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Introduction: Understanding conditions of drug incorporation
into the cell and controlling its triggering are critical aspects
of ultrasound (US)-mediated drug delivery [1]. Real-time imaging of a model drug uptake opens new means of investigation
that may lead towards evaluation of pharmacokinetic param  
       
            
ultrasonic transducer, and enables a direct real-time monitoring of US-induced permeability of the plasma membrane at the
cellular scale.
Methods: C6 cells (rat glioma) were grown in an US-compatible OpticellTM culture chamber. 3.10^7 microbubbles (SONOVUE, Bracco, Italy) and 2μM Sytox Green (cell-impermeable
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enhancement upon binding to nucleic acids) were added to
the medium. A monoelement transducer (5.8mm o.d.) was positioned 8mm away from the surface of cell container at the
acoustical focal distance. US parameters were as follows: main
frequency=1.5MHz, pulse repetition frequency=1kHz, duty
cycle=20%, effective electrical power 1W corresponding to acous  #//49  ; <      rescence Cellvizio® (MaunaKea Technologies, Paris, France)
microscope (FOV=600x500μm², optical sectioning=70μm,
working distance=100μm) was placed in the beampath. The
whole set-up was immersed in water at 37.0°C. Optical focus
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excitation=488nm,
spectral
sensitivity=505-700nm-laser
power=1.4mW) were acquired 10s before, during and 80s after
US-exposure; afterwards, the follow-up was recorded during
10s every minute. Other areas were similarly investigated in
absence of microbubbles and/or US. Photobleaching was measured for data correction. Signal evolution of each object was
evaluated after data reconstruction using IDL (home made program). For each image, several parameters such as the number
of objects, the average intensity per object, the average size
per object were extracted after thresholding the image stack
using ImageJ (Bethesda, USA).
Results: Temporal evolution of the signal in sonicated areas
was characterized by the following pattern: before US exposure,
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some images. US application was immediately followed by ap        ?  ? 
(corresponding to cell nuclei). When sonication was halted, the
signal of each nucleus increased until 20-30 minutes post US  `     ?     ?   tion were obtained. One hour after sonication, 110 +/- 18 Sytox
Green labeled nuclei were detected. No signal variation was
observed in control areas neither during nor after US application (apart from few dead cells seen initially).
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time US-mediated intracellular delivery imaging in an Opticell
chamber. Our set-up offers the possibility to monitor and quantify the internalization of a model drug such as cell imperme      ?         ?  ing perspectives for pharmacokinetic studies upon membrane
permeabilization with cavitation.
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Introduction. Temperature-triggered drug delivery is a promising treatment option in oncology, leading to an improved
       ?
Hyperthermia of the tumor can be accomplished using high
intensity focused ultrasound (HIFU) under MR image guidance[1], while temperature-sensitive liposomes (TSLs) can
serve as drug vehicles that release their payload upon heating.
The co-encapsulation of a drug and an MRI contrast agent
in the lumen of TSLs provides the ability to monitor the drug
delivery process in vivo using MRI[2,3,4]. Here, TSLs incorporating both a chemotherapeutic drug (i.e. doxorubicin) and an
MRI contrast agent (i.e. [Gd(HPDO3A)(H2O)]) were evaluated
in vitro and in vivo for applications in MRI guided drug delivery.
Methods. TSLs containing doxorubicin and 250 mM
[Gd(HPDO3A)(H2O)]
were
prepared[3].
Release
of
[Gd(HPDO3A)(H2O)] and doxorubicin from the TSLs during
heating was studied in vitro by measuring the T1 and the in     `     
performed on rats bearing a subcutaneous 9L tumor on the
hind leg. Blood kinetics and biodistribution was studied for liposomes as well as for the liposomal contents ([Gd(HPDO3A)
(H2O)] and doxorubicin) after intravenous injection of 111Inlabeled TSLs. For MR-HIFU experiments, TSLs were injected
intravenously while local hyperthermia in the tumor was induced for 30 minutes, using a 3T clinical MR-HIFU system.
The local temperature-triggered release of [Gd(HPDO3A)
(H2O)] was monitored with interleaved T1 mapping of the
tumor tissue. At t=90 min after TSL injection the rats were
     
J       
gadolinium concentrations.
Results. In vitro studies showed a rapid and simultaneous release of the drug and the MRI contrast agent from the TSLs
at 42 °C, while no leakage was observed over 1 hour at 37 °C.
The combination of TSL administration with mild hyperthermia
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as well as changes in the T1, whereas the T1 values of the
surrounding muscle hardly changed. Control experiments with
tumor bearing rats that received no HIFU showed only a minor
uptake of doxorubicin going along with a subtle decrease in
T1 upon injection of the TSLs. For all experiments, a good
correlation was found between the ?T1 and the concentrations of doxorubicin and [Gd(HPDO3A)(H2O)] in the dissected
tumors[4].
Conclusions. The good correlation between ?T1 and the uptake of doxorubicin in the tumor implies that the in vivo release
of doxorubicin from TSLs can be probed in situ with the longitudinal relaxation time of the co-released MRI contrast agents.
The combination of MR imaging of drug release from TSLs
and pharmacokinetic modeling, may realize a way to quantify
and monitor the drug delivery process and serve as a tool in
clinical decision making to personalize treatments.
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