
Abstract The influence of shape transformation of large
unilamellar vesicles (LUV) on their size measurement by
photon correlation spectroscopy (PCS) has been investi-
gated. The experimental size of vesicles after hyperosmotic
contractions of increasing intensities have been compared
to the theoretical volume decrease determined by applying
Boyle Van’t Hoff’s law. The main observation is that PCS
size measurement gives overestimated values when LUV
have been subjected to a volume decrease of more than
20% of their initial volume. The PCS size overestimation
is related to the influence of the shape transformation of
the vesicles on their diffusion coefficient (D) as shown by
modelling the evolution of D of a sphere which is trans-
formed into an ellipsoid by internal volume reduction
under constant area.
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Introduction

Photon correlation spectroscopy (PCS) is a non-destruc-
tive procedure for measuring the size of particles in a sus-
pension typically in the submicron region. PCS measures
the Brownian motion and relates this to the size of the par-
ticles by applying the Stokes-Einstein equation, assuming
particles to be spherical. In fact the measured diameter re-
fers to how the particle moves within a fluid, i.e. the hy-
drodynamic diameter. The volume of liposomes is a deter-
minant parameter that is required in order to determine
their encapsulation capacity or the bilayer permeability pa-
rameters. PCS is routinely used to characterise the size of
liposomes because it presents many advantages when com-

pared to other methods which require long preparation pro-
cedures, i.e. entrapment of labelled and fluorescent mole-
cules, or methods which alter the suspension, i.e. electron
microscopy.

Shape transitions of lipid vesicles are induced by vari-
ation of their area-to-volume ratio, transforming spherical
vesicles into a wide variety of shapes which include ellip-
soids, discocytes, stomatocytes or budded vesicles (Kas
and Sackmann 1991). The extent of their deformation is
related to the degree of increase in area-to-volume ratio
and to other parameters such as the area difference between
the inner and the outer monolayer (Mui et al. 1995) and in
the case of vesicles composed of phospholipid mixtures,
by additional factors such as the preferential distribution
of components between the two monolayers, the different
spontaneous curvatures of the lipids domains and the inter-
facial energy between the domains (Seifert 1993).

Changing the osmotic pressure is a means to modify the
area-to-volume ratio of vesicles. Hyperosmotic perturba-
tions lead to water exit from the vesicle lumen, which equi-
librates the intra- and extra-vesicular osmotic pressures,
and leads to a vesicle deformation because the bilayer area
is almost constant during osmotic shrinkage.

Because PCS allows the size determination of particles
which are assumed to be spherical and because vesicles
may be subjected to shape transitions in conditions where
their internal volume decreases, we propose here to study
the influence of vesicle shape transformation on the mea-
surement of vesicle size by means of PCS. The vesicle vol-
ume decrease and the corresponding deformation have
been modulated by increasing the osmolarity of the me-
dium with glucose. The experimental data have been com-
pared to the theoretical volume of the LUV, determined by
applying Boyle Van’t Hoff’s law.

Next, the previously shrunk vesicles were allowed to
swell in a medium of solute concentration that was equal
to the initial one (preparation medium). The size of the li-
posomes was again measured after this step in order to com-
pare the vesicle size to the original one and hence to in-
vestigate any fusion or vesiculation phenomena which
could influence the size measurement.
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Materials and methods

Materials

Egg yolk phosphatidylcholine (EYPC) and n-octylgluco-
side were purchased from Sigma (St. Louis, MO) and
stored at –20°C under nitrogen.

Vesicles preparation

The liposomes prepared for this experiment were large uni-
lamellar vesicles (LUV), which present the homogenous
and monodisperse size distribution which is required for
light-scattering experiments, and giant vesicles, intended
for microscopic observation. For the preparation of LUV,
we used the detergent dialysis method (Zumbuehl and
Weder 1981) using the “Liposomat” (Dianorm Geräte,
München, Germany). Phosphatidylcholine and n-octylglu-
coside at a molar ratio of 1:5 were dissolved in 10 ml chlo-
roform at a final lipid concentration of 4 mg/ml. The solu-
tion was placed in a round bottomed flask and allowed to
form a thin film after evaporation of the solvent under vacu-
um overnight. The dried lipid film was then hydrated with
20 ml of a 20 mM glucose solution to obtain a mixed lipid/
detergent micelle solution. This was then recycled through
the “Liposomat” dialyser for 12 hours which permitted
slow removal of detergent by dialysis against 5000 ml of
20 mM glucose solution. The vesicle suspension was then
filtered through a 0.4 µm polycarbonate filter (Millipore
Corporation, Bedford, USA).

Giant vesicles were prepared using a modification of
the technique of Reeves and Dowben (1969) as described
by Steponkus and Lynch (1989). The lipid was dissolved
in chloroform:methanol (1:1 v/v) at a concentration of
0.96 mg/ml. The solution was drawn into glass capillary
tubes (0.6 mm in diameter) and then expelled using a
stream of nitrogen. After solvent evaporation for 24 hours,
capillary tubes containing a thin film of phospholipids were
filled with a 20 mM glucose solution saturated with nitro-
gen, sealed at one end and then allowed to equilibrate for
8 to 12 hours. Vesicles were collected in 20 mM glucose
solution and used immediately after preparation.

Osmotic treatments

The osmolyte used to modify the volume of the vesicles is
glucose because of the low permeability of phosphatidyl-
choline bilayers to this solute (Wood et al. 1968; Inoue

1974). Moreover, glucose is electrically neutral, and pre-
vents the aggregation and/or fusion of liposomes during
dehydration processes (Suzuki et al. 1996). For PCS
measurements, LUV prepared in 0.02 M glucose were
mixed with medium that was made hypertonic by vary-
ing the glucose concentration, in order to yield the os-
motic gradient across the vesicle bilayer, described in Ta-
ble 1. The final lipid concentration was identical and
equal to 0.07 mg EYPC/ml in each sample. All PCS meas-
urements of the osmotically treated liposomes were ac-
complished 30 minutes after mixing, and all solutions
were systematically filtered in order to avoid dust con-
tamination. The experiments were carried out at a tem-
perature of 20°C.

The second step of the osmotic treatment consisted of
placing the shrunken liposomes in a 0.02 M glucose solu-
tion (preparation medium). This treatment was accom-
plished by addition of distilled water to the hyperosmotic
vesicle solutions, and by a further addition of isotonic glu-
cose (0.02 M), to achieve the same dilution in each vesi-
cle sample (0.005 mg EYPC/ml).

Theoretical volume of the shrinked liposomes

The theoretical volume decrease of the vesicles induced by
the concentration increase of a non permeating solute in
the external medium can be determined by applying Boyle
Van’t Hoff’s law. The theoretical volume of the liposomes
after the osmotic shocks was determined by assuming that
the liposome volume decrease is the exclusive result of a
water exit, which allows the intra- and extravesicular so-
lute concentrations to equilibrate. This assumption was
made because of the very low permeability of phosphati-
dylcholine bilayers to glucose. We have also considered
that water exit from the liposomes does not modify the ex-
tracellular glucose concentration because the extra to intra-
vesicular volume ratio is high. The increase in vesicle
bending energy cause by deformation which can prevent a
complete concentration equilibration was neglected. Thus,
the calculated sizes were obtained by considering that the
internal volume (Vi ) and the internal osmotic pressure (Πi )
of the vesicle are related by the Boyle Van’t Hoff expres-
sion:

(1)

As Πi is linearly related to the internal glucose concentra-
tion (Ci =n/Vi) in the concentration range considered in
these experiments (water activity >0.99), the relation be-
tween the initial and the final volume of the vesicle, Vi1

Πi
i

nRT
V

=
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Table 1 Hyperosmotic gradients of glucose applied to the vesicles and corresponding theoretical volumes of the vesicles after osmotic
shrinkage (from Boyle Van’t Hoff’s law)

Liposome sample (in glucose 0.02 M) Control 1 2 3 4 5 6 7 8

Hyperosmotic gradient of glucose (M) 0 0.002 0.004 0.006 0.008 0.01 0.014 0.018 0.02
Theoretical volume of the vesicles (% of initial volume) 100 90.9 83.3 76.9 71.4 66.7 58.8 52.6 50



and Vi2 respectively, and the concentration gradient across
the vesicle bilayer is:

Ci1 · Vi1 =Ci2 · Vi2 (2)

where, Ci1 is the initial and Ci2 is the final glucose concen-
tration of the medium. The theoretical volume decrease for
each osmotic gradient is given in Table 1. The theoretical
volumes of the vesicles for the different osmotic gradients
that are proposed in Fig. 1B are expressed as volumes rel-
ative to the initial one (100% in isotonic medium).

Microscopy

The diameter of the LUV produced by the dialysis method
is typically 100–150 nm so the shape modification of the
vesicles has been observed microscopically on giant vesi-
cles suspended in solutions of increasing concentration fol-
lowing the same procedure as for LUV. Giant vesicles were
observed with an inverted light microscope (Leitz, Wetz-
lar, Germany) equipped with an objective lens (FLUOTAR
GF 25/0.35; Leitz, Germany). Microscopic observation
could be instantaneously recorded via a 1/3′ CCD camera
(I2S, Pessac, France) on a microcomputer (Hewlett Pack-
ard, Sunny Vale, CA) through an image-grabbing system
(MATROX, Dorval, Canada), previously described (Be-
ney et al. 1997).

Photon correlation spectroscopy

The apparatus used is an Autosizer LoC (Malvern Instru-
ments, Malvern, UK). Light from a 15 mW helium-neon
Laser at 633 nm is focused onto the vesicle sample in a glass
cuvette maintained at constant temperature (20°C±0.1°C)
by as Pelltier thermostat. Thermal equilibration time (5 min)
was allowed after introduction of the sample and before
the start of a measurement. The intensity of the scattered
light is detected at 90° to the incident beam. Sample times
of approximately 20 µs were employed. The experimental
duration time was 300 s±20. The correlation function was
accumulated in a 64 channel photon autocorrelator divided
into 4 subcorrelators, collected by a computer and subse-
quently analysed by CONTIN, the analysis technique de-
veloped by Provencher (1982). The average diffusion co-
efficient was calculated from 10 successive autocorrela-
tion functions.

The radius of the vesicles in a sample is calculated from
the correlation function which is derived from the tempo-
ral fluctuations of light scattered by particles in solution.
In PCS, the second order correlation function g(2) (τ ) is
measured according to the following expression:

g(2) (τ )=A[1+β | g(1) (τ ) | 2] (3)

where A is the base line, β is an equipment related con-
stant, and g(1) (τ ) is the normalised first-order autocorre-
lation function.

For particles that are in constant random thermal, or
Brownian motion, the normalised first-order autocorrela-

tion function, g(1) (τ ) decays exponentially with the delay
time, and also depends upon the scattering vector, q, and
the particle-size distribution:

(4)

where F (Γ) is the normalised distribution function of the
decay constant Γ, Γ =Dq2, q=(4 πn/λ) sin (θ/2), n is the
refractive index of the medium, λ is the wavelength of in-
cident light, θ is the scattering angle,and D is the particle
diffusion coefficient.

In the method developed by Provencher (1982), the
computer searches for the smoothest non-negative solu-
tion for F (Γ) that is consistent with the experimental data.
This method was chosen because it gives more consistent
solutions, even for polydisperse particle samples. Ac-
cording to Eq. (4), the computer calculates the particle
diffusion coefficient, D, which is related to the particle
hydrodynamic radius (RH) by the Stokes-Einstein rela-
tion:

(5)

where k is the Boltzmann’s constant, η is the viscosity of
the solution and T is the absolute temperature.

Refractive indices and viscosities of glucose solutions
were determined using theoretical data (Weast et al. 1985).
The light scattering apparatus was calibrated with a stan-
dard, monodisperse sample of polystyrene latex spheres
(102±3 nm in diameter) (Duke Scientific Corporation,
Palo Alto, USA). Each measurement gave the mean value
of a number distribution of vesicle diameters. Each experi-
mental value presented in Fig. 1A is the mean value of 
10 measurements and the bars correspond to the standard
deviation. The distribution width (width at half height of
the distribution peak) did not change significantly upon in-
creasing the osmotic gradient and was typically equal to
24±3 nm.

The comparison between the theoretical and the experi-
mental volumes has been accomplished by calculating the
volume of a spherical particle from the experimental di-
ameter, since PCS assumes particles to be spherical.The
experimental volumes determined by this way have been
related to the isotonic one and expressed as relative vol-
umes (Fig. 1B).

Results

Comparison between the experimental 
and theoretical LUV sizes

The theoretical and the experimental volume decrease of
LUV after hyperosmotic shifts of increasing intensities, are
presented in Fig. 1B. Comparison of the experimental and
theoretical curves shows that for a theoretical volume de-
crease to less than 20% of the initial volume, the experi-

RH = kT
D6πη
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0
τ τ=

∞
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mental and the theoretical volumes are the same, within er-
ror. However, for the case where the volume decrease is
more than 20% of the initial volume, the volume of the
LUV measured by means of PCS is overestimated when
compared to the theoretical value. In fact, beyond this limit,
the experimental diameter values increase progressively,
with the osmotic increase amplitude, until the initial LUV
size is again reached and then exceeded, i.e. the size de-
termined experimentally for a theoretical 30% volume de-
crease is equal to the size of the LUV in their isotonic or
preparation medium (Fig. 1A). In consequence, the differ-
ence between the theoretical and the experimental volumes
increases with the osmotic increase amplitude from glu-
cose gradients of 0.006 to 0.02 M.

The osmotically shrunken LUV have been placed in a
medium of glucose concentration equal to the preparation
one by water addition. No significant difference was found
between the final size of LUV that have been subjected to
an hyperosmotic contraction followed by re-swelling and
osmotically untreated LUV (data not shown). This result
demonstrates that LUV have not been subjected to fusion
or fragmentation during the osmotic shrinkage, even for a

volume decrease corresponding to 50% of the initial vol-
ume. It can also be concluded that the vesicles remain os-
motically sensitive after shrinkage.

Morphological behaviour of the giant vesicles

The videomicrographs of giant vesicles osmotically treated
in the same conditions as the LUV and as proposed in Ta-
ble 1, are presented in Fig. 2. The extent of the shape mod-
ification of the liposomes, induced by the decrease in their
internal volume while their bilayer area remains constant,
increases with the amplitude of the osmotic shock. The ves-
icle shape that is initially spherical (Fig. 2A) becomes
more complex with the level of osmotic shrinkage. The
surface of the vesicles that have been subjected to a vol-
ume decrease which does not exceed 20% of the initial vol-
ume, are characterised by a slight deformation (Fig. 2B).
For volume decreases of higher intensities the liposomes
are subjected to drastic morphological changes which lead
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Fig. 1 A Experimental diameters of the LUV after hyperosmotic
treatments of increasing gradients of glucose. B Theoretical (dotted
line) and experimental volume decreases of the LUV after osmotic
treatments of increasing gradients

Fig. 2 A–E Morphology of the giant vesicles after volume reduc-
tion (VR) of increasing intensities. A vesicle in glucose 0.020 M (iso-
tonic), VR=0%, the bar represents 5 µm; B glucose 0.024 M,
VR=16.7%; C glucose 0.026 M, VR=23.1%; D glucose 0.030 M,
VR=33.3%; E glucose 0.040 M, VR=50.0%



to the formation of a bud (Fig. 2C), a vesicle-like structure
(Fig. 2D) and finally to finger-like projection (Fig. 2E).

Discussion

Vesicle shape transformation

Considering that liposomes are subjected to a morpholog-
ical transition which is closely related to the amplitude of
the osmotic increase and that size measurement accom-
plished with PCS coincides with the theoretical volume de-
crease for volume decreases less than 20% of the initial
volume, it appears that slight osmotic increases which in-
duce slight shape modifications (Fig. 2A, and Fig. 2B)
have negligible effects on PCS measurement accuracy. In
the case of larger osmotic increases which cause more pro-
nounced morphological changes, the size measurement of
the liposomes by means of PCS becomes inappropriate.
Since no fragmentation or fusion phenomena occurred dur-
ing vesicle shrinkage, it appears that this limit corresponds,
with regard to the shape of giant vesicles under increasing
glucose gradients, to the level of volume contraction (for
a constant area) which generates the appearance of vesi-
cles on the liposome surface (Fig. 2C, Fig. 2D, and Fig.
2E). The morphological change we have observed corre-
spond, according to Sackmann (1994), to the path of shape
transition from the spherical to the pear shape, and then
from pear to dumbbell shape. Even though the morphol-
ogy of vesicles after osmotic shrinkage has been observed
on giant vesicles we can suppose that LUV are similarly
subjected to drastic shape changes. This assumption is sup-
ported by the fact that small unilamellar vesicles with di-
ameters of approximately 20 nm also respond to salt gra-
dients by a volume variation which in the case of hyperos-
motic treatment produces shrinkage and collapse of in-
itially spherical vesicles to flattened disks (Lerebours et al.
1993). According to the previous observations, the size
overestimation of the shrunken vesicles by PCS is prob-
ably related to their shape modification and/or to a change
in their optical properties. Concerning this last point, White
et al. (1996) have recently demonstrated that phospholipid
vesicle membranes, composed of dioleoyl phosphatidyl
glycerol (DOPG), exhibit large optical changes in response
to NaCl osmotic gradients. These changes are attributed to
modifications of the refractive index of the bilayer caused
by the alteration of hydration of the phospholipid head-
groups, which influences the phospholipid packing den-
sity. The change in vesicle shape, arising from volume vari-
ation (from 0 to 25% volume decrease) was not found to
influence the vesicle scattering properties (White et al.
1996). Our results show that the volume decrease of vesi-
cles composed of egg yolk phosphatidyl choline, osmoti-
cally shrunk with glucose, is measurable with PCS in the
volume decrease range 0–20%. This observation is not
consistent with a change in the vesicles optical properties
in this volume variation range, described by White et al.
(1996). This divergence probably results from the differ-

ence in the nature of the osmotic solute and of the bilayer
phospholipids, because White et al. (1996) have also
shown that glycerol and betaine do not induce the large
scattering changes of the DOPG vesicles observed with
NaCl.

Shape transition modelling

As the vesicle geometrical transition of budding is charac-
terised by an increase in vesicle eccentricity (see Eqs. (6a)
and (6b)), the influence of this parameter on the PCS mea-
surement has been theoretically investigated by calculat-
ing the variation of the diffusion coefficient of a particle
of constant area which is initially spherical and then trans-
formed into a prolate or an oblate ellipsoid by internal vol-
ume decrease. These model paths of shape transitions have
been selected since the prolate one reproduces the increase
in eccentricity of the shrunken vesicles we have observed
and because small shrunken vesicles are also transformed
into oblate ellipsoids (Lerebours et al. 1993). Theoreti-
cally, the oblate ellipsoid is a vesicle shape of low bend-
ing energy after a volume reduction of 50% and the pro-
late ellipsoid approaches the dumbbell shape which is an-
other shape of low bending energy for an equivalent vol-
ume decrease (Seifert et al. 1991). Furthermore, the theo-
retical relation between the diffusion coefficient and the
geometry of a particle is only available for a few shapes,
which include discoids, rods and ellipsoids. Therefore, we
have first determined the axis variation of a sphere, of in-
itial diameter equal to the mean diameter of LUV in the
isotonic medium (112±2 nm), which is transformed into a
prolate or an oblate ellipsoid by reduction of its internal
volume. This step was accomplished by the determination
of the revolution semiaxis (a) and equatorial semiaxis (b)
of prolate and oblate ellipsoids of given volume (V) and
area (A). A least square non-linear optimisation has been
computed (Gauss-Newton method) on Matlab 5.1 (Math
Works Inc., Natick, MA, USA) to solve the following equa-
tion systems which correspond to the area (Apro) and the
volume (Vpro) of a prolate ellipsoid:

(6a)

and to the area (Aobl) and the volume (Vobl) of an oblate el-
lipsoid:

(6b)
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From the initial sphere (radius=a=b=56 · 10–3 µm, area=
Ai =3.94 · 10–2 µm2; volume=Vi =7.356 · 10–4 µm3;) the
volume V continuously decreases: V=α Vi with α ranging
from 100% to 50%, and A remaining constant and equal to
Ai . The semiaxes a and b are determined for each prolate
and oblate ellipsoid (area A and volume α Vi) which are
presented in Fig. 3A and Fig. 3B for prolate and oblate el-
lipsoids, respectively. The exact diffusion coefficients
(Dpro and Dobl) corresponding to these ellipsoids are cal-
culated by applying the following relations (from Perrin
1936):

(7a)

(7b)

for oblate ellipsoids
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Figure 4 represents the variation of the diffusion coeffi-
cient of an initially spherical vesicle which is transformed
into an oblate and a prolate ellipsoid vesicle by internal
volume decrease and the diffusion coefficient (from Eq.
(5)) of a sphere which is subjected to the same volume de-
crease but which remains spherical by area decrease. This
curve shows that the diffusion coefficient of the prolate el-
lipsoid (Dpro) exponentially decreases with its deforma-
tion, whereas the diffusion coefficient of the sphere (Dsph)
exponentially increases with its volume decrease. Dobl is
subjected to a slight increase in this range of volume vari-
ation. In consequence, Dsph is always higher than Dpro and
Dobl for the same volume. The difference between the dif-
fusion coefficients of the sphere and the ellipsoids in-
creases with the level of the volume reduction and is mainly
related to the increase in eccentricity caused by the vol-
ume reduction of the ellipsoids and to the radius decrease
of the sphere. From Eq. (5), we can conclude that the hy-
drodynamic radius, calculated from Dpro , of an initially
spherical particle which is transformed into a prolate ellip-
soid when it is subjected to a volume decrease and assumed
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Fig. 3 A Shape evolution of a sphere transformed into a prolate el-
lipsoid by volume reduction and under constant area. B Shape evo-
lution of a sphere transformed into an oblate ellipsoid by volume re-
duction and under constant area. The volume reduction (VR) of each
ellipsoid is: (a): VR=0%, (b): VR=12.5%, (c): VR=25%, (d):
VR=37.5%, (e): VR=50%

Fig. 4 Evolution of the diffusion coefficient of a sphere (Dsph)
which remains spherical by decrease in area or which is transformed
into a prolate (Dpro) and an oblate (Dobl) ellipsoid through volume
decrease and under constant area



to be spherical, as in PCS, increases with its volume de-
crease. Under the same conditions, the hydrodynamic ra-
dius of a spherical particle which is transformed into an
oblate ellipsoid is subjected to a slight decrease with its
volume decrease. The experimental diameters of the LUV
under increasing osmotic gradients are compared in Fig. 5
with the values calculated with the prolate and oblate mod-
els and with the values determined by considering that
LUV remain spherical. The experimental values are con-
tained between the spherical and the prolate values. From
100 to 75% of their initial volume the experimental diam-
eters follow the spherical model. From 75 to 60% of their
initial volume the experimental values reach the oblate val-
ues and are, for higher volume decrease, contained between
the oblate and the prolate values. It should be remarked
that the experimental values never reach the prolate val-
ues. The influence of the shape transformation of the ves-
icles, by their increase in eccentricity, on their Brownian
coefficient is consistent with the LUV size overestimation
measured by PCS. However, the ellipsoidal models are in-
appropriate for volume decreases ranging from 0 to 20%
of the LUV’s initial volume. This could be explained by
the lack of minimum bending energy constraint in the el-
lipsoidal models which induces high deformations for
small volume decreases whereas giant vesicles (Fig. 2A
and Fig. 2B) are almost spherical after volume decreases
ranging from 0 to 20% of their initial volume. The effect
of the lack of minimum bending energy constraint in the
ellipsoidal models is illustrated by the difference between
the shape of the giant vesicle presented in Fig. 2B and the
ellipsoids noted (b) in Fig. 3A and Fig. 3B. These shapes
are the experimental (Fig. 2B) and modelled deformations
(Fig. 3A and Fig. 3B) corresponding to volume reductions

of 16.7 and 12.5%, respectively. The decrease in diame-
ter detected by PCS up to an osmotic gradient of 0.006
M which coincide with the spherical model (decrease in
area) can not be interpreted by a bilayer compression
which is known to be limited. The lack of theoretical
knowledge about the hydrodynamic diffusion coeffi-
cients of intermediate shapes such as pear shapes or bud-
ded forms limit our interpretations of the measurements
accomplished up to this osmotic gradient. As the influ-
ence of the shape transformation of a spherical vesicle
into a prolate or an oblate ellipsoid on its Brownian co-
efficient can explain the PCS size overestimation, and as
phospholipid vesicles are subjected to drastic shape
changes, which increase their eccentricity in response to
many physical modifications of the environment, we con-
clude that this parameter needs to be considered when the
size of phospholipid vesicles is determined with PCS, or
dynamic light scattering.

This study has been carried out in order to investigate
the shape effects of liposomes on their size measurement
by means of PCS. The main conclusion is that PCS mea-
surement is possible if the vesicle shape is approaching
spherical and provided that no optical change occurs in the
bilayer (White et al. 1996), but it gives an overestimated
size for vesiculated liposomes. Therefore, special care
must be taken if vesicles to be measured have been exposed
to physical or chemical conditions that can modify the area
to volume ratio of the vesicle, i.e. temperature, osmotic
pressure (Sackmann 1994) or hydrostatic pressure (Beney
et al. 1997), or which modify the difference in area be-
tween the two monolayers, i.e. pH gradient, chemical
agents or extrusion process (Mui et al. 1993; Mui et al.
1995).
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Fig. 5 LUV diameters measu-
red by PCS (o) for volume re-
ductions ranging from 0 to 50%
and LUV modelled diameters.
Assuming that vesicles are
transformed into prolate (pro)
and oblate (obl) ellipsoids of
increasing eccentricity through
volume reduction. Assuming
that vesicles remain spherical
by area decrease (sph)
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