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SUMMARY

This progress report describes our research in studying the degradation of
liposomes in tissues and the factors affecting the blood clearance of liposomes.
The progress report is divided into four sections. In the first section, the
effects of chemical composition, size and concentration on the degradation of lipo-
somes in tissues are discussed. Our result indicated that both the composition and
slze of liposomes can affect the kinetics of the release of entrapped 11113+, with
the same composition, the rate of the release of the encapsulated !1!In3* from small
unilamellar liposomes was found. to be faster than that from large liposomes. 1In the
case of small unilamellar liposomes, the kinetics of degradation of liposomes in the
liver did not appear to be affected by the amount of injected dose of liposomes. The
second section describes the clearance of sphingomyelin liposomes in the blood cir-
culation. Our results suggested that the small unilamellar sphingomyelin/cholesterol
(2/1; M/M) liposomes can get an access to the intercellular space. This type of
liposome may be used as a potential carrier of therapeutic agents against inter-
cellular parasites. The third section Is a report on the development of methods
for preparing various types of liposomes for future investigation of how various
factors may affect the degradation of liposomes. The fourth section gives the detail
in investigating the methodology of loading !!!In3+ and 87Ga3* to liposomes in a
controlled manner. Our result indicated that two new ionophores, namely, acetyl-~
acetone agd 8-hydroxyquinoline sulfate may become useful agents to load a high level
of '11n3" to liposomes for studying the modes of degradation of liposomes in tissues
by the technique of perturbed angular correlation of gamma radiation.
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FORWARD

In conducting the research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care," as promulgated by the
Committee on the Guide for Laboratory Animal Resources, National Academy of Sciences-
National Research Council,
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This annual report describes our rescarch progress in the study of the degra-
dation of liposomes in tissues, and the prolongation of the clearance time of lipo-
somes in the blood circulatior, during the period from January 1, 1980, to December
31, 1980. The research activity can be roughly categorized into four different
areas. The first area discusses the effects of chemical composition and size of
liposomes on the degradation of liposomes in tissues, The second area describes
the effects of various factors on the clearance of liposomes in the blood of mice.
The third area is in the development of methods of preparing various types of lipo-
somes, and the fourth area is in the investigation of loading !!!In3* and other
trivalent catlonic radionuclides to liposomes in a controlled manner. The objective
of the last two areas is to develop methodologies for studying the degradation of
liposomes in tissues by the techniques of perturbed angular correlation of gamma
radiation (PAC). The research progress in these four areas can be summarized as
tollows:

I. Depradation of Liposomes in Tissues -- Lffect of Chemical Composition, Size and
Concentration.

Our resecarch in this area has been directed primarily toward the comparison of
the degradation of five types of liposomes in the livers of mice. A limited work
has also been carried out in studying the degradation of liposomes in other tissues.
These five types of liposomes were: (1l)spingomyelin (SM): cholesterol (CH) (2/1; M/M)
small unilamellar liposomes prepared by probe sonication; (2) distearoyl phosphatidyl-
choline (DSPC): CH (2/1; M/M) small unilamellar liposomes prepared by probe sonica-
tion; (3) SM:Cli:rdipalmitoyl phosphatidylethanolamine (DPPE) (57/33/10; M/M/M) small
unilamellar liposomes prepared by probe sonication; (4) SM:CH (2/1; M/M) multilamellar
liposomes prepared by extruding bath-sonicated, multilamellar liposomes through a poly-
carbunate membrane filter of 0.2y pore size; and (5) SM: CH (2/1; M/M) bath-sonicated
liposomes that had dimensions larger than the exclusion limit of a Sepharose 4B column,
but smaller than that of a Sepharose 2B column.

Our initial plan was to study the rate of the in vivo degradation of liposomes in
the liver at three to four different concentrations of injected dosage for each type
of liposome. This study was very time-consuming. Normally, it took 3-4 weeks to
collect one set of data for one concentration of liposomes. During the course of
this study, we realized that the study of the in vitro degradation of liposomes in
the livers of mice at 37°C could be a faster and more efficient approach to determine
the range of the concentration of liposomes to be injected for investigating the dose-
dependency of liposomes on the hepatic degradation of liposomes in vivo. Therefore,
most of our results were obtained from dissected livers incubated in Ringer solution
supplemented with 107 fetal serum and antibiotics at 37°C after the administration of
liposomes by intravenous injectlon, as described in the attached publication.

The results of our studies indicated that the rate of the hepatic degradation of
SM:CH (2/1; M/M) unilamellar liposomes In vitro was not affected by a 4~fold increase
of liposomal dosage injected to mice. tHowever, we observed quite a variation of the
rate constant in the In vitro hepatic degradation., Figure 1 depicts the variation of
the kinetics of the degradation of the same type of SM:CH (2/1; M/M) unilamellar lipo-
somes fn ten diffcerent livers, The data in Figure la were obtained from liposomes in
which the 11ntt was loaded by chloroform-extracted 8-hydroxyquinoline (!!lIn3+)
according to the method described in our annual report of last year (ARMY (C1580-A-02,
Page 10). The data in Figure 'b were obtained from liposomes in which the lyg3+
was loaded by 8-hydroxyquinoline ('!lin**) without chloroform extraction, as described
in Section IV of this report. These results appeared to sugpgest that the variation
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of the kinetics of degradation may be related to how liposomes were prepared each
time, and perhaps to the lot number of lipids from suppliers, since the degrada-
tion ot the same batch of liposomes in two different mice often had an identical
kinetics of the release of encapsulated !!!ln3*, Work is in progress to investi~-
gote this possibility.

In comparison with $M:CH (2/1; M/M) small unilamellar liposomes, DSPC:CH (2/1;
M/M) small unilamellar liposomes were found to be more susceptible of releasing the en-
trapped 11intt) citier irn the presence of serum, or in the liver of a mouse. The in
vitro degradation of three preparations of DSPC:CH (2/1; M/M) small urnilarellar liposomes
is depicted in Figure 2. The fast rate of the release of encapsulated !!lin3+ could be,
in part, a result ot the presence of the contaminant of 1,3-distearoyl-glycero-2-phospho-
choline, as recently suggested by Ponpivom ard RBugianesi (1). Further work will be
needed to study the degradation of DSPC by using purified DSPC.

We also found that an addition of 10% molar fraction of dipalmitoyl phosphatidyl-
ethanolamine in SM:ClU small unilamellar liposomes did not seem to affect the rate of
release of the entrapped !!lyp3t significantly (Fig. 3). However, the kinetics of
the release of entrapped !1l1in3t appeared to be markedly affected by the size, or
perhaps by the lamellar structure, of liposomes. Figure 4 depicts the time course
of the release of !11In3% in the outermost layer of SM:CH (2/1; M/M) multilamellar
liposomes extruded through a polycarbonate membrane filter of 0.2y pore size in a
liver of a mouse at 37°C in vitro. Figure 5 depicts a similar in vitro hepatic de-
gradation of the outermost lipid bilayer of SM:CH (2/1; M/M) bath-sonicated lipo-
somes that are larger than the exclusion limit of Sepharose 4B, but smaller than
that of Sepharvse 2B. To simplify the comparison, 111133+ yag loaded only to the
outermost aqucous compartment of the multilamellar liposomes for the studies shown
in Figures 4 and 5. Thus, the results shown in Figures 4 and 5 represent the release
of "'11n3* resulting from the degradation of the outermost lipid bilayer of multi-
lamellar liposomes, as in the case of unilamellar liposomes. As can be seen, the
time course of the release of encapsulated material from MLV 1is very much different
from that from SUV.

The marked difference in the time course of the release of liposome-encapsulated
materials between small unilamellar liposomes and multilamellar liposomes was unex—
pected and Interesting. Further work will be needed to elucidate whether or not
such difference is a result of the size, the laminar structure, or the combination
of both. We are in the process of collecting data to investigate whether or not
such biphasic character of the degradation of multilamellar liposomes in the livers
of mice also occurs in vivo.

fo addition to the degradation of livosomes in the livers of mice, a limited
study bas also been carried out in the time course of the release of !!1in3+ from
small unilamellar SM:CH (2/1; M/M) liposomes taken up by other tissues other than
Jiver and blood. Since it i{s impossible to remove all the blood from tissues, only
qualitative information can be obtained. Without performing a detalled correction
of the blood contribution in cach organ and the geometry effect, our preliminary
results sugpested that liposomes taken up by other organs were degraded at about
one half of the rate of the liposomes taken up by the liver,

Il. Clearance of Liposomes in Blood Circulation.

Our rescarch in this arca has been directed toward the comparison of the
volume of distribution of small unilamellar SM:Cll (2/1; M/M) liposomes with that
of the fntact erythrocytes, and the investigatfion of how the liposomal dosage,
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laminar structure and composition of sphinsomyeline liposomes may affect their
elimination half-life in the circulation. The reason for determining the volume

of distribution of lipusomes was that, in the study of the tissue distribution

of SHiCH (2/1; M/M) small unilumellar liposomes in mice, we invariably found that
about 3UZ of the Injected liposomes disappeared from the circulation at 15 min.
pust-injection, The uptake of liposomes by the liver and the spleen can only
account for 5~6%. This may suggest that liposomes can cross the epithelial lining
of the blood vessels, giving a larger distribution volume than that of the erythro-
cytues.

Two approaches were adopted for studying the distribution volume of liposomes.
One is by sacrificing mice shortly after the administration of liposomes; the other
is by pulse~chase experiments using dual isotope techniques. Our results indicated
that the distribution volume of SM:CH (2/1; M/M) small urilamellar liposomes was
about 207 larger thar that of the red blood cells. Conceivably, this extra 207
volume may represent the intercellular space. Furthermore, from the pulse-chase
experiment, we found that the pools of liposomes in the erythrocyte volume and in
the intercellutar volume were exchangeable readily. The ability for the SM:CE uni-
lamellar liposomes to get an access to the intercellular space suggests that this
type of liposome could be used for carrying therapeutic agents against intercellular
parasites,

In the study of the effect of liposomal dosage on the clearance, we found that
the elimination half-life increased with increasing dosage of SM:CH (2/1; M/M) small
unilamcllar liposomes. The saturation level for the Balb/c mouse was found to be
about 100 4y lipid per g of body weight (Fig. 6). The blood clearance time of small
unilamellar SM:Cli:DPPE (57/33/10; M/M/M) liposomes was found to be quite similar to
that of small unilamellar SM:CH (2/1; M/M) liposomes. In contrast to small uni-
lamellar SM:CLo (2/1; M/M) liposomes, multilamellar SM:CH (2/1; M/M) liposomes, pre-
pared by extruding through & polycarbonate membrane filter of 0.2uy in pore size,
had a very short halt-life of blood clearance, with about 80% of the injected dose of
liposomes taken up by the liver at 15 minutes after intravenous administration.

Using dual isotopes of 11!1in3* and ®7Ca3% as the respective encapsulated markers
of SM:CH (2/1; M/M) and DSPC:CH (2/1; M/M) small unilamellar vesicles (SUV), our
results indicated that the half-life of SM:CH (2/1; M/M) SUV was twice as long as
that of DSPC:Cit (2/1; M/M) SUV. The comparison of the clearance time of various
types of lipusomes is summarized in Figure 7. In comparing the size of unilamellar
liposoumes of SM:CH (2/1; M/M), DPPC:CH (2/1; M/M) and DSPC:CH (2/1; M/M), we found
that the average diameter of DSPC liposomes was larger than that of SM or DPPC lipo-
somes. Further work will be needed to investigate whether the differences in the
half-"_.e ot clearance of these small unilamellar liposomes result from the dif-
ference In size, stability In the blood circulation, or other reasons.

., Encapsulation of Small Unflamellar Vesicles by Multilamellar Vesicles and
Preparation of Detergent—Removed Liposomes.

As shown In the first section of this report, the degradation of liposomes in K
the liver ot a mouse is affected markedly by the size of liposomes. Conceivably, Ty
the lamellar structure of liposomes can also affect the degradation of liposomes. S
To address these questions, some of our research has recently been directed toward -
the development of methodologles for preparing bovine braln sphingomyelin and DSPC
liposomes of varying size and lamellar structure, with speclal emphasis on the in-
vestigation ot encapsulating small unflamellar vesicles (SUV) by multilamellar vesi-
cles (MLV) and the preparatfon of detergent-removed liposomes of varying diameter.
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The development of methods to encapsulate SUV by MLV will be useful for the
preparation of a special type of liposome in which only the center core, and

not the outer shell, of the onion-like spherule entraps !1lin3+, This type of
liposome will be useful for investigating how the outer layers of a multilamellar
liposome may affect the degradation of the inner layer.

To encapsulate a preformed SUV by MLV, two different approaches were tested.
The first approach was by shaking, or brief sonicating, in a water bath of a suspen-
sion of SUV in a tube containing dried lipids of different compositions. The dried
lLipid was In the form of dried powder, granules, or thin film. The second approach
was by injecting an ether solution of lipids into an aqueous suspension of SUV.

ln must cases, the complex of N3t yieh nitrilotriacetic acid (NTA), or 6-
carboxyfluorescein alone, was encapsulated in the SUV as a marker. The for-
mation of MLV was assessed by passing the final suspension of liposomes through

a Sepharvose 4B or 2B column. The criteria of assessing a successful encapsula-~
tion of SUV by MIV werce: (i)the association of the SUV-encapsulated marker with
MLV: (ii) the ability to release the SUV-encapsulated marker from MLV upon treat-
ment ot detergent; and (11i) the presence of the intact preformed SUV in the frac-
tions of MLV ¢luted trom a Sepharose 4B or 2B column.

Our results indicated that, in most cases, the small molecular markers encap-
sulated in a preformed SUV tended to leak out during the process of bath sonication
or injection of a large volume of lipid solution in ether into the aqueous suspension
of SUV. It appeared that the time of bath sonication and the volume of injected ether
were critical in inducing the release of the encapsulated small molecular marker.
Because of this complication, the estimation of the percentage of a preformed SUV
encapsulated in MLV was difficult., However, in certain cases, we found that the
encapsulation of bovine brain sphingomyelin:cholesterol (2/1; M/M) SUV by soybean
phospholipids MLV was negligible. This suggests that the encapsulation of a preformed
SUV by MLV may be related to the compatibility of lipids. Further work will be needed
to investigate the feasibility of encapsulating a preformed SUV by MLV by using a
more pentle way of preparing MLV or by using a macromolecular marker.

In the study of preparing liposomes of controlled dimensions, our research effort
has been concentrated on the preparation of MLV of 0.22u in diameter by extruding
MLV through 4 series of polycarbonate membrane filters from ly to 0.2y in pore size,
and the preparation of SUV of 340-1280 A In diameter by removing detergent from a
mixture of bile salt and phouspholipids. These two types of liposomes can be pre-~
pared guite casily from egyg phosphatidylcholine, as described in the literature.
Since, from our previous study, the egg phosphatidylcholine liposomes are very leaky
and unstable in the presence of serum (Page 11-12 of our annual report of 1979, ARMY
011580-A~02), our main effort was to prepare stable liposomes made from bovine brain
sphingomyelin and distcroylphosphatidylcholine.

The resulets of our studies indicated that these two types of liposomes shared a
common property -~ a hligh tendency to adhere to resin materials of Sepharose, Sephadex,
and Bio-Rad AGLX-8. As a result of such tight adhesion to resin materials, one often
lost the entire liposome during the process of chiromatography. In the case of mem-
brane-extruded MLV, a repeat extrusion and annealing of liposomes, at a temperature
above the gel » liquid crystalline phase transition temperature of the liposomes,
were necessary to reduce the problem of adhesion. However, an occasfonal zero-
recovery of Liposomes during the process of gel filtration chromatography still




occurred without obvious reasons. Further work will be needed to establish a
proper protocol to climinate this problem,

In the study of preparing unilamellar liposomes of controlled sizes, liposomes
were prepared by removing sodium deoxycholate from a mixture of phospholipids, cho-
lesterol, and the bile salt, by dialyzing out the detergent in hollow fibers or by
passing through a Sephadex 625 colurn (3-6). Our results indicated that the re-
moval of detergent by passing through a Sephadex G~25 column was more effective and
rapid than that by dialysis in hollow fibers The use of a constant-temperature
jacketed column at a temperature above the temperature of the phase transition of
the major lipid of the liposomes was required to ensure above 80% recovery of lipids.
Furthermore, a high ratio of detergent to lipid (8 to 1 in molar ratio) was also
necessary to ensure quantitative recovery of lipids, when cholesterol was included
in the preparation of liposomes., The size of liposovmes prepared by removing sodium
deoxycholate trom a lipid-detergent mixture appeared to be related to the composition
of lipids. In the case of bovine brain sphingomyelin, a very small unilamellar vesi-
cle of about 300 A in diameter was formed. We are in the process of studying the
ability of these detergent-removed liposomes to encapsulate various markers.

IV, Controlled loading of Hlln3+ to lLipousomes,

In order to study how various factors may affect the degradation of liposomes
in tissues by the technique of PAC, it is important to be able to load a high level
of 1in** to the inner aqueous compartments of liposomes in a controlled and con-
sistent manner. (n our annual report of 1979, we described the procedure of extrac-
ting the complex of 8-hydroxyquinoline (8-H0Q) with !3!In3+ by chloroform for subse-
quent loading of 1in** to Jiposomes with an efficiency of 90%. However, during
the course of numerous loadings of !1lin3t to liposomes for studying the degradation
of liposomes in tissues, we found that many factors could affect the efficiency of
loading ''lin't to liposomes, causing the problem of inconsistency in loading effi-
ciency. Therefore, the nrocedure of loading has been gradually modified and evolved
by chunging varlous experimental conditions, or by using different lipid-soluble iono-
nhores, since we reported the method of loading in our annual report of 1979,

o date, we have tracked down three major factors which can severely interfere
with the efficiency of loading '!!In3+ to liposomes. The first problem was the loss
of 8~10Q by sublimation during the process of removing the chloroform from the ex-
tracted complex of 8-10Q (}1111n3*) by evaporation at 85°C (Page 22 of our aunnual
report of 1979). By monituring the concentration of 8-HOQ with absorbance at 240 nm,
we discovered that as much as 80-90% of the 8-H0Q, but not 8-10Q (!!lin3+), was lost
by sublimation during the process of evaporating chloroform at 68°C. The problem of
Josing 8-1'00 by cvaporation was further compounded by the use of a very small amount
of ethanv) (25:1-5051) to solubilize the dried 8-10Q (}!!'in3*), which “ormed a thir
film and spread around a relatively large surface of the glass wall of a conical cen~-

tritugation tube. As a result of the use of an uncertain amount of 8-H0Q, the loading

etticiency varted, depending upon the amount of leftover 8-HOQ in the tube after eva-
puration, and the volume ot ethanol used in solubilizing the dried 8-HOQ (1111n3+).

A moditied loading procedure without chloroform extraction was, thus, developed
to circumvent the problem of losing 8-10Q., This modified loading procedure involved
the direct addition of the mixture of '1!InCly and 8-HOQ in 5 mm sodium acetate buf-
fered sallne contalning 7-707 ethanol to 10 times the volume of liposome suspension
in the same batfer withont ethanol.  The results of this non-extraction loading pro-
cedure (Figs., 8,9) indicated that the leading cfficiency depended very much upon the
concentration of 8~H0Y in the solution, as well as the type of cation, It appeared
that the optimal concentrations of 8-HOQ for a successful loading of 111n3% ana
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tiormally, the complex H1y1p3% yich the liposome~entrapped water-soluble che-~
lating agent, nitriloacetic acid (NTA), has a rather fast tumbling rate as indicated
by a high <Guy(w)> value from the measurement of PAC. Our sccond problem was an
apparent high loading efficiency (about 80 to 90%) but a low “Gyy (w) - value for
the 11 n3* gssoclated with liposomes. The resulcs of gel filtration chromato-
graphy indicated that virtually all the radioactivity of '{!'In3+ in the loaded
liposomes was tirmly bound to liposomes and could not be removed by strong che-
lating agents, such as ethylerediaminetetraacetic acid (EDTA). This suggested
that the loaded !1!In3t jons were immobilized in the EDTA-inaccessible region
of the 1ipid bilayer of liposomes, or in the internal aqueous compartment of
liposomes.

The problem of having ''1in3t immobilized in liposomes will affect the sensitivity
of our PAC study of the degradation of liposomes after being taken up by tissues. In
an attempt to determine the causes of this problem, we investigated all the possible
sources of contamination in the buffer solution, chemical reagents, lipids, resin
materials, glassware, and the source of *!lin3+, Our results indicated that one of
the nost likely sources of contamination was the HCl used in purifying !!1In3+. The
ICL used in purifying Iirg3+ yas always treated with dithizone to remove excess
heavy metalic ions in HCl. The dithizone treatment involved the repeat extraction
ot 6N BCl with 0.01% dithizone .in chloroform. Previously, 0.1 N HCl was used to elute
111n¢ly;  from the anion exchange resin AGIX8. More recently, 2N HCl has been used to
increase the resolution of llllnClg, since the discovery of the overlap of the eluting
profile of some contaminating cations in the crude 111InCl3 with the eluting peak of
''110Cly.  The use of more HC1 may have introduced an excess of dithizonme in the puri-
tied ''1InCl;. Dithizone is very soluble in chloroform and not soluble in neutral
aqueous solution. We suspected that the complex of dithizone with 11113+ might par-
tition in the lipid bilayer of liposomes, immobilizing a3+, A new procedure of
removing heavy metalic cations from HCl by the method of isoprestical distillation
wias, thus, employed. Our results indicated that dithizone was the major contaminant
interfering with the loading of Hlg3 o liposomes,

The third factor which could interfere with the loading efficiency of 11173+
to liposomes was the problem of forming insoluble 8-HOQ micro-particulate upon adding
the ethanol solution of 8-HOQ to aqueous buffer solution at low temperature. At first,
this solubility problem was not obvious to us because of the use of a low concentra-
tion of 8-HOQ in the loading mixture, until we accidently found this phenomenon by
making a large volume of loading mixture. Although the 8-HOQ micro-particulate
could be redissolved in aqueous—ethanol mixture upon standing at room temperature,
the translent low concentration of soluble 8-HUQ could result in the formation of
insoluble indium hydroxide, which can only be resolubilized at very low pH 2. Thus,
all the buffer solutions used in loading '!11n3* to liposomes were warmed to room
temperature to avoid the possiblility of phase separation of 8~HOQ.

In the meantime, the search for lipid ionophores which have a good aqueous
solubility was initiated. Two ionophores were found to be quite promising. The two
ionophores were 8-hydroxyquinoline sulfate (8-HOQ-SO, ) and aceﬁnhchipne (AcAc). Our
preliminary results indicated that the loading effi%iency of In liposomes by
f?fseszo water-soluble ionophores was very encouraging. The principle of loading

In to liposomes by 8-HOQ~SO, is essentially the same as that by 8-HOQ alone.
The only difference is that 8-H0QJ-SO,, which is a sulfate salt of 8-HOQ, can form a
stable salt-complex in aqueous solufﬁon, vwhereas 8-HOQ alone is not water-soluble.
As a result of this, the probability of having the problem of forming the insoluble
8-HOQ microparticulate in aqueous solution is less. All the experimental conditions
developed for 8-HOQ were found to be compatible to S-HOQ-SOG.
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On the other hand, acetylacetone is slightly more hydrophilic than 8-HOQ.
We found that the complex of 1111n3% with acetylacetone had a very stable <Gy (=)>
of v.bs + 0,02, As in the case of 8-H0Q, the loading efficiency of 11113+ o 1ipo-
somes by acetylacetone depended on the concentration of acetylacetone (Fig. 10).
Bovine braln sphingomyelin:cholesterol (2/1; M/M) liposomes (SUV or MLV) loaded to
Hln3% by geetylacetone were stable at 37°C in the presence of 50% serum for at
least 2 days. Since acetylacetone is quite soluble in aqueous solution, we are in
the process of testing the feasibility of using acetylacetone as a carrier to deliver
Hlin4* fnto the many inner aqueous compartments of multilamellar liposomes. In
conjunction with the development of methods of encapsulating small unilamellar lipo-
somes by multilamellar liposomes, acetylacetone may become a very useful ionophore to
load !'1in3+ 1o liposomes for studying how the lamellar structure of a liposome may
atfect or control the release of liposome-entrapped agents in tissues.
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begradation of small unilamellar $M:ClH(2/1;M/M) liposomes in

10

12

the livers of 4 mice. - The time course of the release of 11lrp3+
from liposomes in the liver was monitored in vitro at 37°C.
scale on the right represents the percertage of Intact liposomes
remaining in the liver. The lt?osomes were loaded with !1lpp3t

by chloroform-cxtracted 8§-100 (
the same liposomes In two different livers.
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Figure 1b,
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The experimental conditions were the same as those in Fig. la, except
that '111n3* wag loaded to liposomes by 8-HOQ (!!lIn3+) without prior
purifying of the complex by chloroform extraction. (o) and (A) were
from the same liposomes in two different livers at an injected dose

of 8 and 52 ug lipid/g tissue, respectively. (A) and (o) were from
the same liposomes in two different livers at an injected dose of 90
and 224 ug lipld/g tissues, respectively., The kinetics of degradation
vf the liposomes subjected to ultracentrifugation at 1 0,000 g for 0
min (X) at an injected dose of 85 ug lipid/g tissue was comparable to
that of the same liposomes subjected to centrifugation at 10,000 g for
3 min @) at an injected dose of 99 uy lipid/g tlssue.

-14-

- T
. e el
T I T . B

—_— A mag_ve ol

Lo
P e
SN SN AN

S

‘.
L)
.

.

'- f.":,’. i’
..".




......

TN oo

AN ~40
—.3 B ‘.0 o) \ . -
g \ {
SR N
O * 420 ]
\\/,.22r' ,! :;\\ll © o (o} ‘\\\\ i“f.

Ja 1 T NN S U S SR N N T |
0 2 4 6 8 10 12 14 -
TIME, HR

Figure 2. Degradation ot small unllamellar DSPC:CH(2/1;M/M) liposomes in F.}f
the livers of three mice., The exverimental conditions were the : i
same as that in Figure 1b, The area between the two dotted lines AT
represents the region for SM:CH(2/1;M/M) small unilamellar lipo- )
somes shown in Fig, la and 1b, ._:-.:%
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Degradation ot small unilamellar SM:CH:DPPE(56/34/10;M/M/M)
The experimental conditions
The ared between the two dotted

lipesomes In the livers of two mice,
were the same as that in Fig, 1b.,

lines represents the reglon for SM:CH(2/1;M/M) small unilamellar
Fiposomes shown In Fig,

la and 1b,
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Degradatlon of membrane-extruded multilamellar SM:CH(2/1:M/M)
liposomes In the livers of two mice. Liposomes were extruded
through a serivs of polycarbonate membrane filters from 1,0 ¢

to 2 . pore slzes at 60°C. The outermost aqueous compartment

of the liposonmes were loaded with 111n3+ by 8~110Q(11}1n3%),
Thus, the pattern of the release of P! n%+ represents the break-
down of the outer surface of the multilamel lar liposomes.
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Figure 5.
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Degradation of bath-sonicated, intermediate, multilamellar SM:CH
(2/1;M/1) liposomes in the liver of a mouse. The sizes of the
liposomes were smaller than the exclusion limit of Sepharose 2B
yel, but larger than that of Sepharose 4B gel. The time course
of the release of '11in3* represents the degradation of the outer
surface of multilamellar liposomes.
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Figure 6. Effect of liposomal dosage on the blood clearance and hepatic ..

uptake of small unilamellar SM:CH (2/1;M/M) liposomes. The

percentages of injected dose in the blood (4) and in the liver (o) -

were determined at 23 hours after administering a varying amount

of liposomal 1lipid per body weight through the tail veins of mice. _
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Figure 7. Blood clearance of various types of liposomes. The symbols are:
small unilamellar SM:CH(2/1;M/M) liposomes (e), multilamellar
SM:CH(2/1;M/M) liposomes (o), and the shaded area for small
unilamellar DPPC:CH(2/1; M/M) and DSPC:CH (2/1;M/M) liposomes.
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Dependence of the loading efficiency of 111753+ ¢o 1iposomes on the
concentration of 8-10Q. The loading was carried out by adding 200~
250 ul of a varying amount of 8-HOQ in 207 ethanol, 0.9% NaCl, 10 MM
sodium acetate, pH 5.5 containing 1-10 u Ci In-111 to 500 ul of DPPC
unilamellar liposomes (5-8 mg lipid) in the same saline acetate buffer.
The 1iposomes entrapped 0.106 M sodium phosphate, pH 7.4, 1mMNTA. The
yleld of loading was determined after 1 hr incubation at room tempera-
ture before removing the untrapped 111153+* by passing through a column
(0.7 x 5 ¢m) of AG 1x8 (phosphate form). Each point is an average of
two medasurements,
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Figure 9. Dependence of the loading efficlency of 67Ga3t to liposomes
on the concentration of 8-HOQ. The experimental conditions
were identical to the one described in Fig., 8. Each point
i{s an average of three measurements.
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LOADING

0 ] 1 ! L
3 0 10 20 30 40 50

I (ACAC) , uM
= .
= . Figure 10, Dependence of the loading efficiency of 1111a3% ¢ liposomes on the

concentration of acetylacetone. The loading was carried out by adding
250 p!l of a varying amount of acetylacetone in 0.9%4 NaCl, 5mM Tris-
Hel, pH 7.8 containing 1-10 v Ci In-111 to 1 ml of small unilamellar
SM:CU(2/13M/M) liposomes in 0.97 NaCl,5mM sodium acetate, pH 5.5. A
solution of 0.106 M sodium phosphate, pH 7.4, ImM NTA was encapsulated
in liposomes by probe sonicarion. The yleld of loading was determined
d5 described in Figure 8, Each point is an average of three measure-
nent s,

~23-

» 2.
P )
P,

)
Raxard

talaatat as



lr‘Ar

AcAc: acetylacetone

CH: cholesterol

YpPPC: L-a-dipalmitoyl phosphatidylcholine

DPPE: l~a=dipalmitoyl phosphatidylethanolamine

DSPC: L-u-distearoyl phosphatidylcholine

EDTA: ethylenediamine-N,N,N' ,N'-tetraacetic acid

<Gy (o) >: time-integrated perturbation factor. This is the

parameter measured by the counters of gamma-ray
perturbed angular correlation spectrometer. The
value of <Gya(w)~ has a range from 0.0 to 1.0.

In the system of liposomes, a low value of <Gpo(«x)>
closed to 0.0 means that the linosomes are greatly
perturbed and release thelr encapsulated contents.
un the other hand, intact liposomes have a charac-
teristic high <Gy2(«)> of about 0.60.

8-HOQ: 8~hydroxyquinoline
8-HOQ-50y,: 8~-hydroxyquinoline sulfate
g-HOQ (}iiindty: the complex of 8~LOO with 11y 3+
MLV: multilamellar vesicles
NTAz nitrilotriacetic acid
PAC: perturbed angular correlation
SM: bovine brain sphingomyelin
SuUV: small unilamellar vesicles
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