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Motivation and aim

Focused ultrasound (FUS) in combination with gas-filled microbubbles (MB) is a
promising way to locally and non-invasively deliver drugs across the blood-brain
barrier (BBB). Compared to commercial polydisperse MBs made for diagnostic
purposes, monodisperse MBs are expected to be more efficient for drug delivery due
to a potentially more uniform acoustic response. The ability of monodisperse MBs for
permeabilization of the blood-brain barrier was investigated.

Materials and methods

• Monodisperse lipid-coated perfluorocarbon MBs (3 µm median diameter, 400 x
106 MBs/ml, 6 µl gas/ml, DEMCON curonix), were administered with different
doses (undiluted, diluted 10x or 20x) to mice after injecting gadolinium, the
fluorescent macromolecule CW800-PEG (25-60 kDa), and fluorescently labelled
polymeric nanoparticles (100 nm).

• Ultrasound treatment was performed using a magnetic resonance (MR) guided
FUS setup (FUS Instruments), with 0.55 MHz, 10 ms pulses, 2 sec pulse repetition
frequency, and 5 min total treatment time at various mechanical indices (MI).

• MR imaging of gadolinium was done to visualize permeabilization of the BBB.
• Delivery of the two model drugs was evaluated using whole animal optical

imaging of the brains (fluorescent macromolecule), and confocal imaging of brain
sections from at 3 levels of each brain (nanoparticles).

• Safety of the treatment was assessed based on fluorescent lectin staining of the
functional vasculature and histology.

Conclusions

• Permeabilization of the BBB was verified for different MB dilutions.
• Delivery of gadolinium, the macromolecule and the nanoparticles was confirmed.
• Increasing delivery was observed with increasing acoustic pressure, until a certain

threshold was reached above which tissue damage was observed.
• Vascular integrity was confirmed for the lower pressures range but was

compromised for the highest acoustic pressures.
• The next step will be to assess closing of the BBB, and to compare with SonoVue.

Results: drug delivery

Results: safety assessment

A representative MR image post ultrasound is shown (left), along with the relative
increase in gadolinium (Gd) intensity in treated areas compared to untreated areas for
the different MB dilutions and different MI (bar graphs). Different symbols represent
data points from the same animal but from different brain levels, showing mean values
and standard deviation with n=3-9 per treatment condition. A representative image of stained vasculature in the brain is shown (left, scale bar

100 µm), along with quantified amounts of functional blood vessel (BV) area for the
different treatment conditions (bar graphs).
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A representative confocal image of two treated areas is displayed (top image), along
with a zoomed example of nanoparticles in treated brain tissue (bottom left, scale bar
100 µm). The relative increase in nanoparticle (NP) area in treated brain compared to
untreated brain is shown for the different treatment conditions (bar graphs).

A representative whole brain image displaying CW800 (left), along with the relative
increase in intensity in treated brain compared to untreated brain for the different
treatment conditions (bar graphs).

Safety of the treatment was evaluated using hematoxylin, erythrosin and saffron
(HES)-stained brain tissue sections. Subjective scoring was used based of various
degrees of petechia (1, 2 and 3 as shown below).

A schematic of the experimental setup is shown (left), followed by images of the MR
scanner, an MR image with a FUS treatment plan, and finally the ultrasound setup.
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