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MOTIVATION: Focused ultrasound (FUS) combined with microbubbles (MBs) has emerged as a promising way to locally deliver drugs across the
blood-brain barrier (BBB) to the brain. Currently, mainly polydisperse MBs are used for FUS treatment. These MBs are designed and optimized
primarily for diagnostic purposes and are less optimal for therapeutic applications. Monodisperse MBs are expected to improve the therapeutic
effectiveness, reproducibility and safety of the FUS treatment because of their uniform and more predictable acoustic response.
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OBJECTIVE: Study the use of monodisperse MBs for FUS-mediated delivery of model drugs of various sizes across the BBB in mice. Oscillating microbubble
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Figure adapted from: Bae et al. (2023)
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Evaluation of model drug delivery by whole
brain optical imaging and confocal microscopy
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Representative MR image taken ~5 minutes after FUS treatment. The bar graphs indicate the
relative intensity due to extravasation of the gadolinium in treated versus untreated regions
using different MB concentrations and for a range of Mls. For all MB concentrations, an
increasing relative intensity is observed with an increasing Ml.
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Top | Representative near infrared (NIR) whole brain image after FUS treatment, imaging CW800- {gﬁ‘* T Y o P & P PP

PEG. The bar graphs illustrate the relative increase in intensity of the treated areas with respect to - ¢ M] & M Ml

untreated areas in control brains. An increase in Ml results for all MB concentrations in a modest
relative intensity increase. For the undiluted and 10x diluted MB suspension, a large relative
increase is observed for an Ml = 0.25. This is less pronounced in the dataset acquired with the 20x
diluted MB suspension.

Top | Representative confocal microscopy (CM) image of the brain vasculature integrity using
fluorescent lectin. In all treated areas, the area of blood vessels have been quantified. The bar
graphs indicate the relative blood vessel (BV) area in treated regions with respect to the control.
An increase in MI results in a decrease in relative blood vessel area. Lowering the MB

concentration seems to result in a smaller decrease of the blood vessel area.
Bottom | Representative confocal microscopy (CM) image of a brain area after FUS treatment. The

area representing nanoparticles (NP) is quantified and normalized to that of the control areas. All
animals were euthanized and perfused approximately 45 minutes after FUS treatment. Again, an
increase in Ml results in a larger relative NP area for all MB concentrations used. Lowering the MB
concentration seems to lower the relative NP area at higher Mis.

Bottom | Treatment safety was evaluated using hematoxylin, erythrosine and saffron (HES)-
stained brain tissue sections. A representative image of a HES-stained brain section is shown.
Treated areas were subjectively assessed for the degree of petechia, scored as (+, ++, +++), with
'0' indicating no damage. A higher MI is linked to more severe petechia, while lower MB
concentrations seem to reduce the severity of observed petechia.
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The different dilutions of monodisperse MBs resulted in successful and safe BBB opening and delivery of
various sized model drugs. A comparison with commercial MBs in terms of efficacy and BBB recovery
time will be included in future work.
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