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Magnetically Driven Therapies gl

Magnetic field driven treatments involve the delivery of an
energy form to the tissues, resulting in a physiological
change or stimulation, which can in turn be used to

generate specific effects.
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- Celllabeling
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= ¥

MRI

Magnetic nanoparticles (MNPs) entered also in

the play of magnetically driven treatments,

Multimodal

particularly, in  modern theranostics, as  Advaabe ;- utimod
multifunctional carriers delivering specific ‘cargo’ “‘9 4
under the guidance of an external magnetic field. -

Drugdelivery Gene delivery
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Magnetism is a phenomenon mediated by magnetic fields. The most familiar effects occur in

ferromagnetic materials, which are strongly attracted by magnetic fields.
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Nanoparticle formulations should be able to overcome major biological barriers to reach
their targets.

Intravenous injection of nanomaterials introduces new concerns such as dosage, distribution
and circulation times as in pharmaceuticals.

Possible changes in magnetic behavior upon injection and interactions with cells such as
specific binding and endocytosis.

Nanoparticle agglomerations or regions of high concentration with inter-particle

interactions lead to altered magnetic properties.

# Do the specific magnetic fields with respect to amplitude &

frequency pass harmlessly within human body?

- ‘ M. Angelakeris 5
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# The toxicity of particles depends on materials and morphological parameters including

composition, degradation, oxidation, size, shape, surface area and structure.

# When compared to micron-sized particles, nano-sized particles can be generally more toxic
because they have larger surface area (hence, more reactive), for a given mass, to interact

with cell membranes and deliver toxicity.

M. Angelakeris | 7
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Nano-sized particles & Distribution e A ey

@ Nanoparticles due to their multivalency and multifunctionality, pose challenge for

understanding their pharmacokinetics because different components will have different

features that affect their distribution, clearance and catabolism.

.uqhar@ H H '@
S y”

@ The overall size of the nanoparticles (hydrodynamic
size), surface charge and functionalization play a large

Nano=bio interface role in their distribution and circulation time; however,

".“ " .. ' these parameters may change upon interaction with in-

Cellular @:)mpmem vivo constituents.

M. Angelakeris 8
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. Nano-sized particles & Circulation

@ D > 100 nm: larger-sized nanoparticles eliminated fast from the bloodstream
@ 100 nm > D > 30 nm: easily uptaken into endocytotic vesicles

@ D <30 nm: remain in blood circulation for long intervals

M. Angelakeris | 9
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@ Nanoparticles have a large surface to volume ratio and tend to absorb plasma-proteins

(opsonization), which are easily recognized by macrophages making them vulnerable to

rapid clearance before reaching their target.

Accumulation

Rapid kidney clearance and reticular endothelial system (RES)

Fast opsonization and subsequent macrophage phagocytosis
Slow accumulation through the leaky vasculature in a variety of lesions

Metallic Iron upon metabolism — oxidative stress through harmful reactive oxygen species

M. Angelakeris | 10
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Nano-sized materials & Clearance e

@ Fenestrated and Sinusoidal Capillaries are part of the filtration system where the kidneys
remove objects below a certain size (¥50 nm) and the liver/spleen prevent objects bigger

than a certain size (~200 nm) from circulation, thus setting both an upper and lower bound.

Fenestrated capillaries include kidney,

intestine and some endrocrine and

exocrine glands. Sinusoidal Capillaries include liver,

spleen and bone marrow.

M. Angelakeris | 11
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Risks from magnetic fields i Ml e
_ Coils ] ]
eyl /meanetetes - AMF generator system produces not only a magnetic field, but also

Eddy current's
magnetic field

Eddy P

Problems

due to

Eddy currents

N/
current\ ALK
== Conductive
I l material

N o s e N e

. patient discomfort

an electric field. The electric field penetrates normal tissue and
induces eddy currents, which result in unwanted heating of normal
tissues.

Unwanted increase in temperature in healthy tissues
?
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{

-

magnetic stimulation
muscle contraction
nervous stimulation
magnetophosphines

cardiac arrhythmias
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J Criterion for safe use of magnetic fields IR A, |y —
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According to the induction law, the induced heating power is proportional to (H - f - D)2

, Brezovich found for a loop diameter of ~ 30
Atkinson et al developed a treatment

: cm that a ‘test person has a sensation of
system, based on eddy current heating
. warmth, but withstands the treatment for
of implantable metal thermoseeds.

more than one hour without major discomfort

Exposure to fields where the product H - f < 4.85 X 108Am™— s~! is safe and tolerable
First commercially developed equipment (Gneveckow et al 2004)
reached a product of 1.8 - 10°Am1 s
but for smaller diameter of the body region and smaller time scale

Particle type dependent magnetic losses: SPM particles ~ H?, FM particles ~ H3

M. Angelakeris | 14
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Typically, magnetic fields in clinical MRI range
between 1.5 and 3.0 T, while research MRI

scanners beyond 10 T have also been reported.

A typical clinical MRI device consists of a magnetic field setup (major magnet, shim coils and
gradient coils) and a signal processing section (radiofrequency [RF] transmitter and receiver,

computer to acquire data).

M. Angelakeris | 15
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* Simd4lLifeC software is used for MRI simulation components & conditions

 import the model of a human body (Yoon Sun 26 years old, 1.52 m height, 54.6 kg weight
and 23.6 kg/m? BMI).

* model contains each tissue, bone, muscle, vain and other organs with realistic values on

properties such as thermal and dielectric ones.

Continuous lines around the
human body represent

the gradient field lines

Nanomedicine, 2021, 16: 11
M. Angelakeris | 16
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Illlustration of the intensity of eddy currents in human body
Color bar in a logarithmic scale corresponds to the intensity of eddy currents measured in A/m?

Nanomedicine, 2021, 16: 11
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Stronger magnetic response to minimize size & dosage

Polymer Coating

Direct instead of intravenous injection Fluorophore ————___

FLI nCtlona|Izathn tO Therapeutic Agent

MNP Core

selectively target malignant sites and

Permeation Enhancer Targeting Agent

sustain hostile environment

M. Angelakeris | 21
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Field Focus
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