Hydrogen sulfide augments intracellular calcium in
nodose-petrosal ganglia neurons
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Introduction

Arterial baroreceptors provide beat-to-beat reflex control of sympathetic
nerve activity and blood pressure. Chemoreceptors are activated during
periods of brief hypoxia - such as altitude ascent - increasing respiration to
maintain O, delivery to the brain. The cell bodies for these sensory
afferents related to the baro- and chemoreceptors are located in the
nodose petrosal-ganglia (NPG). The primary termination and integration
point for these sensory afferents is the nucleus tractus solitarii (nTS). Fig. 1
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Figure 1. Left: Anatomical model. Right: (Neuro)physiological process. Key: BP —
blood pressure, O, — oxygen, CA — carotid artery, § — carotid body, ® - H,S, > —
baroreceptors, + - increase in action potential, Vg — minute ventilation, HR —
heart rate.

Hydrogen Sulfide (H,S) is a gasotransmitter produced in the neurons and
glia cells of the nTS. Cystathionine B-synthase (CBS), cystathionine y-
lyase (CSE) and 3-mercaptopyruvate sulfurtransferase (MPST) are the
essential enzymes which catalyze H,S production in mammalian tissues.
The influence of H,S is substantial; H,S can easily pass though the plasma
membrane to modulate neuronal activity by triggering several intracellular
pathways before being metabolized. Ca?* channels activated by H,S
include T-type, L-type, TRPV,, and TRPA, (Fig. 2) Unsurprisingly, H,S is
implicated as an important player in several physiological processes,
including the autonomic nervous and respiratory systems.

Figure 2. Production of H,S, through the enzymes CBS, CSE and MPST,
augments Ca?* channels.

Previous studies have confirmed the significance of CBS and MPST for
H,S production in the central nervous system (CNS). Additionally, our
research has shown that H,S increases synaptic transmission in the nTS
by augmenting Ca?* in afferent presynaptic terminals (Fig. 3). However, the
precise mechanism(s) for H,S production in the peripheral nervous system
(PNS) are not understood and the manner in which Ca?* augmentation
occurs has not been identified.
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Figure 3. Fluorescent presynaptic sensory terminals in the nTS during their
stimulation in the absence (A) and the presence (B) of H,S. C. Change in
fluorescence from baseline of terminal circles in A and B.

The somas of NPG neurons have the same complement of ion channels as
their peripheral and central nTS terminals. Thus, the NPG is a key model
for examining the influence of H,S in NTS neurotransmission and terminal
Ca?* (Fig. 3), as well as afferent reflexes as a whole (Fig. 1). Moreover,
determining the role of H,S in activation of Ca?* channels in the NPG may
be key to understanding the mechanism(s) of sensory information transfer
to the CNS normally and during physiological stressors.

Hypothesis

Methods

Animals: 3-5 week old male, Sprague-Dawley rats

Dissociation of Cells: Isoflurane gas was used to anesthetize rats,
analgesia was confirmed with foot pinch before decapitation. Right and left
NPG were severed then placed in Dulbecco's Modified Eagle Medium-F12
(DMEM-F12), and dissociated with Collagenase type 2 enzymes in Earl’s
Balanced Salt Solution. Cells were cultured (24-48hrs) on 15mm glass
coverslips in Nodose Complete Media + nerve growth factor (NCM+).

Calcium imaging: Cells were loaded for 30min with the Ca?* sensitive dye
Fura 2-AM (50uM) with pluronic F-127, followed by 2X wash with
physiological saline for 40min. After the final wash, cells were viewed
under an inverted microscope (40X). Cells were excited at 340\ and 380A
(emission 510A) every 3 sec (MicroManager). During acquisition, NPG
cells were bathed in; physiological saline (PS, 2min), H,S donor NaHS [0,
10, 100 and 500uM, 3-5min], PS (5min), high potassium solution (55 mM
K*, 30sec), then PS (2min).

K

Ratio taken: * * 0%

Data analyzation: Data was analyzed with ImagedJ, Excel and GraphPad
Prism. The 340\ / 380A ratio in NPG cells provided a time series graph
illustrating [Ca?*]. changes. If no change was detected after K*, the cell was
determined unviable and was not used for statistics. The average (final
15sec, *) of the ratio was taken for each solution in the experiment.
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Results

H.S producing enzymes are located in the NPG
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Figure 4. A. RT-PCR data showing the H,S generating enzymes CBS and MPST are primarily found in the NPG. *, P < 0.05
ANOVA vs. CBS. B. Immunohistochemistry demonstrating CBS in NPG neurons. CBS (green), Glia (GFAP, blue), Neurons
(NeuN, Red).
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Figure 5. A. Bright field image of isolated NPG. B. Histogram of NPG cell size; size distribution suggests isolation of A and C
fibers. C. 65% of neurons respond to depolarization.

H,S augments Ca%* in NPG cells
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Figure 6. Cells in Figure 5A excited at 340A (A) and 380A (B). C. Figures 6A and 6B, merged ratio: 340A / 380A. D. Robust
increase in [Ca?*']; of outlined cell (Fig. 5 A, Fig. 6 A— C) after exposure to 10uM NaHS.

H,S increases [Ca?*], in NPG cells
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Figure 7. A. Group data showing significant increase in [Ca?*']; after 10uM and 500uM NaHS. B. Magnitude of change in all
cells, with varying concentrations of NaHS. Values within bars indicate number of cells. *, P < 0.05 vs. control, paired t — test.
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Figure 8. Magnitude of change for cells that increase and
decrease with varying concentrations of NaHS. Values within bars
indicate number of cells. *, P < 0.05 vs. control, paired t — test.

Size dependent effect of H,S on [Ca*']
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Figure 9. A. Large cells have the greatest response to H,S. B. A
subset of cell sizes experienced a significant increase in [Ca?]
relative to a specific NaHS dose.”, P < 0.05 vs. control, paired t —
test. #, P < 0.05, 1 way ANOVA.
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Summary

Conclusion

Questions and future experiments

1. Does H,S effect Ca?* entry through activation of voltage
gaited Ca*" channels?
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Figure 10. Preliminary data demonstrates repeated
depolarization, which opens voltage gaited Ca?” channels,
augments [Ca?'].

2. Which Ca?* channels are being affected?
3. Does H,S affect intracellular Ca?* stores?
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