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Background: J[

Objective & Research Question:

* The threshold between safe and damaging levels of electrical stimulation in brain
tissue 1s often defined by the Shannon limit, which relates charge density to charge
per phase of the electrical stimulation waveform.

 Knowing the causal mechanisms to cell deterioration during electrical stimulation
will allow for improved designs to existing devices and facilitate the safe

implementation novel treatment methods.

The goal of this project is to identify the role of oxygenation in injury to neural cells undergoing

electrical stimulation, while further exploring oxygenation patterns when stimulation falls below
and above the Shannon limit.

Methods:

* Electrical stimulation was applied to an in-house electrochemical cell

Stimulation Parameters

e 2 platln}lm-.lrldmm macro-electrodes fixed to a.shde are placed in a glass dish Pre-train delay 300s
* (lass dish 1s filled with phosphate-buffered saline (PBS)
«  Partial pressure of oxygen was measured via a fiberoptic probe Post-train recovery 600s
* The primary data which was analyzed consisted of the amount of oxygen (%) present within the area of stimulation ) )
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Results:

A negative trend in oxygen concentration was found in response to cathodic stimulation through the electrodes, that returned to normal levels after stimulation was no longer being applied.

A small negative trend in oxygen concentration was found, followed by an increase in concentration in response to anodic stimulation through the electrodes. A return to normal levels was observed

after stimulation was no longer being applied

No significant alterations in oxygen saturation was found after applying biphasic stimulation through the electrodes.
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Cathodic Stimulation

Below Limit 1 12.5%
Below Limit 2 24.97%
Above Limit 1 31.66%
Above Limit 2 29.3%
Anodic Stimulation
Below Limit 1 2.39%
Below Limit 2 14.84%
Above Limit 1 56.1%
Above Limit 2 82.36%
Biphasic Stimulation
Below Limit 1 2.23%
Below Limit 2 1.87%
Above Limit 1 0.31%
Above Limit 2 0.11%

These sets of experiments depended on the process of
hydrolysis to observe any changes in oxygen saturation
around the area of the electrodes, due to the utilization of
PBS within an in-vitro experimental set up.

Future considerations should address the lack of biological
influences within this set up. Doing so by replacing the PBS
with artificial cerebral spinal fluid will more accurately
represent conditions present inside of the brain while
carrying out in vitro-experimentation.

Furthermore, in-vivo experiments will be carried out using
lab rats, resulting in more representative real-time data
outlining how brain cells are affected during and after
electrical stimulation.

Additional factors such as local changes in temperature as
well as carbon dioxide saturation within the tissue should
also be considered to gain additional context behind any
potential cellular and molecular mechanism(s) behind brain
tissue damage due to electrical stimulation.

Special thank you to Dr. Jitendran Muthuswamy and Michael D’Saachs for their
support and guidance throughout this project.
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