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Opening the blood-brain barrier

The study examines a novel myelin imaging technique (REMyDI) that was used to discover the
amount of myelin in patients with multiple sclerosis and how the quantity was correlated with
their physical and cognitive disability ratings.

Alex Tomceac

The blood-brain barrier prevents most drugs from entering the brain due to its protective
elements and the way it is structured.” In a recently published article, Nguyen and colleagues
developed a technique of using a newly developed biomedical material to utilize for monitoring
intra-organ pressure but more importantly, to open the blood-brain barrier.? The motivation
behind this research was to find a more effective device to deliver drugs through the blood-brain
barrier, but also a safer way to implement these medical devices without requiring multiple
aggressive surgeries that are harmful to the tissues to get to the target location. The primary
finding of this research was that the biodegradable device that was created by biomedical
engineers is a better way to assist with the delivery of drugs to the brain in localized areas. This
is also a new path to avoid invasive surgeries and greatly impact the development of different
medical devices in various fields of medicine.?

The human brain has evolved great lengths to keep itself safe and protected from damage. One
of the protective elements that the brain has is the blood-brain barrier (BBB). This barrier, as the
name, suggests is the physical wall is composed of different cells and cellular components that
separate the blood vessels and neuronal tissue. The endothelial cells that line the walls of all
blood vessels are structured differently in the vessels of the brain.® These cells in other parts of
the body are fenestrated in the blood vessels, while in the brain, they form tight junctions that
only allow small molecules and a few volatile gasses to pass through to the tissue.* This barrier
is also supported by astrocytes and extracellular matrix proteins that are produced by pericytes
to further maintain the barrier making it highly selective.® The BBB is a major obstacle for
delivering drugs to the brain for different neurological disorders because these compounds are
classified as foreign molecules, therefore, are prevented from passing through to the target
tissue.® Many techniques have been utilized to get passed the BBB, including developing drugs
that are lipid-soluble to get delivered to their targets.” Other new techniques involve using
ultrasound are much more effective at opening the BBB by using the vibrations created by a
transducer device.® There are shortcomings with the current ultrasound technology because it is
very expensive, and ultrasound waves must be localized on the tissue from multiple sources.®
Another problem with the current transducers devices that are much better at localizing in a
specific area is that they require surgery and contain toxic materials such as lead.'® The new
device that the bioengineers developed is biodegradable and made of safe materials. It
produces localized vibrations to open the BBB for the drugs to pass to the brain tissue
successfully.

The piezoelectric transducer is composed of poly L-lactic acid (PLLA) polymer aligned into a
specific pattern, and it is activated by an electric circuit that causes the nanofibers to move and
vibrate at a high intensity.? This transducer is then placed through surgical procedure into the
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brain of a mouse which is connected to erodible wires that are attached to an electrical input to
stimulate it. The engineers split the mouse s drge o b

brain into three equal coronal sections (C1, tissue

C2, C3). The device was placed in section 2 e ~_

(C2) and the other sections (C1 and C3) .

were used as to serve internal control. The »
control variable in the experiment used a [/ Pokstheliodinh
different transducer that was
nonpiezoelectric (different material) and had e ¢
a lower intensity vibration. The

effectiveness of the transducer was

measured by the concentration of blood \» >/

Implanted inside the brain

protein in neuronal tissue which was coded
with fluorescent coloring. A trial consisted of
the transducer getting stimulated to vibrate

Biodegradable senor

for 30 seconds then a 30-second break.?
) ) Figure 1: PLLA nanofibers implanted into a biodegradable
Autofluorescence analysis showed higher device which is then placed surgically into the brain. The
concentrations of the labeled protein in transducer utilizes ultrasound to open the blood brain
neuronal tissue in the mice that had the barrier to deliver the necessary drugs for treatment.

new device implemented. The control

produced no similar results showing only low concentrations of the protein. The experiment
further ensured that the results are significant and valid by using another drug which also
produced the same results. The experimenters analyzed the histology after 2 and 4 weeks after
implementation, and results showed that the biodegradable transducer caused a minimal
immune response.

This research has many implications, including utilizing these biodegradable materials to
engineer medical sensors and transducers for other areas of medicine. The surgical procedure
to implement this transducer is much more favorable because the device degrades and does
not need to be removed like other transducers. The use of batteries can be eliminated in
medical devices in the future if these same materials are used. One of the negative aspects of
this is the device requires an external output to produce the desired outcomes. This is still a new
field which needs to be further tested to solidify the validity of this experiment.
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