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Abstract

The present work aims to study the potential use of liposomes for the evaluation of pulmonary

exchangeable water space, important parameter in some pulmonary oedema situations. This study is

based upon the delivery of a diffusible water radiotracer into pulmonary capillary network, which

equilibrates with interstitial water space of the lung and returns to the blood circulation. The time

constant of this phenomena depends on the magnitude of the water space under study. The release of

the diffusible radiotracer in lung capillaries is performed using liposomes with specific formulation.

The giant liposomes (15-30um 0) used in this study are instable at 37°C. They are biocompatible,

biodegradable, with low toxicity and showed no immunogeneicity.

A water tracer labelled with 99mTc, encapsulated in the aqueous phase of giant liposomes, has

been used. Liposomes were prepared in sterile conditions and with apyrogenic materials. The lipid

films composition is L-a-diestearoylphosphatidylcholine (DSPC), L-a-phosphatidyl-DL-glycerol

(EPG) and cholesterol (CHOL) (60%/10%/30% mass ratio).

After iv injection at ±20°C in the femoral vein of Wistar rats (300g-600g) or albine rabbits (4.5-

5Kg), the thermolabile liposomes will be entrapped in lung capillaries and release the radiotracer

locally. When the radiodrug is diffusible we will evaluate the volume of the exchangeable pulmonary

water analyzing the activity/time curves. These curves are slower for greater water spaces. When the

radiotracer is non-diffusible, the disappearance curves are not influenced by the extravascular water

space.

1. INTRODUCTION

Liposomes are artificial vesicles with a phospholipid-based constitution. They have been studied

widely since the 70's as a system for the delivery or targeting of drugs to specific sites in the body.

They are biocompatible, biodegradable, present low toxicity and lack of immunogenicity. Due to their

structural versatility in terms of size, composition, surface charge and bilayer fluidity, liposomes offer

the possibility of being the potential to be tailored in a variety of ways to ensure the production of
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optimal formulations for clinical use [1]. This includes controlled retention of entrapped drugs in the

presence of biological fluids, controlled vesicle residence in the blood circulation or other

compartments in the body, and enhanced vesicle uptake by target cells. Furthermore, we can use

almost any administration pathway, including intramuscular, oral, topical, intravenous, etc.[2, 3, 4, 5,

6].

We aim to study the potential use of giant liposomes for the evaluation of the exchangeable

pulmonary water space, an important parameter in several pulmonary oedema situations.

Liposomes are used as carriers of a diffusible radiotracer to be delivered in lung capillaries and

which equilibrate with interstitial water space. The tracer disappearance rate depends on the magnitude

of the referred space.

2. MATERIAL AND METHODS

We produced thermolabile unilamellar giant vesicles (GUV's) with 15-30um 0 from a mixture

of L-ct-diestearoylphosphatidylcholine (DSPC), L-a-phosphatidyl-DL-glycerol (EPG) and cholesterol

(CHOL), in a 60%/10%/30% mass ratio, respectively. This lipidic composition has a transition

temperature of ±37°C.

We used Wistar rats, essentially males, 3 to 4 months old (300-600g), and albine rabbits (4-

5.5Kg) {Oryctolagus cuniculus hyplus) as experimental model animals. The animals were previously

anesthetized with Ketamine (50mg/ml) and chlorpromazine (2.5%), according to national and

international standard procedures, in order to catheterize the femoral vein with an heparinized abocat

for iv injection.

As radiotracers we used 2,3-dimercaptosuccinic acid (DMSA); mercaptoacethyltriglycine

(MAG3); diethylenotriaminopentacetic acid, as a monocalcic trissodium salt (DTPA) and rhenium

sulphide colloid (Re,S7), labelled with 99mTc. The first two are hydrosoluble and diffusible tracers,

whereas the last two are hydrosoluble but non-diffusible.

The liposome preparation followed the Reeves & Dowben protocol [7], modified by Needham &

Evans [8] and ourselves. The labelling efficiency and radiochemical purity were always tested. The

liposome dimensions and homogeneity were determined by Coulter Multisizer® and confocal

microscope BioRad® 600MRC. All the material has been autoclaved and manipulations were done in

aseptic conditions.
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They were suspended in 0.2-0.4 ml of cooled saline. The animals were placed directly over the

collimator in dorsal and GUV's were administered by iv injection in the previously catheterized

femoral vein.

To perform the information acquisition we used a y-camera (Maxi camera Digital GE) controlled

by a computer, and a low-energy convergent collimator. We acquired 400-600 images, to 64*64

matrices, of 10 seconds each. To store, process and visualize the data a PC computer and homemade

software have been used.

After information acquisition we determined the in vitro activity in several organs and we also

obtained tissue samples for histologic studies.

On any image of the acquired file, 4 Regions of Interest (ROI's) were drawn: brain, chest, right

kidney, liver+spleen area. The average brain activity per pixel has been considered the background

activity. The values of mean activity per pixel of each ROI, after background deduction, were used to

obtain regional activity/time curves. An exponential adjustment has been made for chest activity/time

curves.

3. RESULTS AND DISCUSSION

Giant liposomes (>7-10um) are mechanically retained by the first capillary network they reach.

Our thermolabile vesicles, due to their special feature, burst in the lung capillaries and release locally

the encapsulated radiotracer. Therefore their presence is transitory and they will be removed by

disintegration and phagocytosis [3].

The specified lipidic formulation has already been approved for clinical use.

Either by confocal microscope or by Coulter* analysis, the liposomal population is homogeneous

which proves that the technique enables the systematic production of giant liposomes (Figs. 1, 2).

When the radiotracer is diffusible, such as DMSA (Fig.3), evaluation of the exchangeable water

volume will be possible analyzing the activity/time curves (Fig. 4). The tracer will equilibrate with

interstitial water space of the lung and returns to the blood circulation. These curves will probably be

slower for greater water spaces.

For a non-diffusible radiodrug (ex: DTPA)(Fig. 5), the disappearance curves are not influenced

by the interstitial exchangeable water space (Fig. 6).

The lipidic formulation we prepared (DSPC/EPG/CHOL) (fully approved for clinical use)

enables the use of a non-invasive technique to evaluate the exchangeable pulmonary water space,

through encapsulated radiotracers delivered by giant liposomes.
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Fig. 1 - Giant unilamellar liposomes containing 99mTc-DTPA (15-30um, 100x).

Fig. 2 - Coulter® graphic of our typical giant liposomal population: the system "recognizes" the

liposomes as white blood cells (WBC) (dimension and volume): V=volume=85 to 90 fL; C=

conductivity; [ ]=±3.3x 105/ml; 0=±15 to 30 um.

30 sec. 60 min. 100

Fig. 3 - Scintigraphic images obtained after iv injection (femoral vein) of 99mTc-DMSA-GUV's in

a rat. The gray colour scale shows higher activity values from black to white.
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Fig. 4 - Activity/time curves of the rat, after background subtraction, for 99mTc-DMSA-GUV's: t-

c = chest-brain; r-c = kidney-brain; (f+b)-c = (liver+spleen)-brain.

60 min. 100

Fig. 5 - Scintigraphic images obtained after iv injection (femoral vein) of 99mTc-DTPA-GUV's in

a rat. The gray colour scale shows higher activity values from black to white.

Fig. 6 - Activity/time curves, after background subtraction, for "Tc-DTPA- t-c = chest-brain; r-

c = kidney-brain; (f+b)-c = (liver+spleen)-brain.
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We designed- a formulation with phosphatidylglycerol (EPG) and cholesterol (CHOL) because:

1) the introduction of EPG, with a glycerol group in the polar head and negative surface charge,

induces a more definite pulmonary liposomal affinity; 2) the CHOL enables us to control the release of

entrapped hydrophilic substances in the aqueous phase, increases their in vivo and in vitro stability as

well as the bilayer permeability at less than 41 °C.
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