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Abstract: The mechanism of cholesterol exchange has beegastigated by
following the transfer of radiolabeled cholestefr@m negatively charged, unilamellar donor
vesicles to neutral acceptor vesicles. Donor ame@or vesicles were incubated together and
were stable to fusion over the course of the erpamt. At intervals, donor and acceptor
vesicles were separated by passage through a cohiniPEAE-Sepharose. lon exchange
chromatography was used for rapid separation obdand acceptor (present in 10-fold molar
excess) vesicles. The kinetics 8f(] cholesterol transfer between unilamellar vesicleas
described and analyzed in the presence of sucidéer;pl0% FCS (fetal calf serum) and 50%
FCS. The process is first order kinetics. This rsethat acceleration of the off-rate must be due
to donor-acceptor interactions at short distantesas found that the presence of serum in the
medium greatly diminished rather than increasedtdbed transfer of radiolabelled cholesterol
from donor vesicles to the acceptor vesicles.
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INTRODUCTION

An important aspect of cellular lipid metabolismtie exchange and
transfer of cholesterol between cell membranes lgoaproteins [13]. It is
important to understand this exchange process wdfigltts the efficiency of
drug (gene) delivery and the choice of liposome ponents in the design of
liposomes as drug (gene) carriers.

However, numerous complications arise in the ingatibn of lipid
exchange in biological systems due to protein gid transfer, adsorption of
vesicles to membranes, and the complex structdrésotogical membranes
and lipoproteins [5, 9]. In an appropriate modedteyn, these complications
may be minimized so that in the absence of fusmme of two limiting
mechanisms may operate in lipid exchange: (1) lipidlecules diffuse
through a complex formed by the transient fusiorwad lipid monolayers or
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bilayers following collision of the two particleécbllision complex”; [6]) or
(2) free lipid molecules diffuse through the aqueqhase separating the
donor and acceptor particles [13].

The vast majority of studies of this process hasmahstrated that the
rate of transfer is independent of vesicle conegiotn under the usual
experimental conditions. This result suggests that rate-limiting step in
transfer is lipid desorption from the bilayer wihibsequent rapid diffusion
through the aqueous phase. This transfer mechamésmbeen supported by
numerous studies on phospholipids transfer [14, &8]well as in studies
concerning transfer of cholesterol [4] and sphimgds [1, 2], while a much
more limited number of studies support a mecharigrwhich lipids transfer
upon vesicle collisions [10, 12].

Transfer is typically determined by one of two gahenethods. In one
of them, movement of a fluorescent phospholipidwdgive [13, 14, 19, 20] or
of a radiolabeled phospholipid analogue [3, 17\Meen vesicle populations is
monitored.

Liposomes have been and are being used to studyntdremembrane
transfer rates of natural membrane component<likéesterol. Depending on
the size of the liposomes and lipid composition dr@properties of the drug,
the spontaneous transfer half-life may be in thegeafrom milliseconds to
several days.

Liposomes of sufficiently different surface charmymde possible the
rapid separation of these liposomes on an ion-eg#acolumn. Small
unilamellar vesicles of pure phospholipid and ch@ml have been used a
great deal in the study of the exchange of thesécules because well
defined donor and acceptor particles can be formed.

Under appropriate incubation conditions, the sraallamellar vesicles
are stable to aggregation and fusion so that irg&pon of the kinetic data is
not complicated by consideration of binding of doaad acceptor particles.
Also, there is not the possibility of any proteperturbing the lipid exchange
process [18].

In this study, the kinetics offC] cholesterol transfer between
unilamellar vesicles was described and analyzethénpresence of sucrose
buffer; 10% FCS and 50% FCS. Studies in model systeave established
that free cholesterol molecules can transfer batweembranes by diffusion
through the intervening aqueous layer. Desorptidn free cholesterol
molecules from the donor lipid-water interface aserlimiting for the overall
transfer process and the rate of this step isenfted by interactions of free
cholesterol molecules with neighboring phospholipiolecules.
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MATERIALSAND METHODS

MATERIALS

1-Palmitoyl-2-oleoyl-3-sn-Glycerophosphocholine O was
obtained from (Genzyme, Switzerland), egg phosgiktoline (EiPC) from
Lipoid. Sodium azide, Trizma pre-set crystals amcetylphosphate (DCP)
were purchased from Sigma, Mo, USA.

Tris ultra pure buffer and sodium deoxycholate welb#ained from
(ICN Biomedicals Inc.). Diethylaminoethyl (DEAE) @®arose CL-6B was
purchased from Pharmcia Biotech (Sweden). Sucroze ebtained from
Merck. Cholesterol (CHOL) was obtained from Calbiea (CA, USA). All
other reagents were of analytical reagent grade.

PREPARATION OF LIPOSOMES

Liposomes were formulated according to well-esthigld methods of
extrusion [16]. In short: the appropriate phospgbids composition was mixed
in organic solvent in a 50 ml round flask. The @igasolvent was evaporated
to dryness by a rotary evaporator. The resultimg fim was hydrated with
tris buffer saline (10 mM tris, 140 mM NaCl, and @Ht). The resulting lipid
suspension was extruded through 100 nm polycarbanambranes, using a
commercially available extruder (Liposofast, Avestinc., Canada). The
donor vesicles composed of egg phosphatidylchdi#iPC); decityl (DCP)
and (CHOL) in molar ratio (7:1:2) respectively, it uCi/ml f*C] CHOL
and POPC: CHOL (8:2) vesicles were used as aceeptor

CHARGED VESICLE (TRANSFER) ASSAY

[**C] cholesterol transfer was monitored with a chdrgesicle assay
which is based on the method originally describgdHbllingset al. [7]. This
assay employs two vesicle populations, negativerged donor and neutral
acceptor vesicles. Lipid transfer was determinedaibglyzing the movement
of label from the donor to the acceptor fractioradsinction of time. A given
concentration of donor and acceptor vesicles waeain a relation of (1:10)
in the presence of sucrose buffer; 10% FCS and B0%at 25°C.

At appropriate time intervals, a 0.01 ml aliquotswaaced on a mini-
column containing 0.5 ml of DEAE-Sepharose CL-6a{tselectively retains
the donor by virtue of its charge) which had beesgruilibrated with 0.02
ml of acceptor vesicles to reduce nonspecific gugmr and improve recovery
of acceptor vesicles. The neutral acceptor vesiwler® recovered by elution
with 1.5 ml of iso-osmolar sucrose buffer (290 mdtese, 10 mM Trizma
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pre-set crystals and 0.02% Na azide, pH 7.4). Hhimte was collected
directly into liquid scintillation vials (for radlabeled cholesterol) and the
samples were analyzed by liquid scintillation cénmtof *“C. The same
experiments were done with incubation of the doresicles only with 10%
FCS and 50% FCS.

RESULTSAND DISCUSSION

An in vitro system for measuring the transfer of cholesterollenules
from liposomal components to model membranes miimick other
membranous binding places in the body (erythrooyenbranes, endothelial
cell membranes, LDL, etc.) was developed, analogoubke assay proposed
by McLean and Philips (13).

Liposomes have been and are being used to studintdremembrane
transfer rates of natural membrane components dit@esterol. The inter-
membrane transfer phenomenon is first describedpas of membrane
biochemistry studies with liposomes as model memdsafor biological
membranes.
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Fig. 1. Liposome size measurements with time duttiegtiransfer experiment. Donor liposomes
(EiPC/DCP/CHOL (7:1:2)) were loaded witfC Chol and mixed with acceptor neutral
liposomes (POPC/CHOL (8:2) in a relation (1:10)2&t °C. In the presence of iso-osmolar
sucrose buffer (290 mM sucrose, 10 mM Trizma pteesystals and 0.02% Na azide, pH 7.4).
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Under appropriate incubation conditions, the smallamellar vesicles
were stable to aggregation and fusion so thatprégation of the kinetic data
is not complicated by consideration of binding ohdr and acceptor particles.
The size of donor and acceptor vesicles was s{dbl@ nm £ 10) during the
incubation time (Fig. 1) which agrees with thatoeed before [18].

The transfer of label from donor vesicles to acoeptesicles was
monitored with time in the presence of sucrose suft0% FCS and 50%
FCS. The data obtained from incubation performe@%=iC were fitted to
exponential decay functions.

The transfer of radio labeled lipid from the dorior the acceptor
vesicles was monitored with time in presence ofese buffer (Fig2). There
was an initial burst of transfer during the firetnf minutes of reaction. This
rapid phase was followed by apparent first ordaekcs with a half-time of a
few hours, as commonly reported [2T]he half life time for cholesterol
transfer was 4.04 hrs. This observation of firgteor kinetics has been
generally accepted to indicate that lipid transiegurs by way of rate-limiting
monomer desorption from donor vesicles followeddyyid diffusion through
the aqueous phase to acceptor vesicles [11]. TeEnmthat acceleration of
the off-rate must be due to donor-acceptor intevastat short distances.
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Fig. 2. Percent transfer dfC-Chol between liposomal membranes in iso-osmalarase
buffer. For more details, see under Figure 1.
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Fig. 3. Percent transfer &fC-Chol between liposomal membranes in the preseht8% FCS.
For more details, see under Figure 1.
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Fig. 4. Percent transfer dfC-Chol between liposomal membranes in the presefcE0%
FCS. For more details, see under Figure 1.
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Fig. 5. Count rate of**C-Chol transfer from donor liposomal membranes a@dum
components of FCS. Donor liposomes (EiPC/DCP/CH®DIL:2)) were loaded witH'C Chol
and mixed with A) 10% FCS; B) 50% FCS .

Most mammalian cells require the addition of sertonthe culture
medium for optimal growth and maintenance of thi lgges in vitro. It is
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important to understand the transfer process irptheence of serum to gain
insight into the behavior of liposomes with thesat vivo.

The effect of FCS on the cholesterol exchange batereen donor and
acceptor vesicles is studied (Figs. 3 and 4). Tditlifie time for cholesterol
transfer in the presence of 10% FCS and 50% FC8 weéB hrs and 8.78 hrs,
respectively. It was found that the presence afireein the culture medium
greatly diminished rather than increased the totasfer of liposomal lipid to
the cells. These observations were taken to sugfgatsthe diminished uptake
of liposomal lipid may be caused by a modificatmmnvesicles surface [11,
21].

There was no exchange or transfer from donor lipesopopulation to
the serum components (Fig. 5). This means thatamsfer has occurred from
donor vesicles to acceptor vesicles only.

Despite the apparent simplicity of the experimerggétem and the
current consensus as to its mechanism, we havealfthm analysis of the
transfer of cholesterol between lipid compartmeiotsbe difficult and the
kinetic patterns complex. Cholesterol transfer does always proceed to
completion (i.e. to isotopic equilibrium) in phosgipids vesicles [21].

Desorption of cholesterol from donor membranes afgpéo be rate-
limiting for transport and is followed by aqueoufusion of cholesterol to
acceptor membranes [18]. It can be concluded tbspité its extremely low
solubility in water, cholesterol moves betweendipopmpartments by aqueous
diffusion.

However, the models describing the spontaneoussferanfrom
membrane to membrane of natural membrane componeds to be
considered to understand the drug migration betWipesomes.
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