive approaches do not require surgery and can 
potentially be distributed to a larger patient population with 
lower costs but have not yet achieved focused activation 
of targeted structures. A new modality using ultrasound 
may enable both noninvasive and targeted stimulation for 
treatment of various health disorders. We will present our 
experimental findings demonstrating that ultrasound can 
modulate peripheral nerve activity and can also modulate 
function within the spleen to alter the inflammatory response 
in animals. Methods: In guinea pigs, the sciatic nerve or 
vagus nerve were exposed. Stimulation and/or recording 
electrodes were positioned along the nerves to elicit and 
record nerve activity. For vagus nerve responses, heart rate 
was also recorded. Ultrasound was applied to the nerve to 
assess the ability to activate or modulate nerve responses. 
In mice with inflammatory arthritis, ultrasound was targeted 
noninvasively towards the spleen for daily stimulation 
over several days. Arthritic condition, including ankle/
joint thicknesses, were evaluated over time and compared 
between ultrasound treated and sham stimulated groups. 
Results: Ultrasound stimulation across a wide range of 
center frequencies, duty cycles, durations and intensities 
was not able to directly activate the nerves in guinea pigs. 
However, specific stimulation parameters could enhance or 
suppress nerve activity and heart rate to varying extents that 
depended on the parameters, in which both mechanical and 
thermal mechanisms are likely mediating those responses. 
Encouragingly, specific parameters of ultrasound stimulation 
of the spleen significantly improved inflammatory arthritis in 
mice. Greater therapy was possible with certain intensities 
and durations. Control experiments demonstrated that 
treatment requires targeting of the spleen and in mice with 
T-cells and B-cells, revealing a possible mechanism of 
action via the cholinergic anti-inflammatory pathway through 
the spleen. Conclusion: Ultrasound is emerging as a novel 
stimulation modality for modulating the nervous system and 
end-organs. We demonstrate that ultrasound stimulation with 
specific parameters can interact with peripheral nerves and 
alter function within the spleen relevant for arthritis treatment. 
These recent findings open up new opportunities for using 

ISAN19.264
DIRECT MEASUREMENTS OF SYMPATHETIC INPUT 
TO BROWN ADIPOSE TISSUE IN VIVO USING FAST 
SCANNING CYCLIC VOLTAMMETRY

Daniele Nen1, Kara E. Zang1, Shyue-An Chan2, Jeffrey L. 
Ardell3, Stephen J. Lewis4, Corey Smith2, Lori M. Zeltser5

1Columbia University Medical Center, New York, UNITED STATES 
OF AMERICA, 2Case Western Reserve University, Cleveland, OH, 
UNITED STATES OF AMERICA, 3University of California - Los 
Angeles (UCLA) Cardiac Arrhythmia Center, Neurocardiology 
Research Center of Excellence, Department of Medicine - 
Cardiology, Los Angeles, UNITED STATES OF AMERICA, 4Case 
Western Reserve University, Department of Pediatrics, Cleveland, 
UNITED STATES OF AMERICA, 5Columbia University Medical 
Center, New York, NY, UNITED STATES OF AMERICA

Abstract: Brown adipose tissue (BAT) is a thermogenic organ 
that oxidizes fatty acids and glucose to produce heat. Cold or 
pharmacological stimulation of BAT induces thermogenesis 
and improves glucose tolerance in mice and humans. Thus, 
there is a growing interest in developing pharmacological 
agents that stimulate BAT in order to treat obesity and type 
2 diabetes. The sympathetic nervous system (SNS) plays 
a critical role in regulating BAT thermogenesis in rodents 
and in humans, so sympathetic neuromodulation has the 
potential to activate BAT without unwanted effects on other 
organ systems. A major obstacle to the application of BAT-
targeted neuromodulation-based therapies to overcome 
insulin resistance and improve glycemic control is the limited 
understanding of how BAT is regulated. While it is clear that 
BAT activity is decreased in obesity and diabetes, it is debated 
whether this results from decreased SNS tone onto BAT or 
resistance to elevated norepinephrine (NE) levels observed 
in obesity. We are developing the capability to measure 
cold-induced NE levels in BAT in real time in vivo using fast-
scanning cyclic voltammetry. These studies will advance our 
understanding of the mechanism by which obesity promotes 
insulin resistance and will also provide a foundation for future 
efforts to translate these findings into novel therapeutics.

Disclosure: No significant relationships.
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ISAN19.266
MODELLING INTERACTION BETWEEN CORONARY 
PERFUSION AND MYOCARDIUM MECHANICS USING 
COMPUTATIONAL POROELASTICITY

Yasser Aboelkassem1, Alexandra Diem2, Kristian Valen-
Sendstad2, Andrew D. Mcculloch3

1University of California San Diego, Bioengineering, La Jolla, CA, 
UNITED STATES OF AMERICA, 2Simula Research Laboratory, 
Lysaker, NORWAY, 3UC San Diego, Bioengineering, La Jolla, CA, 
UNITED STATES OF AMERICA

Abstract: Autonomic control and modelling the cross-talk 
between blood flow in coronary vessels and ventricular 
wall mechanical deformations are central problems in 
mechanocardiac physiology. In this study, we use a multi-
scale approach that includes multi-physics modules of 
the heart with autonomic control, to accurately model 
this complex interaction between coronary perfusion and 
myocardium mechanics. In particular, we implement a 3D 
finite element numerical scheme to account for this coupling 
using a reconstructed and geometrically-accurate anatomical 
model of a porcine subject, Figure 1(A). A mathematical 
model using statistical measurements and space filling 
topology is used to specify the coronary tree networks in 
the finite element computational model, Figure 1(B). A multi-
compartment poroelastic governing equations of the blood-
soft tissue interactions are derived. The evolution equations 
for both blood and soft tissue phases are described in the 
Lagrangian frame of reference. The complex network of 
blood vessels that surround the myocardium tissue are 
integrated using a reduced order modelling of Darcy law 
with a heterogeneous permeability tensor along with the 
finite deformation elasticity of the myocardium. The derived 
methodology approach is tested on simplified 2D and 3D 
myocardium poroelastic geometries with customized modules 
and well-posed prescribed traction boundary conditions at a 
finite set of coronary compartments, Figure 1(C-D). Results 
are given for the perfusion of the left ventricle deformation 
under passive inflation that show in particular wall compliance 
remodelling associated with perfusion dysfunction.

Disclosure: No significant relationships.

ultrasound stimulation as a noninvasive approach not only 
for studying the physiology of the body but also for treating 
various health disorders involving dysfunction in peripheral 
nerve activity and/or end-organs. Recently, we have initiated 
a DARPA-funded clinical trial to investigate ultrasound 
stimulation for treatment of inflammation in rheumatoid 
arthritis patients (ClinicalTrials.gov Identifier: NCT03690466). 
Funding Support:Research has been supported by DARPA 
ElectRx Program under the leadership and guidance of 
Program Managers Doug Weber and Eric Van Gieson.

Disclosure: No significant relationships.
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colonic preparation, indicating the activation of long pathways 
of ascending excitatory interneurons coupled to excitatory 
motor neurons.

Disclosure: No significant relationships.

ISAN19.267
ACTIVATION OF LONG ASCENDING EXCITATORY 
INTERNEURONS, BY ELECTRICAL FIELD STIMULATION 
IN EXCISED HUMAN COLON

Reizal Mohd Rosli1, Tim Hibberd2, Raghu Kumar3, David 
A. Wattchow4, John Arkwright1, Marcello Costa5, Simon J. 
Brookes6, Nick Spencer7, Phil Dinning8

1Flinders University, Adelaide, AUSTRALIA, 2Flinders University, 
Adelaide, SA, AUSTRALIA, 3Flinders Medical Centre, Adelaide, 
SA, AUSTRALIA, 4Flinders Medical Centre, Surgery, Adelaide, 
AUSTRALIA, 5Flinders University, Human Physiology, College Of 
Medicine, Adelaide, AUSTRALIA, 6Flinders University, Human 
Physiology, College of Medicine, Adelaide, SA, AUSTRALIA, 
7Flinders uni, Adelaide, ACT, AUSTRALIA, 8Flinders Medical centre, 
South Australia, ACT, AUSTRALIA

Abstract: Background: High-resolution manometry (HRM) 
has been used in the human colon to record propagating 
colonic motor patterns.To help determine the mechanisms 
that underlie these patterns we used HRM to record 
contractile activity in excised sections of human distal colon. 
Method: Segments of descending n = 30 or sigmoid colon n 
= 4 were removed from 34 patients during elective colorectal 
surgery (anterior resection) for distal large bowel cancer n = 
31 or recurrent sigmoid diverticulitis n = 3 (mean length ± SD 
= 24.7±0.5cm; 16F:18M mean age 67.6 ± 12.4yrs).Segments 
were placed in an organ bath filled with oxygenated Krebs 
solution at 36oC. A HRM catheter taped to a perspex rod was 
passed into the specimen lumen. The serosa was attached 
to isometric force transducers, which also provide tension 
so that the specimen contacted the catheter-rod assembly. 
After a minimum of 30-min control recording, 0.3mM lidocaine 
and/or 1mM hexamethonium were added to the organ bath. 
Electrical field stimulation (EFS; 10Hz, 0.5ms, 50V, at 5s 
duration) was applied to the anal end of the preparation 
prior to and after the administration of drugs. Results: In 
all specimens, spontaneous multi-site contractions were 
recorded by the HRM catheters. The frequency of these events 
during the control period ranged between 0.1 to 1.5 cpm. The 
majority occurred synchronously across all recording sites. In 
five specimens, rhythmic antegrade propagating contractions 
were recorded. EFS was applied to 19 specimens during the 
control period. In 18, a contraction was initiated at the site of 
stimulation, within 5.5 ± 2.4s of the start of stimulation. The 
local contraction was significantly greater than spontaneous 
contractions occurring at the same location (EFS; 29.3 ± 26.9 
vs 12.1 ± 14.8 mmHg; P = 0.02; Fig 2). All EFS-induced local 
contractions then evoked a propagating motor pattern, 71% 
spanning the length of the preparation. These EFS- induced 
propagating motor patterns travelled retrogradely or occurred 
synchronously across all recording sites. Colonic responses 
to EFS were not effected by hexamethonium or lignocaine. 
Conclusion: Organized, directional, propagating contractions 
can be observed in isolated human colonic specimens using 
high-resolution manometry. Electrical field stimulation (EFS) 
induces hexamethonium-resistant and lidocaine-resistant 
propagating contractions that can span the length of the 
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ISAN19.269
DISTENSION INDUCED EPITHELIAL SECRETION IN 
HUMAN INTESTINE IN VITRO

Michael Schemann1, Stefanie Schäuffele1, Dagmar 
Krueger1, Ihsan Ekin Demir2, Jörg Theisen3, Florian Zeller4

1Technical University of Munich, Freising, GERMANY, 2Technical 
University of Munich, Munich, GERMANY, 3Clinic Erding, Erding, 
GERMANY, 4Clinic Freising, Freising, GERMANY

Abstract: Background: One of the main functions of the 
intestinal epithelium is ion secretion. In the human intestine, 
fluxes into the lumen are carried by chloride and bicarbonate 
ions. Nerve stimulation evoked such secretion. Under 
physiological conditions ion secretion is linked to muscle 
movements. The aim of this study was to investigate the 
so far unknown effects of controlled distension of human 
intestinal samples on ion secretion.Methods: We used 
Ussing chamber voltage clamp techniques to record serosa 
to mucosa ion fluxes in human small and large intestinal 
preparations containing mucosal and all submucosal layers 
including a thin sheet of circular muscle. Distension was 
applied by a computer controlled precision pump which 
evoked a 20mmHg pressure pulse for 60sec to mimic wall 
movements during a contraction.Viability of the tissues were 
tested by electrical field stimulation to evoke nerve-triggered 
secretion.Results: Our initial results are from ascending, 
transverse, descending and sigmoid colonic samples as well 
as from 6 ileal preparations. The responses to distension are 
summarised in Table 1. The pressure pulse evoked a slowly 
developing long-lasting increase in short circuit current. The 
peak response occurred 2-3min later and returned to baseline 
levels within 15min. Surprisingly, the responses in all regions 
showed only a very small, if at all, tetrodotoxin sensitive 
component, which suggested that nerves may not be central 
to the evoked secretion. Nevertheless, the amplitude of 
the response was related to the secretion evoked by nerve 
stimulation which may be simply a reflection of tissue viability 
and responsiveness. Preliminary results using neuroimaging 
to detect nerve activity in human submucous ganglia revealed 
mechanosensitive neurons which discharge a brief spike burst 
in response to ganglionic deformation. Table 1: Distension 
induced epithelial secretion Regions studied (number of 
patients) distension induced secretion (median µA/cm ² with 
the 25th and 75th quartiles) ascending colon (5) 3.3 (1.4-9.0) 
transverse colon (3) 16.2 (7.9-17.7) descending colon (5) 3.3 
(1.6 -13.5) sigmoid colon (6) 8.1 (3.4-26.9) ileum (6) 12.6 (7.3-
21.0) Conclusion: Human intestinal mucosa-submucosa 
preparations from the small and large intestine respond to 
pressure induced distension with an enhanced secretion. The 
small tetrodotoxin sensitivity may suggest that this reflex is 
less nerve-dependent than in guinea pig intestine. However, 
human submucous neurons did respond to ganglionic 
deformation proving the existence of mechanosensitive 
neurons in the human enteric nervous system.

Disclosure: No significant relationships.

ISAN19.268
NEUROMODULATION OF SPINAL CORD FOR 
AMELIORATING GASTROINTESTINAL MOTILITY

Jiande Chen
Johns Hopkins University, Baltimore, UNITED STATES OF 
AMERICA

Abstract: Background: Gastroparesis is common in patients 
with functional dyspepsia, scleroderma and diabetes with 
no satisfactory therapies. Autonomic dysfunction is one 
of the main reasons for impaired motility in gastroparesis. 
Spinal cord stimulation (SCS) has been widely used for 
managing chronic pain via decreasing sympathetic activity. 
We hypothesized that SCS would improve gastrointestinal 
motility by modulating autonomic functions. The Aim of this 
study was to find an optimized method of SCS to improve 
gastric motility as well as gastric emptying in healthy dogs. 
Methods and Materials: Eight female dogs were chronically 
implanted with a gastric cannula and a duodenal cannula for 
placing a manometric catheter to measure gastric/intestinal 
contractions, a pair of electrodes each on the serosa of 
the stomach and duodenum for measuring pace-making 
activities (slow waves). In addition, 2 multi-electrode pedal 
spinal leads were inserted into epidural space covering T7-
T12 for SNS at different locations. A number of experiments 
were performed as follows: 1) under normal conditions in 
the postprandial state, SCS was performed using an FDA-
approved implantable pulse generator (Precision Spectra, 
Boston Scientific Corp) in multiple sessions at different 
locations and with different parameters, and gastric 
contractions were measured and assessed using motility 
index (MI). The autonomic mechanisms were assessed by 
the spectral analysis of heart rate variability derived from 
the ECG. 2) Using glucagon to suppress gastric motility, the 
optimized SCS was performed to study its prokinetic effect. 
3) The effect of SNS on glucagon-induced delayed gastric 
emptying was investigated. Results: 1) Our multiple SCS 
sessions with different stimulation parameters and locations 
revealed that 0.5/0.2ms (pulse width), 20Hz (frequency) and 
amplitude of 90% motor threshold at the location of T10-T11 
were the best parameters in increasing both MI and vagal 
nerve activity. 2) We further showed that this optimized SCS 
improved glucagon-induced suppression in gastric and 
duodenal motility, also improved glucagon-induced gastric 
and duodenal slow wave dysrhythmia, and normalized 
glucagon-induced sympathetic over-activity. 3) Glucagon 
substantially delayed gastric emptying and this delay in 
gastric emptying was partially but significant improved with 
the optimized SCS method. Conclusions: SCS with optimized 
location and parameters improves gastric motility under 
normal and glucagon-induced hypomotility conditions in dogs 
by enhancing vagal and suppressing sympathetic activity. 
(This study was funded by NIH SPARC 1U18TR001920-01)

Disclosure: No significant relationships.
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the value of individualized assessment of GI state. These 
data demonstrate the feasibility of combining computational 
approaches from multiple organ compartments to achieve 
predictive insight into the state of the GI tract. Our future work 
is focused on integrating this technology with therapeutic 
stimulation of autonomic nervous system to treat GI diseases. 
Research was supported by the NIH-SPARC program 
(U18TR002205).

Disclosure: No significant relationships.

ISAN19.270
MACHINE LEARNING PREDICTION OF EMESIS 
AND GASTRIC FILL IN FERRETS IMPLANTED WITH 
GASTROINTESTINAL ELECTRODES

Charles Horn1, Ameya C. Nanivadekar2, Derek M. Miller3, 
Stephanie A. Fulton2, Johnathan Ogren4, Liane Wong4, 
Bryan Mclaughlin4, Lee E. Fisher2, Bill J. Yates2

1University of Pittsburgh, Medicine, Pittsburgh, PA, UNITED 
STATES OF AMERICA, 2University of Pittsburgh, Pittsburgh, 
PA, UNITED STATES OF AMERICA, 3University of Pittsburgh, 
Pittsburgh, UNITED STATES OF AMERICA, 4MicroLeads, Inc, 
Somerville, UNITED STATES OF AMERICA

Abstract: Although electrogastrography (EGG) could be a 
critical tool in the diagnosis and treatment of patients with 
gastrointestinal (GI) disease, it remains under-utilized. Lack 
of spatial and temporal resolution of currently available EGG 
recordings is a significant roadblock to widespread usage. 
The typical method employs adhesive dermal electrodes 
placed on the abdomen, which also presents a significant 
challenge in providing sufficient signal-to-noise ratio. In 
contrast, an implantable approach could serve to detect 
specific GI compartment functions, assess myoelectric 
readouts during daily activities, such as feeding, and provide 
input to a closed-loop system to detect aberrant events. For 
example, the GI manifestations of nausea could be detected 
in patients with gastroparesis, which could trigger therapeutic 
stimulation of the GI tract and its neural innervation. We report 
two technologies to improve GI myoelectric recordings: (1) 
customized multi-contact planar electrodes positioned on the 
serosal surface of the gastric fundus, body, and antrum and 
the duodenum; and (2) machine learning methods to predict 
GI state. Studies were performed using acute isoflurane-
anesthetized and chronically implanted ferrets. Testing 
conditions to produce different gastric states included gastric 
balloon distension, liquid diet consumption, and intragastric 
infusion of emetine; emetine is a prototypical emetic agent 
derived from syrup of ipecac. We used ferrets in these studies 
because they have served as a “gold-standard” model for 
emesis testing by industry and provide an extensive database 
of autonomic and GI physiology. Planar electrodes consisted 
of a 2 x 3.5 mm flexible silicone pad with four platinum iridium 
(90/10) 200 μm contact sites (1 mm inter-contact spacing, 
impedances of 5-10 kΩ at 1 kHz). Continuous myoelectric 
signals were recorded for each trial and compared to baseline 
activity. Mechanical stimuli involved gastric distension up to a 
volume of 20 ml. Machine learning features included percent 
of total EMG power in the normogastric, bradygastric and 
tachygastric frequency bands (i.e., 6-8, 8-11, and 11-13 
cycles per minute), dominant frequency band, percent of 
total power at dominant frequency, area, energy, and lag 
relative to the gastric body. Classification algorithms included 
K-nearest neighbors, naive Bayes, and support vector 
machines. Accuracy of classification predictions were > 80%. 
Predictions were also more accurate when classifier training 
and testing were conducted for each animal, which indicates 
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ISAN19.272
ANTIARRHYTHMIC AND PROARRHYTHMIC EFFECTS 
OF SUBCUTANEOUS NERVE STIMULATION IN 
AMBULATORY DOGS

Juyi Wan1, Mu Chen1, Yuan Yuan1, Zhuo Wang1, Changyu 
Shen2, Michael C. Fishbein3, Zhenhui Chen1, Johnson 
Wong1, Maria B. Grant4, Thomas H. Everett1, Peng-Sheng 
Chen1

1Krannert Institute of Cardiology, Indinapolis, IN, UNITED STATES 
OF AMERICA, 2Richard and Susan Smith Center for Outcomes 
Research in Cardiology, Boston, AL, UNITED STATES OF 
AMERICA, 3Department of Pathology and Laboratory Medicine, 
University of California, Los Angeles, AL, UNITED STATES OF 
AMERICA, 4Department of Ophthalmology, University of Alabama-
Birmingham, Birmingham, AL, UNITED STATES OF AMERICA

Abstract: Background: High output subcutaneous nerve 
stimulation (ScNS) remodels the stellate ganglia and 
suppresses cardiac arrhythmia. Objective: To test the 
hypothesis that long duration low output ScNS causes 
cardiac nerve sprouting, increases plasma norepinephrine 
concentration and the durations of paroxysmal atrial 
tachycardia (PAT) in ambulatory dogs. Methods: We 
prospectively randomized 22 dogs (11 males and 11 females) 
into 5 different output groups for 2 months of ScNS: 0 mA 
(sham) (N=6), 0.25 mA (N=4), 1.5 mA (N=4), 2.5 mA (N=4) 
and 3.5 mA (N=4). Results: As compared with baseline, 
the changes of the durations of PAT episodes per 48 hours 
were significantly different among different groups (sham, 
-5.0±9.5 s; 0.25 mA 95.5±71.0 s; 1.5 mA, -99.3±39.6 s; 2.5 
mA, -155.3±87.8 s and 3.5 mA, -76.3±44.8 s, p<0.001). The 
3.5 mA group had greater reduction of sinus heart rate than 
the sham group (-29.8±15.0 bpm vs -14.5±3.0 bpm, p=0.038). 
Immunohistochemical studies showed that the 0.25 mA 
group had a significantly increased while 2.5 mA and 3.5 mA 
stimulation had a significantly reduced growth-associated 
protein 43 nerve densities in both atria and ventricles. The 
plasma Norepinephrine concentrations in 0.25 mA group was 
5063.0±4366.0 pg/ml, which was significantly higher than 
other groups of dogs (739.3±946.3, p=0.009). There were no 
significant differences in the effects of simulation between 
males and females. Conclusions: In ambulatory dogs, low 
output ScNS causes cardiac nerve sprouting, increases 
plasma norepinephrine concentration and the duration of PAT 
episodes while high output ScNS is antiarrhythmic.

Disclosure: No significant relationships.

ISAN19.271
NEUROIMAGING OF SUBMUCOSAL NEURONS FROM 
PORCINE COLON

Anna Filzmayer1, Kristin Elfers2, Gemma Mazzuoli-Weber2

1University of Veterinary Medicine Hannover, Foundation, 
HANNOVER, GERMANY, 2University of Veterinary Medicine 
Hannover, Foundation, Institute For Physiology and Cell Biology, 
HANNOVER, GERMANY

Abstract: Although the pig intestine represents a great 
model for human studies, data on porcine enteric neuronal 
functionality are scarce. Our aim was to study neuronal 
responses to different stimuli, translating techniques widely 
used in rodents to the pig. For this purpose proximal colon 
was taken from 17 adult, male/castrated or female pigs, 
respectively and the inner submucosal plexus was isolated 
by removing the mucosa, serosa and both muscle layers. 
Neurons were stained with the voltage-sensitive dye Di-
8-ANEPPS (20 µM) and responses were recorded by an 
ultra-fast CMOS camera (DaVinci 1K). After successful 
staining, nicotine (100 µM) was directly applied onto the 
ganglia by spritz application. To mechanically stimulate the 
submucosal neurons intraganglionic volume injection of a 
small volume of physiological solution was used to simulate 
neuronal deformation. A total of 808 neurons of the ISMP 
were investigated for reaction to nicotine application. From 
these neurons 10.9% showed reproducible responses with 
a mean burst frequency of 8.0 and 8.1 Hz for the first and 
second application, respectively. Responses to mechanical 
stimulation were investigated in 399 neurons in 10 ganglia 
originating from 10 pigs. 6.5% of these neurons showed 
reproducible responses firing action potentials with a mean 
burst frequency of 11.1 and 9.7 Hz for first and second 
injection, respectively. We provided for the first time 
functional data on activation of the porcine submucosal 
neurons by nicotine application. Moreover, we could show 
that a subpopulation of these neurons is mechanosensitive. 
At the moment we are developing a tool to stretch single 
ganglia in a bidirectional manner for further characterization 
of mechanosensitivity of inner submucosal neurons of the 
porcine colonic tissue. This will better simulate the in vivo 
situation where intestinal neurons are continuously deformed 
in all directions during intestinal motility.

Disclosure: No significant relationships.
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ISAN19.274
AIRWAY-NERVOUS SYSTEM MEDIATORS FOR AIRWAY 
PROTECTION

Leah Reznikov1, Yan-Shin Liao1, Tongjun Gu2, Katelyn 
Davis2, Shin-Ping Kuan1, Kalina Atanasova1, Joshua 
Dadural1, Emily Collins1, Maria Guevara1, Kevin Vogt1

1University of Florida, Gainesville, FL, UNITED STATES OF 
AMERICA, 2University of Florida, Gainesville, UNITED STATES OF 
AMERICA

Abstract: Acute airway acidification evokes airway protective 
behaviors, including mucus secretion and airway smooth 
muscle contraction, through activation of neural circuits. 
These behaviors are exaggerated in airway diseases, 
including asthma and cystic fibrosis. Yet investigations that 
examine such behaviors often focus on a single compartment 
of the circuit, thus neglecting the whole circuit response. 
In the current study, we compared the transcriptomes of 
an airway-nervous system circuit (e.g., tracheal epithelia, 
nodose ganglia, and brainstem) in response to acute airway 
acidification in neonatal piglets. We hypothesized that 
identification of parallel changes in the transcriptomes of two 
neurally-connected tissues might reveal the circuit response 
and hence molecules important for airway protection. We 
found that intra-airway acid induced airway hyperreactivity and 
airway obstruction in male piglets. In contrast, female piglets 
displayed airway obstruction without airway hyperreactivity. 
Pairwise comparisons revealed parallel changes in genes 
directly implicated in airway hyperreactivity (scn10a) in male 
acid-challenged piglets, whereas acid-challenged females 
exhibited parallel changes in genes associated with mild 
asthma (stat 1 and isg15). These findings reveal sex-specific 
responses to acute airway acidification and highlight distinct 
molecules within a neural circuit that might be critical for the 
modulation of airway protective behaviors.

Disclosure: No significant relationships.

ISAN19.273
FECOBIONICS TECHNOLOGY FOR STUDYING COLONIC 
AND ANORECTAL NEUROPHYSIOLOGY

Hans Gregersen1, Ghassan Kassab2, Bhavesh Patel2, Bill 
Combs2

1California Medical Innovations Institute, San Diego, UNITED 
STATES OF AMERICA, 2California Medical Innovations Institute, 
San Diego, CA, UNITED STATES OF AMERICA

Abstract: Transport of feces is a complex mechano-
physiological process through which solid, semisolid, and/
or liquid waste material are moved along the colon, stored in 
the rectum, and eliminated via the anus. Recently, a simulated 
electronic feces named Fecobionics that combines several 
existing tests was developed to provide novel insight into 
colonic and anorectal neurophysiology. The purpose was to 
overcome the technological controversies and disagreement 
between tests and non-physiological test conditions. 
Fecobionics was developed to simulate stool and to provide 
pressure signatures,orientation, bending and shape changes 
in a single examination (figure 1). The overall goal is to provide 
mechanistic understanding of feces transport and defecation. 
It exceeds previous attempts to make artificial stool for 
evaluation of defecation and integrates other technologies 
as well. Fecobionics was designed to have a consistency and 
deformability of type 3-5 on the Bristol stool form scale. This 
range is found in 70% of healthy subjects. A major novelty is 
that Fecobionics measures pressures in axial direction, i.e. 
in the flow direction. Promising data have been obtained with 
wired prototypes demonstrating feasibility in the human lower 
GI tract. Figure 2 shows pressure data from healthy subject 
and patient with fecal incontinence using a wired prototype. 
Fecobionics is currently further developed in the SPARC2 
Next Generation Tools and Technologies program. Test of the 
new wireless device has shown accuracy of pressure, cross-
sectional area, temperature and orientation measurements, 
as well as bending and position calculations to be within 
2-5%. The data loss rate and data error rate of the wireless 
transmission are negligible.

Disclosure: No significant relationships.
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ISAN19.276
A HIGH-DENSITY TOOL FOR THE ANS: MICRONEEDLE 
NERVE ARRAY (MINA) DEMONSTRATED IN THE RAT 
CERVICAL VAGUS NERVE

Dongxiao Yan1, Ahmad Jiman2, Paras Patel2, David Ratze2, 
Elizabeth Bottorff3, Elissa Welle2, Zhonghua Ouyang4, 
Daniel Ursu5, Hannah Parrish2, Stephen Kemp4, Cynthia 
Chestek4, Tim Bruns4, Euisik Yoon1, John Seymour6

1University of Michigan, Electrical Engineering and Computer 
Science, ANN ARBOR, UNITED STATES OF AMERICA, 2University 
of Michigan, Ann Arbor, UNITED STATES OF AMERICA, 3University 
of Michigan, Biomedical Engineering, Ann Arbor, MI, UNITED 
STATES OF AMERICA, 4University of Michigan, Biomedical 
Engineering, Ann Arbor, UNITED STATES OF AMERICA, 5University 
of Michigan, Ann Arbor, MI, UNITED STATES OF AMERICA, 
6University of Michigan, Electrical Engineering and Computer 
Science, ANN ARBOR, MI, UNITED STATES OF AMERICA

Abstract: Cuff and intrafascicular electrodes for autonomic 
nerves lack spatial resolution for extracting detailed neural 
activity. The state of the art intrafascicular electrode arrays, 
such as, high-density Utah array and transverse intrafascicular 
multichannel electrode, though achieved higher spatial 
resolution, induced severe tissue damage especial for nerve 
smaller than 1mm. SPARC has funded our team to develop 
microneedles with the goal of single-unit recordings and 
greater stimulation precision. Our tool was developed under 
the hypothesis that axon-sized needles will minimize tissue 
reactivity around an implanted electrode and thus improve 
the recording and stimulation characteristics in both acute 
and chronic applications. We have achieved the highest-
density and smallest intraneural nerve interface reported to 
date. The fabrication tools we employed allow us to make 
sharp tips and high-aspect ratio structures supported in a 
flexible substrate to match many of the mechanical properties 
of the epineurium. We present our ongoing histological study 
around our implanted arrays of 24 axon-sized needles using 
a novel fabrication and implantation technology. We will 
describe our suture-less method of array attachment using 
Rose Bengal with a 250-µm by 2000-µm footprint, which can 
be customized to other layouts. We will present quantitative 
results of micro-CT imaging and histomorphometry of the 
needles in nerves at 1-week and 6-weeks. To date, we have 
shown that the very short needles (140-µm long) remain intact 
in the rodent cervical vagus nerve at 1-week (N=2) and will 
share further progress, including electrophysiology collected 
with functional devices.

Disclosure: No significant relationships.

ISAN19.275
FULLY IMPLANTED WIRELESS CONTROLLED SYSTEM 
FOR VAGAL STIMULATION AND RECORDING IN A 
TRANSLATIONAL MODEL, THE PIG

John B. Furness1, Martin Stebbing2, Vivek Ganesh3, 
Gabriel Albors3, Pedro Irazoqui3, Ruslan Pustovit4, Peter 
Cakebread5

1University of Melbourne, Anatomy and Neuroscience, Melbourne, 
AUSTRALIA, 2Florey Institute of Neuroscience and Mental Health, 
Parkville, VIC, AUSTRALIA, 3Purdue University, West Lafayette, 
IN, UNITED STATES OF AMERICA, 4The University of Melbourne, 
Anatomy and Neuroscience, Melbourne, VIC, AUSTRALIA, 
5University of Melbourne, Agriculture and Food, Melbourne, 
AUSTRALIA

Abstract: Vagal nerve stimulation (VNS) at a cervical level has 
been applied for a number of indications, including epilepsy, 
cardiac arrhythmia, depression, systemic inflammation and 
inflammatory bowel disease. However, for abdominal organs a 
better strategy is to stimulate the vagus nerve or its branches 
closer to target organs, thus avoiding off target effects such 
as respiratory inhibition, dysphonia, bradycardia or somatic 
pain from adjacent neck structures. For upper gastrointestinal 
organs, the pig has many similarities to humans. Moreover, 
because it has similar dimensions to humans, the pig is ideal 
to test implants designed and sized for human use. Our 
SPARC project targets the modulation of gastric function. We 
have conducted anatomical studies that identify the left vagus 
in the abdomen, ventral to the esophagus, as a suitable place 
to install vagal stimulating and recording electrodes. We have 
adapted the Bionode for this purpose. The design consists of 
two electrode pairs that are placed 4-5 cm apart. The distal 
pair is used to stimulate the vagus nerve and the proximal 
pair is used to record evoked compound action potentials 
(eCAPs). The electrodes are connected to a fully implanted 
pulse generator and receiver (IPGR), with a built-in battery, via 
a ribbon connector anchored to the last rib on the pig‘s right 
side. The Bionode IPGR is anchored subcutaneously on the 
right flank. The IPGR is connected wirelessly to a computer 
linked external controller. Stimulus parameters can be set by 
the investigator, and physiological signals, in this case eCAPs, 
are received and visualized in real time and can be stored and 
analysed off line. We are determining the threshold stimuli 
currents to activate A, B and C fiber groups and the stimulus 
to give maximum eCAP amplitudes. The first experiments 
are safety and efficacy studies in which changes in electrode 
properties and histological and functional changes in the 
nerves are being measured. We have demonstrated that 
the Bionode stimulates and records effectively from the pig 
vagus. There were no significant off-target effects. Stimulus 
frequencies, duty cycles, duration of stimulus periods and 
time of day for stimulation will be investigated for effects on 
gastric emptying, acid secretion and feeding. Supported by 
NIH/SPARC grant ID # OT2OD023847 (to TW Powley)

Disclosure: No significant relationships.
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ISAN19.278
SKIN SYMPATHETIC NERVE ACTIVITY AND 
VENTRICULAR RATE DURING ATRIAL FIBRILLATION

Takashi Kusayama1, Anthony Douglas Ii1, Juyi Wan1, Anisiia 
Doytchinova2, Johnson Wong1, Gloria Mitscher1, Susan 
Straka1, Changyu Shen3, Thomas H. Everett1, Peng-Sheng 
Chen1

1Indiana University School of Medicine, Krannert Institute of 
Cardiology, Indianapolis, IN, UNITED STATES OF AMERICA, 
2University of Cincinnati, The Division of Cardiovascular Health and 
Disease, Cincinnati, OH, UNITED STATES OF AMERICA, 3Richard 
and Susan Smith Center for Outcomes Research in Cardiology, 
Boston, MA, UNITED STATES OF AMERICA

Abstract: Background: Rate and rhythm control are 
both important strategies in managing patients with atrial 
fibrillation (AF). The relationship between ventricular rate 
(VR) during AF and the skin sympathetic nerve activity (SKNA) 
remain unclear. Simultaneous non-invasively recorded SKNA 
and electrocardiogram (neuECG) can be used to estimate 
cardiac sympathetic tone. Objective: To test the hypothesis 
that SKNA positively correlates with VR during AF. Methods: 
We simultaneously recorded electrocardiogram and SKNA 
from 8 patients (median age 66.0 years [interquartile range 
(IQR) 59.0 – 77.0], 4 males) with 30 paroxysmal AF episodes 
(all >10 min long) and 12 patients (median age 73.0 years 
[IQR 60.5 – 80.0], 6 males) with persistent AF. The neuECG 
signals were bandpass filtered between 500 - 1000 Hz to 
display SKNA. The average voltage of SKNA (aSKNA, µV) 
during AF was analyzed in one-min windows and binned, 
showing two Gaussian distributions. We used the mean + 
3 standard deviation as the threshold that separates burst 
from baseline (non-burst) SKNA. Results: We analyzed 5.5 
hrs (IQR 1.0 – 27.1) of paroxysmal AF and 13.0 hrs (IQR 3.5 – 
23.5) of persistent AF per patient. The VR was higher during 
paroxysmal AF (105 bpm [IQR 97 – 118]) than persistent AF (88 
bpm [IQR 74 – 99]) (p = 0.008). The SKNA burst thresholds for 
paroxysmal and persistent AF were 1.21 µV (IQR 1.05 – 1.31) 
and 0.87 µV (IQR 0.77 – 1.19), respectively (p = 0.041). The 
VR was higher during SKNA burst than that of non-burst (103 
bpm [IQR 83 – 113] vs. 88 bpm [IQR 76 – 101], respectively, 
p = 0.003). The slope of linear regression during non-burst 
was significantly steeper than that during burst SKNA (29.9 
[IQR 13.8 – 77.3] vs. 10.6 [IQR 7.9 – 14.9], respectively, p = 
0.003). Multiple regression analysis showed that the average 
SKNA is strongly and positively associated with VR. Both 
average SKNA and the VR were negatively correlated 
with age. Conclusions: The average amplitudes of SKNA 
positively correlate with VR during AF. SKNA bursts increase 
VR more than non-bursting baseline nerve activity. Reduction 
of sympathetic nerve activity may play a role in aging-related 
bradycardia during AF.

Disclosure: No significant relationships.

ISAN19.277
NEUROMACS: A SYSTEM FOR MAPPING AND 
CONTROLLING NEUROMUSCULAR ACTIVITY

Dhruv Pai1, Kip Ludwig2

1Montgomery Blair High School, Potomac, MD, UNITED STATES 
OF AMERICA, 2University of Wisconsin-Madison, Biomedical 
Engineering, Madison, UNITED STATES OF AMERICA

Abstract: According to WHO(2013), people with spinal 
cord injury(SCI) are two-to-five times more likely to die 
prematurely than people without a SCI. SCI symptoms may 
include partial or complete loss of sensory function or motor 
control of the arms, legs, and/or body. There are high-density 
neurostimulation systems coming to market which aim to help 
SCI patients by stimulating and recording neuromuscular 
function. However, the parameter space that these systems 
have to explore is exceedingly large, and would need an 
artificial intelligence (AI) system to optimize. This abstract 
presents NeuroMACS, a prototype system for mapping and 
controlling neuromuscular activity, as a high-throughput 
testbed for closed-loop neuromuscular activation. Such a 
system could be used to build and test an AI-based approach 
to optimize neuromodulation therapies. NeuroMACS is being 
prototyped and tested using the common earthworm as 
the model organism. The awake worms are positioned on 
a circular raceway with a multitude of recording/stimulating 
electrodes located inferior to the worms. The mapping 
component combines stimulation of the freely-moving 
worm with biphasic modulation signals of different pulse 
widths, amplitudes, and frequency, and recording the action 
potentials and the physical movement of the earthworm. For 
a range of stimulation variables applied at different locations 
along the length of the worm, the physical movement of the 
worm is correlated to the action potentials recorded by the 
electrodes to develop the operating zone. Subsequently, the 
controlling component of the system stimulates the worms 
using this information, and records the changes in the 
earthworm movement.

Disclosure: No significant relationships.
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(Findable, Accessible, Interoperable and Reusable), the DRC 
will serve as an extensible and sustainable resource for the 
neuromodulation community. SPARC5 is the newest SPARC 
component and it is also related to the NIH-wide Helping to 
End Addiction Long-term (HEAL) initiative to speed scientific 
solutions to the national opioid public health crisis. SPARC5 
will support detailed mapping of the neural circuitry that 
mediates visceral pain. By constructing an open atlas of 
comprehensive anatomy and functional peripheral nerve 
connectivity with organs, SPARC teams are building the 
scientific foundation for the next generation of therapeutic 
closed-loop neuromodulation devices and protocols. The 
DRC will make the data, maps, models, and tools generated 
by SPARC available to the research community to ultimately 
serve as a resource for future neuromodulation target 
development and validation.

Disclosure: No significant relationships.

ISAN19.279
THE NIH SPARC PROGRAM: BRIDGING THE GAP TO 
MAKE PRECISION NEUROMODULATION THERAPIES  
A REALITY

Kristina Faulk1, Felicia Qashu1, Andrew Weitz2, Michael 
Wolfson2, Nick Langhals3, Karen Teff4, Siavash Vaziri5, 
David Saslowsky4, Gene Civillico1

1National Institutes of Health, Office Of Strategic Coordination, 
Office Of The Director, Bethesda, MD, UNITED STATES OF 
AMERICA, 2National Institutes of Health, National Institute of 
Biomedical Imaging and Bioengineering, Bethesda, MD, UNITED 
STATES OF AMERICA, 3National Institutes of Health, National 
Institute of Neurological Disorders and Stroke, Bethesda, MD, 
UNITED STATES OF AMERICA, 4National Institutes of Health, 
National Institute of Diabetes and Digestive and Kidney Diseases, 
Bethesda, MD, UNITED STATES OF AMERICA, 5National Institutes 
of Health, National Center For Advancing Translational Sciences, 
Bethesda, MD, UNITED STATES OF AMERICA

Abstract: The autonomic nervous system plays a critical 
role in the regulation of organ function. Peripheral nerves 
innervating visceral organs are promising neuromodulation 
targets to treat various conditions such as heart failure, 
gastrointestinal disorders, and urinary incontinence. 
However, anatomical and mechanistic knowledge of the 
specific neural circuits involved is lacking. The Stimulating 
Peripheral Activity to Relieve Conditions (SPARC) Program 
at the National Institutes of Health aims to advance the 
neuromodulation field toward precise treatment of diseases 
and conditions for which conventional therapies fall short. 
The SPARC program includes five key interdependent 
components (SPARC1-5) designed to elucidate the 
neurobiology and neurophysiology underlying autonomic 
control of organs in health or disease, and ultimately inform 
next generation neuromodulation therapies by sharing 
the data generated and collected by the program with the 
scientific community. SPARC1 supports studies in animal 
models and human tissues for anatomical and functional 
mapping of the innervation of major internal organs, and 
developing computational models that predict organ function 
with modulation of a neural target. SPARC2 supports the 
development of the next generation of tools and technologies 
to facilitate the progress of other SPARC components, and 
includes a wide range of capabilities, spanning the fields of 
photonics, systems engineering, virology and genomics, 
device design and manufacture, surface chemistry, tissue 
engineering, neural interfacing, biomarker sensing, and 
more. SPARC3 supports translational partnerships between 
industry and SPARC investigators to produce proofs of 
concept for new nerve stimulation indications and to study 
functional neuromodulation in the context of human clinical 
studies. SPARC4 facilitates data coordination, visualization 
of nerve-organ anatomy and function, and online modeling 
and simulations via a multifunctional online hub. The SPARC 
Data and Resource Center (DRC) applies a shared vocabulary 
or common framework to integrate diverse anatomical and 
physiological results. By making data and models FAIR 
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ISAN19.187
EASIER 3D IMAGING

Yehe Liu1, Nishanth Thiyagarajah2, Michiko Watanabe3, 
Andrew M. Rollins1, Yee-Hsee Hsieh2, Stephen J. Lewis3, 
Michael W. Jenkins1

1Case Western Reserve University, Biomedical Engineering, 
Cleveland, OH, UNITED STATES OF AMERICA, 2Case Western 
Reserve University, Department of Medicine, Cleveland, OH, 
UNITED STATES OF AMERICA, 3Case Western Reserve University, 
Department of Pediatrics, Cleveland, UNITED STATES OF 
AMERICA

Abstract: 3D fluorescence microscopy is a powerful tool 
for mapping the neural connections in the peripheral nerve 
system. However, it often involves sophisticated tissue 
processing (e.g., tissue clearing) and expensive imaging 
systems (e.g., light sheet microscopes). Therefore, 3D 
microscopy is not widely adapted as an everyday tool for 
most labs. My work focuses on making 3D microscopy easier. 
We developed an optical clearing method named LIMPID 
(Lipid-preserving Index Matching for Prolonged Imaging 
Depth) which rapidly clears most biological samples in one 
step. LIMPID is compatible with most common tracing dyes 
(e.g., DiI, CTB, etc.) and fluorescent proteins (e.g., GFP, 
YFP, etc.) making it a valuable tool for studying peripheral 
neural networks and neural innervations of different organs. 
Adjustable refractive index (1.46-1.52) allows one to match 
the refractive index of oil or glycerol that is used by many 
conventional, high-resolution microscope objectives. This 
creates aberration free images deep into the tissue. We also 
developed MiNiLSFM (Microscope-integratable Non-invasive 
Light Sheet Fluorescent Microscope) which is a light sheet 
generating device that can be plugged into conventional 
fluorescence microscopes without any hardware/optical 
modification. MiNiLSFM costs <$4,000 to build (tenfold less 
expensive than most commercial and open source light sheet 
microscopy systems) by using inexpensive components 
from consumer and industry products. By combining simple 
LIMPID clearing and affordable MiNiLSFM, we aim to provide 
the research community a promising pathway towards 
3D fluorescence microscopy with tools readily available. 
Because of the ultra-simplicity of LIMPID and high hardware 
compatibility of MiNiLSFM, we hope these techniques 
can potentially simplify the workflow of some biological 
microscopy tasks by eliminating the time and labor intensive 
steps.

Disclosure: No significant relationships.

ISAN19.169
FUNCTIONAL IMAGING OF PERIPHERAL NERVES 
BY POLARIZATION-SENSITIVE AND ANGIOGRAPHIC 
OPTICAL COHERENCE TOMOGRAPHY

Mohsen Erfanzadeh1, Guillermo L. Monroy2, Ahhyun S. 
Nam1, Srikanth Vasudevan2, Daniel X. Hammer2, Benjamin 
J. Vakoc1

1MGH/Harvard Medical School, Wellman Center For 
Photomedicine, Boston, MA, UNITED STATES OF AMERICA, 2Food 
and Drug Adminisration, Division of Biomedical Physics, Silver 
Spring, MD, UNITED STATES OF AMERICA

Abstract: Optical coherence tomography (OCT) is a label-free 
microscopy widely used for anatomical imaging of the retina. 
With the development of angiographic and polarization-
sensitive (PS) methods in OCT, it has become possible to 
assess retinal function in addition to anatomy. These same 
functional measures can offer similar capabilities when 
applied to the peripheral nervous system. Here, we describe 
the application of functional OCT to peripheral nerve imaging. 
We summarize our prior studies in peripheral nerve trauma and 
regeneration, and we describe a roadmap for its development 
and validation for SPARC priorities including the assessment 
of nerve modulation and the mapping of peripheral nerve 
networks. As described, two functional measures are used 
to assess the peripheral nerve. The first is OCT angiography, 
which is based on detecting the intrinsic time-fluctuations 
that result from the movement of red blood cells. By detecting 
these changes, OCT can discriminate between intravascular 
and extravascular spaces. This enables high-resolution, label-
free imaging of microvascular networks within the peripheral 
nerve. The second measure is PS-OCT, which analyzes the 
variations in the detected polarization-state to extract the local 
birefringence and the local optical axis. In peripheral nerves, 
both the axonal structure and myelination are birefringent. 
As such, PS methods provide a unique opportunity to assess 
axonal integrity and myelination directly. We have developed 
and applied these angiographic and PS methods to wide-field 
imaging of peripheral nerve injury and repair in the rat in vivo. 
In addition to studies in nerve trauma, early results applying 
these methods to neuromodulation studies of the rat sciatic 
nerve will be presented. Strategies to expand OCT to support 
additional organ systems and the prospect of using OCT in 
larger animals will be described. Finally, the roadmap for the 
technique to provide imaging feedback and guide clinical 
decision making in human subjects will be discussed.

Disclosure: No significant relationships.
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the cord. Additionally, we observed changes in intravesical 
and intraurethral pressure evoked by changes in stimulus 
location and amplitude. We were able to effectively evoke and 
suppress bladder contractions. In conclusion, we were able 
to selectively recruit nerves that innervate the lower urinary 
tract using epidural sacral spinal cord stimulation. We plan to 
use this selective stimulation to modulate function in the lower 
urinary tract in order to improve continence and micturition 
in people following SCI.
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Abstract: Restoring bladder control is one of the highest 
priorities for people with spinal cord injury (SCI). The existing 
interventions to treat bladder dysfunction after SCI, including 
catheterization and pharmaceuticals, are inadequate, and 
it is therefore of interest to develop new therapeutic and 
technological approaches. One possible approach is epidural 
spinal cord stimulation, a neuromodulation therapy that is 
widely used to treat back pain, giving it the potential to be 
rapidly translatable. Recent studies have demonstrated 
that epidural stimulation can be effectively used to improve 
locomotion following spinal cord injury, with some reported 
improvements in bladder and bowel function. Here, we 
aim to demonstrate the use of epidural stimulation for 
selective recruitment of afferent neurons innervating the 
bladder, and determine the effectiveness of this technique 
to improve bladder function, including both micturition and 
continence. We placed custom multichannel epidural arrays 
(MicroLeads Inc and Ripple LLC) at several locations on the 
sacral spinal cord and cauda equina of anesthetized male 
cats. We measured antidromic compound action potentials 
using nerve cuffs (MicroLeads) on the pelvic nerve as well as 
the pudendal nerve and its branches. To monitor off-target 
activation of the lower limb, we placed a nerve cuff on the 
sciatic nerve. Throughout experiments, the bladder and 
intraurethral pressures were measured using catheters. Using 
a binary search procedure, we stimulated at varying current 
amplitudes on each electrode of the array to determine the 
threshold of recruitment for each nerve and which nerves 
were frequently coactivated. In addition, we stimulated using 
several multipolar configurations to determine what changes 
current steering produces in selective nerve recruitment. 
We were able to selectively recruit each instrumented nerve 
while minimizing off-target effects. For monopolar stimulation, 
the mean stimulation amplitude at which the first nerve was 
recruited was 402 ±150 µA. Multipolar stimulation yielded 
much higher thresholds, with amplitudes of greater than 1000 
µA frequently necessary to recruit neural responses. With the 
electrode placed over the more cranial locations on the spinal 
cord, off-target effects were observed frequently, whereas at 
the most caudal cauda equina placement, off-target effects 
were uncommon. The caudal rectal and deep perineal 
branches of the pudendal nerve were the most difficult to 
recruit, but were activated more frequently at the caudal 
placement compared with the more cranial placements on 
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Abstract: The central autonomic control system provides 
parasympathetic and sympathetic drive to peripheral ganglia 
that regulate a host of visceral functions. While a significant 
amount of information is available regarding the anatomical, 
subcellular, cellular, and organ scale mechanisms that 
regulate this system; detailed knowledge of the network 
scale organization of this central circuit is incomplete. The 
lack of this knowledge represents an important gap in our 
understanding of autonomic control. We hypothesized that 
functional synaptic interactions between many simultaneously 
recorded neurons in and around the nucleus of the tractus 
solitarius (NTS), the retrotrapezoid nucleus (RTN), and the 
ventral respiratory column (VRC) would yield information about 
the network-scale strategy that is employed by this system to 
regulate autonomic drive. Experiments were conducted in 13 
decerebrated, paralyzed, and artificially ventilated cats. Multi-
electrode arrays including up to 100 channels were placed 
in the areas of the NTS, RTN, and VRC. The spike activity 
patterns of many simultaneously recorded single neurons 
were evaluated during breathing, the cardiac cycle, activation 
of superior laryngeal nerve afferents, and increased activation 
of baroreceptors by inflation of a balloon in the abdominal 
aorta. Cross correlation analysis revealed robust excitatory 
and inhibitory functional interactions between neurons in the 
areas of the NTS, VRC, and RTN. Plots customized to reveal 
patterns of information transfer between neurons in different 
areas provided evidence that units in the RTN and VRC were 
predominantly exciting those in the NTS area, while these 
same NTS neurons were exciting and inhibiting different 
neurons in the RTN and VRC. Tonic expiratory neurons in 
the RTN and VRC were frequent participants in detected 
functional interactions. These data strongly support the 
novel hypothesis that tonic expiratory neurons represent a 
dominant mediator by which information is transmitted and 
synchronized between cardiorespiratory areas in the medulla. 
The data also support the existence of reverberant circuits 
between the dorsal and ventrolateral medulla that modulate 
sensory feedback from cardiorespiratory cranial afferents. 
These reverberant circuits may be important in the regulation 
of tonic and reflexive drive to autonomic ganglia.
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Abstract: We are developing an optogenetic neural interface 
capable of closed loop neuromodulation of genetically 
expressed optical proteins within individual axons in the 
vagus nerve. To understand the autonomic nervous system, 
it is essential to be able to detect and stimulate the activity 
of neurons and axons with functional, temporal, and spatial 
specificity. Discoveries in optogenetics have provided tools to 
optically stimulate and record from single axons in peripheral 
nerves. Simultaneous optical recording and stimulation of 
neurons in the CNS of head fixed animals have been achieved. 
However, optogenetic stimulation and optical recording from 
peripheral nerve axons and ganglia have yet to be achieved 
in vivo. Our proposed instrument is comprised of (1) a fiber-
coupled microscope (FCM) that uses an electrowetting lens 
for three dimensional acquisition and (2) a gradient index of 
refraction (GRIN) lens that interfaces the FCM with a nerve or 
ganglion cuff. Two-photon holographic methods are employed 
to simultaneously stimulate multiple, arbitrarily shaped 
regions. Initial demonstrations show repeatable changes in 
heart rate and breath rate upon two photon stimulation of 
different regions in the vagus nerve in anesthetized mice.
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Abstract: Therapeutic peripheral neuromodulation devices 
are rapidly evolving for the treatment of numerous diseases 
and conditions. Current targets of peripheral neuromodulation 
include epilepsy, depression, cluster head ache, and bladder 
control. However, application of electrical stimulation can 
potentially constrict the microvasculature within the nerve, 
may lead to ischemia, and ultimately, nerve injury and loss 
of function. As new neuromodulation medical devices and 
previously unexplored stimulation parameters are developed, 
tools for the rapid assessment of their safety and performance 
will be of great benefit. Optical coherence tomography (OCT) is 
one potential tool that has gained substantial interest in many 
clinical disciplines, especially in the ophthalmic community, 
due to its capability to non-invasively observe the structure 
and function of tissues. In principle, OCT is the light-based 
analogue to ultrasound, and probes the optical-scattering 
properties of tissue to reconstruct 3D visualizations at high (< 
10 µm) resolution. OCT has many associated sub-modalities 
that can be applied to the nervous system that provide 
information related to structure and function, including: 
structure (OCT reflectance), blood flow (angiography / OCT-A), 
and more recently, birefringence (polarization sensitive / 
PS-OCT). These parameters can provide a quantitative 
means of assessing the peripheral nervous system (PNS) 
and associated blood vessels for perfusion and function in 
healthy, diseased, and/or damaged states. In this work, a 
combined platform to observe nerve function was explored, 
integrating an OCT imaging system and a custom-fabricated 
3D-printed nerve holder with stimulation electrodes. This 
system allows for the stable observation of nerve structure 
and perfusion, and the physiological dynamics with added 
electrical stimulation in the sciatic nerve of an animal model 
(rats), notably in real-time, in vivo, and without the use of any 
exogenous contrast agents. With this platform, the effects 
of electrical stimulation were characterized using stimulation 
parameters with increasing current densities under various 
conditions to observe representative neuromodulation and 
ischemic conditions leading to nerve damage. OCT results 
demonstrate that with specific stimulation conditions, blood 
vessel diameter and perfusion rates are reduced and can 
lead to nerve injury (as confirmed with histology), leading to 
a delayed loss in sensory function. Recently, PS-OCT was 
used to observe nerve structure with mechanical injury and 
stimulation. Although the physical structure of the nerve 
appeared intact, the function of the nerve can be degraded. In 
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SIMULATIONS AND CLUSTER ANALYSIS 
VISUALIZATIONS OF RESPIRATORY NEURONAL 
DISCHARGE PATTERNS
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Abstract: The laryngeal adductor reflex (LAR) protects 
airways by closing the vocal folds in response to mechanical 
or chemical stimulation of sensory afferents in the larynx. The 
LAR can be induced experimentally by electrical stimulation 
of vagal sensory afferents from the larynx. We recorded many 
simultaneous extracellular potentials from neurons (total=632) 
with electrode arrays in the brain stems and spinal cords of 
decerebrate, paralyzed, animals (n=13). We grouped brain 
stem neuron activity during baseline breathing and the LAR 
into phenotypes using a quantitative, reproducible clustering 
routine: 25 breathing phenotypes were mapped onto 16 LAR 
phenotypes. These results were used to produce a simplified 
model and simulations of the LAR. A 3-D brainstem atlas 
displayed neuronal firing rates during periods of baseline 
breathing and/or the LAR, illuminated in proportion to firing 
rate. These data support distinct rather, than a continuum, of 
phenotypes based on discharge patterns during breathing 
as well as during the LAR. Support: OT2OD023854-01, 
HL109025, HL131716
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FECOBIONICS TECHNOLOGY FOR MAPPING 
COLORECTAL STRESS AND DEFORMATION PATTERNS
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Abstract: Dysfunctions of the lower gastrointestinal (GI) tract 
are quite common; i.e., defecatory disorders and irritable 
bowel syndrome (IBS) affect +25% of the population. Colonic 
transport of feces is a complex mechano-physiological 
process through which solid, semisolid, and/or liquid waste 
material are moved along the colon, stored in the rectum, 
and eliminated from the body via the anus. Coordinated 
muscular contractions controlled by slow waves in the 
colonic wall are influenced by enteric nervous system (ENS), 
peripheral nervous system (PNS) and central nervous system 
(CNS), and move fecal matter towards the rectal ampulla. 
Methods to study neuromuscular interactions and activity 
in health and gastrointestinal (GI) disease have been limited 
due to lack of appropriate technologies. We are currently 
developing a novel technology called Fecobionics to 
address this need. Fecobionics is a simulated electronic 
feces that has the consistency and shape of normal stool. 
This wireless technology can be placed at any location along 
the colon and is capable of measuring multiple physical 
parameters of interested while being defecated naturally 
by the patient. Specifically, it contains multiples sensors 
(pressure transducer, gyroscopes, accelerometers) and 
measurement capabilities include pressures, deformation, 
velocity and orientation. Hence, it is feasible to use the 
recorded parameters to map and describe objectively, without 
disturbing the colonic transport and defecation processes, 
the transport characteristics and neuromuscular signatures 
during fecal transport and defecation. In this study, we 
developed a mathematical framework to establish a virtual 
model of the lower GI tract based on data collected with the 
Fecobionics. The resulting model allows predicting patient-
specific mechanical stress distribution in the tissue, which is 
known to be central to the function of the GI since stresses 
are directly related to neuromodulated muscular contraction. 
Specifically, we applied inertial navigation algorithms to map 
patient-specific geometry of the colorectal segment using 
measurements from the gyroscopes and accelerometers 
(Fig. 1). Moreover, we developed a constitutive framework 
to allow prediction of tissue stresses based on measured 
deformation pattern (Fig. 2). The framework was tested 
on data collected with the Fecobionics in tubes of known 
geometry and mechanical properties and we were able to 
predict deformation and stress distribution with less than 
10% error using our algorithms. The mathematical framework 
was, moreover, incorporated into a software with user-friendly 
interface to easily import Fecobionics data and visualize 
predicted stress distribution during defecation. The proposed 
framework and resulting model of the lower GI tract can offer a 
virtual medium in which approaches for Stimulating Peripheral 

general, this platform provides a means to define quantitative 
image-based biomarkers for stimulation and damage. This 
platform provides a ‘test-bed’ for understanding the biological 
mechanisms and effects related to electrical stimulation, 
ranging from different stimulation methods and parameters 
to directly observing the downstream results of stimulation. 
Systems like these provide valuable biological insight in the 
PNS and objective measures of stimulation safety and efficacy 
for future neuromodulation medical devices.
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Abstract: Neuromodulation of peripheral nerves to relieve 
intractable conditions such as diabetes mellitus and 
rheumatoid arthritis has recently received great interest in 
the academic and industrial community. The cuff devices 
which are placed around nerve generate electric pulses 
which trigger action potentials conducted to the organ of 
interest and modify its function. They have been shown to be 
effective for treatment of drug-resistant epilepsy in humans, 
and chronic heart failure, stroke rehabilitation, and chronic 
inflammation inter alia in animal studies. Most such cuffs 
are currently placed around the cervical vagus nerve in the 
neck to minimise surgical risk, as placement in small nerves 
near end-organs is technically demanding and risky. This 
nerve is a complex nerve with anatomical connections to 
about a dozen organs in the chest and abdomen. Current 
devices use a blunt approach of stimulating the entire nerve, 
which typically produces severe off-target effects as organs 
unrelated to the target organ are inadvertently stimulated. 
In many cases these effects prevent delivering therapeutic 
effect entirely, and limit the specificity and selectivity in others 
(Mertens et al 2018). The purpose of presented work was to 
design and prove the method for imaging of fascicular level 
activity related to the target organ of interest using surface 
cuff arrays, and subsequent selective neuromodulation of the 
targeted organ without affecting off-target fascicles in cervical 
vagus nerve. Here we use present techniques which allow 
fascicular level imaging and selective neuromodulation using 
16-32 contact multielectrode cuff arrays placed around the 
complex nerves. Imaging is performed using the novel fast 
neural electrical impedance tomography (EIT), which uses 
injections of small AC current (typically 10-30 A) at 2-10kHz, 
and uses simultaneous voltage change measurements 
to reconstruct tomographic functional activity within the 
nerve. Neural traffic activity can be reconstructed using 
evoked or spontaneous event-triggered averaging. Selective 
neuromodulation is performed by focusing the current 
on the identified area or interest within the cross-section, 
and can be combined with EIT for closed-loop selective 
neuromodulation. EIT imaging was validated in rat sciatic 
nerve showing functionally distinct fascicular neural activity 
regions evoked by stimulation of tibial and peroneal branches 

Activity to Relieve Conditions (SPARC) can be investigated, 
underlying physiological and pathological mechanisms can be 
identified, and the outcome of envisioned treatment strategies 
can be predicted through virtual simulations. Figure 1. Panels 
A and B show Fecobionics pressure and geometry during 
two stages of expulsion in a healthy volunteer. From the 
impedance planimetric data, we successfully reconstructed 
the dynamic organ geometry. Figure 2. Diagram representing 
the different components involved in the development and 
validation of the proposed biomechanical model of the lower 
GI tract.
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Abstract: Numerous studies have reported stimulation 
of endocrine pancreas function by vagal nerve electrical 
stimulation. Such studies report increases in insulin secretion; 
however, concomitant reductions in circulating glucose are 
not observed. A complicating factor is the non-specific 
nature of electrical nerve stimulation, which activates many 
off-target pathways and does not allow for the precise 
study of underlying mechanisms. Optogenetic tools enable 
greater specificity in neural communication using cell-type 
specific targeting of opsins and/or spatially shaped excitation 
light. In the present study, we demonstrate light-activated 
stimulation of the endocrine pancreas by targeting vagal 
parasympathetic axons. We used a mouse model expressing 
ChannelRhodopsin2 (ChR2) in cholinergic cells under the 
control of the choline acetyltransferase (ChAT) promoter. 
Serum insulin and glucose were measured in response to 
optical stimulation of (1) axon terminals in the pancreas and 
(2) axons of the cervical vagus nerve. Significant increases in 
insulin concentrations were observed relative to controls under 
both pancreas and vagal stimulation, while accompanying 
reductions in glucose levels were also measured.

Disclosure: No significant relationships.

(n=24 in 3 rats). The images of functional activity matched 
the histological assessment and inverse source analysis, with 
resulting spatial resolution of 100 m and temporal resolution 
of 0.3 ms. Selective stimulation was optimised in simulations, 
and validated in sheep vagus nerve, where spatially distinct 
cardiac-specific and pulmonary-specific regions of the nerve 
were identified and selectively stimulated to cause targeted 
heart rate drop and breath rate drop respectively without 
causing off-target effects (n=24 in 12 sheep). Work in progress 
is to image the cardiac and pulmonary-related spontaneous 
activity in large animals using ECG-gated triggering, evaluate 
specificity and selectivity of combination of EIT and selective 
neuromodulation in large animals, translate the techniques to 
broader scientific community, and perform proof of concept 
test for to relieve intractable conditions in human, such as 
epilepsy, chronic heart failure, COPD, and asthma.
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the device was covered with stool, adding more stool shifted 
conductivity measurements. Conductivity and capacitance 
data showed a significant difference between full and empty 
bowels. The pressure sensors recorded changes in bowel 
pressure in response to abdominal compressions and slow-
wave bowel contractions. Initial results from in vitro and 
preliminary in vivo studies suggest that wireless pressure 
monitoring and volume estimation from conductivity and 
capacitance measurements is feasible. This device has the 
potential to provide data in awake, behaving subjects in 
chronic experiments of bowel function.
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Abstract: The neural control of bowel function during content 
storage, motility, and defecation is not well understood. 
A more complete understanding may be possible with 
electrophysiology or pharmacology studies that include 
functional measures of the bowel in conscious subjects. 
There are few options for continuous bowel monitoring in 
awake subjects. Therefore, we are developing a wireless 
sensor platform as a research tool for measuring bowel 
pressure and estimating volume for use in experiments of 
bowel function in conscious ambulating animals. The bowel 
sensor was built on a core wireless sensor platform and its 
form factor was designed for multi-day monitoring in the 
porcine colon. The prototype is approximately 80 mm long 
and 7 mm wide, and it can be affixed to the bowel mucosa 
using an endoscopic hemoclip. The current device prototype 
comprises a miniaturized flexible circuit board with four sensor 
modalities, including pressure, conductance, conductivity, 
and capacitive measurements. Pressure sensors are located 
at each end of the board with 50 mm distance from each other 
to detect pressure changes at two nearby colon sections and 
movement of contents. Volume of contents in the region of 
the sensor is estimated from conductivity, capacitance, and 
conductance measurements. The sensor board is designed to 
wirelessly transmit these sensor data to an external receiver to 
be monitored and stored. In addition to sensor modalities, the 
sensor board has a small rechargeable battery, an ultra-low 
power microcontroller, inductive transmission, and inductive 
recharge input. Initial prototypes using flexible printed circuit 
boards were inserted in silicone tubes, filled with silicone 
gel, and then sealed with silicon glue. The conductance, 
conductivity, and capacitive electrodes were then placed 
around the tube. Our packaging protocol maintains the 
flexible nature of the device while making it biocompatible for 
in vivo experiments. Accuracy and precision of sensors were 
first characterized through benchtop testing in a benchtop 
colon phantom. The functionality of the sensors was further 
evaluated in 2 preliminary acute in vivo experiments. Benchtop 
results showed that the pressure sensor was capable of 
detecting controlled pressure changes with a root mean 
square error (RMSE) of 3.7 cmH2O. Regression analysis for 
the conductivity measurements showed a maximum error of 
19% and a RMSE of 675 µS/cm. For volume estimation, there 
was a maximum error of 26% and a RMSE of 4.5 mm for 
the diameter of a stool. In vivo conductivity measurements 
were sensitive to stools with different conductivities. When 
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Abstract: Gastrointestinal (GI) peristalsis is coordinated 
by an underlying bioelectrical activity, referred to as slow 
waves. High-resolution (HR) mapping of the GI bioelectrical 
activity is an emerging method to define GI functional 
disorders such as gastroparesis and functional dyspepsia. 
Continuous monitoring and mapping of the GI activity is 
essential to optimize electrical stimulation parameters to 
modulate the GI activity which is proven to be effective in 
treating GI dysmotility. Targeting the development of a 
minimally invasive device for HR mapping with implantation 
capability for long-term studies; we have developed a 
wireless miniature high-resolution implantable system to 
study the GI electrophysiology. The system is composed of 
an implantable unit (IU), a wearable unit (WU), and a stationary 
unit (SU) connected to a computer. Through a biocompatible 
flexible 64-channel electrode with an array of 8 by 8 (32Ã-32 
mm2, with inter-electrode spacing of 4mm) connected to a 
multiplexing circuit, the IU (11Ã—40 mm2) acquires the gastric 
slow wave signals, continuously. IU then amplifies each 
channel’s signal with an adjustable gain of 20 to 10000, filters 
with applying a band-pass filter (0.016-1.6 Hz) and digitizes at 
the rate of 15 samples per second (S/s) per channel through 
a 12-bit digital-to-analog converter (ADC). A low-power 
microcontroller which encompasses the ADC manages the 
IU. The IU can wirelessly communicate in power-saving mode 
“with the WU” through an RFID link, and in long-range mode 
“with the SU” through an ISM-band RF communication link. 
The wireless data transmission mode can be determined 
through a graphical user interface (GUI) installed on the 
computer. For inductive data transmission, the sampled 
data of all 64 channels are encoded with a customized 
Manchester encoding algorithm (pulse position encoding) and 
at 125 kS/s sent to the WU through a load-shift keying (LSK) 
modulation over a 13.56 MHz inductive link. Simultaneously, 
the WU transmits 23dBm power over the same link to be 
received by the IU and through the charge management 
circuit, recharges its 3.7V lithium polymer battery. There is 
a RFID-based closed-loop mechanism between WU and IU, 
to maintain the rectified voltage at 4.2V level, regardless of 
possible misalignment or change of distance between the 
two planar coils. The WU demodulates and then decodes the 
data sent from IU, and either stores them locally on a memory 
card or transmits them to the SU through a 2.4 GHz radio link. 
The WU’s mode can also be determined through the GUI. For 

ISAN19.243
LOW-COST, IMPLANTABLE WIRELESS SENSOR 
PLATFORM FOR NEUROMODULATION RESEARCH

Brett Hanzlicek1, Ian Mcadams2, Aref Smiley2, Steve J. 
Majerus3, Dennis Bourbeau4, Margot Damaser2

1Louis Stokes Cleveland VA Medical Center, Research, Cleveland, 
OH, UNITED STATES OF AMERICA, 2Cleveland Clinic, Dept Of 
Biomedical Engineering, Cleveland, OH, UNITED STATES OF 
AMERICA, 3Case Western Reserve University, Cleveland, AL, 
UNITED STATES OF AMERICA, 4MetroHealth Medical System, 
Cleveland, OH, UNITED STATES OF AMERICA

Abstract: The role of peripheral nerves in regulating major 
organ function in health and disease is not well understood. 
Elucidating the relationships between biomarkers and neural 
activity during conditions free from anesthesia is essential to 
advancing future investigations of autonomic organ control 
and improving precision for neuromodulation treatment 
approaches. Here we present a simple, customizable, off-
the-shelf component sensor platform totaling less than USD 
$20 to meet research needs for studying different organs and 
implant environments under conscious, free movement. The 
platform consists of a small, rechargeable coin-cell battery, 
an energy-harvesting IC, a low-power microcontroller, a 
low-power pressure transducer, customizable number 
of electrodes with a common anode, inductive recharge 
input, and near-field transmission. As a more nuanced 
understanding of the neuroanatomy of bladder function 
could enable new treatment options or neuroprosthesis to 
eliminate incontinence, a case study demonstrating a bladder 
implant for long-term monitoring of bladder pressure and 
urine volume in felines is presented. Utilizing a novel, non-
hermetic encapsulation approach, the customized platform 
consists of two stimulation electrodes, one sensing anode, 
and an integrated pressure sensor. The device utilizes 
two sleep modes to minimize battery loading, exhibiting a 
maximum time-averaged current draw of 120 micro-amps 
during sensing and transmission, with a quiescent current 
draw of 95 nano-amps into the microcontroller. The packaged 
device is small enough to be surgically implanted within the 
bladder lumen, where it does not inhibit bladder function nor 
inflict trauma. Benchtop evaluation of the volume-sensing 
system in simulated bladder-like conditions has demonstrated 
prediction of intra-vesical fluid volume within <5mL mean 
error below 40mL and worst-case mean error of 13mL near 
full-scale volume. These results indicate that the platform’s 
capabilities encompass the design needs for a chronic 
bladder state monitoring device.

Disclosure: No significant relationships.
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ULTRASOUND-GUIDED FOCUSED ULTRASOUND 
INHIBITS ELECTRICALLY EVOKED MOTOR NEURON 
ACTIVITY IN MOUSE SCIATIC NERVE

Min Gon Kim, Stephen Lee, Hermes Kamimura, Elisa 
Konofagou
Columbia University, Biomedical Engineering, New York, NY, 
UNITED STATES OF AMERICA

Abstract: Noninvasively controlling neuronal activity 
remains a primordial challenge in neurology. Recently, our 
group developed focused ultrasound (FUS) for stimulation of 
peripheral nerve with safe/effective/specific nerve targeting. In 
this study, we propose an approach to reversibly inhibit motor 
neuron activity of the mouse sciatic nerve in vivo by controlling 
nerve temperature using ultrasound-guided FUS. To verify the 
proposed approach, we selected six different pulse repetition 
frequency (PRF) values to study thermal effects on the motor 
neuronal activity innervating the gastrocnemius muscle in vivo. 
The experimental setup consists of electrical or image-guided 
FUS stimulations and electromyography (EMG) recording/
analysis. After precisely locating the targeted sciatic nerve 
based on ultrasound B-mode imaging acquired by 7.8-MHz 
imaging transducer and muscle activation induced by FUS 
stimulation, the proximal/distal sciatic nerve was exposed to 
electrical/ultrasound-guided FUS stimulations, respectively. 
The effects of induced neuromodulation by using 3.1-MHz 
FUS transducer/1ms pulse duration/2s total sonication 
time/PRF (1/10/40/100/250/500Hz) on the sciatic nerve 
were recorded and analyzed in terms of EMG amplitude/
latency during FUS stimulation compared to the values 
before FUS exposure (n=18, mice). To evaluate the safety, 
cumulative equivalent minutes (CEM) 43 °C was calculated 
and hematoxylin and eosin (H&E) staining was conducted in a 
blinded study between the negative control and experimental 
groups. For temperature elevation below 1.7 ºC (PRF: 1/10Hz), 
the average normalized EMG amplitude/latency was similar 
to the values without FUS modulation. On the other hand, 
the average normalized amplitude and latency during FUS 
modulation (CEM 43 °C/PRF) were respectively decreased 
by 6% and 7% at a FUS-induced temperature increase of 
4.2 ºC (CEM 43 °C: 0.0025/PRF: 40 Hz), 16% and 9% at 8.9 
ºC (0.63/100Hz), 34% and 6% at 14.3 ºC (20.95/250Hz), and 
50% and 14% at 23.9 ºC (1421/500Hz), respectively. Based 
on the safety assessment with H&E results, compared with 
the experimental (PRF: 500Hz) group, negative control/
experimental groups (PRF: 1/10/40/100/250Hz) were not 
associated with any morphological changes of the treated 
sciatic nerve/its surrounding tissue areas. The experimental 
results show that FUS could be applied for noninvasive, 
selective and reversible control of neuronal activity in the 
peripheral nervous system with the ability of safe, effective 
and specific nerve targeting.

Disclosure: No significant relationships.

direct data transmission to the SU, the transceiver at the IU 
accumulate the data of every 8 channels in one packet and 
transmits it to the SU. Regardless of whether the SU receives 
the signals directly from the IU or indirectly through the WU, 
it processes the received data and through a USB interface 
sends them to stationary computer. We have designed a 
GUI in LabVIEW to monitor the recording slow-waves (in 64 
independent windows) in real-time and store them for offline 
analysis. The IU has been encapsulated using medical-grade 
epoxy. The system has been validated on rigorous benchtop 
and terminal animal studies. More long-term animal studies 
are needed in the future.
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FECOBIONICS TECHNOLOGY FOR STUDYING COLONIC 
AND ANORECTAL NEUROPHYSIOLOGY

Hans Gregersen1, Ghassan Kassab2, Bhavesh Patel2, Bill 
Combs2

1California Medical Innovations Institute, San Diego, UNITED 
STATES OF AMERICA, 2California Medical Innovations Institute, 
San Diego, CA, UNITED STATES OF AMERICA

Abstract: Transport of feces is a complex mechano-
physiological process through which solid, semisolid, and/
or liquid waste material are moved along the colon, stored in 
the rectum, and eliminated via the anus. Recently, a simulated 
electronic feces named Fecobionics that combines several 
existing tests was developed to provide novel insight into 
colonic and anorectal neurophysiology. The purpose was to 
overcome the technological controversies and disagreement 
between tests and non-physiological test conditions. 
Fecobionics was developed to simulate stool and to provide 
pressure signatures,orientation, bending and shape changes 
in a single examination (figure 1). The overall goal is to provide 
mechanistic understanding of feces transport and defecation. 
It exceeds previous attempts to make artificial stool for 
evaluation of defecation and integrates other technologies 
as well. Fecobionics was designed to have a consistency and 
deformability of type 3-5 on the Bristol stool form scale. This 
range is found in 70% of healthy subjects. A major novelty is 
that Fecobionics measures pressures in axial direction, i.e. 
in the flow direction. Promising data have been obtained with 
wired prototypes demonstrating feasibility in the human lower 
GI tract. Figure 2 shows pressure data from healthy subject 
and patient with fecal incontinence using a wired prototype. 
Fecobionics is currently further developed in the SPARC2 
Next Generation Tools and Technologies program. Test of the 
new wireless device has shown accuracy of pressure, cross-
sectional area, temperature and orientation measurements, 
as well as bending and position calculations to be within 
2-5%. The data loss rate and data error rate of the wireless 
transmission are negligible.

Disclosure: No significant relationships.
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