
  

  

Abstract— The effectiveness of localized drug delivery as a 

treatment for breast cancer requires sufficiently high 

therapeutic dose, as well as an ability to image the drug for 

proper spatial targeting. To balance treatment potential and 

imaging capabilities, we have begun to design a novel drug 

reservoir using microcapsules that are large in size (> 30 !m) 

but functionalized with microbubbles or ultrasound contrast 

agents (UCAs). We term these carriers as ‘Acoustically 

Sensitive Microcapsules’ (ASMs). In previous work, we have 

demonstrated preparation of ASM carriers and their structural 

changes under therapeutic ultrasound by imaging static 

changes. In this paper, we describe a combined optical-acoustic 

setup coupled with a microfluidic device to trap these carriers 

for imaging and sonication. Using the setup, continuous wave 

ultrasound (180 kPa, 2.25 MHz, 3 s) produced an average 

displacement of 3.5 !m in UCAs near the ASM boundary, and 

exhibited displacement as high as 90 !m near the center of the 

microcapsule.  Longer exposure time and higher acoustic 

pressure increased UCA displacement within an ASM. These 

two parameters can be carefully optimized in the future to 

cause these UCAs to travel to the membrane boundary to help 

in the drug elution process. 

I. INTRODUCTION 

Research in localized drug delivery for breast cancer 

treatment is exploring nano-microparticulate carriers to 

improve the therapeutic dose delivered to the tumor with 

minimum toxicity [1]. Among several of these agents are a 

group of ultrasound carriers like targeted microbubbles (~2 

!m) [2], acoustic lipospheres (~1.6 !m) [3] and nano-

droplets (~100 nm). These delivery vehicles belong to new 

paradigm of localized treatments that integrate therapeutic 

interventions with diagnostic imaging. In this method, 

ultrasound is first used in a diagnostic image-guidance mode 

(low energy) to locate these carriers in the tumor. 

Subsequently ultrasound in therapeutic triggered mode (high 

energy) destroys the carrier to release its payload [4].  

Microbubbles provide excellent contrast for image 

guidance, but have short circulation times (<1 hr) and 

require frequent dosing [4]. Also they cannot cross the 

endothelial wall because of their size [4]. Nano-ultrasound 

carriers [1, 4] on the other hand, have longer circulation 
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times (24-48 hr) [1], extravasate well providing adequate 

dose, but have poorer imaging contrast.  

To balance both treatment potential and imaging 

capabilities, we have begun to design a novel drug reservoir 

using microcapsules that are large in size (> 30 µm) but 

functionalized with microbubbles or ultrasound contrast 

agents (UCAs). We term these carriers as ‘Acoustically 

Sensitive Microcapsules’ or ASMs and these are not meant 

to be introduced into the circulation but rather to be intra-

tumorally injected into breast tumors.  

Microcapsules have been used most commonly in cell 

encapsulation for treatment metabolic disorders [5]. They 

have been shown to be biocompatible and patent in form and 

function for up to 20 weeks after implantation [5]. 

Microcapsules can be simply injected as they difficult to 

mechanically disrupt and their size can be tailored from a 

few !m-mm. They offer other advantages like high drug 

payloads, surface modification capabilities and are highly 

reproducible [5]. 

We have demonstrated in previous work [6], the design 

and preparation of ASM carriers and their structural changes 

under therapeutic ultrasound. The UCAs encapsulated within 

ASMs provided a nucleus for ultrasound stimulus 

responsiveness and membrane damage for release of 

payload. ASMs prepared without UCAs within them showed 

no responsiveness to similar levels of therapeutic ultrasound. 

The previous work involved immobilizing ASMs within 

transparent gelatin media and visualizing membrane damage 

using light transmission or fluorescence microscopy before 

and after therapeutic ultrasound exposure. This static setup 

did not allow for visualizing the real-time behavior of the 

UCAs within the ASMs and how they modulated membrane 

changes and payload release. Repeating the experiment on 

the microscope with a high-speed camera still did not allow 

for reliable visualization of the UCAs within the ASMs. This 

was primarily due to the fact that the size/shape of the ASMs 

is large and spherical and the microscope essentially 

captures only a single slice through the carrier and any 

vertical movement of the UCAs was seen as being transient 

and could not be tracked.  

 In this paper, we describe a novel setup for real-time 

visualization of UCA movement within these acoustically 

sensitive microcapsules to understand how UCA movement 

can be facilitated using therapeutic ultrasound. This will be 

used in the future to investigate how UCAs cause payload 

release from ASMs. We describe a combined optical-

acoustic setup coupled with a microfluidic device to trap the 

carrier for visualization and sonication.   
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