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Abstract: Bioelectronic medicine is dedicated to exploring and influencing the electrical activity in the neural system to develop
new treatment approaches [1]. Integrating insights from microelectronics, materials science, IT, neurology, and medicine, BEM
offers innovative solutions that address unfulfilled clinical needs and revolutionize therapeutic approaches [2]. Bioelectronic
medicine offers transformative potential for diagnosing and treating a wide range of conditions, including cancer, diabetes,
neurodegenerative diseases, and more[1]. Bioelectronic medicine is based on mechanistic evidence that neural signals influence
physiological and pathological processes, as well as improvements in tissue-device interfaces and signal processing[3]. BEM has
been useful for mobility problems and the enhancement of prosthetic devices[4].
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L. INTRODUCTION

Bioelectronic medicine (BEM) opens up fresh possibilities for addressing conditions such as movement disorders and treatment-
resistant inflammatory diseases [4]. Bioelectronic medicine encompasses ethics, societal impact, regulatory concerns,
reimbursement policies, and patient viewpoints, encouraging collaboration across multiple disciplines [1]. Activating or suppressing
peripheral nerves can have an impact on a wide range of physiological processes [5]. Due to the anatomical differences among these
nerves, specialized technology must be customized to fit both the specific disease and the patient population [6]. Highlighted the
potential to enhance our capacity to monitor and treat a broad spectrum of common diseases through better mapping of neuro-
reflexes in physiological processes at the molecular level, alongside advancements in interfaces and equipment [3]. The primary aim
is to address ethical concerns and encourage a progressive ethical approach in BEM research [4].
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1. LITERATURE REVIEW

Our goal is to decode the neurological pathways that control organ function, develop safer and more precise treatments, and
accelerate their clinical application by streamlining the regulatory process for medical devices [7]. If the healthcare industry can
overcome many long-term barriers to bioelectronic medicine, the word will become more widely known[8]. A key advantage of
bioelectronic medicine is its ability to complement or replace traditional drugs, reducing costs and minimizing severe side effects
[7]. In the 18th and 19th centuries, artificial electrical devices replaced natural methods of electricity generation, with Galvani's
experiments on frog leg contractions marking a pivotal discovery in bioelectricity [9]. Our research aims to create devices that can
regulate the electrical communication within the nervous system [7]. Bioelectronic medicine combines neuroscience, engineering,
and targeted therapies to develop neuromodulation devices designed to address a range of chronic and neurological conditions [10].
This innovative approach uses bioelectricity as a fundamental communication tool in the body, with electrical signals traveling
through the nervous system to regulate organ function [11].
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Metabolic biomarkers

1. METHODOLOGY

This emerging field is exploring potential treatments for conditions such as paralysis, diabetes, rheumatoid arthritis, chronic
illnesses, hypertension, blindness, and more [12]. Bioelectric and neuromodulation therapies may reduce costs and offer economic
benefits by providing affordable pain management options that improve patient outcomes in response to growing prescription costs
[13]. These cytokines trigger signals through afferent vagus nerve fibers (shown in green), which originate in the nodose ganglia and
extend to the NTS in the brainstem [14]. A growing group of BM neural engineers is developing small electrical implants aimed at
targeting specific nerves within the ANS, functioning in a closed-loop system to monitor and modify neural signal patterns [15]. The
ElectRx program focuses on advancing understanding of the peripheral nervous system and creating innovative therapies for acute
and chronic immune-related conditions and infectious diseases [16]. In a healthy body, the electron readout is typically -25 charge,
signaling proper cell function, but during inflammation or illness, this charge can decrease to -50 [17]. Recent developments in
biomedical technology have facilitated the collection of extensive data, creating new challenges in processing and managing this
information [18]. Arduino captures biosignals, sends them to Google Colab for Al analysis, receives control commands, and updates
a remote interface to enable real-time therapeutic monitoring and stimulation.

Keywords: Neuromodulation therapies, Vagus nerve stimulation, Closed-loop neural devices, Biomedical data processing

BIOELECTRONIC
MEDICINE

IMPLANTABLE

DEVICE
_

)
. |
‘ \ EXTERNAL
PERIPHERAL \ ELECTRONIC
NERVE DEVICE

V. RESULTS & DISCUSSIONS
1) The system successfully enabled real-time biosignal acquisition, Al-based analysis with high accuracy, and fast therapeutic
feedback control.
2) Communication delays were minimal, remote monitoring was effective, and future improvements could focus on reducing
cloud dependency and enhancing system robustness.
The code creates and trains a neural network model using random data, simulates real-time sensor data, makes predictions with the
model, and visualizes both the sensor data and predictions on separate plots.

Real-time Sensor Data

Al Model Predictions Over Time

Time (samples)
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