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Summary

K-edge imaging experiments in tumor bearing rats with Gd-lablelled cationic liposomes were performed. The
aim was to investigate the feasibility of the K-edge imaging technique for determining in vivo the distribution
of Munich Biotech’s cationic lipid complexes. Measurements with Gd labelled liposomes and with free Gd
contrast agent were performed.

Introduction

Cationic liposomes exhibit enhanced binding and uptake at endothelial cells of newly formed (angiogenic)
blood vessels [1]. Angiogenesis is involved in a large variety of diseases such as cancer, diabetic retinopathy
and chronic inflammation. In the development of solid tumors, formation of new blood vessels is essential for
the tumor to grow beyond a size of 1-2 mm. On this basis, Munich Biotech has developed drug loaded
cationic lipid complexes which have shown strong anti tumor efficacy [2]. However, the details regarding the
correlation between molecular properties of the lipid complexes and selectivity of binding and uptake still
need to be elucidated.

K-edge imaging permits to quantify the distribution of a contrast agent in vivo with very good temporal and
spatial resolution [3]. This is of particular importance for investigating cationic lipid complexes, because, in
contrary to classical liposomes, uptake is thought to occur very fast and at locally confined areas.

For the experiments, tumor (glioma) bearing rats from the medical beamline at the ESRF were selected.
Imaging was performed in temporal subtraction mode. Attenuation profiles were measured with a germanium
detector. The rats were anaesthetized and a catheter was set. The rats were fixed in a stereotactic frame and
positioned vertically in front of the beam on a mechanical motor unit allowing to acquire images in the
projection and in tomograpy mode and to determine absolute concentrations of the contrast agent.
Measurements were performed with different types of Gd-loaded cationic liposome formulations and, as a
reference, with non-liposomal Gd contrast agent at the same concentration. In those cases about 2 ml of a



solution 30 mM in Gd was applied at about 1 ml/min. For comparison, as well experiments with much higher
amounts of free contrast agents were performed (500 mM, 0.5 ml in 1 s).

Most attention was given to the Gd-distribution during and directly after injection. Gd-concentration
distribution was determined with temporal resolution of 4 seconds for a period of about four minutes. With
the Gd-loaded liposomes, contrast was rather low, but clearly above the detection limit. Continuous contrast
increase in the arteries and organs during infusion was determined (Fig 1). The contrast increase in the tumor
was somewhat higher that in the surrounding brain. With free Gd contrast agent, Gd-concentration in the
arteries was below the detection limit, and the contrast increase in the tumor as well as in the brain was
lower.

The control measurement with free contrast agent at higher concentration (Fig. 2) showed, that very fast
clearance occurs directly after injection. The concentration decreased exponentially within few seconds. The
observation, that with liposomal Gd the concentration remained at a certain level for longer time scales
indicates, that the Gd was protected form clearance by the liposomal encapsulation.

Summarizing, the results demonstrate, that K-edge imaging enabled to get insight into the Gd distribution
directly after injection and the temporal concentration profiles at a desired site of interest with temporal
resolution of few seconds and spatial resolution of hundreds of microns.

For the first time the pharmacokinetics of cationic liposomes was determined in vivo with such high temporal
and spatial resolution. Because targeting of cationic liposomes occurs very rapidly, this type of information is
of utmost importance for the understanding and the optimization of cationic targeting. The measurements
have proven to be principally suitable for screening of formulations for optimum efficacy.

However, in the feasibility studies so far, the contrast was rather low. Therefore, for future studies it is
desirable to obtain better contrast. This can be done (i) by higher loading efficacy of the liposomes with the
contrast agents, (i1) by using other contrast agents, for instance iodine instead of Gd, or (iii) by using
alternative types of cationic carriers, such as solid nanoparticles, which permit to apply much higher amounts
of contrast agent.
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Fig. 1: Contrast during and after injection at different sites for Gd-labelled Fig. 2: Contrast after fast injection of Gd contrast agent at high
liposomes and free contrast agent at the same concentration concentration
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