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Ultrasound has been used for imaging and therapy for decades. High intensity focussed ultrasound heats and destroys pathogenic tissue in the treatment of cancer and hemostasis. Transdermal drug delivery is often used in conjunction with ultrasound to provide a greater efficiency of drug uptake, but not as a delivery trigger. This presentation will describe the Ultrabubbles; these are new ultrasound contrast agents, consisting of microbubbles, stabilised by a tailored multilayered silica and organosilane matrix, which can be tuned to show resistance to cavitation, whilst providing large acoustic backscatter. Emerging from these, Ultradots have been developed as delivery vehicles that carry an analytical response capability and can be stimulated by ultrasound to deliver a payload.
The vehicles are fabricated through a sacrificial template, self-assembly mechanism, and comprise of a hollow core with a mesoporous organosilica shell. The microcapsules are sensitive to ultrasound (US). Upon insonation at low acoustic pressures, they resonate non-linearly. This results in a large backscatter echo, which allows for their visualisation using conventional US imaging equipment. However, as the pressure increases to a critical acoustic pressure, the amplitude of rarefaction is large and the capsule ruptures, delivering the contents. A simple method for encapsulating high concentrations (approx~1 x 108 mol/capsule) of materials in the Ultradot cavity has been developed. The acoustic pressures required for rupture can be tuned through changing the material properties of the laminated shell. 

One philosophy in design of these capsules was that by altering the thickness and silane precursors for the shell laminate, and by including analytical reagents, the resultant properties of the particles could be manipulated and could thus serve as both an ultrasound contrast agent and sensor. Furthermore, their function could be selected according to applied acoustic pressure to behave as a contrast agent or as a delivery vehicle for drugs, dna etc. that might be contained within the capsule. A second contrast agent functionality could be introduced through incorporation of magnetic nanoparticles, also allowing particles to collected within a magnetic field or to be used in MRI as a contrast agent.

A method for assembling analyte responsive agents within the capsule shell has been developed, so that the capsules can be interrogated optically. This capsule geometry overcomes one of the limitations in cell imaging of using nanoparticle-labelled probes, whose structures are below the resolution limits for conventional confocal microscopy. Nano-particles are useful core agents, since their small size suggests a fast time response, but without good spatial resolution of individual particles, this advantage is lost. In contrast, with the analyte responsive agent in a thin µ-capsule shell, the analyte diffusion length is similar to the nanoparticle and significantly shorter that the comparative sized µ-particle sensors. The response time is thus two orders of magnitude faster than any published sensor particle of similar diameter and the µ-capsule geometry overcomes the optical resolution limitations.

UltraDots provide a unique system capable of both localised detection of selected analytes and ultrasound controlled delivery of functional materials such as drugs and antibiotics. This research holds promise in a range of applications from drug delivery and microreactors to sensing technologies. 
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