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ARSTRACT

In this work it was reported the determination of
CDP—-choline entrapment efficiency in MLVs liposomes
constituted of neutral or negatively charged
phospholipids. The encapsulation capacity {EC)
increases with using charged phospholipids; moreover,
also the presence of cholesterol into the vesicle
bilayers enhances the EC values. Liposomes, prepared
with reverse-phase evaporation method, entrapped
greater amounts of drug than multilamellar liposomes of
the same composition. The size of liposomes so lake as
the polidispersity index values were determined by

light scattering analysis. The rate of CDP-choline
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efflux from liposomes was determined "in vitro” and was
dependent upon bilayer composition and the method of

preparation.

INTRODUCTION

For many years work has been in progress to find
methods of directing drugs and other therapeutic
molecules to specific sites in the body in order to
achieve tissue-specific treatment of various
conditions.

The goal of any drug delivery system involves
altering of the pharmacokinetics and physiological
disposition of the drug in the guestion in order to
obtain a higher therapeutic index. This can be
accomplished either by decreasing the toxicity of the
drug or by increasing its efficiency. The most suitable
drug device to obtain such effects is the liposomial
system.(]—E)

L iposomes have an advantage as "in vivo” carrier
in that they may be formed from natural molecules which
can be easily methabolised in the body. They has been

(4-3)

used to include chelating agents(a), antibiotics »

anti—tumor drugs(b_7) and hormones.‘s)
CDP-choline 315 a therapeutic agent widespreadly
used in treating parkinsonism, extrapiramidal diseases

and consc iousness disorders n brain injurys;

furthermore, 1t may contribute to repair the membranous
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structures of brain cells that has been broken down by

cerebrovascular accidents and also to i1mprove energy

methabolism of mitochondria in the remaining
brain cells, thus accelerating a3 functional
(2—-11)

reorganization.
Unfortunally, the limiting factors in CDP-choline

therapy were the transport through cell membranes‘lE)

and the bioavailability;ilg) in fact, its polar nature
justifies the scarce ability to cross over the blood
brain barrvier and the small amounts, about 0.23 % of
the total administered dese, that reach the active
site.(lq, For this reason a possible strategy in order
to ernhance the CDP-choline absorption across cell
membranes, to i1ncrease the quantity of drug in central
ner vous system, could be the 1ncorporation into
l1iposomes.

In this paper we study how the liposome
composition and the preparation methods could affect
the encapsulation efficiency, besides of the «rug
leakage rates from liposomes. In fact a knowledge of
the ”"in vitro” release of an entrapped drug is a

necessary prerequisite to investigation of the "in

vivo"” behaviour of a liposomial drug delivery system.

MATERIALS
l1,2-Dimyristoyl-sn—glycero—3—-phosphocholine mono-

hydrate {(DMPC), 1,2-Dipalmitoyl-sn-glycero-3-phospho-
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choline monohydrate (DPPC), 1,2-Dipalmitoyl-sn—glycero—
phosphate disodium salt (DPPA) were commercial products
{Fluka Chemicals co. Buchs, Switzerland); Dipalmitoyl-
DL—a—Phosphatidyl-L-serine {DPPS) and Cholesterol
(CHOL) were purchased from Sigma Chemicals co. {5t.
Luils, USA).

The purity of phospholipids was greater than 29 %
as assayed by bidimensional thin-layer
chrumatography.‘ls,

CDP-choline was a gift from Cyanamid Italia. The
purity was greater than 99 4 by HPLC. All others

materials and solvents were of analytical grade and

deionized water was used.

METHODS

Preparation of Lipasomes

All liposome preparation had a total lipid
caoncentration of 20 mg-ml_l. The required amount aof
phospholipids and their mixtures was weighed intao a
quickfit raund-bottom flask and dissolved in the
smallest possible volume af chleroform. Organic solvent
was slowly removed at reduced pressure, on a ratary
evaporator, at 40O °C, such that a thin film of dry
lipid was deposited on the inner wall of the flask.

Aqueous phase (CDP-choline in 0.1 M NalCl) was added at
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a temperature 13 *C more than the phase transition
temperature (Tm} from gel to liquid crystal. The flask
was maintained at that temperature for 1 h, then shaken
on a mechanical agitater for 3 min to produce Multi-
Lamellar Vesicles (MLVs).

Reverse-phase Evaporation Vesicles (REVs) were
prepared by the method of Szoka and Papahadjupoulos.tlb)
{ipid components were weighed into a long-—necked 100 ml
quickfit round—-baottom flask and dissalved in
chlorofarm / diethyl ether (1:1}. CDP-choline in 0.1 ™
NaCl was added such that the organic to aqueous phase
ratio was 9:1. The flask was sealed under nitragen and
the mixture first shaken by a vortex; then sonicated
for 30 min at 35 °C in an ultrasonic hath to get a fine
emulsion from which organic salvent was slowly removed
at 33 *°*C with a rotary evaporatar under a nitragen
stream to produce the liposomes. The flask remained on
the evaporatar until organic solvent could nat be
detected by olfactery means.

Following production all liposomes were maintained
far 1 h at a temperature exceeding the phaspholipid Tm

to anneal the liposome structure.

Deteramination aof CDP—-choline

The separation of unentrapped fraction of CDP-

chaline was carried out by a centrifugation (30° at
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8000 RPM for MLVs and 13000 RPM far REVs at 10 °C) with
a centrifuge Beckman Mad. J2-21 equipped with a Beckman
JA-20 rotor. After the centrifugatian and the
eliminatiaon af the unencapsulated drug fraction, to
know the real quantity of drug entrapped in the
vesicles, we added 2 al of CHClg to destroy the
liposaomal structure to make the encapsulated CDP-
chaline free. This suspension was washed with 3 ml of
0.1 M NaCl for three times to extract agll the drug.
After each washing it was necessary to centrifugate the
mixture to completely separate the organic from the
aqueous phase. The concentration of CDP-choline loaded
lipasomes was calculated from the UV-ahsorbance af the
aquegus phase at 280 nm detected by a WUV-Vis Perkin—
Elmer 300 spectrophotometer, using a 0.1 M MaCl
solution as reference. The CDP-choline determination

was also performed by HPLE.(I?)

Quantitative Expression of Entrapment

The expressiaon af the amgunt of material (CDP-
choline} entrapped in liposames 1s often express as the
percentage aof starting material which becomes
liposomally associated. This has become very amisleading
in camparing results from different workers for the
following reason. When the proportion aof lipid used ta

make liposomes is increased compared with the volume of
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aqueous phase, the fraction aof the aqueous phase
enc losed between the bilayers, and hence the
entrapment, will increase. Careful consideration will

make it evident that this will not cause greater

entrapment per wmg liposomal 1lipid, whereas when
expressed as a percentage of starting material
entrapment is coansiderably increased. We know that

true entrapment is a function of the entrapped aqueous
volume. If the entrapment of a particular malecule
exceedes the value expected by this criterion, then
factor such as electrostatic or hydrophobic interaction
with the lipid bilayers are cantributing to the amaunt
of material which becomes associated with the
liposaomes. We thus propose that the entrapment af
material in liposomes should be expressed as a function
af liposomal lipid and be related to the vaolume of the
internal aqueous space.

Far this reasan, accarding to Benita,(la) we use
the encapsulation capacity (EC) value as a parameter to
relate the volume of encapsulated aqueous space per
millimole af lipid. EC wvalues for the various
phospholipid systems were calculated by the ratio
between the final CDP-choline concentration (mmol/ml)
found in the vesicles and the product of the initial
CDOP—chaoline concentration (mmal/ml) added during

vesicle farmation with the lipid concentration

(mmaol/ml? in the liposome suspension.

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/28/12

For personal use only.

566 FRESTA ET AL.

The malar fraction (MF) of the drug entrapped per
mole of lipid was calculated by the ratio of the molar
cancentration of drug to the malar concentration aof
lipids determined in the liposaomes. The different
values reported are the average of five experimental

measurements.

Determination of iposome Size

Vesicles size was determined by light scattering
(LS) analysis. The apparatus consisted of a He-Ne
Spectra Physic mad. 120 laser (7 aW), a holding sample
cell PC 8 Malvern thermostated at 24 °C by a Haake F3-R
and eqipped with a Micracontrol precise mechanical
goniometer and a optical system Melles-Griot f. 190;
the employed photomultipliers were Hamamazu R 1333 and
RCA 8832. In LS analysis we performed two methods:
Photan Correlation Spectroscopy (PCS) and Elastic Light
Scattering (ELS).

Measurement of particle size by PCS5 is based on
the theory that the observed time dependence of the
fluctuations in intensity of scattered light from a
ctolloidal dispersion is a fuction of the size of the
scattering particles. The autocorrelation fuction,
gi{1), of the scattering intensity can be expressed, for

a monodisperse system, as a fuction of the decacy rate
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{I') and the correlation delay time (7).

Fg. 1 gi{v) = exp (-IT71)
The decacy rate can be expressed as [T = DKE, where D is
the particle traslational diffusion coefficent,

K = (4n/1) n - sin (6/2), is the magni tude af the
scattering vector, n is the refractive index of the
solution and O the scattering angle. For a paolydisperse
systems, g{(r)} consists of a sum or distribution of

single exponentials:

[
Eq. 2 g(r) = Io 6(Iry exp(-Ir'r)dr

The =z average diffusion coefficent and the equivalent

z—average particle diameter (dz) may be calculated from

the wmean decacy rate ('), abtained by expressiaon of
(19}

Eq. 2, and the variance of the distribution is

given by:

Eq. 3 G = pp / FE
where & is known as the quality parameter or
polydispersity index (Pl).(EG) All the wvalues of PCS

analysis were correlated by a Malvern 4700 C particle
analyzer connected to a Olivetti 240 computer. The

scattering angles were 20° and 40°.,
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Measuring the intensity profile by ELS method, or
rather the intensity scattered by the sample at
different observation angles, it was obtained radius

values in agreement with the PCS values.

CDhbP-choline Leakage Rates from Liposomes

To wmonitor the release rate of CDP-choline from
MLVs and REVs, periodic centrifugations of CDP-choline
inaded 1liposome dispersions following a 1 to 350
dilution of the initial preparation with 0.1 M Na(Cl
were carried out. Diluted preparations were stored in a
water bath at 37 °C under shaking. At predetermined
time intervals one diluted sample was taken and the
ratio free to liposome—associated CDP-choline
determined, after centrifugation, at 280 nm. Total
release of drug was determined from the concentration

of CDP-choline in diluted preparations.

RESULTS AND DISCUSSION

Entrappment of CDP-choline in Liposomes

CDP-choline entrapmet within liposomes is found
in the internal agquecus compartment of these particles
owing to its low affinity and solubility in the 1lipids
which costitute the liposomal structure; in fact, how

{21)

investigated by us in a previous work, the anly

interaction which take place among the drug and the
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phospholipids is alang their peolar heads, no or
negligible interaction, depending on the lipaosome
compaosition, was detected with the hydrocarban core of
the phaospholipid bilayer. Thus, a good entrapment of
ChP-—choline requires encapsulation of large aqueous
spaces within liposaomes.

The manufactorang process used in this study
vielded, after sonication and removal of unencapsulated
solute, big MLVs, as confirmed by LS analysis, and
REVs.

MLVs showed a narrow range of size distribution,
how it was detected by PCS5 analysis that gave
polidispersity index values of 0.5 * 0.3, which
underlined the sample homogenity; that is the presence
of liposome suspension almost monodispersed. Main
particle size of MLVs containing CDP-choline wvaried
from 1.312 unm for the electrically charged mixture
DPPA/DPPS to 0.8 pm for DPPC, a neutral phodspholipid
(Table 1).

REVs are in the size range 0.35 - 0.42 pm and show
2 polidispersity index higher than 1 (from 1.73 to
2.39). In this way we obtain liposomal suspensions
caracterized by particle with a main diameter smaller
than MLVs, that are heterodispersed with a more or less
large range of size distribution (Table 1). All this is

due to the fact that the REVs method produces both

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/28/12

For personal use only.

570 FRESTA ET AL.

TABLE 1

Size and Polidispersity Index of MLVs and REVs
Liposomes Entrapping CDP-choline.

MLV REVs
LIPOSOME = ———- 3 T o S b
COMPOSITION S1ZE Pl s1ze® PI
{(pm) {(pm)
DPPC 0.80 0.73 0.36 1.75
DMPC 0.81 0.81 0.35 1.79
DPPA 0.94 0.50 0.41 2.30
DPPC-DPPA 0.85 0.49 0.39 2.19
(1:1)
DPPC-DPPS 0.93 0.62 0.40 c.27
(1:1)
DPPC-DPPS 0.86 0.57 0.38 2.03
{3:1)
DPPA-DPPS 1.12 0.37 0.42 2.3%9
t1:1)
a — Mean diameter was determined by IS analysis

b — Polidispersity Index

unilamellar and oligolamellar liposomes that present a
significant difference in their size; anyway, with our
preparation procedure we obtain polidispersity index
values better than those obtained in the past.(la)

Mareaver it is noteworthy that for the REVs

systems the higher PI values (Table 1} are related to

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/28/12

For personal use only.

ENTRAPMENT AND RELEASE FROM LIPOSOMES 571

charged liposomes, which present oligolamellar vesicles
with larger diameter than neutral liposomes, resulting
in a slight enhancement of the main vesicle diameter
and a real increase in the PI wvalues. It must be
underlined that our liposome suspensions posses a
reasanable stability: in fact, during a week, no
significative variation in the mean diameter and Pl was
observed.

Being our intention to carry out some “in vivo”
experiments, we thought to investigate the influence of
different CHOL molar fraction vs the lpading capacity.
In fact, 1t must be considered that the addition of
CHOL in the liposomes minimize the interaction of
lipoproteins with liposome phasphalipids-‘eg) By this
way liposomes caould maintain their integrity.

We observed an enhancement of the encapsulation
parameter values linearly to the increase of CHOL molar
ratio with respect to DPPC (Table 2). This was due to
the fact that CHOL caused a strong reduction in
permeability of those liposome systems for which an
interaction aof the phospholipids with CHOL was
demonstrated. Furthermore, the enhanced CDP-chaline
entrapment capacity as a fuction of the CHOL molar
ratio (Table 2}, expecially for M.Vs, is also
explainable by the increased mean vesicle diameter in

the presence of CHOL (Table 3).
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TABLE 2

COP—choline Encapsulation Parameters of MLVs
and REVs Liposomes Constituted by DPPC
with Different CHOL Molar Ratio

DPPC-CHOL

AT DIFFERENY MLVs HLV'_-'-§ REVs REng

MOLAR FRACTION EC MF EC MF
0.0 .84 0.59 29.00 b.29
0.1 2.95 0.63 29.31 b6.36
0.2 3.00 0.65 29.46 b.39
0.3 3.51 0.75 29.51 &.40
0.4 3.92 0.83 29.68 b.44
0.5 H_14 0.87 27.75 b.47

§ Molar fraction of drug entrapped/mole of lipid - 102.

Therefore, CHOL not only plays such a barrier-
membrane behaviour, but is also able to provide more
physical stability and endurance against any mechanical
strain; by this way, it is possible to reduce the CDP-
chaline loss during aperations like centrifugation and
sonication. This was demonstrated by subaitting various
DPPC liposome suspensions at different CHOL molar
ratiaos, containing a known CDP-choline amount, to a set

of centrifugations at different speed. Thus we was able
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TABLE 3

Size and Paolidispersity Index of MLVs
and REVs Liposomes Constituted by DPPC with
Different CHOL Molar Ratio.

DPFPC-CHOL MVs REVS
AT DIFFERENT S S — & TR b
MOLAR FRACTION SIZE PI SIZE PI
{pam) {(pm)
0.1 0.81 0.71 0.335 1.73
c.2 0.83 0.59 0.36 1.81
0.3 0.84 0.61 0.37 1.83
0.4 o.88 0.53 0.39 1.87
G.3 0.20 Q.47 .39 1.93
a — Mean diameter was determined by LS analysis

b - Polidispersity Index

to recognize the different retain capacity of the
various liposomal systems. Particularly, as Figures 1
and 2 show, we note that, by increasing the CHOL
amount, there was a reduction of the extruded drug.
This phenomernon is more marked for REVs than for MiLVs,
O0f course, while MLVs were costituted of phospholipid
multilayers, REVs were a lipasomal suspension largely
costituted of unilamellar vesicles; for this reasaon

CDP-choline is able to reach the external aqueous space
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FIGURE 1
CDP-choline retention  from MLVs of DPPC at

different CHOL molar ratio as a fuction of
centrifugation speed.

maore easily when it is loaded in REVs than MVs. s a
consequence, the presence of CHOL affect much more the
drug extrusion from REVs suspension.

Both REVs and Ml Vs reached the top concentration
of encapsulated CDP-chaline faor DPPC-CHOL system (1:1
maolar ratio), obtaining an EC values respectively of

29.73 and 4.14, which is twice than that of puvre DPPC.
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FIGURE 2

CDP-choline retention from REVs of DPPC at

different CHOL molar fraction as a function
of centrifugation speed.

Variuos amount of phospholipids as DPPA or DPPS
{anionic lipids} were included in the liposomal bilaver
membranes, making the surface electrically charged.
This resulted, for MVs, in a repulsion and hence an
increase in the distance hetween the different
bilayers, causing as a consequence an enhancement of
the vesicle size (Table 1},

For this reason, negatively charged liposomes gave

larger amounts of CDP-chealine and higher rates of
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TABLE &

CDP-—choline Encapsulation Parameters of MLVs
and REVs Liposomes Constituted by Neutral and Charged
Phosphalipids or their Mixtures.

L [POSOME MLVs MLVs® REVs REVSY
COMPOSITION £C MF £C ME
DPPC 2.84 0.59 29.00  6.29
DMPC 2.65 0.58 29.08 6.89
DPPA 9.80 2.04 0.36  6.59
DPPC-DPPA 5.70 1.20 30.05  6.51
(1:1)
DPPC-DPPS 9.35 1.99 30.19 6.56
(1:1)
DPPC-DPPS 5.58 1.17 30.05  6.54
(3:1)
DPPA-DPPS 11.24 1.60 30.37  b.61
€1:1)

aqueous vo lume encapsulation than the neutral
liposomes, confirming the previous hypothesis, as shown
by the encapsulation parameters reported in Table 4.
Taking in count the results in Table 4, 1t is easy
to note that the determinant parameter of a
phospholipid to have a good encapsulation efficiency 1is
its polar head rather than the nature of the

hydrophobic carbonium chain. It should be nated that an

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/28/12

For personal use only.

ENTRAPMENT AND RELEASE FROM LIPOSOMES 571

encrease in the charge membrane concentration, keeping
costant all the athers factors, enhanced the
sequestration volume capacity and COP-choline content
of the liposames, indicating that the interlamellar
spacing within the MLVs depends on the extent of
bilayer ionization; in fact, we obtained the top EC
values for DPPA and DPPA-DPPS (1:1 wmolar ratio),
entirely costituted by charged phaspholipids.

Table 4 shows that REVs encapsulation efficiency
values were less affected by the nature of the
phospholipid heads, than the MLVs. This, of course, is
an indisputable result because the REVs population was
costituted of unilamellar or at most of aligolamellar
liposomes and then the repulsive forces were unexistent
or have a little role in the bilayer repulsion owing to
the greater interbilayers aquecus spaces. This type of
liposomes has a large internal aqueous core relative to
its diameter and this was responsible for the more

efficient entrapment of aqueous voalume than MLVs.

Release of CDP—chaoline fram L iposomes

By considering the incaorporation effect of
different amount of CHOL into DPPC liposomes on the
drug leakage, it was nated that CDP-choline retention
within the diluted M. Vs suspension praograssively

increase as a function of the vesicle CHOL cantent
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FIGURE 3

Release of CDP-choline from DPPC liposomes at
different CHOL molar fraction ( O= 0.1; &= 0.3;

O= 0.5) prepared by MLVs method (a) and REVs method
{b). Each point is the mean for 5 preparations.
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(Figure 3). According to the literature,(aa) the

decrease in permeability is praportional ¢to the
cancentration of CHOL. The reduced permeability is
explained to be due to the increased packing and
decreased mobility of the hydrocarbon chainss in
addition, CHOL also reduces the temperature-dependence
af the permeahility.

A confirm of this is show in Figure 4. All
encapsulated CDP-choline was lost from DMPC  liposomes
within 35 h, whereas DPPC shows a slower release. The
difference between DMPC and DPPC stands in the
hydrocarbon chains which are responsible for the
different thermotropic behaviour; while DMPC, that has
a Tm of 235 °C, at the temperature of the leakage
experiments (see experimental section) is in 1liquid
crystal state, DPPC is in gel or better in ripple state
(DPPC ripple Tm 36.9 °C, DPPC liquid crystal
Tm 42.2 °C) and for this reason DMPC is more permeable
than DPPC. Always in Figure 4 we note how DMPC REVs
iost all the encapsulated CDP-choline in less time than
MLVs owing to the presence of uni- or oligolamellar
liposomes and then the drug was able to pass through
the lipid barrier more easily and rapidly.

Concerning the release profile of CDP-choline from
charged liposomes, it 1is interesting to obser ve

{Figure 5) there is not any substantial difference
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Release of CDP-choline from MLVs (O) and REVs (&)
DMPC liposomes and MLVs (O) and REVs (%) DPPC
liposomes. Each point is the mean for 5 preparations.

among the wvarious charged phospholipid systems,
indicating the absence of preferential interactions
with a particular phospholipid. The charged
phospholipid systems have shown a release slower than
that expected, probably due to the fact that all the
negative charged liposames are in the gel state‘ej) and
CDP-choline, negatively charged, for an electrostatic
repulsion phenomenon can naot pass easily the negatively

charged phasptolipid bilayer.
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FIGURE 5

Release of CDP-choline from DPPC-DPPA [1:1] (O),
DPPC-DPPS [1:1] ( &) and DPPA-DPPS [1:1] ( A) prepared
by MLVs method (a) and REVs method (b). Each point is
the mean of 5 preparations.
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finalyzing the Figures 3b — 4 - 3b it is possible
to eobserve that all REVs preparatiaons are caracterirzed
by a biphasic leakage: rapid drug release in the first
period and then a more gradual drug lass.

Knowing the heterogeneous composition of the REVs
preparation, costituted of unilamellar and
oligolamellar vesicles, it is possible attribute the
phase of rapid CDP-choline loss to the release of the
drug fraom the unilamellar liposomes, since these kind
of vesicles have a larger surface area to volume ratio
than larger MLVs or oligolamellar vesicles and posses
only a single lipid bilayer barrier to hydrophilic drug
diffusiaon. After the first period the drug release 1is
determined by the aligolamellar vesicles and then it is

depending on the liposaome phospholipid camposition.

CONCLUSION

Chaosing the correct experimental canditions
appears to be extremely important for the quality of
the CDP-choline containing lipasaome dispersiaons with
respect to encapsulation efficiency, particle size and
fraction of naon—-associated drug and therefore for the
therapeutic index of this drug “in vivae“. In fact, in a
vesicular carrier system it is necessary ta cansider
not only the drug amount loaded in the delivery device
but also to know the release profile of the drug from

the pharmaceutical formulation.
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By considering all the parameters relative to the
various liposomal systems it is possible to deduct what
liposomal formulation 1is better to the “in viveo"®
experiments. Except DMPC system, which at the
physiolagical temperature is in the liquid crystal
state causing a rapid loss af the entrapped CDP-
chaoline, all the other systems present favourable
behaviour for the “in vive® applications. Expecially
the negative charged liposomes have both good EC values
and release profiles; in addition, for these systems,

particularly in the presence of DPPS, &two type of
process, i.e. phagocytosis and fusion, by which
liposomes may enter cells was demanstrated.‘eg) A
longer half-life in the circulation was observed for
unilamellar as compared with multilamellar structures.
Despite REVs present a first step of rapid CDP-chaline
loss compared to MLVs that, with the same phospholipid
composition, show more drug retention.

By considering all this we can hypothesize that
the DPPC-DPPS system owing to its EC wvalues, release
profile and thermotropic behaviour(E!’ is the wmost

suitable liposomal system for ocur further “in wvivo“

experiments.
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