
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 | 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 
'o' 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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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.

OBJECTIVE: Study the use of monodisperse MBs for FUS-mediated delivery of model drugs of various sizes across the BBB in mice.  
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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. 

Conclusion

▪ C57BL/6 female [n=8]

▪ FUS instruments system

▪ Ultrasound parameters
• Four treatment spots (red circles)
• Centre frequency of 0.55 MHz
• Pulse length of 10 ms
• Mechanical index (MI) of 0.1 - 0.35 
• Pulse repetition frequency of 0.5 Hz
• Treatment time of 5 min

Focused ultrasound treatment
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RESULTS

Model drugs

Fluorescent 
macromolecule

CW800-PEG

~25-60 kDa

Fluorescently 
labelled polymeric 
nanoparticle (NP)

~100 nm

Microbubbles

Size distribution Microbubble suspension characteristics

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 MIs. For all MB concentrations, an 
increasing relative intensity is observed with an increasing MI.

Experimental output

▪ Size, concentration and acoustic 
characterization MBs

▪ Magnetic resonance (MR) images with 
gadolinium for verification of BBB opening

▪ Evaluation of model drug delivery by whole 
brain optical imaging and confocal microscopy 
imaging

▪ Safety of the treatment based on histology 
and imaging of the vasculature integrity
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Top | Representative near infrared (NIR) whole brain image after FUS treatment, imaging CW800-
PEG. The bar graphs illustrate the relative increase in intensity of the treated areas with respect to 
untreated areas in control brains. An increase in MI 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 MI ≥ 0.25. This is less pronounced in the dataset acquired with the 20x 
diluted MB suspension. 

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 MI 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.

Monodisperse MBs
Demcon curonix

SonoVue Definity

Median size 3.0 µm 1.9 µm 1.2 µm

GSD 1.06 1.74 1.51

Concentration 4.0 x 108 MBs/mL 3.4 x 108 MBs/mL 84 x 108 MBs/mL

Gas volume 6 µL/mL 6.5 µL/mL 44 µL/mL

Shell elasticity 0.6 N/m 0.6 N/m 0.8 N/m

Shell viscosity 4.4 x 10-9 kg/s 5.4 x 10-9 kg/s 3.0 x 10-9 kg/s
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Gadolinium

~750 Da
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Figure adapted from: Bae et al. (2023) 
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