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Research progress of focused ultrasound combined with
microbubbles to open blood-brain barrier for brain-targeted delivery

LI Qian*?, DU Li-na"*

(1. Shandong University of Traditional Chinese Medicine, Jinan 250355, China;
2. Beijing Institute of Radiation Medicine, Beijing 100850, China)

Abstract: Blood-brain barrier (BBB) is the most challengeable obstacle for brain-targeted drug delivery. The
combination of focused ultrasound (FUS) and microbubbles provides a new way for brain-targeted drug delivery
across BBB based on the cavitation effect. This review briefly described the recent research of FUS combined with
microbubbles to enhance the BBB permeability for brain-targeted drug delivery. The contents included the FUS
mechanism, the types of the commercial microbubbles, shell materials, inner gas and preparation techniques of
microbubbles, the opening mechanism of FUS with microbubbles, and the safety consideration. FUS combined
with microbubbles may be the effective strategy to improve the BBB permeability for brain-targeted delivery,
which could provide references for the clinical applications.
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Figure 1  Structure of blood-brain barrier (BBB). A: The planar structure; B: The illustration scheme of BBB
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Figure 2 Transport processes at the capillary endothelium of

BBB. A: Receptor-mediated transcytosis; B: Paracellular diffusion;
C: Transellular diffusion; D: Efflux pumps; E: Adsorptive trans-
cytosis; F: Transporter-mediated transcytosis. LDL: Low-density
lipoproteins
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Cavitation effects of microbubbles combined with

Figure 3
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Figure 4 Schemes of microbubbles structure. PFC: Perfluoro-
carbon; SFg: Sulfur hexafluoride
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Table 1 Clinical ultrasound contrast agents currently commercially available

Commercial Approved
name year

Shell material Gas

Application (example)

Producer/distributor Country/region

Optison® 1998  Albumin Octafluoropropane

Left ventricular opacification, GE Healthcare, Buckinghamshire,

USA, Europe

endocardial border delineation, UK

doppler
Sonazoid® 2006  Phospholipid Perfluorobutane

imaging

Definity® 2001
Luminity® 2006
Lumason® 2001

Phospholipid Octafluoropropane

SonoVue® 2014

Myocardial perfusion, liver

Echocardiography, liver/
kidney imaging

Phospholipid Sulphur hexafluoride Left ventricular opacification,
microvascular enhancement
(liver and breast lesion
detection)

GE Healthcare, Buckinghamshire, Japan,
UK/Daiichi Sanky, Tokyo, Japan  South Korea,
Norway, China

Lantheus Medical Imaging Inc, North America,

NorBilleric, MA, USA Europe
Bracco Diagnostics Inc. USA, Europe,
Monroe Township, NJ, USA China, Brazil

Bracc Imaging, Colleretto Giacosa,
Italy
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Figure 5 Ultrasound-induced cavitation of microbubbles. Ultra-
sound triggers microbubble oscillation (expansion and shrinkage)
and collapse, causing vessel deformation, rupture and permeability
change, which allows efficient drug delivery
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