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ABSTRACT 

In this work it was reported the determination o f  

CDP-choline entrapment efficiency in MLVs liposomes 

constituted of neutral or negatively char yed 

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 mu1ti1amellar Iiposomes o f  

the same composition, The size of liposomes so like as 

the polidispersity index values were determined by 

light scattering analysis;. The rate o f  CW-choline 

* Author to whom correpondence should be addressed. 
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560 FRESTA ET AL. 

efflux from liposomi-s was determined “in vitro” and was 

dependent upon bilayer composition and the method o f  

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 var i ous 

conditions, 

The goal of any drug delivery system involves 

altering of the pharmacokinetics and physiological 

disposition of the drug in the question 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 

sys tern - f 1-2) 
tiposomes have an advantage as ”in vivo” carrier 

in that they may be formed from natural ~nolecules which 

can be easily methabolised in the body. They has been 

( 4-5 used to include chelating agentst3’, antibiotics Y 

anti-tumor drugs ‘6-7) and hormones, ( 8 )  

CDP-choline is a therapeutic agent widespreadly 

used in treating parkinsonism, extrapiramidal diseases 

and consciousness disorders in brain injury; 

furthermore, it may contribute to repair the membranous 
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 56 1 

structures of brain cells that has been broken down by 

cerebrovascular accidents and also to improve energy 

methabolism o f  mitochondria in the r ema i n i ng 

brain cells, thus accelerating a functional 

reorganization, ( 9 - 1  1 1  

Unfortunally, the limiting factors in CDP-choline 
f 12) 

therapy were t h e  transport through c e l l  membranes 

and the  b ioavai lab i 1 i ty ;  ‘”’ in  f a c t ,  i t s  polar nature 

j u s t i f i e s  t h e  scarce a b i l i t y  to  cros5 over  the blood 

brain bart-ier and t h e  small amounts, about 0.25 % o f  

the  total administered dose, that reach the a c t i v e  

site. ( I 4 ’  F o r  this reason a pns.;ible strategy in order 

to enhance the  CDP-chol ine absorption across cell 

membranes, to increase the quantity o f  drug i n  ceriLral  

nervous system, could be the incorporation into 

liposomes. 

In this paper w e  study h o w  the lipowme 

composition arid the preparation methods could affect 

the encapsulation efficiency, besides o f  the drug 

leakage rates f r o m  frposomes. I n  fact a knowledge of 

the ” i n  vitro” release o f  an entrapped drug 15 a 

necessary prerequisite to investigation o f  the ” i n  

vivo” behaviour o f  a liposomial druy delivery system. 

M A T E R I f X S  

3,2-Dimyristoyl-sn-gfycero-3-phospho~holin~ m o n o -  

hydrate (DMPC), 1,2-Dipa]mitoyl-sn--g1ycero--3-phosph~- 
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FRESTA ET AL. 

choline monohydrate (DPPC), 1,2-Dipalmitoyl -sn-g lyc~ro-  

phosphate disodiurn salt (DpP&> were commercial products 

(Fluka Chemicals co. Buchs, Switzerland); Dipalmitoyl- 

DL-a-Phosphatidyl-L-serine (DPPS) and Chalesterol 

ICHOL) were purchased from Sigma Chemicals co. (St. 

Luis, USfi). 

The purity o f  phospholipids was greater than 99 X 

as assayed by bidimensional thin-layer 

chromatography, (15) 

CW-choline was a gift from Cyanamid Italia. The 

purity was greater than 99 % b y  HPLC, A 1 1  others 

materials and solvents were of analytical grade and 

deionized water was used. 

HETHODS 

Preparation o f  Limriiomes 

A l l  liposorne preparation had a total lipid 

concentrat ion o f  20 mg , The required amount of 

phospholipids and their mixtures was weighed into a 

quickfit round-bottom flask and dissolved in the 

smallest possible volume o f  chloroform, Organic solvent 

was slowly removed at reduced pressure, on a rotary 

evaporator, at 40 OC, such that a thin film o f  dry 

l i p i d  was deposited on the inner wall o f  the flask. 

Aqueous phase (CDP-choline i n  0-1 M N a C l )  w a s  added at  
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 563 

a temperature 15 *C more than the phase transition 

temperature CTm) from gel to liquid crystal, The flask 

was maintained at that temperature for 1 h, then shaken 

o n  a mechanical agitator for 3 min to produce flulti- 

Lamellar Vesicles CFHVs). 

Reverse-phase Evaporation Vesicles (REVS) w e r e  

(16) prepared by the method of Szoka and Papahad jopoulos. 

Lipid components w e r e  weighed into a long-necked 100 ml 

quickf it round-bottom flask and dissolved in 

chloroform / diethyl ether ( 1 : l ) .  CW-choline in 0.1 fl 

NaCI uas added such that the organic to aqueous phase 

ratio was S: l .  The flask was sealed under nitrogen and 

the mixture first shaken by a vortex, then sonicated 

for 30 min at 55 OC in an ultrasonic bath to get a fine 

emulsion from which organic solvent was slowly removed 

at 35 *C with a rotary evaporator under a nitrogen 

stream to produce the liposomes.. The flask remained on 

the evaporator until organic solvent could not be 

detected by olfactory means- 

Following production all liposomes were maintained 

for 1 h at a temperature exceeding the phospholipid Tm 

to anneal the L iposome structure. 

Determination of CDP-choline 

The separat ian o f  unentrapped fraction of CDP- 

choline was carried out by a centrifugation (30' at 
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564 FRESTA ET AL. 

8000 RPM for MLVs and 13000 RPM for REVS at 10 O C >  with 

a centrifuge Beckman Mod. J2-21 equipped with a Beckman 

Jfi-20 rotor. Rfter the centrifugation and the 

elimination of the unencapsulated drug fraction, to 

know the real quantity of drug entrapped in the 

vesicles, we added 2 ml of CHC13 to destroy the 

1 iposomal structure to make the encapsulated CDP- 

choline free. This suspension was washed with 3 ml of 

0.1 M NaCl for three times to extract a l l  the drug. 

after each washing it was necessary to centrifuqate the 

mixture to completely separate the organic from the 

aqueous phase. The concentration of CDP-chol ine loaded 

liposomes was calculated f r o m  the UV-absorbance o f  the 

aqueous phase at 280 nm detected by a UV-Vis Perk:in- 

Elmer 300 spectrophotometer, using a 0.1 11 NaCl 

solution as reference. The CDP-choline determination 

was also performed by HPLC. C 17) 

Quantitative Expression o f  Entrapment 

The expression o f  the amount o f  material (CDP- 

choline) entrapped in liposomes is often express as the 

percentage o f  starting material which becomes 

Liposomally associated. This has become very misleading 

in comparing results from different workers for the 

following reason. When the proportion o f  lipid used to 

make liposomes is increased compared with the volume o f  
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 565 

aqueous phase, the fraction of the aqueous phase 

enclosed between the bilayers, and hence the 

entrapment, will increase. CarefuL consideration will 

make it evident that this will not cause greater 

entrapment per mg liposomal lipid, whereas when 

expressed as a percentage of starting mater ial 

entrapment is considerably increased. We know that 

true entrapment is a function of the entrapped aqueous 

volume. If the entrapment of a particular molecule 

exceedes the value expected by t h i s  criterion, then 

factor such as electrostatic or hydrophobic interaction 

with the lipid bilayers are contributing to the amount 

of material which becomes associated with the 

liposomes. W e  thus propose that the entrapment of 

material in liposomes should be expressed as a function 

o f  Liposomal lipid and be related to the volume of the 

internal aqueous space. 

For this reason, according to Benita, ( l a ’  w e  use 

the encapsulation capacity IECf value as a parameter to 

relate the volume o f  encapsulated aqueous space per 

millimole of lipid. EC values f a r  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 

CDP-choline concentration (mmol/ml) added during 

vesicle formation with the lipid concentration 

(mmoL/ml1 i n  the 1 iposome suspension. 
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566 FRESTA ET AL. 

The molar fraction IMF) of the drug entrapped per 

m o l e  of lipid was calculated by the ratio of the molar 

concentration o f  drug to the molar concentration of 

1 i p i d s  determined in the 1 iposomes. The different 

values reported are the average of five experimental 

measurements. 

Determination of L i p o s o m e  Size 

Vesicles sire was determined by light scatter 

( L S )  analysis, The apparatus consisted of a He 

ng 

Ne 

Spectra Physic mod. 120 laser I 7  mW), a holding sample 

cell PC 8 Malvern thermostated at 24 OC by a Haake F3-R 

and eqipped with a Microcontrol precise mechanical 

goniometer and a optical system Welles-Griot f. 1SO; 

the employed photomultipliers were Hamamazu R 1333 and 

RCR 8852. I n  LS analysis w e  performed two methods: 

Photon Correlation Spec#roscopy IPCS) and Elastic Light 

Scattering ( E L S ) .  

Heasurement of particle size by PCS is based on 

the theory that the observed time dependence o f  the 

fluctuations in intensity of scattered light from a 

colloidal dispersion is a fuction o f  the size of the 

scatt.ering particles. The autocorrelation fuction, 

g t T ) ,  of the scattering intensity can be expressed, for 

a monodisperse sys.tem, as a fuction of the decacy rate 
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 567 

and the correlation delay time ( 7 ) .  

The decacy rate can be expressed as f = 5 8 ,  where D is 

the particle traslational diffusion coefficent, 

K = ( 4 ~ 1 1 )  n - sin (Q/2),  is the magnitude of the 

scattering vector, n is the refractive index of the 

solution and Q the scattering angle, For a polydisperse 

systems, 9t-r) consists o f  a sum or distribution o f  

single exponentialsr 

Eq.  2 

The z average diffusion coefficent and the equivalent 

z-average particle diameter (dz) m a y  be calculated from 

the mean decacy rate ( r ) ,  obtained by expression of 

Eq- 2, (") and the variance o f  the distribution is 

given b y :  

Eq. 3 a = p , / $  

where 61 is known as the quality parameter or 

palydispersity index ( P I ) ,  (20' R l l  the values o f  PCS 

analysis were correlated by a Hafvern 4700 C particle 

analyzer connected to a 13livetti 240 computer. The 

scattering angles w e r e  20' and 40'. 
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568 FRESTA ET AL. 

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. 

CW-choline Leakase Rates from Liposomes 

To monitor the release rate o f  CDP-choline from 

tlLVs and REVS, periodic centrifugations of CW-choline 

loaded liposome dispersions following a 1 to 50 

dilution of the initial preparation with 0.1 M NaCl 

were carried out. Diluted preparations w e r e  stored in a 

water bath at 37 *C under shaking. Clt 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 DlSCUSSION 

Entrappment of CDP-choline in Liposomes 

CDP-choline entrapmet within liposomes is found 

in the internal aqueous compartment o f  these particles 

owing to its low affinity and solubility in the lipids 

which costitute the liposornal structure; in fact, how 

investigated by us in a previous work, (‘I’ the only 

interaction which take place among the  drug and the  
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 569 

phospholipids is along their polar heads, no o r  

negligible interaction, depending on the 1 iposome 

composition, was detected with the hydrocarbon core o f  

the phospholipid bilayer. Thus, a good entrapment o f  

CW-choline requires encapsulation o f  large aqueous 

spaces within liposomes. 

The manufactoring process used in this study 

yielded, after sonication and removal of unencapsulated 

solute, big m V s ,  as confirmed by LS analysis, and 

REVS .) 

MLVs showed a narrow range of size distribution, 

how it was detected by PC5 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 o f  PnVs containing CDP-choline varied 

from 1.12 pm for the electrically charged mixture 

DPPMDPPS to 0.8 pm for DPPC, a neutral phodspholipid 

(Table 1). 

REVs are in the size range 0.35 - 0.42 pm and show 

a polidispersity index higher than 1 (from 1.75 to 

2-39>. In this way w e  obtain liposomal suspensions 

caracterized by particle with a main diameter smaller 

than m V 5 ,  that are heterodispersed with a more or less 

large range of size distribution (Table 1). CIll this is 

due to the fact that the REVs method produces both 
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570 FRESTA ET AL. 

TABLE 1 

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

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 2-39 
( 1 : l )  

DPPC-DPPS 0-93 0.b2 0-40 2.27 
( 1 : l )  

DPPC-DPPS 0.86 0.57 0.38 2.03 
I3:1) 

DPPA-DPPS 1 - 1 2  0.37 0-42 2.39 
( 1 : l )  

a - Mean diameter w a s  determimd by LS analysis 
b - Polidispersity Index 

unilamellar and oligolamellar liposomes that present a 

significant difference in their size; anyway, with our 

preparation procedure w e  obtain polidispersity index 

v a l u e s  b e t t e r  than those  obtained i n  the  p a s t ,  I i a )  

Moreover i t  is noteworthy that  for- the  REVs 

systems the higher P I  v a l u e s  (Table 1)  are r e l a t e d  t o  
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ENTRAPMENT AND KELEASE FROM LIPOSOMES 57 1 

charged 1 iposomes, which present o 1 igo lame1 la;- ves ic les 

with larger diameter than neutral 1 iposomes, resulting 

in a slight enhancement o f  the main vesicle diameter 

and a real increase in the P I  values. it must be 

under 1 ined that our 1 iposome suspensions posses a 

reasonable stability: in fact, during a week, no 

significative variation in the  mean diameter and P I  was 

observed - 
Being our intention to carry out s o m e  ''in vivo" 

experiments, w e  thought to investigate the influence of 

different CHEIL molar fraction vs the loading capacity. 

In fact, it must be considered that  the addition of  

CtM3L in the liposomes minimize the interaction o f  

By this lipoproteins with liposome phospholipids, 

way 1 ipac,omes could maintain their integt-ity- 

(22) 

We observed an enhancement o f  the encapsulation 

parameter values Linearly to the increase  o f  CHOL molar 

ratio with respect t o  DPPC (TabLe 2). This was due to 

the fact that CHOL caused a strong reduction in 

permeability o f  those liposome systems for which an 

interaction of the phospholipids with CHOL was 

demonstrated. Furthermore, the enhanced CDP-chol  ine 

entrapment capacity as a fuctinn o f  the CHOL molar 

ratio (Table 2), expecially for Hl-Vs, i s  also 

explainable by the increased mean vesicle diameter i n  

the presence o f  CHOL (Table 3). 
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572 FRESTA ET AL. 

TABLE 2 

CDP-chol ine Encapsulation Parameters of HLVs 
and AEVs Liposomes Constituted by DPeC 

with Different CHOC Molar Ratio 

CIT DIFFERENT mv5 HLVs REVS REVS' 
§ 

DPF'C-CHOL 

HOLM FRACTION EC m EC rlF 

0-0  

0-1 

0.2 

0-3 

0.4 

0.5 

2.84 0.59 29 - 00 4-29 

2-95 0.63 29-31 6-36 

3.00 0.65 29.44 6.39 

3-51 0.75 29.51 6-40 

3-92 0.83 29-69 6- 44 

4 - 1 4  0.87 m-75 6.47 

5 Molar fraction of drug entrapped/mole of lipid - lo2. 

Therefore, CHOL not only plays such a barrier- 

membrane behaviour, but is also able to provide m o r e  

physical stability and endurance against any mechanical 

strain; by this way, it is possible to reduce the CDP- 

choline loss during operations like centrifugation and 

sonication. This uas demonstrated by submitting various 

DPPC liposome suspensions at different CHOL molar 

ratios, containing a known CDP-choline amount, to a set 

of centrifugations at different speed- Thus ne was able 
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 573 

TABLE 3 

Size and Polidispersity Index o f  HLVs 
and REVs Liposomes Constituted by DPPC with 

Different CHOL Molar Ratio- 

DPPC-CHOL m v s  REVS 
6 T  DIFFERENT ------------- ------------- 
HOL6R FRACTION SIZEa PIb SIZEd PIb 

(pm) (pm) 

0.1 0-81 0.71 0-  3s 1-75 

0.2 0-83 0.59 0.36 1.81 

0.3 0-86 0-61 0-37 1.83 

0.4 0-88 0-53 0-39 1-87 

0.5 0-90 0-47 0-39 1-93 

a - Mean diameter w a s  determined by LS analysis 
b - Polidispersity Index 

to recognize the different retain capacity o f  the 

various liposomal systems- Particularly, as Figures 1 

and 2 show, w e  note that, by increasing the CHOL 

amount, there was a reduction o f  the extruded drug. 

This phenomenon is more marked for REVs than for HLVs. 

Of course, while MLVs were costituted of phospholipid 

multilayers, REVS were a liposomal suspension largely 

costituted of unilamellar vesicles; for this reason 

CDP-choline is able to reach the external aqueous space 
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8000 I2000 16000 20000 
CENTHIFUGFITION SPEED IRPMI 

FIGURE 1 

CDP-choline retention from MLVs of DPPC at 
different CHOL molar ratio as a fuction of 
centrifugation speed. 

m o r e  e a s i l y  when i t  i s  loaded i n  REVs than MLVs. IIs a 

consequence, t h e  presence  o f  CHOL affect much m o r e  t h e  

drug e x t r u s i o n  f r o m  REVs suspens ion.  

Both REVs and HLVs reached t h e  top concentra t ion  

o f  encapsulated CW-chol i n e  for DPPC-CHOC system < L :  L 

molar r a t i o ) ,  obta in ing  an EC v a l u e s  r e s p e c t i v e l y  o f  

29.75 and 4-L4, which i s  t w i c e  than that  o f  pure DPPC- 
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13000 m o o  18000 20000 
CENTRIFUGATION SPEED CRPMI 

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 lipid.;) were included in the liposomal bilayer 

membranes, making the surface electrically charged. 

This resulted, for PILVs, in a repulsion and hence an 

increase in the distance between the different 

bilayers, causing as a consequence an enhancement of 

the vesicle size (Table 1 ) -  

For this reason, negatively charged liposomes gave 

larger amounts n f  COP-choline and higher rates o f  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



576 

TCIBLE 4 

FRESTA ET AL. 

CW-chol ine Encapsulation Parameters o f  HLVs 
and E V s  Liposomes Constituted by Neutral and Charged 

Phospholipids or their HiKtUreS. 

5 L I PO SO^ HLVs HLVs' REVs REVs 
COMPOSITION EC HF EC nF 

DPPC 2.84 0.59 29.00 6.29 

DMPC 2.65 0.58 29 - 02 6.29 

DPPA 9.80 2.Q4 30.36 6.59 

DPPC-DPPA 5.70 L .20 30 ./ 05 6.51 
< l : l )  

DPPC-DPPS 9-35 1.99 30.19 6.56 
0:l) 

DPPC- DPPS 5.58 1 . 1 7  30.05 6-54 
(3:l) 

DPPA-DPPS 11 -24 1-60 30 .. 37 6 . 6 1  
Clrl) 

aqueous volume 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 T a b l e  4, it is easy 

to note that the determinant parameter o f  a 

phospho 1 ip id to have a good encapsulation efficiency 1s 

its polar head rather than the nature o f  the 

hydrophobic carbonium chain. It should b e  noted that an 
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ENTRAPMENT AND RELEASE FROM LIPOSOMES 577 

encrease in the charge membrane concentration, keeping 

costant all the others factors, enhanced the 

sequestration volume capacity and CDP-cho 1 ine con tent 

of the 1 iposomes, indicating that the interlamel lar 

spacing within the M V s  depends on the extent of 

bilayer ionization; in fact, we obtained the top EC 

values for DPPa and DPPCI-DPPS ( 1 : l  molar ratio), 

entirely costituted by charged phospholipids. 

Table 4 show.; that REVs encapsulation efficiency 

values were less affected by the nature of the 

phospholipid heads, than the HLVs. This, of course, is 

an indisputable result because the REVs population uas 

costituted of unilamellar or at most o f  oliqolamellar 

liposocnes and then the repulsive forces uere unexistent 

or have a little role in the bilayer repulsion owing to 

the greater interbilayers aqueous spaces, This type o f  

liposomes has a Large internal aqueous core relative t o  

its diameter and this was responsible for the more 

efficient entrapment of aqueous volume than HLVs. 

Release o f  CDP-cho 1 ine f r o m  Liposomes 

By considerinq the incorporation effect o f  

different amount of CHOL into DPPC liposomes on the 

drug leakage, it nas noted that CDP-choline retention 

uithin the diluted HLVs suspension pragressively 

increase as a function of the vesicle CHOL content 
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FIGURE 3 

Release of CDP-choline from DPPC liposomes at 
different CHOL molar fraction ( O =  0.1; A =  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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ENTRAPMENT AND RELEASE FROM LIPOSOMES 579 

(Figure 3). According to the literature, (23) the 

decrease in permeability is proportional to the 

concentrat ion o f  CHOL. The reduced permeab i 1 i ty is 

explained to be due to the increased packing and 

decreased mobility o f  the hydrocarbon chains; in 

addition, CHOL also reduces the temperature-dependence 

o f  the permeability- 

0 confirm of this is show in Figure 4. EIll 

encapsulated CDP-choline wa5 lost from DHPC 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 25 O C ,  at the temperature of the leakage 

experiments (see experimental section1 is in liquid 

crystal state, DPPC is in gel or better in ripple state 

(DPPC ripple Tm 36.9 OC, DPPC liquid crystal 

Tm 42.2 OC) and for this reason DMPC i s  more permeahle 

than DPPC. Always in Figure 4 we note haw DMPC REVS 

lost 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 o f  CDP-choline from 

charged liposomes, it is interesting to observe 

(Figure 5) there is not any substantial difference 
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O w z 
a 
I- w fx 
w z 

TIME (h l  

FIGURE 4 

Release of CDP-choline from MLVs ( 0 )  and REVs ( A  1 
DMPC liposomes and MLVs ( 1 and REVs (9) DPPC 
liposomes. Each point is the mean for 5 preparations. 

among the various 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 

n e g a t i v e  charged Liposomes are in  t h e  gel  state 

CDP-choline, n e g a t i v e l y  charged, for an electrostatic 

r e p u l s i o n  phenomenon can not p a s s  e a s i l y  the  n e y a t i v e l y  

charged phospho 1 ip  i d  b i l ayer  - 

(21 1 and 
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k5 75' 
0 10 20 30 40 60 60 70 80 90 100 

TIME ( h l  

I 

b 

b 
0 10 20 30 40 60 60 70 80 80 100 0 75' 

TIME ( h l  

FIGURE 5 

Release of CDP-choline from DPPC-DPPA C1:ll  ( 0  1 ,  
DPPC-DPPS [1:11 ( A )  and DPPA-DPPS [1:11 ( U )  prepared 
by MLVs method (a) and REVS method (b). Each point is 
the mean of 5 preparations. 
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Analyzing the Figures 3b - 4 - Sb it is possible 

to observe that all REVS preparations are caracterized 

by a biphasic leakage: rapid drug release in the first 

period and then a more gradual drug loss, 

Knowing the heterogeneous composition of the REVS 

preparation, costi tuted of uni lamel lar and 

oligolamellar vesicles, it is possible attribute the 

phase of rapid CW-choline Loss to the release of the 

drug from the unilameIlar liposomes, since these kind 

of vesicles have a larger surface area to volume ratio 

than larger MLVs o r  oligolamellar vesicles and posses 

only a single lipid bilayer barrier to hydrophilic drug 

diffusion- After the first period the drug release is 

determined by the oliqolamellar vesicles and then it is 

depending on the liposome phospholipid composition. 

CONCLUSION 

Choosing the correct experimental conditions 

appears to be extremely important far the quality of 

the CDP-choline containing liposome dispersions with 

respect to encapsulation efficiency, particle size and 

fraction o f  non-associated drug and therefore for the 

therapeutic index of this drug "in vivo". In fact, in a 

vesicular carrier system it is necessary to consider 

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 is better to the "in vivo" 

experiments. Except DMPC system, which at the 

physiological temperature is in the liquid crystal 

state causing a rapid loss o f  the entrapped CDP- 

choline, all the other systems present favourable 

behaviour for the "in vivo" applications, Expecially 

the negative charged liposomes have both good EC values 

and release profiles; in addition, for these systems, 

particularly in the presence o f  DPPS, two type of 

process, i.e, phagocytosis and fusion, by which 

liposomes may enter cells was denonstrated- 

longer half-life in the circulation was observed for 

uniiamellar as compared with multilamellar structures, 

Despite REVS present a first step of rapid CW-choline 

loss compared to McVs that, with the same phospholipid 

composition, show more drug retention- 

(24) A 

By considering all this we can hypothesize that 

the DPPC-DPPS system owing to its EC values, release 

prof i le and thermo trop ic behaviour (21' is the m o s t  

suitable liposomal system for our further " i n  vivo" 

experiments. 
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