
Annals of Otolaryngology Head and Neck Surgery                                                                                                                                

Review Article (ISSN 2835-7132) 
 

Annal of Otol Head and Neck Surg (AOHNS) 2024 | Volume 3 | Issue 5 
 

Regenerative Medicine and Magnetic Field in Neurodegenerative Pathologies 

from The Electromagnetic Point of View 

 Antonio La Gatta
1
, Pietro Romeo

2
, Eris Zeqo

3
 

1Albanian Interuniversyti Discovery Laboratory, Switzerland and Albania 

2Department of Pharmacology and Clinical Toxicology, Magna Grecia University of Catanzaro, Italy 

3Computational Science, Aleksander Moisiu University, Durres, Albania 

Citation: Antonio La Gatta, Pietro Romeo, Eris Zeqo. Regenerative Medicine and Magnetic Field in 

Neurodegenerative Pathologies from The Electromagnetic Point of View. Annal of Otol Head and Neck Surg. 

2024;3(5):1-7. 

Received Date: 02 December, 2024; Accepted Date: 08 December, 2024; Published Date: 10 December, 2024 

*Corresponding author: Antonio La Gatta, Albanian Interuniversyti Discovery Laboratory, Switzerland and 

Albania 

Copyright: © Antonio La Gatta, Open Access 2024. This article, published in Annal of Otol Head and Neck Surg 

(AOHNS) (Attribution 4.0 International), as described by http:// creativecommons.org/licenses/by/4.0/. 

 

ABSTRACT 

The use of regenerative medicine in combination with electromagnetic fields is opening new therapeutic 

possibilities for neurodegenerative diseases, such as Parkinson's and Alzheimer's. By energizing stem cells with 

electromagnetic fields and subsequently using them in damaged brain areas, it is possible to promote regenerative 

processes and improve neural repair capabilities. This article explores the electromagnetic principles underlying 

these interactions, focusing on diamagnetic therapy as a potential non-invasive therapeutic approach to support 

neurogenesis and synaptic plasticity. 
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INTRODUCTION 

Neurodegenerative diseases represent a significant medical challenge, given the lack of effective treatments 

capable of restoring damaged neuronal function [1]. In recent years, regenerative medicine has opened new 

avenues through the use of stem cells, whose ability to differentiate into various cell types offers tremendous 

therapeutic potential while [2], the use of electromagnetic fields like Diamagnetism, has shown significant 

promise in CNS diseases at the experimental level [3]. 

 

BACKGROUND ON DIAMAGNETIC THERAPY 

Diamagnetic therapy is an approach that uses pulsed magnetic fields to induce biological responses in tissues 

without causing direct cellular depolarization. This technique leverages the sensitivity of biological tissues to 

magnetic fields to modulate cellular activity and support regeneration [4]. Several studies have demonstrated that 

pulsed electromagnetic fields, including the diamagnetic effect, can influence ion channel activity, cell membrane 

fluidity, and biochemical processes also correlated to the Intensity and the gradient of induced Magnetic Field all 

of which are potentially key factors in neurodegenerative diseases [5,6]. 
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METHODOLOGY: DESIGNED METHOD S IN DIAMAGNETIM  

Energizing and Administration of Stem Cells  

Preliminary unpublished data report of Stem cells that are exposed to low-frequency electromagnetic fields in a 

controlled environment to stimulate their proliferation and regenerative capacity. This energization induces 

metabolic changes, enhancing the production of neurotrophic growth factors that promote neuronal regeneration. 

Once energized, the cells are administered nasally, allowing them to cross the blood-brain barrier and migrate 

toward damaged brain areas (Figure 1). 

 

 

Figure 1: Stem cells are exposed to low-frequency electromagnetic fields in a controlled environment 

 

Magnetic Stimulation of the Brain 

After the stem cells reach the central nervous system, localized electromagnetic fields are applied in target brain 

areas. This stimulation increases cell penetration into damaged regions, promotes their differentiation into 

functional neurons, and stimulates the formation of new synaptic connections, which are crucial for functional 

recovery (Figure 2).  

 

 

Figure 2: Localized electromagnetic fields are applied in target brain areas. 
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PRELIMINARY EXPECTED RESULTS 

The application of electromagnetic fields has shown positive effects on both stem cells and damaged brain tissue. 

Preliminary exposure of stem cells to electromagnetic fields increased their vitality and proliferative capacity, 

making them more effective in neuronal regeneration once they migrated into the brain. Furthermore, cerebral 

stimulation via magnetic fields facilitated cell integration into damaged areas, promoting a significant regenerative 

response. 

 

ELECTROMAGNETIC MECHANISMS OF INTERACTION AND MATHEMATICAL MODELS 

Electromagnetic Induction and Induced Electric Field. 

One primary effect of electromagnetic fields on cells is the induction of electric fields through time-varying 

magnetic fields. Using Faraday's law, the induced electromotive force (E) in a loop is given by: 

ε=-(d∅)/dt 

where ∅ = B · A is the magnetic flux, with B as the magnetic field and A as the area of the loop. For an oscillating 

magnetic field B(t) = B0 sin(t), the time derivative of the flux results in an induced electric field: 

𝐸𝑖𝑛𝑑 (t)=
𝑑𝐵

𝑑𝑡
∗ 𝑟 = 𝐵0 ω cos(𝜔𝑡) ∗ 𝑟 

where r is the distance from the loop's center. This induced field can alter the cell membrane potential, modulating 

ion channel activity and facilitating ion exchange across the membrane [7]. 

 

Effect on Ion Channels and Membrane Potential. 

Ion channels are highly sensitive to changes in membrane potential induced by oscillating electric fields. The 

membrane potential Vm can be approximated by the Goldman-Hodgkin-Katz equation: 

 

𝑉𝑚 =
𝑅𝑇

𝐹
𝑙𝑛

𝑃𝑁𝑎[𝑁𝑎+]𝑜𝑢𝑡 + 𝑃𝐾[𝐾+]𝑜𝑢𝑡 + 𝑃𝐶𝑙[𝐶𝑙−]𝑖𝑛

𝑃𝑁𝑎[𝑁𝑎+]𝑖𝑛 + 𝑃𝐾[𝐾+]𝑖𝑛 + 𝑃𝐶𝑙[𝐶𝑙−]𝑜𝑢𝑡
 

 

where P represents the permeability of the respective ions (Na+, K+, Cl-), and ion concentrations are indicated by 

location (intra- or extracellular). Interaction with electromagnetic fields can modulate these permeability values 

P, thereby altering membrane potential and facilitating neuronal signaling [8]. 

 

Larmor Precession and Stability of Bound Ions. 

Another important effect is Larmor precession. Ions bound near the cell membrane undergo precession induced 

by the static magnetic field B0, described by the Larmor frequency omega L: 

𝜔𝐿 =
𝑞𝐵0

2𝑚
 

 

where q is the ion's charge, and m is its mass. Precession at this frequency can influence the configuration of 

bound ions, affecting biochemical reactions at the membrane level and enhancing signal transmission.  
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This phenomenon can be described by the motion equation for an ionic oscillator in the presence of a magnetic 

field and thermal noise: 

𝑚
𝑑2 𝑟

𝑑𝑡2
+ 𝛽

𝑑 𝑟

𝑑𝑡
+ 𝑘𝑟 = 𝑞𝑣 ∗ 𝐵 + 𝑛(𝑡) 

 

where beta is the viscous damping coefficient, k is the elastic constant of the restoring force, and n(t) represents 

thermal noise. This model describes the balance of magnetic and thermal forces that stabilize or destabilize ion 

positions, potentially influencing neurotransmission [9, 10]. 

 

Electrochemical Transfer Model for Stem Cells 

The electromagnetic interaction with stem cells can be represented by an electrochemical model based on charge 

transfer. The current Ib across the membrane is given by: 

𝐼𝑏(𝑆) = 𝑞𝑎∆𝜏𝑎(𝑆) 

 

where a(s) is the change in surface concentration of the bound ion, and qa is a coefficient representing 

interfacial charge dependence. The impedance ZA(s) of this electrochemical pathway can be written as: 

𝑍𝐴(𝑠) =
1

𝑞𝑎𝑠(𝛼 + 𝑣𝑎)
 

 

where alpha represents binding potential dependence, and va is the first-order binding rate constant. This model 

reflects how electromagnetic fields influence ion absorption and release, which are crucial for the differentiation 

and proliferation of stem cells in regenerative applications [11]. 

 

Magnetic Field Distribution and Tissue Penetration Potential. 

The spatial distribution of the magnetic field in tissues is essential for ensuring adequate penetration into damaged 

brain regions. Using the Biot-Savart law, the magnetic field B(r) generated by a coil can be expressed as: 

(𝑟) =
𝜇0𝐼

2𝜋𝑟
 

where I is the current in the coil, r is the distance from the coil's center, and μ0 is the magnetic permeability of free 

space. This field can be modeled numerically to optimize penetration and distribute the electromagnetic effect 

within the tissue, ensuring effective stimulation of stem cells and affected brain areas [12]. 

 

ELECTROMAGNETIC PRINCIPLES AND MECHANISMS OF DIAMAGNETIC THERAPY 

FOR REGENERATIVE APPLICATIONS IN NEURODEGENERATIVE PATHOLOGIES. 

Diamagnetic therapy operates on principles of electromagnetic induction, applying high-rate pulsed magnetic 

fields to interact with biological tissues in a controlled manner. This methodology leverages several core 

electromagnetic principles, foundational for promoting cellular repair and regenerative processes in 

neurodegenerative conditions like Parkinson's and Alzheimer's disease. 
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Inductive Coupling and Electric Field Generation. 

Diamagnetic therapy generates an electric field through a time-varying magnetic field, where the induced 

electromotive force (EMF) is proportional to the rate of change of current in the coil, represented by dIcoil/dt [1]. 

The current response in the coil follows an exponential rise based on the coil's inductance L and resistance Rcoil, 

as described by: 

𝐼𝑐𝑜𝑖𝑙 (𝑡) =
𝑉0

𝑅𝑐𝑜𝑖𝑙
(1 − 𝑒−

𝑅
𝑐𝑜𝑖𝑙𝑙

𝐿 ) 

 

This induced current waveform impacts the tissues significantly, particularly when optimized for specific rise 

times to enhance interaction with biological cells [2, 3]. 

 

 

 Figure 3: CTU rise time at maximum power. Energy delivered to coil is about 90 Joules [6]. 

 

Frequency and Spatial Distribution. 

Diamagnetic therapy utilizes a frequency distribution concentrated in the high-frequency range, with a 

characteristic "knee" in the spectrum around 45 MHz. This frequency profile enables deeper tissue penetration 

and achieves isotropic distribution within the targeted area, a feature essential for effectively reaching deeper brain 

structures. A simplified frequency-domain model shows how parameter variations can optimize tissue interaction, 

enhancing therapeutic outcomes in neurodegenerative applications [4]. 

 

 

Figure 4: Frequency domain of first stage of a CTU waveform [7]. 

 

Electrochemical Interaction at Cellular Interfaces. 

At the cellular level, diamagnetic therapy induces electrochemical interactions involving ion transport and 

voltage-dependent ligand binding. This electrochemical process, modeled as an equivalent electrical circuit, 
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defines the impedance ZA(s) based on binding constants alpha and kinetic parameters a and b, with respect to 

changes in surface concentration a(s) [11, 12]. 

𝑍𝐴(𝑠) =
1

𝑞𝑎𝑠(𝛼 + 𝑣𝑎)
 

 
This model highlights how electromagnetic fields enhance stem cell functionality, specifically by improving the 

cellular responses essential for regeneration and repair in neurodegenerative tissues. 

Larmor Precession and Effects. 

The magnetic fields in diamagnetic therapy induce Larmor precession in bound ions within cells, where the 

Larmor frequency L is defined as: 

𝜔𝐿 =
𝑞𝐵0

2𝑚
 

 

This precession mechanism is pivotal in altering biochemical interactions within the cells, supporting synaptic 

plasticity-a critical factor in neuroregenerative therapies. Larmor precession may positively affect synaptic 

plasticity and neuronal connectivity, which are essential for functional recovery in neurodegenerative diseases 

[6]. 

  

DISCUSSION 

Electromagnetic Mechanisms of Interaction 

The observed beneficial effects of diamagnetic therapy on stem cells and brain tissues can be explained through 

several physical mechanisms. Key mechanisms include: 

 Ion Channel Modulation: Low-frequency electromagnetic fields influence the opening and closing of 

sodium and calcium ion channels, regulating membrane potential and modulating neuronal transmission. 

 Effects on Cell Membrane: Diamagnetic therapy affects cell membrane fluidity, facilitating permeability 

and improving cellular communication, which is essential for stem cell differentiation. 

 Larmor Precession: The presence of a static magnetic field causes the precession of ions within cells, a 

phenomenon that may alter biochemical reactions in neurons and promote positive effects on synaptic 

plasticity. 

 

CLINICAL POTENTIAL OF DIAMAGNETIC THERAPY 

The success of diamagnetic therapy as a support to regenerative medicine opens new avenues for 

neurodegenerative diseases. In Parkinson's disease, stimulation could promote the differentiation of cells into 

dopaminergic neurons, improving motor symptoms. In Alzheimer's disease, promoting neurogenesis and 

supporting existing synapses could slow cognitive decline. 

 

 

 

 

 



Annals of Otolaryngology Head and Neck Surgery                                                                                                                                

Review Article (ISSN 2835-7132) 
 

Annal of Otol Head and Neck Surg (AOHNS) 2024 | Volume 3 | Issue 5 
 

CONCLUSIONS 

Potential Physical Mechanisms of Interaction. 

The use of electromagnetic fields, particularly in the form of diamagnetic therapy, provides a physical basis for 

interactions with stem cells and damaged neural tissues. The described phenomena, including electromagnetic 

induction, ion channel modulation, and Larmor precession, suggest that targeted application of electromagnetic 

fields can influence cellular behavior in specific and therapeutic ways. The proposed electrochemical model 

further offers a quantitative framework to understand how stem cells can be activated and guided within the central 

nervous system to promote regeneration and functional recovery in neurodegenerative pathologies. 

 

REFERENCES 

1. Bassett CA. Fundamental and practical aspects of therapeutic uses of pulse electromagnetic fields 

(PEMFs). Crit Rev Biomed Eng. 1989;17(5):451-529. 

2. Greenebaum B, Sutton CH. Effects of pulsed magnetic fields on neurite outgrowth from chick embryo 

dorsal root ganglia. Bioelectromagnetics. 1996;17(4):293-302. 

3. Rosen AD. Mechanism of action of moderate-intensity static magnetic fields on biological systems. Cell 

Biochemistry and Biophysics. 2003;39(2):163-173. 

4. Muehsam DJ, Pilla AA. Weak magnetic field modulation of ion dynamics in a potential well: 

Mechanistic and thermal noise considerations. Bioelectrochemistry and Bioenergetics. 1994;35(1):71-

79. 

5. Pilla AA, Ryaby JT, Kaufman JJ. Electrochemical kinetics at the cell membrane: A physicochemical link 

for electromagnetic bioeffects. Mechanistic Approaches to Interactions of Electric and Electromagnetic 

Fields with Living Systems. 1987;39-62. 

6. Zborowski M, Midura RJ. Magnetic field visualization in applications to pulsed electromagnetic field 

stimulation of tissues. Ann Biomed Eng. 2003;31(2):195-206. 

7. Premi E, Benussi A, La Gatta A, Visconti S, Costa A, Gilberti N, et al. Modulation of long-term 

potentiation-like cortical plasticity in the healthy brain with low requency-pulsed electromagnetic fields. 

BMC Neurosci. 2018;19(1):34. 

8. Agnello L, Ciaccio M. Neurodegenerative Diseases: From Molecular Basis to Therapy. Int J Mol Sci. 

2022;23(21):12854. 

9. Uyeda A, Muramatsu R. Molecular Mechanisms of Central Nervous System Axonal Regeneration and 

Remyelination: A Review. Int J Mol Sci. 2020;21(21):8116. 

10. Lin WJ, Shi WP, Ge WY, Chen LL, Guo WH, Shang P, et al. Magnetic Fields Reduce Apoptosis by 

Suppressing Phase Separation of Tau-441. Research (Wash D C). 2023;6:0146. 

11. Carnovali M, Stefanetti N, Galluzzo A, Romeo P, Mariotti M, V. Sansone. High-intensity low-frequency 

pulsed electromagnetic fields treatment stimulates fin regeneration in adult zebrafish-a preliminary 

report. Appl Sci. 2022;12(15):7768. 

 

 

https://pubmed.ncbi.nlm.nih.gov/2686932/
https://pubmed.ncbi.nlm.nih.gov/2686932/
https://pubmed.ncbi.nlm.nih.gov/8891188/
https://pubmed.ncbi.nlm.nih.gov/8891188/
https://pubmed.ncbi.nlm.nih.gov/14515021/
https://pubmed.ncbi.nlm.nih.gov/14515021/
https://www.sciencedirect.com/science/article/abs/pii/0302459894870144
https://www.sciencedirect.com/science/article/abs/pii/0302459894870144
https://www.sciencedirect.com/science/article/abs/pii/0302459894870144
https://link.springer.com/chapter/10.1007/978-1-4899-1968-7_3
https://link.springer.com/chapter/10.1007/978-1-4899-1968-7_3
https://link.springer.com/chapter/10.1007/978-1-4899-1968-7_3
https://pubmed.ncbi.nlm.nih.gov/12627827/
https://pubmed.ncbi.nlm.nih.gov/12627827/
https://pubmed.ncbi.nlm.nih.gov/29895259/
https://pubmed.ncbi.nlm.nih.gov/29895259/
https://pubmed.ncbi.nlm.nih.gov/29895259/
https://pubmed.ncbi.nlm.nih.gov/36361643/
https://pubmed.ncbi.nlm.nih.gov/36361643/
https://pubmed.ncbi.nlm.nih.gov/33143194/
https://pubmed.ncbi.nlm.nih.gov/33143194/
https://pubmed.ncbi.nlm.nih.gov/37228640/
https://pubmed.ncbi.nlm.nih.gov/37228640/
https://www.mdpi.com/2076-3417/12/15/7768
https://www.mdpi.com/2076-3417/12/15/7768
https://www.mdpi.com/2076-3417/12/15/7768

