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A Simple And Efficient Method For Radiolabeling Of Preformed Liposomes

Y. Cao and M. R. Suresh1, Faculty of Pharmacy and Pharmaceutical Sciences, University of Alberta, Edmonton, Alberta,
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ABSTRACT  A simple and efficient method for
radiolabeling preformed liposomes was developed
using hepatobiliary imaging agent 99mTc-diisopropyl
iminodiacetic acid (99mTc-DISIDA). Chloroform
extraction of 99mTc-DISIDA from aqueous solutions
results in 80% radioactivity in the organic phase due to
its lipophilic properties. However, with the presence of
reduced glutathione (�-Glu-Cys-Gly), chloroform
extraction results in only 30% of label in the organic
phase because the 99mTc-DISIDA complex undergoes
reduction decomposition to more hydrophilic species
by reaction with glutathione. The incorporation
efficiency of the 99mTc-DISIDA into the liposomes
containing reduced glutathione was greater than 90%.
The labeled liposomes were stable up to 24 h in saline
and 90% FBS after preparation. Biodistribution studies
in mice showed that 99mTc labeled liposomes
accumulated in liver and spleen at 24 h postinjection,
unlike 99mTc-DISIDA. Compared to
hexamethylpropyleneamine oxime (HMPAO), the
99mTc-DISIDA compound is much cheaper and has a
longer shelf life when used for liposome labeling. The
labeling technique described here could be used for
monitoring pharmacokinetic and pharmacodynamic
changes of liposomes, and tumor or infection imaging
when coupled with targeting antibodies.
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INTRODUCTION

Liposomes are artificial lipoid systems consisting of
one or more phospholipid bilayers arranged
concentrically with aqueous compartments and a core.
They are made predominantly from naturally-occurring
phospholipid, therefore, they are biodegradable,
nontoxic and do not elicit an immune response.
Liposomes were first introduced in the early 1960s by
the British scientist Alec Bangham (1). They have
been employed as excellent models of biological
membranes and very useful carriers of both lipid-
soluble and water-soluble drugs due to their
biodegradability, ease of preparation, and non-toxicity
(2, 3).

In recent years, the applications of these lipid spheres
have been extended to enhance the drug efficacy and
potency (4-6), reduce toxicities of encapsulated drugs
(7-9) and target specific tissue sites (10). In
scintigraphic studies, liposomes, which can carry
radionuclides within the aqueous space, have potential
diagnostic imaging applications (11). Gamma-emitting
radionuclides, such as 99mTc,111In and 67Ga, have
been encapsulated in liposomes for use as imaging
agents (12-17). Some clinical trials for tumor imaging
have already been started using labeled liposomes (18-
20). Generally, two methods have been used to label
liposomes for diagnostic imaging purposes. One
involves the entrapment of radionuclides during the
hydration of the lipids with the aqueous phase (14, 21).
However, low encapsulation efficiency and batch
production variability are two disadvantages of this
approach. The second method is the labeling of
preformed liposomes (18, 22). Labeling of preformed
liposomes with radionuclides is ideally suited for
clinical imaging applications wherein the liposomes
can be formulated and distributed to the clinician as an
unlabelled kit. This preparation is subsequently labeled
on site with a short half-life radionuclide prior to
clinical use.
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In this report, we describe the utility of the
hepatobiliary imaging agent 99mTc-DISIDA with
lipophilic properties (23, 24) to label preformed
liposomes that contain reduced glutathione, and
determine their biodistribution in mice.

MATERIALS AND METHODS

Liposome Preparation

The hydrogenated soy phosphatidylcholine (HSPC),
cholesterol and phospholipid distearoyl-
phosphatidylethanolamine (DSPE) were gifts from the
pharmacology department, University of Alberta. The
liposomes were prepared using the method described
previously (25). HSPC : Cholesterol (molar ratio 2:1)
were mixed and dissolved in organic solvent
chloroform to create a homogeneous mixture. The
mixture was placed in a round-bottom flask and the
solvent was removed under negative pressure using a
rotary evaporator. An evenly-distributed thin lipid film
was formed on the flask wall and stored in vacuo
overnight. The thin lipid film was rehydrated with 50
mM reduced glutathione (�-Glu-Cys-Gly, Sigma, St
Louis, Mo.) to produce multilamellar liposomes
(MLV). Care was taken to disperse all of the dried
lipid from the wall of the flask. The homogeneously
sized liposomes were obtained by extrusion (Lipex
Biomembranes Extruder, Vancouver, BC. Canada)
through polycarbonate membrane filters successively
with 0.2, 0.1 and 0.08 �m pore size until the average
size distribution was ~100 nm in diameter. Removal of
unencapsulated material was accomplished by
ultracentrifugation (22). The liposome size was
monitored by dynamic light scattering with a Particle
Analyzer (Brookhaven Instruments Corporation,
Holtsville, NY.). The liposome suspensions were
diluted 300 times with the buffer used in the
formulation, then the sample was allowed to
equilibrate for 15 min. at room temperature followed
by the size measurement at 25 oC. The concentration
of the liposomes was determined by phosphorus
content after perchloric acid treatment (26).

Labeling Procedures

99mTc-DISIDA was purchased from the local
Edmonton Radiopharmaceutical Center (ERC). The
radiochemical purity was estimated by instant thin

layer chromatography (ITLC) prior to use. 99mTc-
DISIDA was incubated with glutathione encapsulated
liposomes for 40 min. at room temperature. The
labeled liposomes were separated from 99mTc-
DISIDA by passage over a Sephadex G-25 column
 (1x15cm). Labeling efficiencies were checked by
determining the activity before and after column
separation of the 99mTc labeled liposomes using a
dose calibrator.

Chloroform Extraction

The chloroform extraction was conducted with four
different formulations: free 99mTc-DISIDA, 99mTc-
DISIDA mixed with empty liposomes, 99mTc-DISIDA
incubated with 50 mM glutathione for 40 min, and
99mTc-DISIDA incubated with glutathione loaded
liposomes for 40 min.

A 0.1 mL aliquot of different liposome formulation
was added to 0.9 mL of saline in a 10 mL centrifuge
tube, 1mL of chloroform was added to the sample and
vortexed for 10 sec. The tube containing the mixture
was centrifuged at 700 g for 5 min to separate the two
phases. The lower layer (organic phase) was removed
by using a glass syringe and transferred to a clean tube.
The organic phase retained in the  tube was washed
with 1 mL of saline, vortexed, spun and separated from
water phase as before. The washing step was repeated
up to 3 times, retaining the organic phase each time.
The final organic phase containing the total lipids of
the sample was separated from water-soluble
liposomal contents, and was counted using a Beckman
8000 gamma counter (27).

Stability of 99mTc Labeled Liposomes

(a) Gel filtration chromatography: 99mTc labeled
liposomes were incubated in saline and 90% fetal
bovine serum (FBS) at 370C for 24 h. A small sample
of liposome was analyzed on a Sephadex G-25 column
at different time points. The column was eluted with
PBS and aliquots of the fractions were counted. A
sample of 99mTc-DISIDA was also similarly analyzed
to determine the difference in the separation profiles of
the labeled compounds.

(b) Dialysis: A small volume of labeled liposomes in
saline and 90% FBS, was placed in a dialysis sac (pore
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size 60 kD) and dialyzed against 100 mL of 0.9%
saline at 370C for 24 h. Aliquots from the dialysates
were taken at each time point and the radioactivity
counted.

Biodistribution Studies

Ten week-old BALB/c mice were used for the
biodistribution studies. 99mTc labeled liposomes (0.4
�mol as phospholipid and 5 �Ci / 0.1 mL) and free
99mTc-DISIDA (5 �Ci / 0.1 mL) were injected into
the tail vein of normal mice. At 24 h. postinjection, the
BALB/c mice were anesthetized with Metofane and a
blood sample was obtained by cardiac puncture prior
to euthanasia. The organs were removed, thoroughly
washed with saline, weighed and counted using a
gamma counter. Biodistributions were calculated as
percentage of the injected dose per gram and per
organ. Total blood volume, bone, muscle, brain and
skin mass were estimated as 7.3%, 10%, 40%, 0.7%
and 13% of total body weight, respectively (28).

RESULTS AND DISCUSSION

Radiolabeled liposomes have been successfully used to
monitor pharmacodynamic changes of liposomes and
image tumors, abscesses, ischemic and infarcted
regions (15, 16, 17, 29, 30).

99mTc is the best candidate for imaging studies due to
its short half-life, pure photon emitter and suitable
energy. Encapsulating 99mTc during the rehydration
of the lipids film with aqueous phase has been tried to
label liposomes (14, 31). This method is not
convenient for clinical purposes due to individually-
made preparations instead of batch-production and low
incorporation efficiency (about 20-30%). Further,
99mTc has been used to directly label preformed
liposomes based on using stannous chloride as a
reducing agent (32). Reduced 99mTc is added to the
liposomes and bound to the liposome outer surface.
This surface-labeling approach is technically simple
and good for the production of the vesicles in a
pharmaceutically acceptable form. However, the
bound 99mTc dissociates rapidly from the liposome
surface in vivo by exchanging with plasma protein and
accumulates in the thyroid, stomach and kidney.

The lipophilic compound HMPAO has been
successfully used to label preformed liposomes (22).
This method has high labeling efficiency and stability
because HMPAO, as a lipophilic chelator, can carry
99mTc inside preformed liposomes containing reduced
glutathione. The liposome labeling mechanism is
thought to be that 99mTc-HMPAO is chemically
reduced in the presence of the glutathione, becoming
more hydrophilic and therefore trapped within the
liposomes. However, high cost and a short shelf life of
30 min. severely limit the applications of the resulting
imaging agent.

Efficient labeling of preformed liposomes was
observed in our studies using 99mTc-DISIDA (Figure
1). 99mTc-labeled derivative of IDA (Iminodiacetic
acid) was first introduced by Loberg et al. (33) for use
as a hepatobiliary imaging agent. Later, IDA
derivatives like 2,6-diethyl, p-ethoxy, and p-iodo-IDA
were developed and showed that all had excellent
hepatobiliary specificity while differing in blood
clearance and urinary excretion (34). 99mTc DISIDA is
a newer derivative and has been shown to have better
hepatobiliary characteristics (23, 24).
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Figure 1  Structure of 99mTc-DISIDA complex (MW. 894

D).

The organic component of 99mTc-DISIDA is a
bifunctional chelate having both the properties of
technetium binding (iminodiacetic structure) and
hepatobiliary processing (aromatic system). The
lipophilic properties of this compound was
demonstrated in chloroform extraction studies (Table
1) and shown that more than 80% of the 99mTc-
DISIDA was extracted into the organic phase from the
aqueous phase with 99mTc-DISIDA alone or mixed
with empty liposomes.

The tripeptide (�-Glu-Cys-Gly) glutathione (MW 307.3
D) is involved in many aspects of metabolism,
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including removal of hydroperoxides, protection from
ionizing radiation, maintenance of sulfhydryl status of
proteins and aiding detoxification. Many of these
functions are accomplished by reactions at the
cysteinyl sulfhydryl group (35). When glutathione was
incubated with 99mTc-DISIDA, the 99mTc complex
might undergo decomposition by reduction with
cysteinyl sulfhydryl group of glutathione to become
more hydrophilic species. This resulted in only less
than 30% of radioactivity to be extracted into organic
phase from aqueous phase (Table I). This could also be
an explanation for trapping of 99mTc inside of
liposomes when glutathione was encapsulated in the
inner aqueous phase of liposomes.

Table I  Chloroform Extraction of Radioactivity from

Saline Phase.

Formulation % Radioactivity
in Chloroform

1. 99mTc-DISIDA

2. 99mTc-DISIDA + empty
liposomes

3. 99mTc-DISIDA + glutathione

4. 99mTc-DISIDA + glutathione
loaded liposomes

82.3 � 1.4

81.7 � 2.6

28.3 � 0.4

29.4 � 0.6

Values are expressed as mean � standard deviation
(n=4).

Chromatography profile of the labeled liposomes on a
Sephadex G-25 column shows that almost 90% of the
radioactivity was recovered in the void volume
associated with the liposome fraction (Figure 2).
However, 99mTc-DISIDA alone eluted much later
when chromatographed separately.

The stability of 99mTc labeled liposomes were
demonstrated by both resolution of the labeled
liposomes through the Sephadex G-25 column and
dialysis against saline at various time points of post-
labeling (Figure 3). Only about 15% and 20% of the
radioactivity was released over 24 h when labeled
liposomes were incubated with 90% FBS and saline
respectively. The retention difference of the labeled
liposomes incubated with serum and saline is probably
due to the binding of radioisotope to serum
components which could not diffuse through the
dialysis membrane (32).
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Figure 2  Sephadex G-25 column separation profile of

99mTc labeled liposomes and 99mTc-DISIDA alone.
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Figure 3  Retention of radioactivity in liposomes from

dialysis of 99mTc labeled liposomes as a function of

incubation time at 37 oC.

Biodistribution studies obtained from tissue samples at
24 h. post-injection of 99mTc labeled liposomes
(Figure 4 and Table II) show that significant
radioactivity was localized in the liver and spleen
(8.4% and 12.2% dose/gram, respectively, P<0.001)
comparing with free 99mTc-DISIDA. This is because
the liver and spleen are two major organs of the
reticuloendothelial system (RES) which are known to
accumulate and metabolize liposomes. However,
99mTc-DISIDA, used for imaging and functional
studies of liver and bile, is processed by the
hepatocytes within a few minutes after administration
and excreted rapidly via the hepatobiliary system to
the intestine (36). Therefore, after 24 h post-injection,
there is much less radioactivity remaining in liver
(0.2% dose/gram) and spleen (0.09% dose/gram).
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Significant difference was also found in the blood pool
due to longer circulation time of liposomes compared
to rapid excretion of free 99mTc-DISIDA.

The conventional liposome formulations have a
tendency to accumulate in the reticuloendothelial
system and this has compromised their applications in
drug delivery involving other tissues (37). Recently,
liposomes exhibiting greatly prolonged blood retention
were developed, by incorporating certain lipids, such
as mono-sialo-ganglioside (GM1) or synthetic lipids
derivatized with the hydrophilic polymer polyethylene
glycol, into the liposomal membrane (38). Improved

therapeutic effect was observed using the long-
circulating liposomes (37, 39). For tumor imaging,
long-circulating liposomes may be attractive
candidates due to their high tumor accumulation (40).
Thus, the methodology we described above could also
be employed for labeling long-circulating liposome
post-formulation of these vesicles. In conclusion, the
labeling technique presented here shows a practical
alternative for monitoring pharmacokinetic and
pharmacodynamic changes of liposomes or liposomal
derivatives, and could also be used for tumor or
infection imaging, especially coupled with targeting
antibodies.
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Figure 4  Biodistribution curve shows the difference of tissue uptake between 99mTc labeled liposomes and free
99mTc-DISDIA.

Table II  Tissue Biodistribution of 99mTc Labeled Liposomes at 24 H Post-Injection

99m Tc-lipo som es (n=4 )O rg an
     

99m Tc-D IS ID A  (n=4)

% do se/o rgan % do se/g ram  tissue % do se/o rgan % do se/g ram  tissue

B lood 2.10 ��0.15 1.25��0.08 0.10��0.01 0.06��0.01
H eart 0.06��0.01 0.51��0.03 0.01��0.00 0.08��0.01
Lung s 0.15 ��0.02 1.09��0.09 0.01��0.00 0.08��0.02
L iver 11 .72��0.80 8.40��0.58 0.27��0.01 0.2��0.01

S p leen 19 .67��1.45 12 .21��0.42 0.02��0.00 0.09��0.01
B ow el 11 .98��1.23 4.98��0.52 20 .34��1.94 8.13��0.92
K idney 2.01 ��0.19 5.31��0.43 0.49��0.05 1.75��0.14
M usc le 0.07 ��0.01 0.06��0.01 0.03��0.02 0.02��0.00

S kin 1.64��0.15 0.59��0.04 0.28��0.02 0.09��0.01
B rain 0.02 ��0.00 0.05��0.01 0.01��0.00 0.02��0.00

B ladd er 0.03 ��0.00 0.75��0.06 0.01��0.00 0.26��0.02
Thy ro id 0.01 ��0.00 0.48��0.03 0.005��0.00 0.31��0.01
Testis 0.01 ��0.00 0.28��0.02 0.01��0.00 0.22��0.01

G allb ladder 0.02 ��0.00 1.61��0.17 0.05��0.01 1.49��0.17
B on e 0.47��0.06 0.23��0.00 0.19��0.02 0.11��0.01

Data derived from mean � standard deviation (n=4).
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