
ratios. In this study, we therefore first examined various liposome
formulations and encapsulatedradionuclides in relation to those
guiding factors. Previously, we have shown that liposomal mem
brane components,such as phospholipids and cholesterol, have a
great influence on the tumor delivery of radionuclides encapsu
lated in liposomes (8,9). Nevertheless, other factors are also
important. Therefore, we examined various factors, including those
mentioned above, to find optimal conditions for tumor imaging
with labeled liposomes. In addition, we discuss how such factors
influence the tumor imaging potential of labeled liposomes. Fur
thermore, we verified the tumor imaging potential of labeled
liposomes meeting the criteria in this study using various mouse
tumor models. Imaging data are also presented.

MATERIALS AND METhODS

Uposome Preparation
We used the following lipids: L-a-phosphatldylcholrne from frozen

egg yolk (PC), L-a-dlmynstoylphosphatldylchohne (DMPC), L-a
dipalmitoylphosphatidylcholine(DPPC), L-a-dlstearoylphosphatidyl
choline (DSPC), L-a-diarachidoylphosphatidylcholine (DAPC),
sphingomyelin from bovine brain (SM), cholesterol (CH) and mono
sialoganglioside-G@, from bovine brain (GMI). Small unilamellar
liposomes(SUV)were preparedas previouslydescribed(8). For the
study on the liposomal particle size, liposomes with various particle
sizes were prepared by sonication for different periods and filtration
through polycarbonate filters of different pore sizes (6). That is,
liposomeswitha particlesizeover 1 @.unweresonicatedfor 1mm and
passedthrougha 1.0 @mfilter 10times; liposomesof about0.5 p.m
size were prepared with 5 mm sonication and a 0.6-p.m filter;
liposomesof about 0.25 p.m size, 15 mm sonicationand a 0.4-p.m
filter; liposomes ofabout 0.08 p.m size (SUV), 60 mm sonication and
a 0.1-p.m filter. DSPC and CH (molar ratio, 2:1) were used as
liposomal lipids. The values ofmean diameter ofthe above liposomes
were estimated to be over 1 p.m. 558.2 nm, 261.5 nm and 83.6 nm,
respectively, by dynamic light scattering using a submicron particle
analyzer(11).Forthephospholipidcomponent,SUVwereprepared
from various phospholipids and CH (2:1). For the study on CH
content, DSPC-based SUV were prepared. For GM, incorporation,
SUV prepared from DSPC:CH:GM, (1:0.5:0.1) or SM:CH:GM, (1:1:
0.1) were used. For the other studies, DSPC:CH (2:1) SUV were used.

Uposome Labeling
Gallium-67-C13, â€˜InCl3and 67Ga-citrate were used to label the

liposomes. Technetium-99m-pertechnetate and hexamethylpro
pyleneamine oxime (HMPAO) were also used. To label liposomes
with 67Ga or â€˜â€˜â€˜In,liposomes encapsulating 10 mM nitrilotriacetic
acid (NTA) or 10 mM deferoxamine (DF) were labeled with each
nuclide by the reported loading method (6). To label liposomes
with @â€˜Tc,liposomes containing 30 mM reduced glutathione in
10 mM phosphate-buffered saline, pH 6.5, were mixed with

@â€œTc-HMPAOby a modification ofthe procedure ofPhillips et al.
(15). Radioactivity localization in the liposomal aqueous phase

was estimated by H2O-octanol extraction.

Tumor Models
Sarcoma 180 (5 180) or Ehrlich solid tumor (2 X 1 @6cells!

mouse) was subcutaneously transplanted into the left hind leg of
6â€”7-wk-oldmale ddY mice. Lewis lung carcinoma (3LL) or Bl6

We conducted a systematic study of the effects of liposome
formulation and encapsulated radionuclides on imaging ability.
Methods: Various types of liposomes were prepared and labeled
with 67Ga,@@ 1ln or @â€˜@â€˜Tc.Their tumor-imaging potential was evalu
ated in terms of tumor accumulation and tumor-to-blood ratios of
radioactivity delivered by the liposomes. Mouse sarcoma 180 and
Ehrlich solid tumor were the tumor models. Results Liposomes
could be labeled rapidly and with high efficiency, which was suffi
cient for clinical application. Tumor accumulation of liposome
encapsulated radionuclides that have intrinalctumor affinity,such as
67Ga-NTAor 111ln-NTA,was larger than that of the other nuclides.
Liposomes that were fairlysmall, cholesterol-rich and composed of
so-called rigid phospholipids, could deliver large amounts of encap
sulated radionuclides to the tumor. We also found that tumor uptake
of such liposomes was large and their blood retention was pro
longed. Liposomal lipid dose also influenced tumor delivery and
blood retention. The results suggest that these factors extended
liposomal blood retention and, consequently, increased tumor up
take of the liposomes and tumor delivery of encapsulated radionu
clides. Not all liposomes with kxig blood retention, however, are
suitable for tumor imaging. Incorporation of monosialo-ganglioside
in the liposomal membrane greatly extended blood retention but
increased tumor uptake only slightly and, consequently, made the
tumor-to-blood value worse. One of the 67Ga-labeled liposome
formulations resulted in high tumor uptake and tumor-to-blood
ratios in var@us tumor models as well as cleady visuahzed tumors
clearly in sarcoma 180-bearing mice. Conclusion: For tumor imag
ing with radiolabeled liposomes, we should choose liposomal for
mulations and dose to give prolonged blood retention for large
tumor delivery. We must then select liposomes that give good
tumor-to-blood values. For the best results, the radionuclide should
have intrinsic tumor affinity. Labeled liposomes that meet these
criteria result in excellent tumor images.
Key Words: liposome; tumor imaging; gallium-67; indium-i 11;
technetium-99m
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Liposomes,orartificiallipidvesicles,areamongthemost
promising carriers oftherapeutic agents, being biodegradable, easy
to prepare and nontoxic. Their distribution and pharmacokinetics
can be modified by changing their size, charge, lipid composition
and so on (1,2). Such properties also make liposomes attractive as
radiopharmaceuticals. Several attempts have been made to apply
liposomes as tumor imaging agents by encapsulating gamma
emitters in them (3â€”11), and some clinical trials have already been
started (12â€”14).Systematic studies to develop optimal radiola
beled liposomes for tumor imaging have not yet been conducted,
even though the essential characteristics of liposomes for imaging
should be different from those for drug delivery.

When therapeutic agents are encapsulated in liposomes, the
main goals are to increase efficacy, decrease toxicity and increase
ease of administration. On the other hand, in the application of
liposomes to tumor imaging agents, the guiding factors should be
tumor accumulation of radioactivity and tumor-to-normal tissue
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RadionuclideLabeling efficiency (%)Extracted
rad@actMty

in aqueous phase(%)67Ga-NTA80.4

Â±8.298.5 Â±1.167Ga-DF90.1
Â±5.297.9 Â±2.5â€˜11ln-NTA84.4
Â±4.896.8 Â±3.8111ln-DF86.7
Â±6.698.9 Â±2.4@â€˜@â€˜Tc-HMPAO89.4
Â±3.992.6Â±32Each

valuerepresentsthe mean Â±s.d. for thrae experiments.

TABLE I
Uposome Labeling Efficiency with Gallium-67, Indium-ill and

Technetium-99m and Localization of Radioactivity in
Liposomal Aqueous Phase

intravenously into sarcoma 180-bearing mice. Mice were anesthe
tized by intraperitoneal injection of pentobarbital before each
acquisition sequence. Images were acquired at 1, 6 and 24 hr
postinjection with a gamma camera equipped with a medium
energycollimator by selectinga 20% energywindow centeredover
the 93-keV photo peak of 67Ga. Data were analyzed using a
MICAS-2000 computer (Aloka, Tokyo, Japan).

RESULTS

Labeling EffiCienCy of Uposomes with Gallium-67, Indium
I II and Technetium-99m

Liposomes were labeled with 67Ga,@@ â€˜Inor 99mTc with high
efficiency (80%â€”90%) in every case (Table 1). The labeling
procedure was completed within 30 mm with any nuclides (data
not shown). The water-octanol extraction showed that the
radioactivity was mostly located in the liposomal aqueous phase
(Table I).

Tumor Accumulation of Uposome-Encapsulated
Radienud@es

Figure 1 shows the tumor accumulation of radionuclides 24 hr
after intravenous injection of liposomes encapsulating various
radionuclides. The results for nonencapsulated radionuclides are
also shown. Sarcoma 180 (5180)-bearing mice were used as a
tumor model. Encapsulation resulted in efficient tumor uptake of
nuclides, but tumor accumulation levels differed, although the
nuclides were all encapsulated in the same t'@e of liposomes.
When 67Ga-NTA or@ â€˜@@A each of which shows intrinsic
affinity to the tumor even in nonencapsulated form, was encapsu
lated in liposomes, tumor uptake was no less than l7.3%â€”18.5%
administereddose/g(%AD/g). When 67Ga-DF,â€˜â€˜â€˜In-DFor
HMPAO, each of which has scarcely any tumor affinity, was
encapsulated, the tumor uptake was 7.0%â€”8.4%AD/g. Under the
same experimental conditions, tumor uptake of67Ga-citrate, which
is clinically used as a tumor imaging agent, was 4.5% AD/g, and
similar levels were obtained with nonencapsulated 67Ga-NTA or
11â€˜In-NTA.

melanoma (1 X 106 cells) was transplanted into 6â€”7-wk-oldmale
C57BI/6 mice and MH 134 hepatoma (5 X l0@cells) or MM46
carcinoma (1 x 106 cells) was transplanted to 6â€”7-wkold male
C3HIHe mice. When the tumor weighed between 0.1 and 0.5 g,
mice were used for the following experiments.

Tissue DistÃ±butlon of Radionuclides and Uposomes
Tissue distributionofradionuclides after intravenousinjectionof

labeled liposomes was determined as described earlier (6). Tumor
uptake of the liposomes was estimated by using cholesteryl
[l-'4C]oleate as a marker, as described earlier (8). Blood clearance
of liposomes was evaluated using high-performance liquid chro
matography (HPLC) with a gel permeation column (9). The
amount of intact liposomes in serum samples was determined by
monitoring 67Ga radioactivity retained in the liposome fraction.
Results were converted to the percent administered dose in total
blood by using a mouse hematocrit value of 41.5% (16) and total
blood volume of 7.3% of the body weight (1 7).

Imaging Studies
Gallium-67-labeled liposomes (0.3 p.mole as phospholipid and

1.85MBq/0.2ml)or67Ga-citrate(1.85MBq/0.2ml)wereinjected

FIGURE1. Tumoraccumulationof 67@3@,
111lnand @â€˜Tcin sarcoma 180-bearing
mice at 24 hr postadministrationof lipo
some-encapsuisted or nonencapsulated
rad@nuchde-hgand compisxes. Smail
unilamellar liposomes were prepared
from DSPC and CH (moisr ratio, 2:1).
Bars indicate the mean Â±s.d. for five
animals.
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FiGURE 2. Tumor uptake of liposomes themselves and radionuclide delivery to the tumor by various types of liposomes. Uposomes were prepared as
described in Materialsand Methods.Theywere labeledwithcholesteryl[1-14C]oleateinthe lip@phase to evaluatetumoruptake of the liposomes @::,and
67Ga-NTAwas encapsulated inthe aqueous phase @.EhrIIChs@ tumor-bearingmicewere used as a tumor model.Bars inc@catethe mean Â±s.d. for
fiveanimals.

FiGURE3. BlooddearanceofvariousliposomesinmicebearingEhilichsolidtumor.Symbo@arethesameas inFigure2. Pointsinc@catethemeanÂ±s.d.
forfourto fiveanimals.Ifdata points are not shown for latertime points,the liposomeswere no knger detectable at those times.
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terol content (Fig. 2). Each liposome was labeled with cho
lesteryl [1-'4C]oleate in its lipid phase to evaluate liposomal
tumor uptake and 67Ga-NTA was encapsulated in the aqueous
phase. Ehrlich solid tumor-bearing mice were used as a tumor
model. All three factors (particle size, phospholipid components
and cholesterol content) greatly influenced liposomal tumor
uptake and 67Ga tumor delivery. We found that liposomes that
were fairly small (0.08 p.m in diameter), CH-rich (molar ratio of
DSPC:CH; 1:0.5 or 1:1) and composed of so-called rigid
phospholipids (DSPC, DAPC and SM) having high-tempera
tare phase-transition acyl moieties, were taken up by the tumor
in large quantities (5.8%â€”8.4% AD/g) and could deliver large
amounts of 67Ga to the tumor (10.9â€”13.6 %AD/g). Similar
results were obtained when S 180-bearing mice were the tumor
model (data not shown).

Blood Clearance of Uposomes
Figure 3 shows the blood clearance of various liposomes in

Ehrlich solid tumor-bearing ddY mice. The amount of intact
liposomes existing in serum was determined with HPLC anal
ysis by monitoring 67Ga activity in the liposome fraction. It
became apparent that small, rigid, CH-rich liposomes all re
mained in the blood circulation for a much longer time than the
other liposomes.

Effects of Uposomal Upid Dose on Radionuclide Delive,y
to Tumor

The DSPC:CH-liposomes (molar ratio, 2: 1) encapsulating
67Ga-NTA were administered to S180-bearing mice at various
lipiddoses.AsshowninFigure4, the67Gatumoruptakeratio
increased and finally plateaued with an increase in lipid dose.
Concurrently,the liver uptakeratio decreasedandplateaued.
Increasedbloodretentionwasalsoobservedwith an increased
lipid dose (data not shown).
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FiGURE4. Effectsof liposomalli@ddose on radionudidedeliveryto the
tumor by liposomes.DSPC:CH(molarratio,2:1)-smallunilamellarliposomes
encapsulating67Ga-NTAwereinjectedintravenouslyinto5180-bearingmace
at various lipid doses and 67(3@accumulations in tumor and liverwere
observed at 24 hr postadministration. Points indicatethe mean Â±s.d. for five
animals.

Tumor Uptake of Uposomes and RadiOnUclide
Delive@@to Tumor

Tumor uptake of the liposomes themselves and radionuclide
delivery potential were compared among various liposomes
differing in particle size, phospholipid components and choles
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FIGURE5. Tumoruptakeandtumor-to-bloodratioof @GadeliveredbyGMI-mOdiIIedsmallunilamellarliposomes.DSPC:CH:GM1(1:0.5:0.1)-liposomesor
SM:CH:GM1(1:1:0.1)-liposomesencapsulating Â°@Ga-NTAwere administeredto S180-bearlngmice, and tumor uptake and blood retentionof 67@3@was
observed at 24 hr postadministration. As a control, liposomes not containing GM1 were also administered in the same way. @Signfficanttydifferent at p < 0.01.
BarsIndicatethe meanÂ±s.d.forfiveanimals.
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Tumor Uptake and Tumor-to-Blood Ratio of Gallium-67
from GMI-Modlfied Uposomes

Monosialo-ganglioside (GM,) was incorporated in liposomal
membranes. DSPC:CH:GM, (1 :0.5:0.1) liposomes or SM:CH:
GM, (l :1:0.1) liposomes encapsulating 67Ga-NTA were admin
istered to S180-bearing mice. The effect of GM, on 67Ga tumor
uptake and blood retention was observed 24 hr postadministra
tion (Fig. 5). Incorporation ofGM, resulted in greatly increased
blood retention compared with control liposome compositions
but with only a slight increase in tumor uptake. Consequently,
GM, incorporation resulted in a decreaseof the tumor-to-blood
ratio under this experimental condition.

Tumor Uptake and Tumor-to-Blood Ratios of Gallium-67
from Uposomes in Vanous Tumor Models

The DSPC:CH (2: 1) liposomes encapsulating 67Ga-NTA
were administered to various tumor-bearing mice. Tumor up
take and the tumor-to-blood ratio at 24 hr postadministration are
shown in Fig. 6, which also includes the results with 67Ga
citrate. In every tumor model, high tumor uptake and excellent
tumor-to-bloodratioswere obtained:the valueswere 1.5â€”4
times higher than those with 67Ga-citrate in the same tumor
model.

Tumor Imaging with Gallium-67-Uposomes
The DSPC:CH (2: 1) liposomes encapsulating 67Ga-NTA

@ 0.3 p.mole as phospholipid and 1.85 MBq/0.2 ml/mouse) or
7Ga-citrate (1 .85 MBq/0.2 mi/mouse) were administered

intravenously to S-i 80-bearing mice, and whole-body im
ages were obtained at 1, 6 and 24 hr postadministration (Fig.
7). When 67Ga-labeledliposomeswere administered,the
tumor was already clearly visualized at 6 hr postadministra
tion. At this time point, the heart was still visualized and
reflected the high blood level. At 24 hr postadministration,
the blood background was almost eliminated and the tumor
was visualized with maximum clarity. Under the same
conditions, 67Ga-citrate could not detect the tumor site
within 24 hr after administration.

DISCUSSION
To obtain optimal radiolabeled liposomes for tumor imaging,

both the liposome-encapsulated radionuclide and the liposome
formulationshouldbe considered.

We compared three nuclides: 67Ga, â€˜â€˜â€˜Inand 99mTc, each of
which is suitable for gamma scintigraphy. The indices used for
the comparison were the labeling efficiency and tumor accu
mulation level of radioactivity. For clinical application, rapid
and efficient labeling is desirable, and the liposomal aqueous
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radioactivity delivered by the liposomes. Our results mdi
cated that suitable liposomes should be fairly small in
particle size, composed of rigid phospholipids and be CH
rich in their formulation (Fig. 2). The liposomal lipid dose
was also found to be a major factor influencing tumor
accumulation (Fig. 4). We also found that the above physical
properties of liposomes increased the tumor uptake of the
liposomes (Fig. 2) and extended the blood retention (Fig. 3).
We believe that the liposomes with long half-lives in the
circulation have a greater opportunity to come into contact
with the tumor and to be taken up by it, which results in
greater accumulation of radionuclides in the tumor. We
previously observed that small, rigid and CH-rich liposomes
were fairly stable in serum and their uptake by the reticu
loendothelial system (RES) was much lower than that of
other liposomes (8,9). Presumably, the prolonged blood
retention described above is the net effect of stabilization in the
serum and the reduction of RES uptake. The effect of dose can
probably be attributed to temporary saturation of the RES uptake,
which prolongs the blood circulation at high lipid doses.

The question arises, are liposomes with longer blood
retention better for tumor imaging? The results shown in
Figure 5 indicate that this is not necessarily so. Recently,
liposomes exhibiting greatly prolonged blood retention were
developed, by incorporating certain lipids, such as mono
sialo-ganglioside (GM,) or synthetic lipids derivatized with
the hydrophilic polymer polyethylene glycol, into the lipo
somal membrane (1 ). Improved tumor localization was
observed using such long-circulating liposomes (18). In
tumor imaging, however, the extended blood retention would
be an obstacle, causing a high blood background. This can be
evaluated by using the tumor-to-blood ratio as an index.
Under the experimental conditions used in this study, 67Ga
tumor delivery was enhanced by G@,-containing liposomes,
but the tumor-to-blood ratio was inferior to the control (Fig.
5). For tumor imaging, attainment of a high tumor-to-blood
ratio at an early time after administration is as important as
high tumor accumulation. Therefore, an appropriate balance
oftumor uptake and blood level is required. Long-circulating
liposomes may still be attractive candidates for tumor
imaging because of their high tumor accumulation (19), but
further investigation is needed.

CONCLUSION
Suitable liposomal formulation and dose to give prolonged

blood retention are necessary to ensure high tumor uptake of
liposomes and a large tumor delivery of encapsulated radionu
clide. The liposomes must also give good tumor-to-blood values as
early as possible. In addition, encapsulation of radionuclides that
have an intrinsic tumor affmity will lead to a larger tumor
accumulationofnuclidesthantheliposomes.TheDSPC:CH(2:1)
liposomes encapsulating 67Ga-NTA meet these criteria. They had
high tumor uptake and tumor-to-blood values in various tumor
models (Fig. 6) and tumors in 5180-bearing mice (Fig. 7) were
clearly visualized. Liposomes that have been used for tumor
imaging in clinical studies (12â€”14)also meet these criteria.

There are two applications for labeled liposomes for tumor
imaging: detection of a wide variety of tumors in primary
and metastatic sites and to image a specific tumor, for
example, by incorporating antibodies to the corresponding
tumor. Radiolabeled liposomes should be a much better
tumor-imaging agent than 67Ga-citrate, because their tumor
uptake and tumor-to-blood ratio are larger (Fig. 6), and they
can discriminate between a tumor and an inflammatory
lesion (7). Antibody-bearing liposomes could also be useful

I Ii (Ii 24 ii
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FiGURE7. Tumorimagingby67Ga-Iabeledliposomes.DSPC:CH(2:1)small
unilameHarliposomesencapsulating67Ga-NTA(0.3 @moleas phospholipid
and 1.85 MBq/0.2mVmouse)or 67Ga-citrate(1.85 MBCI./0.2mVmouse)were
administered intravenouslyto 5180-beating mice, and whole-bodyimages
were Obtainedat 1, 6 and 24 hr postadministration.

phase is the preferred labeling site. Liposomes can be also
labeled in their lipid phase, but an aqueous label will be
excreted more easily and rapidly, thereby reducing radiation
exposure to the patient. We believe the labeling procedures we
used in this study satisfy these requirements (Table 1) and all
three nuclides were acceptable in this respect.

There were, however, some differences among the nu
clides in the tumor accumulationdeliveredby liposomes
(Fig. 1). For example, 67Ga-NTA and â€˜I11n-NTA gave
superior results. We have already confirmed that the lipo
somes have high tumor affinity, but if the encapsulated
radionuclide has intrinsic tumor affinity, it will tend to be
retained in the tumor after being released from the lipo
somes. Therefore, tumor accumulation of such a radionuclide
would be larger than that ofthe liposomes (10). In this study,
67Ga-NTA and â€˜â€˜â€˜In-NTA come into this category; the larger
tumor accumulation of 67Ga radioactivity than that of lipo
somes can be seen in Figure 2. The nuclides' half-lives
(67Ga, 78 hr; â€˜â€˜â€˜In, 68 hr) are appropriate for tumor imaging
after liposomal delivery since this takes 24â€”48 hr in both
rodents and humans (12) (Fig. 7). Technetium-99m lipo
somes also gave acceptable results because the tumor accu
mulation was larger than that of 67Ga-citrate. Recently, we
developed a rapid tumor imaging technique using labeled
liposomes (11 ), in which an image can be obtained in only 2
hr. In such a system, 99mTc@labeled liposomes would be
advantageous because of its energy, half-life and cost.

We then studied the optimal conditions of liposomes for
tumor imaging. The first index was tumor accumulation of
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for radiotherapy, because they can be labeled with any
nuclide in principle and can deliver a large amount of
radionuclide close to the tumor.
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retentionwas lengthy.COnSequently,largeradiationdoses could be
deliveredto the tumor. We suggest that @Â°â€˜Y-lipkx1olis a potential
agent inthe treatment of Irvermalignancy.
Key Words lipiodol; yttrium-90; tranSarterial internal radiation ther
apy; hepatic cancer
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Lipiodol, an iodinated ester derived from poppy-seed oil, has
been found to be selectively retained within hepatic tumors
(1,2), and is widely used in the treatment of irresectable
primary hepatoma when combined with anticancer drugs or
labeled with â€˜@â€˜i.These preliminary results are encouraging
(3â€”7).Furthermore,some investigatorsbelieve 90Y to be a
better radiotherapeutic candidate than â€˜@â€˜Isince @Â°Yhas several
advantagesover1311,includinga shorterhalf-lifewhichismore
suitable for therapy, lack ofganima-ray emissions, a longer beta
energy range sufficient to kill cells, few shielding problems and
little radiation exposure to surrounding normal tissues (8,9).
Yttrium-90-microsphereshavebeenreportedto be safeand
useful in the treatment of hepatocellular carcinoma (10â€”12).
Recently, we successfully labeled lipiodol with @Â°Y(13 ). In this
study, we analyzed the kinetics and biodistribution of @Â°Y@
lipiodol in rats with hepatic tumors following intrahepatic
arterial injection to assess its potential utility in targeted
therapy.

In this study, we analyzed the biodistribution of @Â°Y-lipiodolin rats
with liver tumors (hepatoma) following hepatic arterial injection.
Methods: SixteenmaleSprague-Da@Meyrats withkvertumors were
killed at 1, 24, 48and 72 hr(fourratsateechtime)afterinjectionof
approximataly 0.1 mCi @Â°V-lipiodolthrough the hepalic artery, re
spectivety. Samples of tumor, liver, spleen, Skeletal muscle, lung,
kidney, bone, whole biood and testis were Obtained and counted to
calculate the tissue concentrations (%ID/g). Results We found that
the radioactMty in the livertumor was high at 1 and 24 hr and then
declined slowly. The biokgical half-time was 84.1 hr. The raduoac
tivity in normal livertissue was also high at 1 hr but was significantly
lower than that in the tumor. The biological half-time was 38.5 hr.
The ratio of tissue concentration between livertumor and normal
l@iertissueÃ§r/Nratio)was3.03atl hrandroseto6.45at72hr.The
radioactivity in the lung was almost as high as in normal livertissue
at 1 hr and declinedrapidlywith a biologicalhaff-timeof 25.6 hr.The
actMty levelsof the kidneywere moderate at 1 hr and remarnedat
almost the same levelthroughoutthe study. Amoderate concentra
tion of radioactivity in bone was noted within the first 24 hr. The
concentration, however, rose over the ensuing time. The concentra
tion of radioactivity in skeletal muscle, spleen, testis and whole
blood was quite low. Conclusion: Following hepatic arterial injection
of @Â°V-lipiodol,tracer uptake in liver tumor was high and tumor
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