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Xanthones and derivatives are natural active compounds whose interest has been increased due to its
several pharmacological effects. In this work, effects of hydroxy-xanthones on the physicochemical
properties of dipalmitoylphosphatidylcholine (DPPC) liposomes have been investigated in terms of lipid
bilayer fluidity, by means of molecular dynamics simulations and temperature dependence of zeta
potential studies. Experimental results predict, in good agreement with simulations, that xanthones are
able to be incorporated into DPPC liposomes with certain localization, fluidizing the bilayer. Both effects,
localization and fluidity were found to be dependent of the number of hydroxilic substituents of the
xanthone and the lipid phase state.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Lipids are the major component of cell membrane and the
phospholipids are one of the most abundant classes of membrane
lipids. The phospholipid membranes serve as a barrier and
selectively allow molecules to pass to the interior of the cell. As
the cell is the central part of life, the understanding of the
functionality of cell wall i.e. lipid bilayer membrane under the
influence of foreign material is a major challenge in biology.

Xanthones (9H-xanthen-9-ones) are a special class of oxygen-
ated heterocyclic compounds with important biological activities
(Chairungsrilerd et al., 1996; linuma et al., 1998; Lin et al., 1996).
This family of compounds are structurally typified by the presence
of a dibenzo-vy-pirone system differing in the position and nature
of the substituents. This molecular diversity provides a wide
variety of pharmacological properties; e.g. the xanthone skeleton
constitutes the core of an important group of natural and
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biologically active compounds such as bikaverin (de Koning
et al.,, 1988), and a-mangostin (Matsumoto et al., 2003, 2004)
(Fig. 1). Moreover, the biological behavior of xanthones can be
controlled by introducing specific substituents in their structure
(Dodean et al., 2008; Kolokythas et al., 2002). Plant xanthones are
defense compounds against herbivores and microorganisms (Tocci
et al., 2011). In humans, xanthones exhibit an array of pharmaco-
logical activities, including anti-Alzheimer properties (El-Seedi
etal., 2010; Wang et al., 2016, 2012), cardiotonic, antimicrobial and
anti-hepatotoxic effects, as well as anti-inflammatory activity.

From the molecular structure shown in Fig. 1, it can be seen that
xanthones are hydrophobic compounds which are insoluble in
water, but are highly soluble in many organic solvents. Hence, the
entrapment of xanthones in liposomes can be of pharmacological
advantage, since enhancement of the absorption through the
biological membrane by entrapment or solubilization of xanthones
in the bilayers of liposomes is anticipated. However, the effect of
xanthones on the liposomal state has not been enough clarified.
They can also be obtained by synthesis and several strategies to
achieve this goal have been described in the literature (Goncalves
Azevedo et al., 2012; Menéndez et al., 2014).

The members of the xanthones classes bear different types of
substituents that are able to interact with several biological targets
exerting different pharmacological activities (Pinto et al., 2005)
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and hydroxyl is one of the most frequent chemical groups found in
natural and synthetic xanthones. Fig. 2 shows the structures of the
hydroxylated xanthones studied in this work.

It is reported in the literature that a small perturbation to the
bilayer can change the fluidity of the bilayer (Bothun, 2008; Park
et al.,, 2006, 2005). The fluidity in membrane is directly related to
the structural arrangement of the lipid molecules. However, this
structural arrangement of lipid may differ for adjacent to and far
from the foreign material adsorption site. Brittes et al. (2010)
reported that added molecules induced decrease of the transition
temperature and cooperativity of DPPC bilayers, which can be
interpreted as an increasing membrane fluidity effect.

In a previous work from our research group (Morini et al., 2015)
it was shown that the surface charge of the liposome mainly
depends on the kind of lipid and conditions such as temperature,
phase state of the liposome. Temperature dependence Zeta
Potential Studies (ZP) were proposed (Sierra et al., 2016) to
analyze the thermotropic behavior of mixtures of synthetic
phospholipids in unilamellar aqueous suspensions in the presence
or absence of ions. Since the lipid phase transition influences the
surface potential of the liposome reflecting a sharp ZP change
during the phase transition (Tatulian, 1983), we proposed this
technique as a screening method for transition temperatures in
complex systems given its high sensitivity and small amount of
sample required, that is, 70% less than that required in the use of
conventional calorimeters. The zeta potential as a function of
temperature technique can be used to detect both the main
transition and the pretransition of lipids. This method allows the
assessment of phase changes in the studied lipid system as well as
their surface charge.

In addition to other studies, the analysis of the zeta potential
changes with temperature would provide information on the
structural arrangement of the lipid in the liposome under study.
According to our studies (Morini et al., 2015), DPPC shows negative
values of zeta potential in liquid crystalline state and positive ones
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Fig. 1. Some representative natural xanthones.

in solid crystalline state. That behavior was explained in terms of
the molecular conformation acquired by DPPC either exposing the
phosphate group in the fluid state, or exposing the coline group in
the gel state. The reorientation of the head group directors in PC by
phase transitions is already known from the literature, especially
in the field of 3'P - NMR and X-ray diffraction (Hauser et al., 1981;
Sulkowski et al., 2005; Tieleman et al., 1997).

The results of the non-invasive zeta potential approach
constitute very reliable data because there are no perturbation
problems related to invasive techniques.

In this work, we used the temperature dependence of zeta
potential for the thermotropic study of the chosen systems. We
also performed molecular dynamics simulations to investigate the
interaction of different xanthones with DPPC bilayers at the
molecular scale. We also aimed at understanding how xanthones
affect the dynamics and ordering of the lipids together with their
impact on membrane fluidity. We made root mean square
deviation (RMSD) calculations (Villarreal et al., 2008). for the
lipid molecules, both for xanthone-containing membrane and for a
pure lipid bilayer taken as a reference. RMSD calculations measure
the deviation of certain atoms, generally heavy atoms, with respect
to a reference set of coordinates or initial configuration. Thus, by
measuring the time evolution of the RMSD of the lipid atoms we
provided a good estimation of membrane fluidity.

To our knowledge, this paper is the first theoretical and
experimental study of the interactions of hydroxy-xanthones with
model membranes by means of the temperature dependence of
the zeta potential and molecular dynamics simulations. The aim of
this work was to get information on the basic modifications
induced by these dopants on the lipid organization, particularly
refered to membrane fluidity and xanthones localization within
the membrane. Therefore, the effect of these compounds on the
biophysical properties and structure of lipid bilayers are questions
that are opened in the present work.

2. Methodology
2.1. Experimental

2.1.1. Materials

1,2-Dipalmitoyl-sn-glycero-3-phosphocholine  (DPPC) was
obtained from Avanti Polar Lipids Inc. (Alabaster, AL) and used
as received. Hydroxy-xanthones were obtained by synthesis,
characterized and purified in the synthesis organic laboratory
directed by Dr. D.Gerbino (Menéndez et al., 2014; Koh et al., 2015).
The following xanthones (XAs) were synthesized: xanthone
skeleton (XA); 1-Hydroxyxanthone (XA;); 1,3-Dihydroxyxan-
thone(XA;3) and 1,3,6-Trihydroxyxanthone(XA;5¢). Chloroform
and methanol were of analytical grade. Dispersions were prepared
with ultrapure water (Super Q Millipore system).

9H-xanthen-9-one

O OH O

II O il OH

1,3-dihydroxy-9H-xanthen-9-one

1-hydroxy-9H-xanthen-9-one
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Fig. 2. Structures of the hydroxylated xanthones. xanthone skeleton (XA); 1-Hydroxyxanthone (XA;); 1,3-Dihydroxyxanthone(XA3) and 1,3,6-Trihydroxyxanthone(XA; 5 6).
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2.1.2. Liposome preparation

Liposomes of DPPC-XAs were prepared weighing appropriate
amounts of each one in order to obtain proportions Xxas of 0.3,
where Xxas is the mole fraction of xanthones in the mixture of
liposomes without considering the solvent. The proportion of
dopant was mainly chosen by preliminary unpublished studies
carried out in our laboratory and is coincident with bibliography
reports (Onuki et al., 2008). In each ZP experiment, for the mole
fraction 0.3, on the order of 4 mg of dry DPPC was weighed and
then the appropriate weight of dry XAs was added. In each ZP
experiment, for the mole fraction 0.3, on the order of 4 mg of dry
DPPC was weighed and then the appropriate weight of dry
xanthone was added. Mixtures of DPPC-XAs were dissolved in a
chloroform-methanol mixture that was removed by evaporation
with N, stream to obtain a dry lipid film. Remaining solvent was
removed keeping the films under high vacuum for additional 2 h
in a Thermo Scientific Speed Vac SPD11V. The resulting dry lipid
films were then hydrated with 3 mL of water, pH 6.5, and
homogenized with cycles of vigorous vortexing at around 10°C
above the transition temperature of the lipid. The final
concentration of the dispersions was on the order of 3 mM for
each ZP experiment.

This heating-vortexing combination yields a polydispersed
population of MLVs. Unilamellar vesicles (LUVs) were obtained by
sequential extrusion of the MLVs dispersions in an Avanti Mini-
Extruder, through a polycarbonate membrane of 100 nm pore size
at around ten degrees centigrade above the transition temperature
of the lipid (Mabrey and Sturtevant, 1976; Lasic, 1997; Rodriguez-
Pulido et al., 2008a, 2009, 2008b).

The final conductivity of all the dispersions was slightly higher
than that of MilliQ water. In the case of pH, no significative
differences between the dispersions and MilliQ water were found.

2.1.3. Methods

2.1.3.1. Zeta potential. Zeta potential ({), size distribution and
conductivity of DPPC and DPPC-XAs liposomes were determined in
a Zetasizer Nano ZS90 equipment (Malvern Instruments Ltd., UK).
Measurements were performed in the range between 60°C and
20°C with successively lowered temperatures, allowing the
sample to reach equilibrium between measurements, recording
a point every 2 °C with a stabilization period of 10 min at constant
temperature before measuring. No hysteresis was observed when
controlling the heating process (data not shown). Reported data
are the average of four different batches of each sample. The pH
was registered at the beginning and the end of every measurement.

2.1.3.2. DSC measurement. Calorimetry was performed using a
DSC TA Instruments Q20 differential scanning calorimeter.
Liposome samples were placed in airtight capsules for DSC.
Calorimetry measurements were performed for each mixture
between 20 and 60 °C, at a rate of 0.5 °C per minute. No hysteresis
was observed when controlling the cooling process (data not
shown). Reported data are the average of three different batches of
each sample.

2.1.4. Mathematical treatment

Here is presented a methodology for the treatment of the data
of the temperature dependence of the ZP method for determining
DPPC-XAs mixtures transition temperatures. A model function to
adjust those values according to certain predefined objectives is
proposed. Then, using the adjustment function, estimations of the
transition temperature and the delimiting temperatures corre-
sponding to the start-point and the end-point of the transition
phase of the mixture used in each experiment were done.

A set of experimental data (T;,¢;),i =1,...n was considered,
with n, number of measurements for DPPC-XAs mixture, T;
temperature and ¢; zeta potential.

It was necessary to find the m-vector A of free parameters that
would give the “best fit” to the model function f(T,A), solving the
optimization problem:

n
Jmin > (& — f(Ti,A))° (1)
being this equation called the least squares solution, because the
sum of squares of the differences between the function model and
the data is minimized. The least squares criterion for data fitting
(Eq. (1)) can be expressed as minimizing the squared Euclidean
norm of the residual vector with components

ri =& — f(T;,A)

because of the shape of the { vs. Tsequence, a linear combination of
trigonometric functions (harmonic functions) as an adjusting
model function is proposed:

p
f(TA) = A1 =+ ZAZJ'S@TI(CL)]'T) +A2j+] COS(a)jT) (2)
=

where w;= 27/ T, and p is a natural number selected according to
the shape of the curve and being A, a free parameter vector of
dimension m=2p + 1. The values of p in this kind of adjust oscillate
between 3 and 5.

The main transition temperature of the DPPC-XAs mixtures,
Tiransition, 1S the abscissa of the inflection point of f(T,A.) and is
estimated solving the non-linear equation f”(T,A,) = 0 with the
Newton method, being A- the solution of the optimization problem
(Eq. (1))

The strategy to estimate the temperatures corresponding to the
start-point and the end-point of the phase transition is to identify
the “sudden” change of curvature of the f(T,A.); the curvature
function is calculated by:

f'(T,A)

Cu(T) = —< : +f/(T7A*)2>3

3)

2.2. Molecular dynamics simulations

DPPC - XAs membranes were simulated by means of AMBER12
software package, using Lipid11 (Skjevik et al., 2012) force field,
choosing a cut off of 10A. The bilayer was composed of 128 DPPC
molecules (64 per monolayer in an 8 x 8 arrangement), where nine
DPPC molecules located at alternate positions in the monolayer were
replaced by xanthone molecules, XA; in one case and XA; 3¢ in the
other. Each DPPC-XA membrane was solvated with TIP3P water
molecules along the Z axis, assuring a fully hydrated system, and was
subjected to periodic boundary conditions along the (X,Y) plane.

Once the system was assembled and hydrated the minimization
process was carried out in two steps, both at constant volume. In
the first step the solvent was minimized, keeping the membrane
fixed, and then released it and minimized the entire system. Then,
the system temperature was stabilized using the Langevin
thermostat at 323K for the liquid crystalline state and at 293 K
for the solid crystalline state.

A run of 100 ns was then carried out in order to equilibrate the
xanthone positions into the bilayer. The distances between
neighboring lipids were consistent with experimental values for
pure membranes.

The final production data correspond to the last 10ns of the total
run and these results are shown in the corresponding figures.
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Both equilibration and final production data used a NPT
assembly (constant number of atoms N, pressure P and tempera-
ture T) with SHAKE activated for bonds with hydrogen.

3. Results

We obtained values of ZP with continuous cooling of DPPC and
DPPC-XAs. The results are shown in Fig. 3. The different mixtures of
DPPC-XAs with water as solvent exhibited surface charge. This
result is similar to that obtained for DPPC-water in a previous work
of this group (Morini et al., 2015). It is noticeable that although
water is the solvent and DPPC a zwitterionic lipid, with net charge
zero, liposomes exhibited surface charge. Accding to those studies,
DPPC shown negative values of zeta potential in liquid crystalline
state and positive ones in solid crystalline state. In this work, in the
presence of XA or XA, the mentioned behavior of DPPC is kept, but
the mixtures with polyhydroxylated xanthones show negative zeta
potentials all over the range of the working temperatures, that is,
both in solid crystalline and liquid crystalline state.

For the mixtures DPPC-XA and DPPC-XA; it is shown in the
graph of temperature dependence of the zeta potential that the
phase transition takes place with an abrupt change in the zeta
potential values and less sharp change for the DPPC-XA;3 and
DPPC-XA;36 mixtures. It can also be observed that transition
temperatures of the first two systems mentioned are close to that
of pure DPPC, while those corresponding to DPPC-XA, 3 and DPPC-
XA13,6 mixtures, are significantly smaller than DPPC’s.

The transition temperatures were obtained from a rigorous
mathematical treatment of the ZP data for each system studied,
applying the methodology depicted in Section 2.1.4. Fig. 4a and b
shows the adjusted curve and the graph of the curvature function,
respectively, for the sample DPPC-XA; as an example.

The predicted transition temperature with the proposed
methodology has a total error which is the sum of the experimental
error and the errors that arise from the different calculations made.
The adjustment of the experimental data, in the sense of the
minimum squares with a model of harmonic functions, has a
deviation given by the norm of the residual vector. The calculation
of the transition temperature, solving the equationf”(T,A,) = 0.
with Newton’s method, has an error of about 0.0001%. These errors
are negligible with respect to the experimental one.

Transition temperatures obtained by ZP were corroborated by
DSC. Although temperature dependence of the ZP method was
presented in our previous study (Sierra et al., 2016), this was
applied to lipid mixtures, while in this work the mixtures are
composed of a lipid and a dopant. Fig. 5 shows thermograms of the
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studied samples, superimposed for comparative purposes. It is
observed that the DPPC-XAs mixtures present lower transition
temperatures than pure DPPC and the transition temperature of
those mixtures decreases with the increase of hydroxyl groups in
the xanthones. Similar trend is observed in the widening of the
peaks with respect to the DPPC without adding XAs. All the results
of transition temperatures are collected in Table 1.

Fig. 6 shows the temperature dependence of the conductivity.
The conductivity values are slightly higher than those for pure
water. DPPC liposomes show the highest conductivity values while
the DPPC-XA36 mixture shows the lower ones. In all cases, a
smooth variation of conductivity with temperature is observed,
with no appreciable changes around the transition temperature of
the liposome.

The pH of the different systems did not show significant
differences either respect to the solvent or with the temperature.
Regarding the size of the liposomes studied, no significant changes
were observed as a function of the temperature (data not shown).

We conducted molecular dynamics simulations in order to
measure the time evolution of the RMSD of the lipid membrane
atoms. We considered only the heavy atoms (that is, all atoms but
hydrogen atoms) and subdivided the lipid chains in two groups:
the polar part, or lipid head group, and the nonpolar part, that is,
the hydrophobic portion of the DPPC molecule. In this study we
also focused on lipids that are neighbors of the xanthones
molecules. To identify such lipid chains, we used a distance cutoff
of 4 A between any heavy atoms of the xanthones molecules and
the lipid chains. RMSD measures the deviation of a target set of
atoms from a reference or initial set of coordinates, and is defined

—— DPPC
— DPPC-XA
—— DPPC-XA1

DPPC-XA1,3

L —— DPPC-XA1,3,6

[ 10 20 30 40 50 60
T/°C

dH/dT
|

Fig. 5. Waterfall plot of thermograms of the DPPC-XAs mixtures studied. Ordinates
axis, dH/dT, in arbitrary units.

Table 1

Transition temperatures and transition range obtained for ZP and Transition
temperatures DSC measurements for DPPC and DPPC-XAs mixtures in water. Data
are presented as mean =+ SD.

System Range of transition/°C ZP Ttransition/°C

Ay DSC
DPPC [35.2, 45.9] 42.4+11 411+08
DPPC-XA [32.5, 43.9] 38.5+2.0 39.3+1.2
DPPC-XA; [30.8, 41.0] 37.5+15 381+1.0
DPPC-XAq3 [32.0, 39.3] 354+09 349+05
DPPC-XA136 [31.9, 37.0] 33.6+13 33.2+10
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o
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Fig. 6. Temperature dependence of the conductivity of the DPPC-XAs studied

mixtures.

as:

RMSD =

where N is the number of atoms, m; is the mass of atom i, X; is the
coordinate vector for target atom i, Y; is the coordinate vector for
reference atom i, and M is the total mass.

According to previous considerations made in this work, we
have chosen as examples two XAs that affect DPPC properties
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b Root mean square deviations (rmsd) for fluid phase at 50°C. The results shown
correspond to the last 10 ns of the total trajectory.
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differently: XA; and XA;36 Nine DPPC molecules located at
alternate positions in the monolayer were replaced by XA; (or
XA136). The RMSD of both systems were studied both in gel
(Fig. 7a) and fluid state (Fig. 7b). Comparing the time evolution of
the RMSD of lipid chains in a pure DPPC membrane with that of
xanthone-neighboring lipids in the xanthone-containing mem-
branes, different behaviors were observed: in the gel state the
mobility of the headgroup atoms of XA; 3 g-neighboring lipids is
lower than the mobility of the headgroup atoms of XA;-
neighboring lipids and both higher than that of pure DPPC In
the case of non-polar groups, no appreciable difference was found
amongst the different types of xanthones, but the rmsd values
were all higher than that of pure DPPC. In the fluid phase, the
headgroup atoms near XA; and XA;3¢ present similar displace-
ments between them and higher than those lipids that conform a
pure DPPC membrane. As for the displacement of nonpolar groups,
these are significantly influenced by the presence of the XA;3g¢,
since these atoms present important movements compared with
the same group of atoms neighboring XA; In this case, both
displacements resulted higher than pure DPPC’s.

In summary, the presence of XA; and XA;3g in the DPPC
membrane seems to affect it at the level of the polar groups in gel
state and within the non-polar groups in fluid state.

Positions of XA; and XA;3¢ were analyzed over time by the
different trajectories studied. It was observed that in gel state
XA136 oscillated in a lower range of depths compared to XA;; in
fluid phase a similar behavior was observed. This diffusive
movement through the membrane occurs until both XAs reach
its equilibrium positions. Fig. 8 shows the xanthones averaged
distances from the center of the membrane. The distributions of
the average distances along the Z axis of all the xanthones of the
mixed bilayers show that in fluid phase, XA, 5, ¢ and XA, both tend
to stay closer to the non-polar groups, while in the gel state, XA;3g
tends to stay closer than XA; to the surface. Comparing each
xanthone in both states it is observed that in the gel phase the
membrane tends to expel the xanthones towards the surface, being
this effect more pronounced in XA;5¢ than in XA;.

4. Discussion

Analyzing structures of the studied xanthones (Fig. 2), taking
the skeleton (XA) as a reference, it is clear that XA, is in a favorable
position for interacting with the xanthone carbonyl by H-bridge. It
can be inferred that this hydroxyl group would have low
possibilities of interacting with the lipid. In the structures XA;3
and XA 36 the 3 and 6 hydroxyl groups are far from the carbonyl,
therefore can stablish electrostatic interactions with the positively

280
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Fig. 8. Distribution of average distances along the Z axis of xanthones in both
phases (p(d)).

charged amine groups present in the choline of the polar head
region of the phospholipids.

4.1. Proposal of localization of xanthones

Zeta potential results clearly divide the effect of the molecules
studied into two groups: XA; and skeleton (XA), which both have
similar behavior than DPPC, and polyhydroxylated xanthones,
which seem to quite strongly affect surface properties of DPPC. The
latter effect, is reflected mainly during the main transition with
small zeta potential change (compared to that of XA; and XA) and
absent change of the sign. Those effects make that both phases
resemble on the liposome surface arrangement. In the presence of
XA or XA; systems exhibit zeta potential negative in fluid and
positive in gel, similar to the behavior of DPPC, while the group of
polyhydroxylated, show negative potential in both gel and fluid
state. Upon our previous work (Morini et al., 2015), the XA and XA,
would allow the change of conformation of DPPC during the phase
change, while polyhydroxylated xanthones prevent, presumably
for esteric effect, the change of direction of the polar head group,
keeping phosphate group exposed to the surface.

The temperature dependence conductivity data of the different
systems reinforce our proposal: firstly, the surface charge would be
a consequence of the conformational arrangement of the lipid and
not of the dissociation of the polar group originated by the pH of
the medium, since in our work the pH remains approximately
constant around neutrality throughout the studied temperature
range. In addition, the systems show low conductivity, slightly
higher than those of water. The behaviour of the conductivity of
these systems with the temperature is very different from that
presented with the temperature dependence of the potential zeta.
Second, the low conductivity values presented by the DPPC-XA; 3
and DPPC-XA 36 systems would confirm that the negative charge
of the DPPC phosphate group, would be compromised in the
formation of the intermolecular hydrogen bridge with the
corresponding XA, resulting in a minor electrical conduction.
According to these results, one possible configuration that may
adopt the liposome DPPC-XA; is proposed (Fig. 9a). Similar
configuration would asume the mixture DPPC-XA as it demos-
trated similar behaviour. Fig. 9b shows one plausible configuration
for the mixture DPPC-XA 5. It is noticeable that DPPC-XA; 3 and
DPPC-XA; 3 mixtures seem to have the possibility of forming H-
bond in gel phase and this would promote that XA molecule
remains ‘anchorage’ to the lipid polar groups, determining
preferential exposition of the phosphate group in solid crystalline
state.

Fig. 9b shows every possible DPPC-XA;36 H-bond and green
coloured, that related to the conductivity behaviour.

Besides in this state, the H-bond forming effect is favored by
both the closeness of the XA 5 to the surface and the temperature
of the system. This effect is not observed in the fluid state because
of the deeper location of the XA;3¢,

Results obtained from molecular dynamics support this
proposal. As it can be observed in Fig. 7, the presence of the
XA1 3¢ in the gel phase restricts the movement of the polar groups
close to the XA molecule. This effect is presumably stronger in XA
than in XA;, because the possibility of H-bond forming between
XA, 36 molecule and the lipid molecules, restricting the movement
of the polar groups. In the fluid state, the most appreciable effects
are at the level of the non-polar groups of the lipid, indicating this
place as a possible location of XAs.

Being clear that an univocal interpretation is difficult, this
hypothesis would explain the fact that the presence of xanthones
in the membrane causes a stronger effect at the level of the polar
groups in the gel phase and in the non-polar groups in the fluid
state.
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Fig. 9. a Configuration of the proposed structure for DPPC-XA;. b Configuration of the proposed structure for DPPC-XA 5.

4.2. Hydroxy-xanthones effect on membrane fluidity

The results from ZP and DSC measurements showed that in all
the DPPC-XAs liposomes, the phase transition temperature of
DPPC was shifted to a lower temperature region expressed in
Table 1. Solubilization of xanthones made the bilayer membrane
heterogeneous and the cooperation of the gel-fluid phase
transition was decreased subsequently causing the phase transi-
tion to shift to a lower temperature. Particularly, XA;3 and XA;3¢
demonstrated to be perturbing agents which conflict with the
interactions between the phospholipids acyl chains. It involves the
lowering of Teransition (Table 1) also observed in the DSC studies
(Fig. 5). Besides, the widening of the peaks of DPPC-XAs respect to
pure DPPC reflects that the addition of the dopant disrupts the lipid
cooperativity in both phases.

From the point of view of the molecular dynamics, it is observed
that the DPPC fluidity at the liquid crystalline phase, is increased
with the adding of xanthones, especially the XA; 3¢, observed in
the higher DPPC hydrocarbon groups displacement (Fig. 7a).
Conversely, in the solid crystalline phase, the increase in this

mentioned effect is due to the polar heads of DPPC, mainly caused
by the presence of XA, in the DPPC membrane (Fig. 7b).

In summary, the hydroxylated xanthone responsible for the
change of fluidity in the fluid phase is the XA; 3¢ while in the gel
phase, is the XA;.

It must be pointed out that experimental studies allowed to
analyze fluidity from the transition temperatures while molecular
dynamics let investigate fluidity changes within each particular
phase state.

5. Conclusion

Zeta potential with continuous cooling, DSC and computa-
tional simulation were used in this first study of interactions of
hydroxyl-xanthones with phospholipids membranes. This work
allowed to analize two features related to this interaccion: by one
side, the posible location of the xanthones in the membrane and,
by the other side, the fluidizing effect over the membrane, as it
have being approached from both the experimental studies and
the simulation.
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About location, the polyhydroxylated xanthones seem to
present relocalization when passing from the fluid phase to the
gel phase, while the ‘less’ hydroxylated ones would remain in the
same position.

From the DPPC membrane fluidity point of view, all the studied
xanthones increased it. The interesting fact of this work was that
polyhydroxylated xanthones presented more fluidizing effect in
the fluid phase of the DPPC while with the ‘less’ hydroxylated ones
this effect is more pronounced in the gel phase.
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