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A Novel Method to Radiolabel Stealth Liposome through 1,2-
dimyristoyl-sn-glycero-3-phosphoethanolamine-N-DTPA with **"Tc

and Biological Evaluation
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Abstract: Purpose: To study surface technetium labeling of stealth DTPA-Liposome and to evaluate its potential as a
molecular imaging tracer for both normal and melanoma-bearing mice.

The radiolabeling yield of liposomes was greater than 90% and showed good chemical and biological stability.
Biodistribution studies in normal mice showed blood clearance with hepatic and renal depuration. Melanoma-bearing

mice showed a similar pattern of biodistribution with high tumor uptake allowing tumor imaging.

The developed method of surface radiolabeled DTPA-PEG-Liposomes with **"Tc was effective and stable in vivo.
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INTRODUCTION

Nanotechnology is a multidisciplinary field, which
covers a vast and diverse array of devices: these
devices include nanovectors for the targeted delivery of
anticancer drugs and imaging contrast agents [1].

Liposomes are hollow microspheres that develop
spontaneously when water is added to a dried lipid
mixture [2-3]. These nanoparticles have been used as
delivery vehicles since the 1960s, and their role as
imaging agents has been explored [4-5]. In nuclear
medicine, radiolabeled compounds are administered to
patients for diagnostic or therapeutic purposes.
Diagnostic radiopharmaceuticals are labeled with a
radionuclide emitting gamma radiation (photons).
Photons with the appropriate energy can penetrate
tissues and can be detected outside the body and
visualized using a gamma camera [6].

In order to use liposomes as a diagnostic tracer,
they should preferably need to be labeled with
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technetium-99m (gngc). This is due to the appropriate

physical properties of 9MTe, such as its short half —life
(6h) and gamma photon emission of 140 keV, which
render it suitable for effectively imaging patients [7].

Liposomes can be radiolabeled by simply adding
the %M TcO, to the aqueous medium that is used to
hydrate the lipids. However, this method has a major
disadvantage; it has a low labeling efficiency (generally
lower than 10 %) [8]. Therefore, strategies have been
developed to radiolabel preformed liposomes with high
efficiency. Two different approaches for radiolabeling
preformed liposomes can be distinguished: firstly, the
radionuclide or a carrier molecule can be transported
through the lipid bilayer and trapped in the internal
aqueous phase of the liposome [9, 10]. Secondly,
liposomes can be labeled by coupling the radiolabel to
the lipid bilayer, either directly to the surface or through
a chelator [11-13], as the one we performed through
Diethylene triaminepentaacetic acid (DTPA).

The term “steric stabilization” has been introduced
to describe the phenomenon of polymer mediated
protection. Chemical modification of liposome with
certain synthetic polymers, such as PEG, is the most
frequently used approach to enhance in vivo longevity
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of drug carriers. On the biological level, coating
liposomes with PEG prevents drug carrier interaction
with opsonins and slow down their capture by the
mononuclear phagocyte systems (MPS) [14, 15].
During angiogenesis, the vascular system undergoes
phenotypical changes. Often, the vasculature is
characterized by an increased capillary permeability, a
characteristic that has been used for passive targeting
of liposomes to diseased sites [16]. Liposomes are
thought to accumulate in tumor tissue owing to the
leaky vascular barrier around the tumor [17].

Radionuclide imaging after [*"Tc]-DTPA-PEG-
Liposome injection would provide a noninvasive
method for tumor diagnosis. This paper will focus on
the strategy for surface radiolabeling of stealth
liposome with the chelator DTPA and its potential use
as an in vivo non- invasive melanoma scintigraphic
diagnostic agent.

METHODS

Preparation of Liposomes

Liposomes were prepared by the hand shaking
method, typically 9 mg of phosphatidylcholine (Avanti
Polar Lipids), 4 mg of cholesterol (Sigma Aldrich), 1 mg
of 1,2- dimyristoyl-sn-glycero-3-phosphoethanolamine-
N-DTPA (Avanti Polar Lipids) and 1 mg of 1,2
dimyristoil-sn-glycero phosphoethanolamine-3-N-
metoxi (polyetilenglycol-5000) (Avanti Polar Lipids),
were added in chloroform-methanol (2: 1 v/v) medium
to a round bottom flask. The lipids were rotaevaporated
to dryness in a 60 °C water bath at 120 rpm. The
obtained film was hydrated with 5 ml of bidistilled
water, at 60 °C per 60 minutes at 120 rpm. Then the
multi-lamellar large vesicles (MLV) obtained were
extruded through a serie (11, 0.4 ym; 11, 0.1 ym) of
polycarbonate filters at 60°C to form unilamellar
liposomes.

Liposome Characterization

Differential Scanning Calorimeter (DSC)

DSC was performed with a Shimadzu DSC 50
device previously calibrated with indium. All
determinations were performed at least in duplicate.
Hermetically sealed aluminum pans were prepared to
contain the freeze-dried liposomes (5 mg). The
samples were scanned at 1°C/ min from 5°C to 60°C.
As a reference, an empty aluminum pan was used.
Enthalpy changes and characteristic transition
temperatures were calculated using the Software
thermal analysis system TA- 50 WSI.

Droplet Size Distribution

Droplet size distribution was estimated by laser light
diffraction and polarized light dispersion using a particle
size analyzer Coulter Counter Multisizer (Coulter
Electronics Ltd.), the d3,2 and d4,3 indices were
determined.

Phospholipids Quantification

Total lipids were calculated by phospholipid
quantification of inorganic phosphate determination
(Bartlett ~ Test). We performed quantitative
determination of inorganic phosphates by a technical
development of molybdenum blue color and extent of
absorption by a spectrophotometer at 882 nm: the
sample was compared with standard solutions of
phosphates that receive the same treatment as the
liposomal suspension.

Radiolabeling  of
Labeling Efficiency

DTPA-PEG-Liposomes and

Labeling with 9mre requires the reduction of
pertechnetate; and this was accomplished by the
stannous reduction method. In order to label
liposomes, 0.1 ml of SnF,.,H,O was added from 0.69
mg/ml solution to 0.8 ml of DTPA-PEG-liposomes and
222Mbq of ®™TcO, and incubated for 20 minutes at
room temperature. The labeling yield and
radiochemical purity were estimated by ascending
instant  thin layer chromatography, ITLC (Pall
Corporation). The efficiency of labeling was evaluated
using different chromatographic  systems: a)
saline/ITLC-SG, (NaCl, Fluka) b) pyridine: acetic acid:
water (3:5:1.5 v/v) /ITLC - SG. The activity of each
segment was then expressed as percentage of the total
activity on the strip. Also, in order to estimate the
labeling efficiency, a size exclusion chromatography
(PD-10 column) was performed with saline buffer, NaCl
0.09 %, as eluent, obtaining a 0.5 ml fraction.

Transchelation Studies

Stability and strength of the binding of PEG-DTPA-
liposomes were determined by mixing the suspension
with an equal volume (0.5 ml) of different solutions of L-
Cysteine (SIGMA) (0.1, 10 and 30 mM) in a water bath
for 1 and 3 hours at 37°C. The mixture was then
spotted on ITLC-SG paper for development in a 0.9 %
NaCl. In order to differentiate ™ TcO, of [*™Tc]-
Cysteine chromatography was performed in Whatman
1 and methyl ethyl ketone (MEK).
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Animal Model

The B16-F1 murine melanoma cell line, obtained
from the American Type Culture Collection, was
maintained in Dulbecco’'s modified Eagle’s medium
(DMEM) (PAA Laboratories GmbH, Pasching, Austria)
supplemented with 10% fetal bovine serum (PAA
Laboratories GmbH) and 2 mM glutamine (AppliChem
GmbH, Darmstadt, Germany). Six-week-old C57BL/6
mice (URBE, Uruguay) were used in all experiments.
All the protocols for work conducted with mice were
previously submitted to and approved by the National
Committee for Animal Experimentation (CHEA,
Uruguay). Melanomas were established in mice by
subcutaneous injection of 2.5 x 10° B16-F1 melanoma
cells in 0.1 ml of phosphate-buffered saline (PBS).
After two weeks of inoculation, the tumors were
palpable and the mice were ready for biodistribution
and scintigraphic studies.

Biodistribution Studies

Biodistribution studies were carried out in normal
C57 black mice (n=15) and in C57 black melanoma
bearing mice (n=6). The normal mice received a 19-20
MBq dose of the [99mTc]-DTPA-PEG-Iiposomes by
intravenous (i.v.) injection through the tail vein. The
C57 black melanoma bearing mice were administered
an i.v. injection through the tail vein of 15-17 MBq dose
of [*™Tc]-DTPA-PEG-Liposome.

The normal mice were sacrificed by cervical
dislocation at 2 (n=5), 4 (n=5) and 24 h (n=5) after the
injection. Melanoma bearing mice were sacrificed by
cervical traction at at 4 (n=3) and 24 h (n=3).
Biodistribution of liposomes was determined after
weighing and measuring the radioactivity in organs and
tissues in a solid scintillation counter Nal (TI) 3"x3"
crystal detector associated with an ORTEC single
channel analyzer at fixed time intervals. The
percentage mean uptake per tissue was calculated and
uptake ratios were generated

Liposome Blockade of the Reticuloendothelial
System

In order to saturate reticuloendothelial system
(RES) cells, liposomes without radiotracer (called “cold
liposome”), were injected 30 min before injection of
[gngc]-DTPA-PEG—Iiposomes. Groups of 5 mice per
concentration per time point were used in the study.
Cold liposomes were administered to C57 black mice
through the tail vein at a concentration of 0.75 mg
(n=10) and 1.5 mg (n=10). Control group (without

blockage) consisted of 10 C57 black mice.
Biodistribution measurements were carried out at 1 and
3 h post injection of a 8-10 MBq dose of [gngc]-DTPA-
PEG-liposome.

Study of Liposomal Metabolization

Four female C57 black mice (weighing 19-22 @)
were administered purification fractions of ¥MTc-DTPA-
liposmes-PEG (by column PD-10). Each mouse
received a dose of 3 MBq. Biodistribuition was carried
out after 1 h post-injection: afterwards urine was
removed by manual extraction. The urine from 4 mice
was collected for analysis by molecular exclusion, in
which 400pL of urine were eluted with NaCl 0.9% using
a PD-10 system, collecting 0.5 ml fractions. The
chromatographic systems used for their analysis were
the same as the ones used to evaluate the
radiochemiacal purity of 99mTc-PEG-DTPA-Iiposomes.
These studies were performed using a drop of urine,
that was left to dry and followed its development.

Scintigraphy

Scintigraphic imaging was performed in normal C57
black mice, weighing 25-30 g and C57 black melanoma
bearing mice, weighing 25-30 g using a gamma
camera (Sophy DSX, Sopha Medical, Buc, France)
connected in series with a dedicated computer system
(Mirage Segami, Columbia, MD). Mice were injected
with 18 MBq of [99'"Tc]-DTPA-PEG-Liposome through
the tail vein and were anesthetized by intramuscular
injection of Ketamine- Xylazine at the time of imaging
(100-10 mg/ Kg). The mice were imaged after 4 and 24
h of administration of [99mTc]-DTPA-PEG-Liposome.

RESULTS
Liposome Characterization

The sample of liposomes had a phospholipid
concentration of 1.2174 mg/ml and had a nanoscopic
size D(4,3) of 0.155 um. The transition event was
found to occur at 37.2 -C with an enthalpy of 301 mJ/g,
as shown in Figure 1.

Liposome Radiolabeling

The radiolabeling yield of [*"Tc]-DTPA-PEG-
Liposome was superior to 90%.

In saline/ITLC-SG the [gngc]-DTPA-PEG-Liposome
was retained at the point of application ([gngc]-DTPA-
PEG-Liposome Rf = 0; ™ Tc0,.H,0 Rf = 0; and the Rf
of ™ TcO, was 0.9-1).
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Figure 1: (a) Particle number distribution of the liposome using a particle size analyzer Coulter Counter Multisizer.
(b) Representative DSC of liposome formulation for heating scan. Phase transitions of liposomes: AH: 301 mJ/g; Td: 37.5 °C.

In pyridine: Acetic acid: water /ITLC-SG the [gngc]-
DTPA-PEG-Liposome migrates with the solvent front
(®"Tc]-DTPA-PEG-Liposome Rf 0.9-1; *™TcO, Rf
0.9-1; and the Rf of *"Tc0,.H,0 was 0).

In size exclusion chromatography (PD-10 column),
the [99'"Tc]-DTPA-PEG-Liposome was obtained at 2.5-3
ml of elution and 99r"TCO4' at 7 ml of elution.

In Vitro Stability

The stability of the [99mTc]-DTPA-PEG-Liposome
complex in the presence of different concentrations of
cysteine showed that, at 0.1 mM cysteine, 90% of
¥™rc was bound to DTPA-PEG-Liposome 3 h later.
With 10 and 30 mM cysteine, 87% and 78% of 9mre
was bound to DTPA-PEG-Liposome respectively 3 h

later (Figure 2).

Biodistribution Studies

Biodistribution of [gngc]-DTPA-PEG-Liposomes in
normal C57 black mice are shown in Tables 1-2 after 2,
4 and 24 hour post-injection.

The results showed hepatic uptake (27.1% + 6.9,
23.4% + 2.9, 24.0%+ 5.5 at 2, 4 and 24h respectively)
and urinary excretion (10.0%z+ 1.3, 4.9% + 0.6, 6.4% *
0.5 at 2, 4 and 24h respectively) in normal C57 black
mice (Table 1)

Melanoma-bearing mice showed a similar
biodistribution pattern (Table 2). Significant tumor
uptake was observed 4 h after injection (1.579 + 1.112)
with a tumor: muscle relation of 4.

Liposome Blockade of the Reticuloendothelial
System

A decrease in hepatic uptake at 1 hour post-
injection of 70% was observed in the mice that had
cold liposomes in relation to the control group. Also,
activity in blood diminished by 33% and 59% for groups
with 0.75 and 1.5 mg of cold liposomes blockage
respectively. We also observed an increased urinary
excretion of 35% and 157% in respect to the control
group with 0.75 and 1.5 mg of cold liposomes blockage
respectively.
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Figure 2: In vitro stability study of [gngc]-DTPA-PEG-Liposome. L-Cysteine challenge with different concentrations performed at

1 (a) and 3 h (b) at 37°C in a water bath.
B *°"Tcos, [ " Tc]-Cysteine, [] [*"Tc]-DTPA-PEG-Liposome.

Table 1: Biodistribution of C57BL/6 Mice Weight 24.6 + 3.1g. Receiving 19-20 MBq of [gngc]-DTPA-PEG- Liposome

Biodistribution Normal mice

2h (n=5) 4h(n=5) 24 (n =5)

Blood 2.65+0.18 2.98+0.00 1.71+0.02
Liver 26.99+6.94 23.36+2.86 24.04+5.50
Heart 0.42+0.23 0.37+0.04 0.46+0.24
Lungs 4.34+0.80 2.40+0.15 1.90+0.90
Spleen 6.89+0.09 3.52+1.02 13.30+2.77
Kydneys 10.04+1.33 4.85+0.60 6.37+0.48
Thyroid 0.53+0.22 0.47+0.09 0.80+0.16
Muscle 0.19+0.08 0.17+0.03 0.14+0.03
Bone 0.76+0.30 0.37+0.10 0.03+0.57
Stomach 0.48+0.31 1.25+0.30 0.39+0.26
Guts 5.57+1.95 3.17+0.09 8.36+5.93

Data presented as % ID/g + SD.
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Table 2: Biodistribution of B16-F1 Melanoma-Bearing C57BL/6 Mice Weight

[®™Tc]-DTPA-PEG- Liposome

25.6 + 5.6 g. Receiving 15-17 MBq of

Biodistribution 4hn=3 24hn=3
¥"Tc-DTPA-PEG-Liposome 9" Tc-DTPA-PEG-Liposome

Blood 6.91+2.31 5.31+2.43
Liver 58.2147.25 53.49+4.83
Heart 2.17+0.31 2.21+0.61
Lungs 5.97+0.99 5.36+0.79
Spleen 10.2645.13 3.76+1.27
Kydneys 8.75+1.65 4.55+1.88
Thyroid 1.07+0.26 1.69+0.69
Muscle 0.40+0.09 0.89+0.43
Bone 0.76+0.37 1.79+0.04
Stomach 0.42+0.17 2.25+1.27
Guts 1.23+0.79 4.93+1.47
Tumor 1.58+1.11 1.29+0.09

Data presented as % ID/g + SD.

At three hours liposomes had a decreased hepatic
uptake, being more pronounced (50%) in the group
with 1.5 mg of blocking. We observed a slower blood
clearance in the group with 0.75 mg of blockage than in
the other two groups. The urinary excretion instead
presents comparable levels of activity in the control
group and in the group with 0.75 mg of blockage, while

the group with 1.5 mg of blockage presents an increase
in urinary excretion over 100%.

Liposome Metabolization

The PD-10 profile does not match the profile of
labeled liposomes, being compatible to fragments of

Table 3: Biodistribution of C57BL/6 Mice Receiving Tail Vain Injection of 8-10 MBq [99mTc]-DTPA-PEG- Liposome 30
min After Injection of Differents Amounts of Unlabeled Liposomes, 0.75 mg(n=10) Weight 29.6 + 5,4g; 1.5 mg
(n=10) Weight 21.7 + 3,0g; Control Group (n=10) Weight 23.4 + 3.0g

1h(n=5) 3h(n=5)

Biodistribution Without 0.75 mg 15mg Without 0.75 mg 15mg
blockage blockage blockage blockage blockage blockage
Blood 40.45+8.41 27.01+3.13 16.47+1.79 8.02+0.42 10.39+1.50 5.08+0.40
Liver 53.64+0.03 14.30+0.86 16.04+5.02 22.64+3.03 19.39+3.60 11.83+£1.63
Heart 0.53+0.05 0.43+0.10 0.46+0.13 0.32+0.01 0.28+0.06 0.09+0.01
Lungs 0.88+0.01 1.07+0.04 1.29+0.19 0.61+0.11 0.40+0.14 0.27+0.04
Spleen 2.58+1.01 1.61+0.81 6.32+0.41 3.31+0.42 1.21+0.29 1.37+0.13
Kydneys 12.30+0.01 4.05+1.21 4.48+0.50 3.45+0.28 3.08+0.30 1.45+0.20
Thyroid 0.20+0.04 0.42+0.16 0.40+0.14 0.25+0.03 0.13+0.01 0.08+0.00
Muscle 3.20+2.21 6.13+0.69 8.07+£3.59 6.00+0.92 4.77+0.55 1.33+0.29
Bone 0.14+0.08 0.25+0.06 0.29+0.07 0.19+0.04 0.28+0.05 0.12+0.03
Stomach 1.19+0.13 0.37+0.08 0.56+0.21 0.50+0.03 0.50+0.12 0.19+0.00
Guts 5.39+0.40 4.93+0.13 5.78+1.81 7.94+1.15 8.11+0.56 4.05+0.17
Urine + Bladder 13.99+5.05 19.82+7.19 36.29+16.50 34.25+2.57 37.30+8.75 72.81+1.39

Data presented as % ID + SD.
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Figure 3: Scintigraphy image of normal and melanoma-bearing mice injected with [99mTc]-DTPA-PEG-Iiposome at 4 h post

injection.

Solid and dashed arrows point liver and blad (where a mask was placed) respectively. Bracket shows the region where the

tumor was located.

liposomes. There was no evidence of 99r"TCO4' as
demostrated by chromatographic systems, being 9mre

attached to lipids derivatized with DTPA.

Radionuclide Imaging

Scintigraphic images at 4 and 24 hours post
injection of [99mTc]-DTPA-PEG-Liposome in C57 black
mice showed hepatic uptake and bladder activity due to
renal depuration. In melanoma bearing mice, there was
also tumor uptake that was evident at 4hs and
persisted in the 24 h views.

DISCUSSION

Liposomes have been used as delivery vehicles
since 1970’'s and have also been evaluated as an
imaging agent [18-20], being currently used in clinical
practice [21].

Initial attempts to target liposomes to tumors proved
to be disappointing because the majority of the
particles rapidly accumulated in the liver and spleen
after intravenous (i.v.) injection. Liposomes are
removed from the circulation by phagocytic cells of the
RES.

Although partly successful, reduction of the size,
inclusion of cholesterol and minimization of charge
have shown to be valuable tools to reduce the
recognition of the liposomes by the MPS [17].

Early liposome imaging studies employed a direct
method of liposome labeling using stannous chloride as
a reducing agent to associate reduced ¥MTe with the
liposomal surface. This labeling method was
subsequently shown to be unstable in vivo and led to
the development of more effective liposome labeling
methods [22].

In the present study, liposomes were designed to
allow their conjugation to radionuclides (gngc) to be
used as in vivo non invasive melanoma scintigraphic
diagnostic agent. For this purpose a lipid derivatized
with DTPA (1,2- dimyristoyl-sn-glycero-3-
phosphoethanolamine-N-DTPA) was used in its
composition due to its stability and the fact that it does
not require the use of a co-ligand. The proposed
labeling strategy showed an appreciable blood
clearance of labeled liposomes, in accordance with
prior reports [23-25], with hepatic and renal elimination.
Renal elimination was higher in normal mice (Table 1)
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than in tumor bearing mice (Table 2). This fact may be
due to the retentition of the liposomes by the tumor.
The observed renal elimination may be explained by
the fact that liposomes are metabolized in the body and
the radionuclide remains bound to small fragments of
lipid that may be filtered at the glomerulus. We
explored this hypothesis, and our results did not find
labeled liposomes in urine being in accordance with
previous reports [26].

To study how biodistribution of liposomes varies
with the injected concentration, studies were performed
using various amounts of cold liposomes prior to the
injection of labeled liposomes. We observed an
increase in the blood clearance and a decrease in liver
uptake as the amount of the cold liposomes increased.
We also observed an increase in renal elimination.
Cold liposomes may alter radiolabeled liposome
distribution on a concentration basis. These facts may
be used as a strategy to produce a liver blockage prior
to radiolabeled liposomes administration in order to
optimize  scintigraphic imaging by decreasing
hepatobiliary excretion or also to enhance drug
delivery.

Radiolabeled liposomes were evaluated as a non
invasive in vivo scintigraphic imaging agent in
melanoma bearing mice. This tumor is an appropriate
model to test radiolabeled liposomes because it
presents a well developed vasculature that can allow
liposome extravasation through leaky blood vessels
[27].

The development of liposomes with long circulating
residence time would increase the possibility that they
can stay in contact with the tumors and be trapped by
them. It has been previously reported that PEG coated
liposomes have a longer half life during blood
circulation [28]. However, whereas a prolonged
circulation half life of liposomes is needed to enhance
tumor uptake, a slower blood clearance would hamper
tumor visualization at early time points, producing
tumor images of a lower quality as the blood
background might remain high [29]. On the contrary,
our imaging results with a dose of 0.4 mg of
radiolabeled liposomes showed tumor uptake even at 4
h post injection. We also observed a fast blood
clearance of the radiolabeled liposomes. Even with low
doses, PEG liposomes were rapidly cleared from the
circulation and were taken up by the RES [30]. This
fact allows an increase in tumor visualization even at
early time points due to a decrease in the background
activity.

These results had a similar pattern of distribution in
normal and melanoma-bearing mice.

CONCLUSION

The developed method to surface radiolabel stealth
DTPA-Liposome with ¥MTc was effective and showed
to be stable in vitro and in vivo. This labeling method
may also be extended to other radionuclides, such as
177Lu to combine diagnostic and radionuclide therapy
for cancer treatment. [gngc]-DTPA-PEG-Liposome
could be used as an in vivo non invasive melanoma
diagnostic agent, as well as for in vivo evaluation of
different pharmaceutical formulations that use
liposomes as drug carriers
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ABBREVIATIONS

PEG = Polyethylene glycol
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