
iposomes, or artificial lipid vesicles, are one of the
most promising carriers for drugs, enzymes, and other
biologically important materials. Both water-soluble
and lipid-soluble materials can be encapsulated into
liposomes, either in the aqueous or lipid phase. For
many medical applications liposomes can be viewed as
pharmacologic capsules (1) and, in the field of nuclear
medicine, attempts have been made to apply liposomes
as radiopharmaceuticals by encapsulating gamma-em
itters, positron-emitters, or nuclear magnetic resonance
markers. Various attempts to apply liposomes in the
diagnosis of lymph system disorders, myocardial in
farcts, reticuloendothelial system disorders, inflamma
tions, tumor, etc., have been reported (2-5). Recently,
several clinical trials have also been reported (6-8),
though work is still at an early stage.

We have been investigating the application of lipo
somes in specific tumor imaging, by encapsulating gal
lium-67 (67@3@)chelated to nitrilotriacetic acid, and have
found that certain liposomes, for instance, small unila
mellar vesicles prepared from distearoylphosphatidyl
choline and cholesterol, could deliver large amounts of
67@3@ to the tumor (9,10). In order to apply liposomes
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in tumor imaging, we have to use liposomes that can
deliver large amounts of67Ga to the tumor specifically.
Initially, we tried to enhance the 67Ga delivery potential
to the tumor by varying the chemical composition of
the liposomes.

Liposomes can be characterized in terms of chemical
composition, size, number of membrane bilayers, and
surface charges. Biodistributions of liposomes after i.v.
injection are strongly influenced by such factors. In
particular, chemical composition largely determines li
posome stability, which greatly influences the delivery
ofthe liposome contents to various tissues (11â€”13).We
expected that such factors would also influence the
tumor uptake and 67(3@delivery potential of liposomes.
In this work we examined the 67(3k delivery potential
to tumors by using liposomes composed of various
phospholipids. The relations between 67(3kdelivery po
tential, tumor uptake ofthe liposomes themselves, and
the stability of the liposomal bilayer in the serum are
discussed.

MATERIALS AND METhODS

Preparation of Liposomes
Phospholipids used in this work were as follows (Sigma

Chemical Corp., St. Louis, MO): L-a-phosphatidylcholine
from frozen eggyolk (PC), L-a-dimyristoylphosphatidylcho
line (DMPC), L-a-dipalmitoylphosphatidylcholine(DPPC),
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L-a-distearoylphosphatidylcholine (DSPC), L-a-diarachidoyl
phosphatidylcholine(DAPC), and sphingomyelin from bovine
brain (SM). Liposomes were prepared as previously described
(10) with slight modifications. Chloroform solutions of phos
pholipids and cholesterol (CH) (molar ratio 2:1) were evapo
rated to dryness under a stream of nitrogen. When the lipid
phase of liposomes was traced, cholesteryl [l-'4C]oleate (58
mCi/mmol) was included in the mixture. The evaporation
was performed at 37Â°Cwhen PC and DMPC were used, at
45Â°Cwhen DPPC and SM were used, and at 60Â°Cwhen DSPC
and DAPC were used. After storing the dried lipid films at
reduced pressure overnight, 150 mM NaC1/5 mM sodium
phosphate(pH 7.4)(PBS)containing 1mM NTA wasadded,
then the solutions were warmed at the above temperatures,
suspended by vortexing and sonicated. Sonication was carried
out at 20 kHz, a powerlevelof45 W for 60 mm (continuous)
with a titanium microtip at the above temperatures.Then, it
was centrifuged at 100,000 g for 1 hr. Liposomes contained
in the supernatant were almost all small unilamellar vesicles
(14), and their mean diameter was estimated to be @@-60nm
by electron microscopy ofpreparations negatively stained with
potassium phosphotungstate (9). Untrapped materials were
removedby passageof the liposomesthrough a Sephadex0-
50 column (1 x 30 cm) in PBS. Liposomes were eluted
immediately after the void volume. When 67@@ encapsu
lated, the loading method using 670aCl3 (Nihon Mediphysics
Co., Ltd., Takarazuka,Japan) describedearlierwasemployed
(10). Judging from phosphorous content determinations, in
corporation of phospholipid in the final preparations was
69.5â€”73.4%of the amount used when PC and DMPC were
used, 52.2â€”56.3%when DPPC, and 23.2â€”29.8%when DSPC,
DAPC, and SM were used.

Transplantation of Ehrlich Solid Tumor
Ehrlich solid tumor was used as a tumor model. Male ddY

mice, weighing 28â€”30g, were subcutaneously injected in the
left hind legwith 4 x l0@cells.At 9 to 10days after inocula
tion, the tumor weighedbetween 0.1 and 0.5 g and rarely
included necrotic areas.

Tissue Distribution of@ and â€˜@CRadioactivity After
Intravenous Injection of Liposomes

Liposomes encapsulating [67Ga]NTA (0.3 zmol as phos
pholipid and 0.5â€”1.0@tCi/0.2mb/mouse) were injected into
the tail vein of the tumor-bearing mice. Galliurn-67citrate
(NihonMediphysicsCo.,Ltd.,TakaraZUka,Japan)and [67Ga]
NTA (1 @Ci/0.2mi/mouse) were administered in a similar
manner. Tissue distribution of 67(3kradioactivity was evalu
ated as described earlier (9). Data were expressed as tissue
distribution rate (% administered dose/g tissue), as tumor-to
tissue concentration ratios, and as tumor index (TI). The latter
criterion has been proposed for the evaluation ofthe practical
utility of a radiotracerfor imaging,and in the product of the
tumor-to-bloodratio (T/B) and the tumor uptake (% admin
istered dose/g tumor) (TI = T/B x % dose/g) (15). When
liposomes labeled with cholesteryl [1-'4Cloleate were injected
(0.3 @zmolas phospholipidand 0. 15 @Ci/0.2mb/mouse),whole
tissues or aliquots (@@-0.2g) were minced in the counting vials.
Protosol (NEN Research Products, Boston, MA) (1.5 ml per
vial) was added and each sample was incubated at 55Â°C
overnight or until a clear solution was obtained. Blood samples
weretreated as follows:0.1 ml of blood wasadded to 0.5 ml

of Protosol:ethanol (1:2) and warmed at 55Â°Cfor 30 mm.
Then 0.2 ml of 30% hydrogen peroxide was added and each
mixture was incubated for more 30 mm. After cooling, 8 ml
ofBiofluor (NEN Research Products, Boston, MA) was added
and shaken vigorously. The samples were neutralized with 2
N NaOH and carbon-l4 (â€˜4C)radioactivity was counted in a
liquid scintillationcounter. The recoveryof â€˜4Cradioactivity
by this method ranged 97% to 101% with an average of 99.2%.

Stability of Liposomes in Serum in Vitro
Liposomes encapsulating [67Ga]NTA were incubated at

37Â°Cwith fresh mouse serum. The volume ratio of serum/
liposomes was 5, i.e., similar to that expected upon i.v. injec
tion of mice with 0.2 ml of liposomes (assuming 2 ml blood
volume and 50% hematocrit) (14). After various time inter
vals, aliquots were taken and passed through a Sepharose CL
4B column (0.8 x 25 cm) in PBS.Fractions of 0.5 ml each
werecollectedand the 67(3@radioactivityin each fractionwas
counted in a gamma counter.

RESULTS

Figure 1 shows the uptake and retention of 670a
radioactivity in the tumor and blood of mice bearing

Ehrlich solid tumor after the i.v. injection of liposomes
prepared from various phospholipids with CH (molar
ratio 2:1) and encapsulating [67Ga]NTA. It was found
that liposomal lipid composition had a great influence
upon 670a uptake in the tumor and blood. When the
liposomes were composed of PC or DMPC with CH
(PC-liposomes or DMPC-liposomes, respectively)
blood clearance of 67Ga was rapid, while the tumor
uptake was low and decreased with time. In contrast,
blood retention of DSPC-, DAPC-, and SM-liposomes
was longer and tumor uptake of67Ga increased, reached
a peak and then slowly decreased. Tumor uptake
peaked at 12.6% ofthe administered dose per gram (%
AD/g) at 12 hr after injection ofDSPC-liposomes, while
it peakedat 13.3%at 12hr with DAPC-liposomesand
at 17.1% at 24 hr with SM-liposomes. These values are
three to four times higher than those with PC-,
DMPC-, and DPPC-liposomes.

Table 1 shows the sequential changes of the tumor
to-blood ratio (Tm) and tumor index (TI) of 67Ga
radioactivity after the administration of the liposomes
having the same composition as those in Figure 1.
When 670a was encapsulated in PC-, DMPC-, and
DPPC-liposomes, T/B increased gradually, and maxi
mal T/B obtained at final period (72 hr) were@ to 7.
When 67Ga was encapsulated in DSPC-, DAPC-, and
SM-liposomes, T/B increased more rapidly. The values
have already reached 6 to 7 at 24 hr after the adminis
tration, and maximal T@ were 10 to 14 (at 48 hr or
72 Kr). With every liposomes, the changes of TI with
time were similar to those of T@, respectively. How
ever, TI of DSPC-, DAPC-, and SM-liposomes in
creased much steeper than their T/B. TI of these lipo
somes were much higher than that of the other at and
after 24 hr.
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FIGURE 1
Uptake and retention of 67Ga radio
activity in tumor and blood after the
administration of liposomes com
posed of various phospholipids with
cholesterol and encapsulating [@7Ga]
NTA. Liposomes composed of PC
(A),DMPC(B),DPPC (C),DSPC (D),

48 72 DAPC (E), and SM (F) with CH (phos
pholipid:CHmolar ratio 2:1) were ad
ministeredi.v.to mice bearing Ehrlich
solid tumor. (0) Tumor; (â€¢)Blood.

[670a]citrate also increased with time, but the values
were similar or a little lower than those of PC-,
DMPC-, and DPPC-liposomes at every time point
tested (data not shown).

Table 4 shows the tissue distributions of â€˜4Cradio
activity 24 hr after i.v. injection of various liposomes
with cholesteryl [l-'4C]oleate in their lipid phases. Car
bon-14 radioactivity uptake in the tumor was higher
than that in the other tissues, with all of the liposomes.
The tissue distribution of â€˜4Cradioactivity did not
necessarily agree with that of 67Ga (Table 2). However,
14Ctumor uptake ofDSPC-, DAPC-, and SM-liposomes
was higher than that of the other three liposomes,
likewise as 670a tumor uptake ofthe former was higher
than that of the latter.

Liposome stability in vitro was studied by chroma
tographic separation of liposome-encapsulated 67Ga
and leaked 670a on Sepharose CL-4B after the incuba
tion of liposomes and serum at 37Â°C.The chromato
gram is shown in Figure 2. Similar proffles were ob
served with liposomes of all compositions tested. The
â€˜4Cradioactivity, due to cholesteryl [1-'4C]oleate added
as a marker of the liposomal lipid phase, indicates that
liposomes were eluted immediately after the void vol

1;

612 Z 48 72 612 24

Time otter administration (h)

Table 2 shows the tissue distributions and the tumor
to-tissue ratios of 67Ga radioactivity 24 hr after i.v.
injection ofliposomes prepared from various phospho
lipids with CH and encapsulating [67OaJNTA (as in
Figure 1 and Table 1). It was found that 67Garadioac
tivity concentrated mainly in the liver and spleen, in
addition to the tumor, with all of the liposomes. Oal
lium-67 uptake in some tissues (e.g., spleen or muscle)
was influenced by liposomal lipid composition, as that
in the tumor and blood was. However, the effects on
them were much less striking compared with those on
the tumor and blood. DSPC-, DAPC-, and SM-lipo
somes gave much higher tumor-to-tissue ratios than the
other liposomes at this time point. When SM-liposomes
were used, the ratios to all tissues were over 1.00.

The tissue distributions and the tumor-to-tissue ratios
of 670a radioactivity 24 hr after i.v. injection of free
(not encapsulated) [670a]NTA and [67Ga]citrate are
shown in Table 3. The tissue distributions of these

agents were similar, with both exhibiting a distribution
different from that of any liposomes at the same point.
Tumor uptake was â€”4%AD/g and it was nearly the
maximal value of what these agents could give. T/B
and TI after the administration of [670a]NTA and
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TABLE3Tissue
Distribution of 67Ga Radioactivity at 24 hr After

the Administration of Free [@7Ga]NTAand[@7Ga]Citrate[%a]NTA

[@GaJcitrateTumor/tissue

Tumor/tissueTissue
% dose/g ratio % dose/g ratio

TABLEITumor-to-Blood
Ratio and Tumor Index of 67Ga Radio

Activity After the Administratlori of LJposomesComposedof
Various Phospholipids and Cholesterol (MolarRatio2:1)

and Encapsulating[@GaJNTATumor-to-blood
ratio(Tumor

Index)Time
afteradministrationPhospholipid

6hr l2hr 24hr 48hr72hrPC

1.33 1.51 2.39 4.266.83(6.71)
(7.29) (10.16) (15.26)(18.33)DMPC

1.23 1.34 3.18 5.007.06(7.81)
(1.37) (16.17) (25.00)(33.88)DPPC

0.62 1.36 3.38 4.925.88(3.33)
(7.83) (17.37) (19.15)(22.88)DSPC

0.69 2.09 7.01 13.5012.00(5.14)
(26.29) (76.13) (123.93)(86.40)DAPC

0.74 1.51 6.20 10.0910.38(6.12)
(19.57) (76.45) (101.81)(88.32)SM

0.35 0.67 5.71 13.2913.76(2.28)
(5.37) (97.86) (164.27) (142.00)

PC-liposomesDMPC-llposomesDPPC-liposomesTumor/tissueTumor/tissueTumor/tissueThsue%

dose/g ratio% dose/g ratio% dose/gratioTumor4.25Â±0.63

1.005.25Â±0.89 1.005.14Â±2.261.00Uver17.04
Â±1.77 0.2512.27 Â±2.21 0.4315.00 Â±1.250.34Spleen27.92
Â±8.19 0.1520.14 Â±1.81 0.2622.34 Â±3.290.23Kidney4.42Â±0.60

0.964.68Â±0.65 1.124.35Â±0.891.18Lung2.01
Â±0.26 2.112.24 Â±0.20 2.341.77 Â±0.122.90Heart0.77
Â±0.01 5.520.97 Â±0.15 5.411.02 Â±0.215.04Muscle0.29
Â±0.03 14.660.40 Â±0.07 13.130.31 Â±0.0216.58Blood1.78Â±0.17

2.391.65Â±0.30 3.181.52Â±0.273.38DSPC-liposomesDAPC-liposomesSM-liposomesThsueTumor/tissue

% dose/g ratioTumor/tissue% dose/g ratioTumor/tissue% dose/gratioTumor10.86Â±1.20

1.0012.33Â±1.81 1.0017.14Â±2.441.00Liver12.21
Â±1.54 0.8915.54 Â±2.05 0.7915.33 Â±2.751.12Spleen25.88
Â±4.78 0.4221.43 Â±3.52 0.5815.43 Â±3.841.11Kidney4.65Â±0.46

2.345.18Â±1.04 2.384.96Â±1.893.46Lung1
.74 Â±0.24 6.241 .90 Â±0.37 6.362.67 Â±0.836.42Heart0.99

Â±0.11 10.971 .18 Â±0.34 10.451 .20 Â±0.5514.28Muscle0.41

Â±0.07 26.490.44 Â±0.09 28.020.49 Â±0.1934.98Blood1.55Â±0.12
7.011.99Â±0.45 6.203.00Â±1.375.71.

Each valuerepresents the mean Â±s.d. for six toseven animals.

Tumor4.09 Â±0.431 .004.30 Â±0.381.00Liver4.02
Â±0.441 .015.62 Â±0.580.76Spleen2.68
Â±0.381.533.64 Â±0.231.18Kidney3.99
Â±0.501 .035.21 Â±0.350.83Lung2.63
Â±0.291 .562.55 Â±0.241.88Heart0.96
Â±0.124.261.26 Â±0.163.41Muscle0.43
Â±0.099.510.55 Â±0.097.82Blood1.93Â±0.142.122.26Â±0.331.90

Each value represents the mean Â±s.d. for seven animals.

tion in liposomes, that is, the ratio of67Ga radioactivity
in the liposomal fraction to the total activity.

Figure 3 shows the stability of various liposomes
having the same compositions as those in Figure 1.
When PC-, DMPC-, or DPPC-liposomes were used,
leakage of 67Ga from the liposomes was observed in

both PBS and serum. PC- and DMPC-liposomes
scarcely retained 67@ when incubated with serum. In
contrast, DSPC-, DAPC-, and SM-liposomes were fairly

stable during incubation with PBS or serum. DAPC

ume, in fractions 7 to 12. Gallium-67 radioactivity
showed two peaks, at fractions 7 to 12 and 16 to 24.
The first peak represents liposome-encapsulated 67@
and the second, leaked 67Ga.Serum proteins were eluted
in fractions 13 to 19. In the following experiments,
liposome stability was evaluated in terms of67Ga reten

TABLE 2
Tissue Distributionof 61GaRadioactivityat 24 hr After the Administrationof Uposomes Composed of Various

Phospholipids and Cholesterol (molar ratio 2:1) and Encapsulating [@7GaJNTA'
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%Administoreddose/gDMPCDPPCllssuePC

liposomesliposomesliposomesDSPC liposomesDAPC liposomesSMliposomesTumor3.1

1 Â±0.542.81 Â±0.603.84 Â±0.835.85 Â±0.876.42 Â±0.7513.05 Â±2.12Uver2.11
Â±0.532.77 Â±0.612.82 Â±0.593.83 Â±0.324.56 Â±0.715.11 Â±0.98Spleen1.16
Â±0.153.09 Â±0.633.49 Â±0.354.35 Â±0.764.54 Â±0.454.23 Â±1.34Kidney0.83
Â±0.230.70 Â±0.060.87 Â±0.152.43 Â±0.443.01 Â±0.373.55 Â±0.53Lung0.81
Â±0.210.67 Â±0.140.70 Â±0.201 .55 Â±0.271 .80 Â±0.322.38 Â±0.60Heart0.66
Â±0.200.79 Â±0.230.81 Â±0.140.75 Â±0.481.36 Â±0.291.14 Â±0.46Muscle0.29

Â±0.080.26 Â±0.810.29 Â±0.130.39 Â±0.090.46 Â±0.330.50 Â±0.24Blood0.66
Â±0.200.21 Â±0.070.54 Â±0.1 81 .68 Â±0.272.28 Â±0.432.87 Â±0.41.

Each value represents themean Â±s.d. for fiveanimals.

TABLE 4
Tissue Distribution of 14Cradioactivity at 24 hr After the Administration of LJposomes Composed of Various

Phospholipids and Cholesterol (Molar Ratio 2:1) and Labeled with Cholestery [1-14C]Oleat&

liposomes and SM-liposomes completely retained 670a
during a 48 hr incubation with PBS and retained greater
than 90% when incubated with serum.

DISCUSSION

In this paper we report that 670a encapsulated in
liposomes prepared from DSPC, DAPC, and SM with
CH (phospholipid:CH molar ratio, 2: 1) could be deliv
ered effectively to the tumor site. 67Ga accumulation in
the tumor after i.v. administration of these liposomes
was 12â€”17%AD/g at the peak (Fig. 1). Oallium-67
accumulation in the tumor after i.v. injection of [67Ga]
citrate, which is clinically used as a tumor-imaging
agent, or free [67GaINTA was only @@4%AD/g under
the same conditions (Table 3 and 9). Therefore, it is
clear that liposomes can be an excellent tool to accu
mulate 670a in the tumor, provided that a suitable lipid
composition is selected.

For tumor imaging, the tumor-to-blood ratio of ra
dioactivity accumulation (T/B) is also an important
factor. Table 1 shows the sequential changes of T/B
after the administration of various liposomes encapsu
lating [670a]NTA. As blood retention of 670a with
DSPC-, DAPC-, and SM-liposomes was longer than
that with other liposomes, their T/B was lower at early
stages. However, these liposomes gave excellent T/B at
and after 24 hr, owing to their larger tumor accumula
tion. Further, these liposomes also gave prominent TI.
T/B and TI indicate that the optimal imaging time by
DSPC-, DAPC-, and SM-liposomes would be 24 hr or
48 hr after the administration, under the condition used
in this study. At 24 hr after the administration, these
liposomes also exhibit excellent 67(3@accumulation ra
tios oftumor to the other tissues, except liver and spleen
(Table 2). These results suggest that liposomes have
great potential as tumor-imaging agents. Reducing the
670a accumulation in the liver and spleen will require
further work.

The question next arises whether such a high 67Ga
accumulation in the tumor reflects the amounts of
liposomes themselves that reach the tumor. Gallium
67 itself tends to accumulate in the tumor, as is well
known. Thus, we labeled the liposomal lipid phase and
traced it. CH was a common component of the lipo
somes used in this study, but it is known that CH can
transfer easily to other liposomes or biomembranes.
Thus, we used the ester form ofCH, cholesteryl [l-'4C]
oleate, because the ester forms hardly transfer to other
membranes. Kirby et al. (16) reported that cholesteryl
oleate would be a valid marker for liposomes, if the
liposomes contain a certain amount of CH. As shown
in Table 4, there were significant differences in the
tumor accumulations of â€˜4Cradioactivity from choles
teryl [l-'4Cjoleate at 24 hr after the administration of

various liposomes. Much larger values were obtained
when DSPC-, DAPC-, and SM-liposomes were admin
istered. This means that these liposomes themselves
reached the tumor more effectively than PC-, DMPC
and DPPC-liposomes. Therefore, it is suggested that the
larger tumor accumulations of 67Ga observed when
DSPC-, DAPC-, and SM-liposomes encapsulating
[670a]NTA were administered (as shown in Figure 1
and Table 2) results from the larger amounts of these
liposomes themselves that reach the tumor.

The tissue distribution rate (% AD/g of tumor) of
â€˜4Cradioactivity did not necessarily agree with that of
670a at this point(Table 2 and 4). The 670a radioactivity
was accumulated more extensively in the spleen, liver,
and tumor than â€˜4Cactivity, with all of the liposomes.
The discrepancy was also observed in the other tissues
with PC-, DMPC-, and DPPC-liposomes. Ifthe solutes
are retained completely in liposomes, such differences
should not be found. Therefore, it would appear that
encapsulated [670a]NTA was released from liposomes
at least partially somewhere in the body, for example
in the tumor, liver, spleen or blood. Released [67(3k]
NTA may account for a portion of the 670a tumor
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FIGURE 2
Chromatographic separation of lipo
some-encapsulated 67Ga and leaked
%a on a Sepharose CL-4B column
(0.8 x 25 cm) after incubation with
serum at 37Â°C.

uptake after the administration of 67Ga encapsulated in
liposomes, as 67Ga has certain affinity for the tumor
(17). However, it is clearthat the extensive 67Gaaccu
mulation in the tumor is mainly attributable to the use
of liposomes,becausethe tumoraccumulationof 670a
encapsulated in liposomes was related to the tumor
accumulation of the liposomes themselves (Figure 1,
Table 2 and 4), and such large values could not be
obtained with free [670a]NTA (Table 3 and 9). We are

10 15

Fraction number

currently studying the behavior of [670a]NTA encap
sulated in liposomes and the liposomes themselves in
detail.

The question arises, why do DSPC-, DAPC-, and
SM-liposomes reach the tumor more effectively than
PC-, DMPC-, and DPPC-liposomes? It has been re
ported that the lipid compositions of liposomes influ
ence their bilayer stability in the presence of serum in
vitro and in vivo (12,18-21). Destabilization of lipo
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FIGURE 3
Stability of 67Ga-encapsulating lipo
somes composed of various phos
pholipids with cholesterol in serum at
37Â°Cin vitro. Uposomes composed
of PC (A),DMPC (B),DPPC (C),
DSPC (D),DAPC(E),and SM(F)with
CH (molar ratio of phospholipid:CH,
2:1)wereincubatedin PBS(0) or
mouse serum(â€¢).
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REFERENCESsomes, that is, solute leakage through the liposomal
bilayers in the serum, has been attributed to the loss of
liposomal phospholipids to plasma high density lipo
proteins (HDL) (15,22,23). The extent of HDL attack
on liposomal membranes is determined predominantly
by the membrane fluidity and bilayer packing. Liposo
mal phospholipid components and the cholesterol con
tent of the membrane decide these two factors (12),
and consequently liposome stability.

It is also known that liposome stability in the serum
has a close relationship with liposome clearance from
the circulation after i.v. injection (12,24,25). More
stable liposomes have longer half-lives in the blood
circulation.

We determined the stability of the liposomes used in
this study in terms of the leakage of 67Ga radioactivity
(Fig. 3), and found that DSPC-, DAPC- and SM-lipo
somes are significantly more stable in the serum than
PC-, DMPC- and DPPC-liposomes. The former are
taken up by the tumor effectively and deliver large
amount of 67Ga to the tumor. We hypothesize that

DSPC-, DAPC- and SM-liposomes are resistant to HDL
attack in the serum owing to the nature of their phos

pholipid components, and, when injected intrave
nously, they remain in the blood circulation for a long
time with retention of their integrity. Consequently,
they have a greater opportunity to come into contact
with the tumor and to be taken up by the tumor,
resulting in greater 67Ga accumulation in the tumor.
Though DPPC-liposomes were less stable than these
three liposomes, they were more stable than PC- or
DMPC-liposomes. However, the tumor uptake and
67@ delivery potential of PC-, DMPC-, and DPPC

liposomes were similar. We consider that fairly stable
liposomes are required for increased tumor uptake and
67Gadelivery potential.

We have shown here that some liposomes can be
accumulated in the tumor in large quantities and can
deliver large amounts of 67Ga to the tumor, provided
that a correct choice of the lipid composition is made.
We have also suggested that the stability of liposomes
in the serum is a critical factor determining the tumor
uptake ofliposomes and 67Ga delivery to the tumor by
the liposomes. Recently several attempts to enhance
the stability ofliposomes by means ofstructurally mod
ifying their phospholipids or cholesterol components,
or using other lipids instead ofphosphatidylcholine and
SM, have been reported (19,25â€”27).We consider that
there are excellent prospects for enhancing 67Gadelivery
to the tumor further by using such liposomes.
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