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In this study, liposomes labeled with ""Tc have been evaluated

as tumor imaging agents. Methods: Liposomes containing re
duced glutathione and carrying either a negative surface charge
or no surface charge were labeled with "Te using the lipophilic

chelator, hexamethylpropyleneamine oxime (HMPAO). The
"Tc-liposomes were intravenously injected into the tail vein of

nude mice which had been implanted intramuscularly in the thigh
with nontransfected Chinese hamster ovary cells. Gamma cam
era images were acquired at 1,4 and 22 hr and compared with
tissue biodistribution studies at 24 hr postinjection. Results:
Tumors could be distinguished from normal thigh muscle at 4 hr
postinjection for both formulations. Tumor-to-muscle ratios were

not significantly different for the two formulations due to the
increased normal muscle activity at 24 hr for the neutral lipo
somes. Liver-to-tumor, liver-to-blood, spleen-to-tumor and
spleen-to-blood ratios were significantly lower for the neutral
9^"c-liposomes than for the negative "Tc-liposomes. Neutral

"Tc-liposomes were cleared slower by the reticuloendothelial

system, and therefore remained in the circulation for a longer
period of time. Conclusion: The results of this study indicate
that both formulations could be used as tumor imaging agents,
but that neutral "Tc-liposomes would be more suitable as a

drug delivery agent due to their increased total uptake by the
tumor and decreased nonspecific uptake by the reticuloendothe
lial system.
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-he early and accurate detection of cancer is an impor
tant factor in the prognosis and treatment of the cancer
patient (1). Noninvasive imaging can be used to stage can
cer patients and allow for frequent and multiple imaging
procedures over a broad time frame to assess the effective
ness of their treatment regimen. One research area has
been in the use of liposomes containing radionuclides as
tumor imaging agents (2-4). Liposomes are spherical lipid
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bilayers developed as drug delivery vehicles for chemo-

therapeutic drugs as well as radionuclides (4).
The trapping of radionuclides within the aqueous space

of the liposome bilayer can occur by two mechanisms.
First, liposomes containing radionuclides can be produced
by adding the radionuclide during liposome formation. Sec
ond, radionuclide-containing liposomes can be produced
by using a lipophilic chelator to carry the radionuclide
across the lipid bilayer of preformed liposomes. Once
across the membrane, the chelator can transfer the radio
nuclide to a second molecule previously encapsulated in
the liposome. This second molecule has a greater affinity
for the radionuclide than the chelator and acts to trap the
radionuclide within the liposomal aqueous space. To date,
the latter mechanism has been used by researchers to de
velop liposome radiopharmaceuticals containing U1ln,
67Gaor "Tc (5-70).

In this paper, we have used "Tc-liposomes labeled

with a newly developed method to evaluate the feasibility
of using "Tc-liposomes as a tumor imaging agent (5).

This new procedure uses the lipophilic chelator, hexame
thylpropyleneamine oxime (HMPAO) to carry "Te inside

preformed liposomes containing reduced glutathione
(GSH). The "Tc-HMPAO molecule is thought to be

chemically reduced in the presence of the GSH, becoming
more hydrophilic and trapped within the liposome. This
proposed liposome labeling mechanism may be similar to
the mechanism of intracellular trapping of "Tc-HMPAO

by high concentrations of GSH in the brain (11,12).
The "Tc-liposomes labeled using this method have

been shown to be more stable in vivo than previously
described "Tc-liposomes used in clinical infection and

cancer detection studies, which used surface labeling
methods or encapsulated "Tc chelated to diethylenetri-
amine pentaacetic acid (DTPA) (13-20). Another advan
tage of this "Tc-liposome labeling technique appears to
be that the "Tc label is retained at the site of liposome

deposition for prolonged periods without rapid metabo
lism. The prolonged retention results in improved image
quality. Some of the advantages of using "Tc over both
11'in and 67Ga include availability, lower cost and better
imaging characteristics (19). Also, the mln-liposome label

ing procedure requires a high temperature incubation
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which is not necessary for either the "Tc-liposome or
67Ga-liposome labeling procedure (9).

The influence of the radionuclide and chelator are not
the only ingredients necessary for successful development
of a useful liposomal-based tumor imaging agent (21 ). The

physical characteristics of the liposome (lipid composition,
surface charge and size) are all important components in
the determination of the circulation properties following
intravenous administration and must be taken into account
when designing a tumor imaging agent (22). Each of these
factors determines the extent of degradation of the lipo
somes by blood components such as serum and the re
moval of the liposomes by the reticuloendothelial system
(RES) organs.

In the present study, a direct comparison of two "Tc-

liposome formulations for their ability to image tumors was
carried out using a nude mouse tumor model. The neutral
liposome formulation is the same as that found in one
preparation of inln-liposomes approved as a tumor imag

ing agent (VesCan) (9,10). The other liposome formulation,
which contains a negative surface charge, has been shown
to localize at infection sites in rats (23). Our findings in this
study indicate that both formulations are sufficient tumor
imaging agents, but that the neutral liposome formulation
had reduced uptake by the RES.

MATERIALS AND METHODS

Liposome Preparation
The liposomes were produced and characterized as outlined

(5). The phospholipids, distearoyl phosphatidylcholine (DSPC)
and dimyristoyl phosphatidylglycerol (DMPG), were purchased
from Avanti Polar Lipids (Pelham, AL). Cholesterol was obtained
from Calbiochem (La Jolla, CA) and alpha-tocopherol was pur

chased from Aldrich (Waukegan, IL). All liposomes used in this
study were prepared by co-drying the lipids from chloroform prior

to rehydration with 30 mM reduced glutathione (Sigma, St. Louis
MO) in Dulbecco's phosphate-buffered saline (PBS), pH 7.4. The

resultant multilamellar liposomes were passed through a micro-

fluidizer (Microfluidics, Newton, MA) to form smaller and more
unilamellar liposomes.

After processing, the liposomes were diluted with PBS, pH 7.4,
and spun at 70,000 x g in a Beckman ultracentrifuge for 1 hr to
remove any extravesicular GSH. Liposomes containing either a
negative surface charge comprised of DSPC:cholesterol:DMPG:
alpha:copherol (50:38:10:2 molar ratio) or no charge comprised of
DSPC:cholesterol:alpha-tocopherol (66:32:2 molar ratio) were

used in this study. Liposomal size was monitored using a Coulter
N4-MD panicle size analyzer (Hileah, FL). The average diameter

for the neutral and negative liposomes was 155 Â±3 nm and 158 Â±
2 nm, respectively. Phospholipid content of the liposomes was
assayed using the method by Stewart (24). Liposomes were as
sayed for cndotoxin and bacterial contamination on fluid thio-

glycollate media prior to labeling and injection. The intravesicular
concentration of GSH has been estimated at 1.2 mM using [3H]

GSH (Du Pont New England Nuclear, Boston MA) (5).

Labeling Procedure
The "Tc labeling procedure for preformed liposomes recently

has been described (5). Briefly, approximately 10 ml of liposomes
containing GSH were mixed with an HMPAO kit (Ceretec, Am-

ersham, Arlington Heights, IL) preincubated with 10 mCi of so
dium pertechnetate in 5 ml of 0.9% saline. The reconstituted kits
were checked for contamination by free pertechnetate, reduced
hydrolyzed "Te and hydrophilic "Tc-HMPAO complex with
the active lipophilic "Tc-HMPAO complex using a three-step

thin-layer chromatography system outlined in the HMPAO kit. In

all cases, the kits used for the liposome labeling studies contain
ed >80% lipophilic HMPAO as recommended for clinical brain
studies. After a 30-min incubation, the liposomes were separated
from any free 99nTc by passage over a Sephadex G-25 column.

Labeling efficiencies were checked by determining the activity
before and after column separation of the "Tc-liposomes using a

dose calibrator (Radex Model Mark 5, Houston, TX). Also, chro
matography on Schleicher and Schuell #589 chromatography pa
per developed in 0.9% saline was performed on pre- and postcol-

umn samples (25). With this technique, the liposomes remain at
the origin while both free "Te and "Tc-HMPAO move with

the solvent front. The labeling efficiency of the postcolumn frac
tions of negative "Tc-liposomes was 91%, while the efficiency
was 72% for the neutral "Tc-liposomes. The postcolumn prep
arations of "Tc-liposomes were used immediately for injection.

Tumor Model
The animal experiments were performed under the National

Institutes of Health Animal Use and Care guidelines and were
approved by the University of Texas Health Science Center at
San Antonio Institutional Animal Care Committee. Nontrans-
fected Chinese hamster ovary cells were grown in Dulbecco's

Modified Eagle media containing 10% heat-inactivated fetal calf

serum. The cells were harvested with trypsin/EDTA, washed in
saline and centrifugea at 500 x g. The number of cells was esti
mated by counting an aliquot of the diluted cell suspension in a
hemocytometer. Female Balb c nu/nu nude mice (17-20 g) were
injected intramuscularly in the thigh with IO7 cells in 0.1 ml of

saline. Mice were tested 10 days after tumor cell seeding. The
average tumor weight at necropsy was 0.36 g. Tumor-bearing
mice were anesthetized with Metofane (Pitman-Moore, Mun-

delein, IL) and injected intravenously in the tail vein with an
average dose of either 50 /Â¿Ciof negative "Tc-liposomes or 37
/Â¿Ciof neutral "Tc-liposomes in a volume of 0.1 ml. The phos-

pholipid dose was approximately 130 mg phospholipid/kg body
weight.

Image Acquisition and Analysis
At 1, 4 and 22 hr, mice were anesthetized with Metofane and

placed in the prone position for the imaging studies. Whole-body

scintigrams were acquired using a Picker Model Dyna 4 gamma
camera equipped with a high-resolution collimator (Picker Inter

national, Bedford, OH). The camera was interfaced to a Pinnacle
computer (Medasys, Ann Arbor, MI) and 1-min static images
were acquired using a 64 x 64 matrix and zoom of 3. Five-minute

static images were acquired at 22 hr for mice injected with the
""Tc-liposomes. The animals were individually housed in meta
bolic cages immediately after receiving the ""Tc-liposomes and

remained there until tissue biodistribution at 24 hr.
Regions of interest (ROIs) were drawn around the tumor in the

thigh (tumor) and a comparable zone in the contralateral normal
thigh (control) observed in the mouse images using the Pinnacle
software. A box was drawn around the entire body to determine
the total body counts. The target-to-background ratio was calcu

lated using the following equation:
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RGURE 1. Serial whole-body gamma
camera Â¡magesof tumor-bearing nude mice
injected with neutral "Tc-liposomes and

imaged at (A) 4 hr or (B) 22 hr postinjection.

Target-to-Background Ratio =
Counts (tumor)

Counts (normal muscle)

Also the activity at the tumor at various times was determined
using the equation:

Counts (tumor)
% activity in tumor =

Counts (total body)
x 100.

Biodistrfbution Studies
After imaging, the animals were anesthetized with Metofane

and a blood sample was obtained by cardiac puncture prior to
death by cervical dislocation. Tissue samples were excised, thor
oughly washed with saline and weighed. Samples of each organ
were counted in a scintillation well counter (Canberra Multichan
nel Analyzer, Meridian, CT). A small sample of 99mTc-liposomes

(0.1 ml) was placed in a plastic cuvette and used as a standard
reference. Organ and fluid counts too high for detection at the time
of death were stored until decay allowed for accurate determina
tion. The bowel activity was determined by counting an aliquot of
bowel digest after the total bowel plus contents were heated in the
presence of saturated NaOH. Total blood volume, bone, muscle,
brain and skin mass were estimated as 5.4%, 10%, 40%, 0.7% and
13% of total body weight, respectively (26).

Statistical Methods
Values are reported as mean Â±standard error of the mean.

Target-to-background ratios, % activity in the tumor and tumor-

to-muscle ratios were compared for each liposomal formulation
and at different time points using the Student's unpaired t-test.

The acceptable probability for a significant difference between
means was p < 0.05.

RESULTS

Nude mice bearing tumors in their left thigh were in
jected intravenously with 99mTc-liposomes containing no

surface charge or a negative surface charge and imaged
under a gamma camera to determine the extent of localiza
tion of the liposome formulations at the tumor site. Figure
1 shows representative gamma camera images of the tu
mor-bearing mice at 4 hr and 22 hr postinjection for the
neutral 99mTc-liposome formulation. By 4 hr postinjection,

the tumor can be delineated from the background muscle
activity in the image and continued to improve by 22 hr
postinjection. As shown in Figure 2, a similar delineation
was seen in the 4-hr image of tumor-bearing mice receiving
the negative """Tc-liposomes which decreased somewhat

by 22 hr postinjection.
The other major areas of accumulation of 99mTc-lipo-

some activity were the RES organs of the liver and spleen,
which are normal sites of clearance for liposomes (22).
Also, the activity localized in the heart, which is represen
tative of the cardiac blood pool, decreases by 22 hr in the

RGURE 2. Serial whole-body gamma
camera images of tumor-bearing nude mice
injected with negative "Tc-liposomes and

imaged at (A) 4 hr or (B) 22 hr postinjecton.
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RGURE 3. (A)Target-to-baekgroundratioscalculatedfrom ROI
image analysis of tumor-bearing mice injected with either neutral
(n = 6) or negative (n = 5) ""Tc-liposomes and imaged over a
22-hr period. (B) Activity in the tumor of mice injected with either
neutral (n = 6) or negative (n = 5) "Tc-liposomes compared to
total body activity over a 22-hr period. The activity was determined
from ROI image analysis. The values represent the mean Â±s.e.m.
Differences considered to be statistically significant are indicated: *
= p < 0.05; " = p < 0.01; and "* = p < 0.001.

tumor-bearing mice receiving the negative "Tc-lipo-
somes, but remains constant for the neutral "Tc-lipo-

somes. This increased circulation persistence of the neutral
"Tc-liposomes may account for the increased accumula
tion of activity at the tumor site in the 22-hr image for the
neutral "Tc-liposomes. No significant activity was seen

in the bladder, kidneys, thyroid or stomach for either
"Tc-liposome formulation, thus showing the excellent in
vivo stability of ""Tc-liposomes using the labeling proce

dure outlined in this paper.
Target-to-background ratios were calculated from the

images acquired over the 22-hr period for tumor-bearing
mice receiving either the neutral or negative "Tc-lipo

somes. As depicted in Figure 3A, the 1-hr target-to-back
ground ratio of 3.2 Â±0.3 for the neutral "Tc-liposomes
was significantly greater than the target-to-background ra
tio of 2.2 Â±0.2 for the negative "Tc-liposomes (p <
0.05). Similar target-to-background ratios of 3.2 Â±0.3 for
the neutral "Tc-liposomes and 3.3 Â±0.2 for the negative
"Tc-liposomes were determined at 4 hr. By 22 hr postin-
jection, the neutral "Tc-liposomes continued to increase

to a value of 4.0 Â±0.7, while the negative "Tc-liposomes

decreased to a value of 3.1 Â±0.5.
The activity at the tumor site was compared to the total

body activity (Fig. 3B) for the two liposome formulations
as a measure of tumor localization of the "Tc-liposomes.

As noted by other researchers (27), the percent activity
localized at the tumor site for the neutral "Tc-liposomes
was significantly greater than for the negative "Tc-lipo

somes at each time point (1 hr, p < 0.001; 4 hr, p < 0.01;
and 22 hr, p < 0.05). For the neutral liposomes, there was
no significant effect of time on the percent activity although
the trend was increasing with values of 5.5% Â±0.4% at 1
hr, 6.4% Â±0.5% at 4 hr and 7.3% Â±1.1% at 22 hr. In
contrast, there was a significant increase in the percent
activity for the negative "Tc-liposomes of 2.6% Â±0.1%

at 1 hr to 3.5% Â±0.3% by 4 hr (p < 0.05) and remained at
3.5% Â±0.2% at 22 hr postinjection (p < 0.001).

Table 1 shows the tissue biodistribution data for "Tc-

liposomes injected in tumor-bearing mice sacrificed at 24 hr
postinjection. The percent injected dose per organ deter
mined from activity measurements of excised tissue con
firm the image organ distribution patterns. There was a
significantly greater percentage of the dose in the reticu-
loendothelial organs of the spleen (p < 0.001) and liver
(p < 0.001) for the negative "Tc-liposomes than for the
neutral "Tc-liposomes. On a per gram of tissue basis,

there was 157%Â±11.5%of the activity in the spleen for the
negative "Tc-liposomes compared to 54.6% Â±5.2% in
the spleen for the neutral "Tc-liposomes. For the liver

there was also a greater percentage of the activity on a per
gram basis for the negative "Tc-liposomes (25.1% Â±
3.2%) than for the neutral "Tc-liposomes (18.8% Â±

0.9%). This result is consistent with other investigations
showing neutral liposomes evading the RES better than
liposomes containing a negative surface charge (9,27).

In contrast to the results for the liver and spleen, there
was a greater percentage of the total activity remaining in
the femur (p < 0.05) for the neutral "Tc-liposomes
(2.7% Â±0.2%) than for the negative "Tc-liposomes

(1.9% Â±0.3%). Our previous studies have shown that 90%
of the activity in the femur is located in the marrow frac
tion, which is a secondary RES deposition site (28). There
was also a significantly greater percentage of the dose
remaining in the blood pool (p < 0.001) at 24 hr for the
neutral "Tc-liposomes (12.8% Â±1.9%) than for the neg
ative "Tc-liposomes (2.8% Â±0.5%). This result is in

agreement with the image data at 22 hr (Figs. IB and 2B) in
which more activity is present in the heart region, which
represents the circulating blood pool, for the neutral "Tc-

liposomes.
Tumor-bearing mice receiving neutral "Tc-liposome

also had significantly more activity than negative "Tc-

liposomes in the kidney (p < 0.01), lung (p < 0.001), heart
(p < 0.01), brain (p < 0.05), skin (p < 0.01), ovary (p <
0.01) and bowel (p < 0.001). The increased activity in these
organs is most likely due to the higher percentage of activ
ity in the blood pool for the neutral "Tc-liposomes, sug-

1494 The Journal of Nuclear Medicine â€¢Vol. 35 â€¢No. 9 â€¢September 1994



TABLE 1
Tissue Biodistribution of ""Tc-Uposomes at 24 Hours Postinjection

Neutral ""Tc-liposomes (n = 6) Negative "Tc-liposomes (n = 5)

OrganSpleenLungLiverBloodFemurHeartBrainSkinKidneyUrineBowelOvariesFecesMuscleTumorTumor-to-musde

ratio%/organ5.5

Â±0.4*0.4
Â±0.04*17.2

Â±0.9*12.8
+1.9*2.7
Â±0.2*0.3
Â±0.03*0.1

Â±0.01t13.1
Â±2.0*1.9
Â±0.2*2.8

+0.45.9
Â±0.4*0.07

Â±0.01*14.6

Â±1.34.8
Â±0.8*1.3
Â±0.3*â€”%/gram

tissue54.6

Â±5.2*3.3
Â±0.4*18.8

Â±0.912.2Â±
1.9*1

.4 Â±0.12.7
Â±0.3*0.3
Â±0.1*5.2
Â±0.9*7.7

Â±1.0*0.3

Â±0.042.2
Â±0.1*2.2
Â±0.3*11.6

+1.00.6
Â±0.1*3.6
+0.3*6.5

Â±0.8%/organ12.9

Â±0.80.2
Â±0.0122.6
+1.52.8

Â±0.51.9
Â±0.30.1

+0.010.02

Â±0.0042.9
Â±0.41.3

Â±0.22.3
Â±0.42.9
Â±0.40.03
Â±0.0111.7

Â±1.51.4
Â±0.10.5

Â±0.2â€”%/gram

tissue157.1

Â±11.51.1
+0.125.1

Â±3.22.8
+0.41.0

Â±0.10.8
Â±0.10.1
Â±0.011

.2 Â±0.14.6+
1.00.2

Â±0.031.3
Â±0.11.0

Â±0.113.1
Â±1.70.2

Â±0.011.0
Â±0.25.2

Â±0.7

*p < 0.001 versus negative "Tc-liposomes.
*p < 0.01.
*p < 0.05.

Values represent the mean Â±standard error.

gesting that the increased circulation allows more lipo
somes to eventually become deposited in these organs. In
addition, the percent injected dose located in the muscle
(p < 0.01) and tumor (p < 0.01) of tumor-bearing mice was
significantly greater for the neutral ""Tc-liposomes than
for the negative ""Tc-liposomes. There was no significant

difference in the activity of urine (p = 0.63) or feces (p =

0.17) between the two liposome formulations.
The tumor-to-muscle and tumor-to-blood ratios at 24 hr

calculated from the tissue biodistribution data for the
"Tc-liposome formulations are shown in Figure 4. The
tumor-to-muscle ratio of 6.5 Â±0.8 for neutral ""Tc-lipo

somes was greater, but not significantly different from the

o

K

D Nculral(n=6)
ra Negative (n=5)

Tumor/Blood Tumor/Muscle

FIGURE 4. Tumor-to-muscleortumor-to-bloodratioscalculated
from necropsybiodistributiondataat 24 hr postinjectionfor tumor-
bearingmice receivingeitherneutral(n = 6) or negative(n = 5)
""Tc-liposomes. Thevaluesrepresentthe meanÂ±s.e.m.

ratio of 5.2 Â±0.7 for the negative ""Tc-liposomes. This

result agrees with the target-to-background ratios calcu

lated from the image data determined at 22 hr postinjection
(Fig. 3A). Also the tumor-to-blood ratio for the neutral
""Tc-liposomes of 0.3 Â±0.04 was not statistically different
from the ratio of 0.4 Â±0.1 for the negative ""Tc-lipo

somes.
Figure 5A depicts the liver-to-blood and liver-to-tumor

ratios for both formulations at 24 hr postinjection. There
was a significantly greater activity in the liver compared
to the blood pool for the negative ""Tc-liposomes than
for the neutral ""Tc-liposomes (p < 0.001). This result

is in agreement with the organ distribution depicted in
the gamma camera images (Figs. 1 and 2) showing more
RES activity in the tumor-bearing mice receiving the
negative ""Tc-liposomes. The liver-to-tumor ratio of
28.5 Â±3.7 for the negative 99mTc-liposomes was signifi

cantly greater than the ratio of 5.3 Â±0.4 for the neutral
"Tc-liposomes (p < 0.001). This ratio is approximately
six times greater for the negative ""Tc-liposomes than for
the neutral ""Tc-liposomes. This increase is due to less
localization of the negative "Tc-liposomes at the tumor,
as well as a greater uptake of the negative ""Tc-liposomes

in the liver.
In addition to the increased RES activity contributed

by the liver for the negative "Tc-liposomes, there was

also a significant increase in spleen activity for the
negative ""Tc-liposomes over the neutral ""Tc-

liposomes. As shown in Figure 5B, both the spleen-
to-blood and spleen-to-tumor ratios were significantly

TechnetÃ¬um-99m-LiposomesforTumorImagingâ€¢Goinset al. 1495
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RGURE 5. (A) LJver-to-bloodand liver-to-tumorratioscalculated
from necropsy biodistribution data at 24 hr postinjection for tumor-
bearing mice receiving either neutral (n = 6) or negative (n = 5)
"Tc-liposomes. (B) Spleen-to-blcod and spleen-to-tumor ratios

calculated from necropsy biodistribution data at 24 hr postinjection
for tumor-bearing mice receiving either neutral (n = 6) or negative
(n = 5) "Tc-liposomes. The values represent the mean Â±s.e.m.

Differences considered to be statistically significant are indicated:
*Â«= p<0.001.

greater (p < 0.001) for the negative ""Tc-liposomes
than for the neutral 99mTc-liposomes. The spleen-
to-blood ratio of 61.1 Â±6.5 for the negative "Tc-lipo-

somes was approximately 13 times greater than the ratio
of 4.8 Â±0.5 for the neutral "Tc-liposomes. The spleen-
to-tumor ratio was 185.1 Â±35 and 15.3 Â±1.2 for the
negative "Tc-liposomes and neutral ""Tc-liposomes,

respectively.

DISCUSSION
This study addresses the use of "Tc-liposomes carry

ing either a negative or neutral surface charge as tumor
imaging agents. The liposomes were labeled using a new
"Te labeling method which provides for greater in vivo
stability than previous "Tc-liposome labeling techniques

which either labeled the liposomal surface or encapsulated
an unstable chelate (13-20). As a tumor imaging agent, in
vivo stability is an important consideration because suffi
cient liposomes must remain in circulation for contact with
the tumor. An early release of radionuclide with subse
quent clearance through the bladder and bowels would
result in a smaller percentage of activity available for tar
geting to the tumor site. By 24 hr only 2%-3% of the total

activity is associated with the urine and 12%-15% with the
feces.

The liposome labeling procedure used in this study em
ployed "Tc as the radionuclide rather than 67Gaor mln.
There are a number of advantages for using "Tc over

these other common radionuclides due to the inherent
characteristics of each individual radionuclide. For exam
ple, the in vivo distribution of "Tc is very different when

it is associated with the liposome than when it is alone in
circulation. When "Tc-liposomes release the radionu
clide, the "Tc will be excreted in the bowel, bladder and
thyroid. On the contrary, both 1HInand 67Gaare attracted

to metal chelates in the body and once released from the
liposome become bound to these metal chelates, thus dis
tributing in the same organs as the original labeled lipo
somes. In addition, 67Gahas been shown to have a high
affinity for tumors. In previous studies using 67Ga-lipo-
somes, the accumulation of 67Ga at the tumor site was

greater than the accumulation of the liposomes (29), indi
cating that the biodistribution determined was not the ac
tual biodistribution of the 67Ga-liposomes. Other advan
tages of using "Tc to label liposomes over the
radionuclides, 67Gaand mln, include the fact that "Tc is
more readily available, costs less, has a 6-hr half-life for
better dosimetrie characteristics, and has a better energy
for imaging studies (19). Moreover, the 6-hr half-life of
"Tc possibly would allow for higher imaging activities

because the imaging is performed earlier.
Although both liposome formulations could be labeled

using the ""Tc-liposome labeling protocol, there were dif

ferences in the rate of clearance of the liposome samples
from the circulation. These findings agree with those of
other researchers studying liposomes as drug delivery
vehicles (27). Neutral liposomes were cleared slower by
the RES and maintained in the bloodstream longer than the
negative liposomes. The longer circulation times of the
neutral ""Tc-liposomes are more than likely responsible

for the increased activity at the tumor in mice receiving the
neutral "Tc-liposomes as seen in the images in Figure 1

and in the higher percent activity in the tumor seen in
Figure 3B. However, the increased circulation also con
tributes to the greater muscle contribution by the neutral
""Tc-liposomes. Tumor-to-muscle ratios were not signifi

cantly different for the two formulations although the tu
mors were more evident in the mice receiving the neutral
""Tc-liposomes. These results are in contrast to previous

infection imaging studies in rats injected with the same
negative ""Tc-liposome formulation. The abscess-to-mus

cle ratio in rats was 35 at 24 hr postinjection, while the
tumor-to-muscle ratio for this same liposome formulation
was 5.2 in the present study. The most likely reason for the
increased accumulation of the liposomes in the abscess
over the tumor is their distinct pathology. In the abscess
model, there could be greater extravasation of the lipo
somes than in the tumor model, as well as liposome migra
tion with leukocyte infiltration (30). The increased circula
tion of the neutral ""Tc-liposomes also adds to the overall
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time needed for the background activity to clear. One tech
nology under development to provide for more rapid tumor
imaging uses a biotin-containing liposome to target the

tumor followed by a subsequent avidin injection to clear
the bloodstream (31 ).

The liver-to-blood and liver-to-tumor ratios determined

from the tissue biodistribution studies agree with the
greater involvement of the RES in the clearance of the
negative "Tc-liposomes. In addition to the increased ac

cumulation of activity in the liver for the negative liposome
formulation, there was also a larger accumulation of activ
ity in the other major RES organ, the spleen. This result
can be seen in Table 1 where the percent activity per gram
of spleen is three times greater for the negative "Tc-
liposomes than for the neutral "Tc-liposomes. Also the

spleen-to-blood and spleen-to-tumor ratios were signifi
cantly greater for the negative "Tc-liposomes than for the
neutral 99mTc-liposomes. The involvement of the RES has

remained an issue in the application of liposomes as drug
delivery agents and as radiotracers. One issue has been
whether the accumulation of the liposomes in these organs
at saturating levels will be toxic and interfere with their
host defense duties which may already be compromised in
the cancer patient. Recent human clinical trials of U1ln-

liposomes as a tumor imaging agent have been carried out
with few adverse side effects noted (32). Also at issue is
whether the accumulation of activity in the RES organs
will mask the ability to detect tumors localized in this
region. Although the circulation properties and organ bio-

distribution of both liposome formulations used in this
study have been well documented, they are first generation
formulations. More sophisticated liposome formulations
with liposome surfaces coated with polyethylene glycol or
a sugar-containing lipid currently under investigation have

been shown to have lower accumulation of activity in the
RES organs and higher accumulation levels at the tumor
site (7,8,27,33-34). Also, an antibody to a known tumor

antigen could be covalently attached to the liposomal sur
face to add specificity to the labeled liposome and improve
the targeting ability needed in diagnostic imaging (35).

CONCLUSION
The "Tc-liposomes evaluated in this report could be

used as tumor imaging agents. Of the two formulations
tested in this paper, the neutral "Tc-liposomes would be

preferred clinically, because it not only could detect the
tumor, but it has less activity in the RES. In addition to the
application of this """Tc-liposome labeling technique to

radionuclide imaging, this labeling method could also be
used to test new liposomal-based chemotherapeutic drugs.
Further development of this new """Tc-liposome labeling

technique in the application of tumor imaging will focus on
many of the issues discussed.
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