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Abstract 

Biovectors are recently developed nanoparticles intended to be used as drug carriers and in 
the formulation of vaccines. The Biovectors are composed of a polysaccharide core to which 
phospholipids and cholesterol can be added. The cores are prepared by disruption of a gel of 
cross-linked maltodextrins, and can have a positive, neutral or negative charge depending on 
the grafting ionic ligands used. In this study static and dynamic light scattering measurements 
were combined to characterize the structure of these Biovectors. Transmission electron 
microscopy was also used. The present work, carried out with positively charged Biovectors 
in PBS (phosphate buffer saline) and phosphate buffer, points towards a microgel like 
structure to the polysaccharide fragments of these Biovectors and a spherical geometry with 
radius = 50 nm. The influence of lipid composition on Biovectors size and density was also 
studied. The use of transmission electron microscopy gives first evidence for a structure 
consisting of several phospholipid bilayers surrounding a polysaccharide core. This organized 
lipidic environment is suitable for hydrophobic drug interaction and membrane proteins 
insertion. The formulation of a stable, highly controlled drug delivery system or vaccine 
formulation is implicated. 0 1997 Elsevier Science Ltd. 
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1. Introduction systems or vaccine formulations - Biovectors - 

A new family of polysaccharide/phospholipids 
systems intended for therapeutic use as drug delivery 

* Corresponding author. Fax: + 351-1-3524372; e-mail: 
pcmcastanho@alfa.ist.utl.pt. 

has been recently developed. Biovectors are prepared 
from polysaccharide gel fragments obtained by dis- 
ruption of a gel of chemically cross-linked maltodex- 
n-ins in a Rannie homogenizer (APV, France). These 
cores can be neutral, or positively or negatively 
charged, depending on the meshing agent and/or 
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additional charged groups used for the synthesis. 
These nanoparticles are subsequently phospholipi- 
dated with, e.g., DPPC (dipalmitoylphosphatidyl- 
choline) or EYPC (egg yolk phosphatidylcholine). 
Cholesterol can also be added. 

Liposomes, the most popular among all artificial 
lipid based systems, have gained acceptance as poten- 
tial drug carriers but present several basic problems 
that still remain to be solved for their biological or 
medical use (e.g., [l]). These include the low entrap- 
ment capability and the rapid uptake by phagocytic 
cells in the liver and spleen (e.g., [2]). Greater stabil- 
ity of a carrier is another of the goals that need to be 
achieved when considering in vivo administration. 

The originality of Biovectors is to combine the 
possibility of carrying ionic drugs to the polysaccha- 
ride core and lipid or amphiphilic compounds in the 
membrane [3]. The main component of these vectors, 
maltodextrin, has a stable structure, is biologically 
inert and biodegradable and, more important, it pos- 
sess many hydroxyl groups allowing chemical graft- 
ing of other molecules. This means that besides 
presenting no significative immune response [4] and 
no toxic side effects, Biovectors should enable the 
entrapment of specific drugs [3]. Based on important 
results on the structural stabilization of membranes 
against dryness and freezing achieved by the pres- 
ence of saccharides (e.g., [5]), we can fairly say that 
the polysaccharide core can lead to a greater stabi- 
lization of the observed membrane when compared 
with other structures, such as liposomes. Depending 
on its organization the phospholipidic environment 
may permit an efficient entrapment of lipophilic 
molecules. In this case, Biovectors would have the 
ability to entrap both hydrophilic and lipophilic 
molecules. Moreover, it would be possible to incor- 
porate antigenic proteins on the Biovectors external 
surface and use them as virosomes, or as immuno- 
somes in vaccine formulations. Some promising pre- 
liminary results have already been achieved on the 
entrapment and transport of interleukin-2 [6], and 
antigens of rabies [4], human cytomegalovirus [7] and 
influenza ’ . 

Important steps were given for the application of 
Biovectors; however, their structural characterization 
is still far from accomplished. Despite the work 
carried on the characterization of negative and neutral 
Biovectors [8], the positive systems and the problem 

‘N.C. Santos, M. Prieto, and M.A.R.B. Castanho, un- 
published results. 

of lipid organization have not been addressed yet. 
The main purpose of the present study is therefore to 
achieve a structural characterization (size, shape and 
molecular organization) of positive Biovectors, and 
with regard to their potential use as drug delivery 
systems and vaccine formulation. Light scattering is 
one of the most expeditious and advantageous ways 
to study size and shape of macromolecules in suspen- 
sion (e.g., [9]). Besides being a non-destructive tech- 
nique, it has the additional advantage of being appli- 
cable at fairly low concentrations. However, light 
scattering cannot provide information on local molec- 
ular arrangements, but only on the overall morphol- 
ogy of the particle. For this reason, transmission 
electron microscopy (TEM) was also used. Although 
information on the population is not easy to get from 
TEM, the size and shape from sample images of 
individual particles can be correlated with light scat- 
tering data. 

2. Experimental 

Biouectors.-Positive Biovectors were prepared by 
Biovector Therapeutics (Toulouse, France) with mi- 
nor alterations to the process described elsewhere 
[3,6]: Maltodextrins, were incubated with NaOH and 
epichlorhydrin, and cationised with glycidyltrimeth- 
ylammonium chloride (hydroxycholine). After neu- 
tralization, the resultant gel was disrupted by extru- 
sion in a high pressure homogenizer (Rannie, APV, 
France). The polysaccharide cores obtained were pu- 
rified by ultrafiltration. The addition of phospholipid 
(and in some cases cholesterol) was achieved by 
homogenization of the polysaccharide cores in the 
presence of a hydrated film of the desired lipids. All 
the samples were sterilized by filtration through 0.2 
pm filters (Nalgene, Polylabo, France) and stored at 
4 “C. 

Apparatus.-A standard multiangle laser light 
scattering apparatus from Brookhaven Instruments 
Inc. (USA), model 2030AT was used. Light from a 
He-Ne laser (632.8 nm, 35 mW, Spectraphysics, 
model 127) was scattered by samples placed in a 
cylindrical cell immersed in a decalin bath with 
temperature control by water circulation (21.0 f 0.5 
“Cl. A 128 channel autocorrelator was used to com- 
pute dynamic light scattering data, yielding up to 
three different sampling times. The last six channels 
are used for baseline calculation. 

Transmission electron microscopy study was car- 
ried out using a Jeol (Tokyo, Japan) Electron Micro- 
scope lOOSX, operated at 60 kV. 
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Sample preparation.-All the material used for 
preparation of light scattering samples was treated 
with chromosulfuric mixture and thoroughly rinsed 
with distilled water that had been previously filtered 
through 0.2 km cellulose nitrate membranes (MFS, 
Dublin, CA). The chromosulfuric mixture removes 
lipid and other traces that retain dust from material 
wall surfaces. Samples were placed in a syringe and 
filtered through Millipore Millex-HV 0.22 pm dis- 
posable filter units. Retention of polysaccharide by 
Durapore membranes was not detected. Filtration was 
carried out directly into the cylindrical light scatter- 
ing cells. To remove any remaining ‘dust’ particles 
from the light path an additional mild centrifugation 
( 1300 g for 45 min) was performed to sediment it in 
the bottom of the cell. Afterwards cells were handled 
with extreme care. Solutions were prepared in Dul- 
becco’s phosphate buffered saline (PBS) pH 7.4. 

Electron microscopy samples were placed over 
copper grids, covered with a Formvar” membrane, 
both purchased from Sigma, and dried at room tem- 
perature. The negative staining was obtained with 
phosphotungstic acid solutions (1%) at different pH 
values. 

Static light scattering.-Static light scattering 
(SLS) measurements were recorded according to an- 
gle and concentration. The systems studied in this 
work fulfil the requirements of the Rayleigh-Gans- 
Debye theory of light scattering 2; such intensities 
were computed according to the Zimm method [lo]. 
For practical reasons, to a good approximation: 

X(1 +2M,(A,)c+ . ..) (1) 
where M, is the weight average molecular weight, c 
is the concentration, 0 is the scattering angle, R, is 
the radius of gyration and A, is the second virial 
coefficient. ( Ri) is also a weight averaged quantity, 
i.e. 

C WiRgZ,i 

(R’)= ‘Cwi 
(2) 

’ Rayleigh-Gans-Debye theory of light scattering is 
valid if Im - 11 =X 1 and 4rn,alm - II/h-c 1, where m 
= np/n,, n, and nP are the refractive indexes of the 
solvent and particle, respectively, a is the typical dimen- 
sion of the particle and A is the incident light wavelength 
in vacuum. 

[ 111, ( A2) is a complex average, 

C w?“iA2,i 

(A2) = &yMi 
(3) 

i i 

[ 1 l] and K is an optical constant: 

K= 
4.7r2n;(dn/dc)’ 

PN, (4) 

(dn/dc is the refractive index increment with con- 
centration and NA is Avogadro’s constant). R, is the 
Rayleigh ratio, calculated relative to benzene, using 
(e.g., WI): 

R,=R 
4 4 

benzene,90” 2 - 
%enzene benzene I ’ 

I, and Lnme are the intensities scattered by the 
sample and benzene, respectively and Rbenzene,900 = 
11.8 X 10e6 cm-’ [13]. 

The Zimm method is a graphical technique to 
extrapolate simultaneously Kc/R, to zero angle and 
infinite dilution. The data points corresponding to a 
given angle are extrapolated to zero concentration 
and, similarly, data points corresponding to a given 
concentration are extrapolated to zero angle. A set of 
the calculated points corresponds to 8 = 0 and A, 
can be evaluated from the slope of the concentration 
dependence. The other set of the calculated points 
corresponds to c = 0 and (Ri) can be evaluated 
from the slope of the angle dependence. l/M, is 
obtained from the intercept of both c = 0 and 13 = 0 
extrapolated data. 

For the sake of simplicity ( Rt )I” and ( A,) will 
be referred to as R, and A,. Because an experimen- 
tal measurement of dn/dc is prevented by the low 
solubility of the gel fragments, the value of the 
related polysaccharides was used from the tables of 
Huglin [14]. The dn/dc value for amylopectin, dex- 
tran and starch in water is fairly constant and equal to 
0.15 cm3 g- ’ [14]. This is also the value for DPPC 
[15]. So, dn/dc = 0.15 cm3 g-l was set in all cases 
of this work. 

Dynamic light scattering.-Dynamic light scatter- 
ing (DLS) techniques can provide information on the 
dynamical properties of solutes, mainly the diffusion 
coefficient. The intensity of the light scattered by a 
small volume of the sample is recorded in the micro- 
second time range domain. The autocorrelation is 
performed afterwards. This intensity correlation func- 
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tion, g2( t), is related to the field correlation function, 
g,(t), by the Siegert relation (as long as the scattered 
field time function is Gaussian; [16]): 

g2(t) = 1 + l@,(t) (6) 

where p is a constant (ideally /3 = 1). g ,(t> is related 
to the solute size and shape by means of the diffusion 
coefficient. For small particles and also spheres of 
any size: 

g,(t) = e-r1 

where 

(7) 

r= Dq*, 

4?rn, . 8 

(8) 

9= -wl z ’ A i 1 
(9) 

D is the translational diffusion coefficient and can be 
accessed by non-linear regression techniques. If a 
polydisperse sample is being used, several ap- 
proaches can be carried out. In this work, we have 
performed two kinds of data analysis: the cumulants 
method, proposed by Koppel [17], and Provencher’s 
CONTIN [ 181. The former provides reliable informa- 
tion on the statistical parameters, i.e. the moments 
that characterize the r distribution. The first and 
second moments, for instance, are the average and 
variance of r. However, no information on the 
distribution itself is obtained from cumulants. On the 
other hand, CONTIN provides the r distribution on 
the assumption that it is continuous. 11 

g,(t) = /+wG( r)eertdt. 
0 

Where G(T) is the intensity profile, 
g,(t) is the Laplace transform of G( r >. In order to 
evaluate G( r ) from g 1( t) an inversion of the Laplace 
transform has to be carried out. CONTIN is a routine 
to make this inversion. Moreover, as the inversion is 
an ill-conditioned problem, CONTIN sets a chosen 
solution by considering a smoothing constraint in 
addition to the least squares method. The CONTIN 
potentialities and drawbacks were clearly tested and 
reviewed by Johnsen and Brown [19]. The average r 
considered for calculations is intensity averaged. The 
resulting averaged D is a z averaged value: 

n this case: 

(10) 

r distribution. 

(r) CWiMiDi 
(D)=D;=~= 

‘&M, * 
(11) 

The measured D values change according to angle 
and concentration: 

D = DO( 1 + k’,R:q)(l + koc) (12) 

where k’, and k, are constants depending on respec- 
tively the structure [20] and hydrodynamic non-ideal- 
ity [21]. 0, (lim,,,,,, D) is related to the hydro- 
dynamic radius, R,, by the Stokes-Einstein relation- 
ship: 

kT 
D, = - 

6vR, 
(13) 

where R, is the hydrodynamic radius, k is the Boltz- 
mann constant and 7 is the solvent viscosity. All the 
diffusion coefficients presented in this work are D, 
values, although they will be referred to simply as D. 

Combining SLS and DLS.-Long thin rods have a 
large R,, compared to R,. At the other extreme, 
homogeneous solid spheres have the smallest R,, 
compared to R,. So, the ratio RJR, (usually repre- 
sented by p) is a structure dependent parameter 
which usually varies from p = 0.775, for an homoge- 
neous solid sphere, and p > 2.0, for long rigid rods. 
A set of p values according to structure can be found 
in [22]. 

Zonomers.-The polysaccharide gel fragments used 
in this study have several positively charged groups 
attached (approximately 10% molar charge/mono- 
mer residue). These fragments are therefore ionomers. 
Hence, it was necessary to investigate in which way 
the ionomer nature of gel fragments could influence 
the SLS and DLS measurements. The macroions tend 
to retard the motion of small ions, thereby giving rise 
to reduced diffusion coefficients for them [23]. The 
magnitude of the reduction depends on the ionic 
strength of the medium and on the ionomer charge. 
For sufficiently small charges of the ionomer and 
sufficiently high ionic strengths, the ionomer nature 
of the particles might not be relevant in terms of light 
scattering data analysis. If a relevant contribution 
occurred, two diffusion modes would be detected in 
DLS [24]. The slow mode and the total light scattered 
intensity would present a pronounced angular depen- 
dence [25]. Critical salt concentrations have also been 
reported [24]. The ionomer nature of the gel frag- 
ments and biovectors is not relevant regarding DLS 
data analysis because only one diffusion mode is 
detected in DLS, neither the slow mode nor the total 
light scattered intensity present a pronounced angular 
dependence and critical salt concentrations were not 
detected (I from 26.6 to 800.0 mM). So, it was not 
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necessary to carry out data analysis accounting for 
specific charge effects. 

3. Results and discussion 

Biovectors are microheterogeneous structures, and 
a progressive approach was decided for the sake of 
clarity. At first, the polysaccharide fragments were 
studied without added phospholipids. The effect of 
the added phospholipid on the polysaccharide frag- 
ments was studied subsequently. 

The size, shape and structure of polysaccharide gel 
fragments.-The CONTIN and cumulants analyses 
are in fair agreement with each other regarding the 
first moment (mean) of the intensity weighted distri- 
bution of sizes. The inverse Laplace transform, per- 
formed by CONTIN reveals a unimodal, moderately 
polydispersed distribution (Fig. 1). The results ob- 
tained from light scattering data are presented in 
Table 1. In phosphate buffer, the p value is close to 
the theoretical value predicted for an impenetrable 
hard sphere ( p = 0.775; [22]). This points to a nearly 
spherical geometry of the polysaccharide fragments. 
Transmission electron microscopy experiments pro- 
vided further evidence for this idea (Fig. 2). When 
PBS is used, the ionic strength of the solution in- 
creases, decreasing R, and R,. It seems that upon 
increasing I, a shielding of the charged groups occurs 
and the polymer contracted. A decrease in the second 
virial coefficient supports the interpretation that the 
fragments become more compact. However, p de- 

0.0 E 
0.5 1.0 1.5 2.0 2.5 

lg (Rh/nm) 

Fig. 1. Histogram executed by the method CONTIN for 
the dynamic light scattering results obtained with positive 
Biovectors with DPPC and cholesterol in PBS pH 7.4 
(0 = 150”, c = 0.084 mg/mL). The ordinate scale (nor- 
malized) results from the change of variable in EQ. (10): G 
was replaced by log R,. 

Fig. 2. Transmission electron microscopy photo of Positive 
Biovectors with DPPC, negative stained with phospho- 
tungstic acid 1% (w/v) pH 7 (X 40000). These TEM 
results confirm the nearly spherical geometry indicated by 
light scattering results. 

creases to a value lower than the value expected for a 
hard sphere. This surprising result can be explained 
by a density gradient for the scattering particles 
(higher in the center and lower near the surface). 
Other examples of non uniform density particles in- 
clude microgels of polyvinylacetate [26] and p-casein 
micelles [20] (for review see, e.g., [27]). Conceptu- 
ally, a many-arm star like polymer can also lead to 
results similar to the ones obtained with microgels. 
Entangled arms would be more compact in the inner 
core of the star than on the surface. A similar situa- 
tion might occur with the gel fragments: the inner 
part of the fragment being more entangled and more 
similar to the macroscopic gel, and the surface more 
loose due to the disruption process in the Rannie 
homogenizer. Since the surface shell is not so com- 
pact, the polymer chains are not so entangled and 
they are more likely to become more sensitive to 
solvent interactions. 

The polysaccharide gel fragment is nearly spheri- 
cal, having R, = 53.8 nm and the structure of a 
microgel. 

The effect of the phospholipids.-The effect of a 
pure phospholipid, dipalmitoylphosphatidylcholine 
(DPPC), and of a phosphatidylcholine mixture ex- 
tracted from egg yolk (egg yolk phosphatidylcholine 
- EYPC) was studied. The addition of cholesterol to 
both lipids was also addressed (Table 1). 

While EYPC does not cause dramatic changes on 
the polysaccharide microgel shape and dimension, 
DPPC causes a major increase in R, and strong 
density alterations ( p decreases). The key to these 
differences might be related to the fluidity of the 
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lipids. At the temperature studied, DPPC bilayers are 
in the gel phase. On the other hand, EYPC bilayers 
are much more fluid due to the complex mixture of 
phospholipids (a tight packing of molecules is not 
favoured). In order to check if bilayer fluidity is a 
valid clue to explain the differences between the 
DPPC and EYPC effect, it is necessary to check if 
lipids are organized as bilayers in the presence of 
polysaccharides. Transmission electron microscopy 
gives the first evidence of the existence of several 
phospholipid bilayers surrounding polysaccharide 
cores. Fig. 3 (Biovectors with DPPC) was obtained 
from transmission electron microscopy using phos- 
photungstic acid to stain lipids. Several concentric 
bilayers shells are visible, surrounding an inner spher- 
ical core (probably the polysaccharide microgels). 
The thickness of such layers is in close agreement 
with the dimensions of a lipid bilayer [28]. Whether 
or not all the phospholipids are gathered in bilayers is 
unknown. TEM images of polysaccharide microgels 
alone did not reveal any of the bilayer type patterns, 
while they could be clearly noticed in preparations of 
large unilamellar vesicles of pure lipids (data not 
shown). A bilayer organization in both cases would 
imply different fluidities. It can be speculated that 
EYPC will probably accommodate better to the porous 
structure of the microgel. ‘Stiff’ bilayers do not 
‘penetrate’ as much in the structure, increasing R,. 

System heterogeneity implications.-The idea of a 
polysaccharide core surrounded by lipid bilayers 
raises the question on what light scattering data anal- 
ysis model one should use. The model of a simple, 
homogeneous sphere does not seem suitable any- 
more. A coated sphere has to be considered. This 
model consists of an internal homogeneous sphere 

Fig. 3. Transmission electron microscopy photo of Positive 
Biovectors with DPPC, negative stained with phospho- 
tungstic acid 1% (w/v) pH 7 (X240000). Multiple con- 
centric phospholipid bilayers can be clearly noticed. 

Fig. 4. Coated sphere model. An inner homogeneous sphere 
of radius Ri and refractive index np,i is surrounded by a 
concentric outer shell of thickness r = R, - Ri. Where R, 
is the outer radius of the shell, and refractive index npO. 
The refractive index in the medium is n,. 

surrounded by a concentric shell of a different refrac- 
tive index (Fig. 4). 

The total scattered intensity per particle, Zp, can be 
calculated according to the Rayleigh-Gans-Debye 
(RGD) approximation and depends on the outer ra- 
dius CR,), on the shell thickness, on the measurement 
angle (by means of x = qR,) and on the relative 
refractive indices of the coat (m, = nP,Jn,) and core 
(mi = np,Jn,) [29]: 

zp = 
i 

4?rRZ(m, - 1) 3j,( x) 

67r X 

mi - m, 3jd.b) 
+p - 

m,-1 fx ’ (14) 

j,(x) is the first order spherical Bessel function and 

(15) 

Strawbridge and Hallett [30] have tried a different 
approach, using Lorenz-Mie theory of light scatter- 
ing. A comparison of both RGD and Lorenz-Mie 
approaches was also carried out by Strawbridge and 
Hallett. The RGD approach can yield surprisingly 
good results, even in conditions where its assump- 
tions are not fulfilled, except 3 when It; # n, or 
when the coat thickness is more than 15% of R,. The 
case under study in this work includes these two 
exceptions because the core is not water (at variance 
with lipid vesicles) and it might be surrounded by 
several bilayers of lipids. However, a more detailed 
inspection of Strawbridge and Hallett’s results should 
be carried out. The basic question to be answered is: 

matton and F.R Hallett, unpublished results. 
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“Are the results obtained from the Zimm method 
valid, in spite of the fact that we are dealing with a 
heterogeneous coated sphere, instead of a homoge- 
neous sphere?” The basic equations used in the 
Zimm method are valid as long as c + 0 and q + 0 
(R, can then be obtained without assuming any 
model geometry). If angle and concentration depen- 
dencies are simple and smooth, extrapolations are 
reliable and acceptable results are obtained, even if 
the use of very low angles is not possible. If such 
dependencies are, however, complex and character- 
ized by steep gradients, the need exists to work at a 
narrow range of low angles. Coated sphere light 
scattering intensity profiles with measurement angle, 
show several maxima and minima (interference pat- 
tern [30]). The number and location of these maxima 
and minima depend on the dimensions and refractive 
indices of the coated sphere. In some cases the 
interference pattern might not even appear, (for in- 
stance, Watton and Hallett3 predicted a smooth de- 
crease in the scattered light intensity with angle for 
R,=50 nm, Ri=40 nm, n,,=1.45, npi=nO= 
1.33 and A = 488 nm). In the cases tested by Watton 
and Hallett, for R, = 200 nm and np,i = 1.55 (as well 
as r~r,~ = 1.39) and r = 10 nm, the interference pat- 
tern was fairly smooth, with only one minimum at 
80”. From 0 to 80”, the angle dependence was mono- 
tonic and smooth. Having R, = 50 nm < 200 nm, we 
expect the angular dependence of polysaccharide mi- 
crogel/phospholipid to be even smoother; so, reli- 
able extrapolations in the Zimm method can be car- 
ried out. Moreover, the core refractive index must not 
differ very much from the refractive index of the coat 

(So = 1.45); that is, m, = mi in Eq. (14). So, the 
case under study in this work might not differ much 
from what is expected for an homogeneous (in terms 
of refractive index) sphere. The results obtained by 
the Zimm method are still reliable and valid. 

The effect of cholesterol.-Adding cholesterol to 
EYPC does not severely affect R, and R,, at vari- 
ance with the effect of cholesterol in DPPC contain- 
ing microgels. This is not surprising since EYPC is a 
complex mixture of phospholipids. Although an 
EYPC/cholesterol phase diagram determination is 
prevented by the complexity involved, it can be 
easily reasoned that cholesterol does not have the 
same impact on fluidity as it has on pure phospho- 
lipid bilayers. In liquid crystal phase bilayers, choles- 
terol forms domains where molecular packing is more 
ordered (less fluid), whilst in the gel phase choles- 
terol domains do not present ordered molecular pack- 
ing (more fluid). If the cholesterol concentration is 

high enough, the cholesterol rich domains will perco- 
late and, finally, occupy all the bilayer. In this case, 
all the bilayer will be in an intermediate state of 
fluidity, in-between liquid crystal and gel (for re- 
views on cholesterol action and bilayer organization 
see, e.g., [31]). The specific case of DPPC/cholesterol 
mixtures has been studied by others and a phase 
diagram was determined [32,33]. At the weight frac- 
tion of cholesterol used in the sample (30% w/w>, 
and temperature of 21 “C, the system consists of two 
coexisting phases: a phospholipid phase and another 
one of phospholipid and cholesterol. 

A decrease in R, upon the addition of cholesterol 
to the polysaccharide microgel/DPPC systems, to an 
intermediate value between that obtained for DPPC 
and EYPC, seems reasonable since the bilayer fluid- 
ity has changed to an intermediate state. Density 
variations depends on the organization at the molecu- 
lar level. As the events at the molecular level cannot 
be visualized, variations in R, cannot be fully ad- 
dressed. 

4. Conclusions 

Positively charged polysaccharide gel fragments 
obtained by disruption of a macroscopic gel appear to 
retain their parent gel nature. In some conditions, 
such fragments may not be homogeneous in terms of 
density. The value of the ratio p = RJR,, < 0.775 
indicates a density gradient, higher in the fragment 
center and smaller near the surface. Particles with 
these characteristics are usually referred to as micro- 
gels. The density gradient becomes clear when the 
ionic strength is increased, charge repulsion is not so 
effective and polymer solvent interactions are more 
important on the surface. 

The fragments shape is spherical, as detected using 
light scattering and TEM techniques. The hydrody- 
namic radius, R, is about 50 nm (the exact value 
depends on the ionic strength). 

As a result of the addition of phospholipids (EYPC 
and DPPC with or without cholesterol) to the micro- 
gels, concentric, multilamelar bilayers are formed, 
surrounding a polysaccharide core. However, the ef- 
fects of DPPC on the size ( Rh) of the scattering 
particles (microgel/lipid association) appear more 
pronounced. This difference might be related to bi- 
layer fluidity: a more fluid bilayer, such as those 
formed by EYPC, would be able to accumulate more 
tightly to the microgel porous surface. 

A polysaccharide core surrounded by lipid bilayers 
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seems to be suitable for drug delivery system and/or 
as vaccine formulations. These systems are stable, 
non-toxic and their size and composition are easily 
controlled. The microgel/lipid association could be 
used to entrap hydrophilic (core) or hydrophobic 
(lipid bilayers) drugs. The outer surface could be 
used to implant receptor related molecules in order to 
optimize targeting and delivery. An implant of anti- 
genie molecules might also lead to virosomes. 
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