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The effect of vitamin E, in its major form a-tocopherol and its synthetic analog a-tocopheryl acetate, on phosphatidyl-
ethanolamine lipid polymorphism has been studied by mean of differential scanning calorimetry and 3'P-nuclear
magnetic resonance techniques. From the interaction of these tocopherols with dielaidoylphosphatidylethanolamine it is
concluded that both molecules promote the formation of the hexagonal H,; phase at temperatures lower than those of
the pure phospholipid. When the tocopherols were incorporated in the saturated dimiristoylphosphatidylethanolamine,
which has been shown not to undergo bilayer to hexagonal Hy phase transition, up to 90°C, they induce the
phospholipid to partially organize in hexagonal H, phase. From our experiments it is shown that a-tocopherol is more
effective than its analog in promoting H,; phase in these systems. It is also shown that, while a-tocopheryl acetate does
not significantly perturb the gel to liquid-crystalline phase transition of dimirystoylphosphatidylethanolamine, «-
tocopherol does so and more than one peak appears in the calorimetric profile, indicating that lateral phase separations

are taking place.

Introduction

Vitamin E is known to function in vivo as an antioxi-
dant agent, preventing peroxidation of unsaturated fatty
acids present in membrane phospholipids [1]. The most
active and most abundant compound with vitamin E
activity is a-tocopherol [1]. a-Tocopherol has been
widely used, together with its synthetic derivative a-
tocopheryl acetate, in the therapy of conditions such as
sterility [2], muscular dystrophy [3], anemia [4], etc.
a-Tocopherol has also a stabilizing effect on membranes
[5], either by forming complexes with potentially toxic
unsaturated fatty acids or by restricting the molecular
mobility of the membrane components [7,8]. Although

Abbreviations: DSC, differential scanning calorimetry; PE, phospha-
tidylethanolamine; DEPE, dielaidoylphosphatidylethanolamine;
DMPE, dimyristoylphosphatidylethanolamine; Mops, morpholine-
propanesulfonic acid; T, onset temperature of the gel to liquid-crys-
talline phase transition. 7, midpoint temperature of the gel to
liquid-crystalline phase transition. Ty, onset temperature of the lamel-
lar to hexagonal H,, phase transition.
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the biological function of a-tocopherol is well known,
the knowledge of the molecular mechanism of its action
is rather limited.

In order to better understand the function of a-

‘tocopherol at the molecular level, it is important to

study its interaction with membrane components, and
specifically with lipids. A number of physical techniques,
including différential scanning calorimetry [9-12], elec-
tron spin resonance [13,14], nuclear magnetic resonance
[12,15], fluorescence [16-18] and Fourier transform in-
frared spectroscopy [10] has been used to ascertain the
location of a-tocopherol in the membrane and its inter-
action with phospholipids. These studies concluded that
a-tocopherol has its phenolic group located near the
polar moiety of the lipid matrix and that increasing
concentrations of a-tocopherol progressively broaden
the temperature range of the gel to liquid-crystalline
phase transition. In bilayers of fully saturated phos-
phatidylcholines, a-tocopherol lowers the onset temper-
ature and reduces the enthalpy of the phase transition.
It has been shown that when incorporated in model
membranes with different phospholipid composition,
a-tocopherol preferentially partitions into the most fluid
domain [11]. Recently, it has been also shown by using
the intrinsic fluorescence of the molecule that the chro-
manol moiety of a-tocopherol is located in a position

0005-2736 /90,/%03.50 © 1990 Elsevier Science Publishers B.V. (Biomedical Division)



close to that occupied by the probes 7-AS and 5-NS in
the membrane and that a-tocopherol has a very high
lateral diffusion [19].

It is widely known that dispersions of individual or
mixtures of phospholipids of biological origin or syn-
thetic ones can adopt several structures, including the
micellar phase, the familiar bilayer phase, the hexagonal
H,; phase and lipidic particles [20]. The ability of lipids
to adopt these different liquid-crystalline structures is
known as ‘lipid polymorphism’. These non-bilayer
structures can greatly affect the functional behaviour of
the membrane [21]. They might be intermediates in
vesicle fusion, they appear to be involved in lipid flip-
flop, and might act as carriers for polar compounds.
Since lipid polymorphism has such potentially bio-
logical importance, it must be interesting to check
whether a-tocopherol, which is a very important mem-
brane component, may modulate the lipid polymor-
phism. To our knowledge, no attempt has been made to
characterize the possible effect of a-tocopherol on the
macroscopic organization of phospholipids.

It is the aim of this work to study the effect of
vitamin E (a-tocopherol and its analog a-tocopheryl
acetate) on lipid polymorphism. We chose phospha-
tidylethanolamine (PE) as a phospholipid model system,
since PE is the major phospholipid of eukariotic sys-
tems which spontaneously adopts H; phase in the
presence of excess aqueous buffer at physiological tem-
peratures. We have used an unsaturated PE (di-
elaidoylphosphatidylethanolamine, DEPE) and a
saturated one (dimiristoylphosphatidylethanolamine,
DMPE). The interaction between vitamin E and these
PE systems was studied by using DSC and *'P-NMR
techniques, the major finding being that vitamin E is a
strong hexagonal H;-phase-promoting agent in the sys-
tems under study.

Materials and Methods

a-Tocopherol, a-tocopheryl acetate and D,0 (98%)
were obtained from Sigma (Poole, Dorset, UK). 1,2-
Dielaidoyl-sn-glycero-3-phosphoethanolamine (DEPE)
and 1,2-dimiristoyl-sn-glycero-3-phosphoethanolamine
(DMPE) were obtained from Avanti Polar Lipids,
Birmingham, AL, USA, and judged chromatographi-
cally pure by the use of HPTLC. All other compounds
were of analytical grade.

Differential scanning calorimetry (DSC)

Samples of 3 pmol of DEPE or DMPE and the
appropriate amount of a-tocopherol or a-tocopheryl
acetate in chloroform were dried under a stream of N,
and stored overnight under vacuum to remove the last
traces of solvent. The samples were kept for 30 min at
50°C to hydrate the phospholipid and then were dis-
persed in 1 ml of 0.1 mM EDTA, 10 mM Mops, 100
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mM NaCl buffer (pH 7.4) at the same temperature.
Subsequently the samples were spun for 30 min at 5000
rpm. The pellet was then carefully transferred to a small
aluminium pan, and measured in a Perkin-Elmer DSC-4
calorimeter using a reference pan containing buffer. The
instrument was calibrated using indium as standard.
The samples were scanned with a heating rate of 4
C°/min (occasionally a 0.5 C°/min rate was used,
giving no better resolution of the thermograms). The
range of temperatures studied was from 20°C to 80°C.
Successive scans yielded identical thermograms, the sec-
ond scan was usually used for transition enthalpy calcu-
lations. Peak areas were measured by weighing paper
cut-outs of the peaks. After the measurements the pans
were opened and the samples were dissolved in chloro-
form/methanol (1:1, v/v). After subsequent perchloric
acid hydrolysis, the amount of phospholipid originally
present in the sample was determined by the method of
Bartlett [22].

*'P-.NMR

60 pmol of DEPE or DMPE and the appropriate
amount of a-tocopherol or a-tocopheryl acetate were
mixed in a final volume of 300 pl of chloroform in a
small tube (5 cm length, 8 mm outer diameter) and
evaporated to dryness under a stream of N,, followed
by overnight storage under vacuum to remove last traces
of solvent. 60 pl of buffer (0.1 mM EDTA/10 mM
Mops,/100 mM NaCl (pH 7.4)) was added to the ob-
tained lipid film. The samples were kept for 60 min at
55°C to hydrate the phospholipid. The samples were
centrifuged during 60 min at 5000 rpm to settle the
hydrated lipid at the bottom of the tube. The tube was
then put inside a conventional 10 mm NMR tube with
external D,0. 'P-NMR spectra were recorded in the
Fourier transform mode on a Bruker CXP300 spec-
trometer (121.46 MHz) equipped with an Aspect 3000
computer. Temperature was controlled to +0.5°C with
a standard Bruker B-VT-1000 variable temperature con-
trol unit. All chemical shift values are quoted in part
per million (ppm) from pure lysophosphatidylcholine
micelles (0 ppm), positive values referring to low-field
shifts. All spectra were obtained in the presence of a
gated broad-band decoupling (4 W input power during
acquisition time) and accumulated free induction de-
cays were obtained from up to 4000 transients. A spec-
tral width of 50 kHz, a memory of 16K data points, a
0.2 s interpulse time and a 80° radio frequency pulse,
were used. Prior to Fourier transformation an exponen-
tial multiplication was applied resulting in a 100 Hz line
broadening. After the 3’ P-NMR measurements had been
carried out, pure phospholipid samples were transferred
to aluminium pans and scanned by DSC as a purity
criterion to check for potential lipid degradation during
the experiments. The obtained thermograms were iden-
tical to those found for the pure phospholipids before
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Fig. 1. The DSC thermograms for systems containing pure DEPE, DEPE/a-tocopherol (A) and DEPE/a-tocopheryl acetate (B). Molar
percentages of tocopherols in DEPE are indicated on the curves. The curves were normalized for the same amount of phospholipid in each case.

the *P-NMR measurements, thus indicating that no
lipid alterations were produced during the experiments.

Results

Interaction between tocopherols and DEPE

The structural effect of incorporating different
amounts of a-tocopherol and its analog a-tocopheryl
acetate on DEPE was studied by means of DSC and
3'P.NMR. We first studied the effect of vitamin E on
the thermotropic phase transitions of DEPE. Fig. 1
shows the calorimetric profile of pure DEPE and mix-
tures of DEPE /a-tocopherol (Fig. 1A), and DEPE /a-
tocopheryl acetate (Fig. 1B). Aqueous dispersions of
DEPE can undergo a gel to liquid-crystalline phase
transition in the lamellar phase and in addition a lamel-
lar liquid-crystalline to hexagonal H;, phase transition
[23]. This is shown in the thermogram of pure DEPE
dispersed in buffer (Fig. 1, upper part). The gel to
liquid-crystalline phase transition occurs around (37 +
0.5)°C and the bilayer to hexagonal transition occurs
around (634 1)°C in agreement with previous data
[23], the latter has a much smaller transition enthalpy
due to the fluid character of both the lamellar and the
hexagonal H,, phase [24]. The effect of increasing con-
centrations of a-tocopherol on DEPE transitions is
depicted in Fig. 1A, and it can be seen that the gel to
liquid-crystalline chain-melting transition profile is not
visibly affected. The effect of a-tocopherol on the bi-
layer to H;; phase transition is more pronounced. Incor-
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Fig. 2. (A) Changes in the midpoint temperature (T,,) of the gel to
liquid-crystalline phase transition ( ) and in the onset tempera-

ture (7y) of the lamellar to H,, phase transition (— — —). (B)
Changes in total enthalpy of the gel to liquid-crystalline ( ) and
bilayer to H,; phase transition (— — —) for DEPE containing a-

tocopherol (O) or a-tocopheryl acetate (W) systems.



poration of increasing amounts of the molecule results
in a shift of the transition to lower temperatures, and
simultaneously, a decrease in area and a broadening of
the transition is observed. The comparative effect of
a-tocopheryl acetate is shown in Fig. 1B. The effect on
the bilayer to H, phase transition is quite similar to
that described above for a-tocopherol. The gel to
liquid-crystalline transition profile is not affected.

Fig. 2A shows the effect of tocopherols on the gel to
liquid-crystalline and bilayer to hexagonal phase transi-
tion temperatures of DEPE. For the sharp gel to
liquid-crystalline transition, the midpoint temperature
(T) is shown, and for the broad bilayer to hexagonal
transition, the onset temperature (7Ty) is shown. Both
analogs behave in the same manner respect to the
transition temperatures, no significant effect is found
on the gel to liquid-crystalline transition temperature
with respect to the pure phospholipid. However, the
effect on the bilayer to hexagonal transition tempera-
ture is clear, a proportional decrease is observed as the
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tocopherol content increases in the system (actually the
transition in the samples with the highest concentration
of tocopherols is so broad that it is difficult to calculate
the Ty). The effect of tocopherols on the enthalpy of
the thermotropic transitions of DEPE is shown in Fig.
2B. For pure DEPE the enthalpies for both transitions
were estimated to be 8.3 + 0.6 kcal /mol for the gel to
liquid-crystalline transition and 0.7 4+ 0.1 kcal /mol for
the bilayer to H;; phase transition, in agreement with
previous data [23,25]. The presence of a-tocopherol
produces a small decrease of the gel to liquid-crystalline
transition enthalpy (to 6.9 kcal /mol for the sample with
the highest concentration of a-tocopherol), while a-
tocopheryl acetate lacks this effect. Both analogs have
the same effect on the bilayer to H,; transition en-
thalpy, producing a steepening decrease in the enthalpy.

The effect of tocopherols on the bilayer to H;; phase
transition was further investigated by means of *!P-
NMR. DEPE when organized in bilayer structures give
rise to an asymmetrical *'P-NMR lineshape with a
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Fig. 3. ' P-NMR spectra of pure DEPE (A) and DEPE containing 10 mol% of a-tocopherol (B) or 10 mol% of a-tocopheryl acetate (C) at different
temperatures. The spectra were normalized to the same signal height.
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high-field peak and a low-field shoulder [26] and a Ac
(measured as 3-times the chemical shift difference be-
tween the high-field peak and the position of isotropi-
cally moving lipid molecules) of approx. 40 ppm, in
agreement with previous data [26-28] characteristic of
an axially symmetrical shift tensor (Fig. 3A). In the gel
state the lineshape is broadened, possibly due to in-
creased ("H-*'P) dipolar interactions [29]. In the Hj,
phase, due to rapid lateral diffusion of the phospholipid
around the tubes of which this phase is composed, the
chemical shift anisotropy is further averaged resulting
in a lineshape with a reverse asymmetry, i.e., a high-field
shoulder and a low-field peak, with a 2-fold reduction
in absolute value of Ae [30,31]. When tocopherols were
incorporated into DEPE systems the characteristic spec-
trum corresponding to the hexagonal H;, phase ap-
peared at temperatures lower than that of the pure
phospholipid (Fig. 3). It is clearly shown that at 55°C,
whereas the phospholipid is organized in extended bi-
layer structures (Fig. 3A), after the addition of a-
tocopherol (Fig. 3B) and a-tocopheryl acetate (Fig. 3C)
all the phospholipid is organized in hexagonal H;; phase.
a-Tocopherol give rise to the appearance of hexagonal
H;, phase at temperatures (20°C) at which the pure
phospholipid is organized in the gel bilayer state (Fig.
3B). When the phospholipid is in the gel state, a-
tocopheryl acetate gives rise to a spectral component
with resonance position at 0 ppm, indicating that the
spectrum originating from the DEPE in the gel state is
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partially replaced, in the presence of a-tocopheryl
acetate, by a spectrum characteristic of phospholipid
molecules undergoing a rapid motion that leads to a
nearly complete averaging of the chemical shift ani-
sotropy.

Interaction between tocopherols and DMPE

The effect of tocopherols on the thermotropic phase
transition of DMPE is shown in Fig. 4. Pure DMPE
shows only a major endotherm corresponding to the gel
to liquid-crystalline bilayer transition and at difference
with DEPE, DMPE does not show a bilayer to Hy
hexagonal phase transition in the range of temperature
under study (higher temperatures are difficult to study
because the samples are dispersed in aqueous buffer). It
was previously reported that DMPE does not present a
lamellar to H;; phase transition at temperatures below
90°C [32].

The presence of a-tocopherol in DMPE systems pro-
duces a rather complex calorimetric profile (Fig. 4A),
showing three peaks already at 5 mol% whereas at 20
mol% only two peaks remained. This effect is quite
similar to that produced by a-tocopherol on di-
palmitoylphosphatidylethanolamine systems as reported
before {11]. The effect of a-tocopheryl acetate (Fig. 4B)
on DMPE as seen by calorimetry is completely different
from that shown above for a-tocopherol. a-Tocopheryl
acetate does not significantly perturb the gel to liquid-
crystalline transition profile. Surprisingly, a second and
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Fig. 4. The DSC thermograms for systems containing pure DMPE, DMPE/a-tocopherol (A) and DMPE /a-tocopheryl acetate (B) The right hand
part of the thermograms was recorded at double the sensitivity of left one). Molar percentages of tocopherols in DMPE are indicated on the curves.
The curves were normalized for the same amount of phospholipid in each case.
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Fig. 5. Changes in midpoint transition temperature, T,,, (A) and total
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liquid-crystalline phase transition for DMPE containing a-tocopherol
(©) or a-tocopheryl acetate (M) systems.

very low energy endotherm is detected at higher temper-
atures, even at 10 mol% of a-tocopheryl acetate. The
nature of this second endotherm cannot be discerned
from these calorimetric measurements (see below).

Fig. 5A shows the midpoint temperature (7},,) of the
gel to liquid-crystalline phase transition for pure DMPE
and different DMPE/vitamin E analog systems. It can
be seen that, while a-tocopherol produces a decrease of
the main transition peak together with the appearance
of two new peaks located at approx. (44 + 0.2)°C and
(41 £ 0.1)° C, respectively, the presence of a-tocopheryl
acetate has only a slight effect on the transition temper-
ature, since after an initial decrease of approx. 2°C
(from (50 + 0.5)°C for pure DMPE to 48.2°C for 2
mol% of a-tocopheryl acetate) no further changes are
observed. Fig. 5B shows the enthalpy of the gel to
liquid-crystalline transition for different DMPE/
tocopherols calculated as the sum of the three different
peaks (AH for pure DMPE was estimated to be of
6.4 + 0.5 kcal /mol). It can be seen that increasing a-
tocopherol concentration in the system produces a pro-
gressive decrease in the enthalpy of the transition, and
that a-tocopheryl acetate has no effect on the enthalpy
of this transition (no attempt has been made to calcu-
late the enthalpy of the second endotherm present in
the samples with a-tocopheryl acetate due to its very
low energy content).
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IP.NMR was next used to gain insight into the
macroscopic organization which takes place in these
systems. The *'P-NMR spectrum of pure DMPE vesicles
is shown in Fig. 6A, the familiar asymmetrical lineshape
is observed at all temperatures studied indicating that
the phospholipid is organized in extended bilayers. The
gel to liquid-crystalline transition is evidenced by a
decrease in the width of the spectrum and no H;; phase
transition is detected in the range of temperatures under
study. The presence of a-tocopherol (Fig. 6B) gives rise
to a new spectral component located at the position
characteristic of phospholipid organized in hexagonal
H;; phase superimposed to a major bilayer signal, which
indicates that part of the DMPE molecules, which pre-
ferred to organize in bilayer when dispersed alone, are
organized in H;; phase in presence of a-tocopherol. It
can be seen that a-tocopherol induces the appearance
of hexagonal H;; phase at all temperatures studied
except at 30°C, at which an isotropic signal is observed.
The results shown above offer an explanation for the
pattern found in the calorimetric profiles of these sam-
ples where it was not detected any endotherm at tem-
peratures higher than those at which pure DMPE un-
dergo its gel to liquid-crystalline phase transition. The
explanation is that some DMPE molecules (most prob-
ably those interacting with a-tocopherol) undergo a
lamellar to H;; phase transition in the same range of
temperatures in which the rest of DMPE undergo its gel
to liquid-crystalline phase transition.

The effect of a-tocopheryl acetate on DMPE is dif-
ferent from that of a-tocopherol (Fig. 6C), since no
changes in the *'P-NMR lineshape are observed at
temperatures below the gel to liquid-crystalline transi-
tion temperature but, at temperatures above this transi-
tion (70°C in Fig. 6C) part of the DMPE molecules are
organized in hexagonal H;;, phase. This agrees with the
DSC thermograms of these samples and indicates that
the small endotherm detected at higher temperatures
(about 65°C) corresponds to a lamellar to H,; phase
transition of part of the DMPE molecules which is
influenced by the presence of a-tococopheryl acetate.

Discussion

In this study, the effect of vitamin E on the macro-
scopic organization of two different phosphatidyl-
ethanolamines has been investigated using a-tocopherol
and its analog a-tocopheryl acetate.

Temperature is an important experimental parameter
which determines the macroscopic structure of hydrated
membrane lipids. Temperature-dependent bilayer to
hexagonal H;, phase transitions have been observed in
a large variety of both synthetic and natural PE’s [21].
The bilayer to H,; phase transition depends strongly on
the fatty acid composition of the lipid. Increasing un-
saturation results in decreased bilayer to H;; transition
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Fig. 6. ' P-NMR spectra of pure DMPE (A) and DMPE containing 10 mol% a-tocopherol (B) or 10 mol% of a-tocopheryl acetate (C) at different
temperatures. The spectra were normalized to the same signal height.

temperatures. We have used in this study an un-
saturated PE such as DEPE, whose bilayer to Hy
transition has been thoroughly characterized [32,33],
and a saturated PE such as DMPE, which has been
shown not to undergo bilayer to H,; transition up to
90°C [32].

We first discuss the effect of tocopherols on DEPE
systems. From our calorimetric experiments it is con-
cluded that both analogs have almost no effect on the
gel to liquid-crystalline phase transition of the phospho-
lipid, at least in the range of concentrations studied
here. The effect of tocopherols on the bilayer to Hy,
phase transition is more pronounced. Incorporation of
increasing amounts of both molecules results in a pro-
gressive decrease of both transition temperature and
enthalpy. It can be interpreted that upon a-tocopherol
or a-tocopheryl acetate incorporation, part of the DEPE
molecules, most likely those interacting with tocopherols,
give rise to a broad bilayer to Hj phase transition

which is shifted to lower temperatures and which can-
not be detected in the thermograms due to its width and
low energy content. The remainder of the DEPE mole-
cules still shows a slightly perturbed transition. Upon
increasing the tocopherol content, the fraction of unper-
turbed DEPE molecules decreases, so that the enthalpy
of the detectable transition decreases, and eventually
only a very broad bilayer to H; phase transition is
present, which even starts below the temperature at
which the pure phospholipid undergoes its gel to
liquid-crystalline phase transition. This interpretation
was confirmed by our 3'P-NMR experiments which
showed that the bilayer to H transition of DEPE
molecules is shifted to lower temperatures in the pres-
ence of tocopherols; a fraction of the DEPE molecules
organize themselves in Hj; structures even below the gel
to liquid-crystalline phase transition temperature of pure
DEPE. In the presence of a-tocopheryl acetate and
below the gel to liquid-crystalline transition tempera-



ture, the signal arising from a fraction of the DEPE
molecules is isotropic. Mixtures of bilayer and H-pre-
ferring lipid species [30] can exhibit isotropic *'P-NMR
signals. Such a signal is commonly observed in lipid
systems intermediate between lamellar and Hy, config-
uration and indicates the presence of structures in which
isotropic motional averaging occurs. In our case it could
indicate that in a system composed by DEPE molecules
in the gel state, those molecules interacting with a-
tocopheryl acetate organize themselves in an inter-
mediate isotropic state which upon increasing tempera-
ture will adopt the H;; hexagonal organization.

We would like now to consider the effect of
tocopherols on DMPE systems. From our calorimetric
experiments it can be suggested that the effect of a-
tocopherol on the gel to liquid-crystalline phase transi-
tion of DMPE is stronger and different from that of
a-tocopheryl acetate. While a-tocopheryl acetate does
not significantly affect this transition, the presence of
a-tocopherol produces the appearance of several transi-
tion peaks. The same effect has been described for
a-tocopherol on other saturated PE’s [11] and it was
interpreted that a-tocopherol does not give a good
mixing with those PE’s and lateral phase separation
occurs, probably producing phases with different con-
tents in a-tocopherol and phospholipid, so that the
transition temperature will be lower as more a-
tocopherol is present in each particular phase, leading
to the appearance of the different peaks observed.

From our *'P-NMR experiments we can gain insight
into the effect of tocopherols on the macroscopic
organization of DMPE. The most important finding is
that, while this phospholipid organizes itself in bilayer
structures at all temperatures studied, in the presence of
tocopherols a fraction of DMPE molecules forms the
hexagonal H;, phase. The presence of a-tocopheryl
acetate produces a H;; phase but only well above the
gel to liquid-crystalline phase transition. This correlates
well with our calorimetric studies, as we detected a
small endotherm peak at higher temperatures, this new
endotherm corresponding to the bilayer to H;; phase
transition. However, the effect of a-tocopherol is more
pronounced, since it produces the hexagonal H;; phase
at lower temperatures. It can be seen that when DMPE
is in the gel state in the presence of a-tocopherol an
intermediate isotropic state is found. It can be con-
cluded that in the presence of a-tocopherol the bilayer
to H;, phase transition of a fraction of DMPE mole-
cules takes place at the same temperatures as those at
which pure phospholipid undergoes its gel to liquid-
crystalline phase transition.

The results of the present investigation demonstrate
the ability of tocopherols to induce H,; hexagonal phase
formation in DEPE and DMPE systems and that this
ability is greater for a-tocopherol that for a-tocopheryl
acetate, the former being also more effective in perturb-
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ing the gel to liquid-crystalline phase transition of these
phospholipids.

The capacity of hydrated liquid-crystalline lipid to
adopt different structures according to acyl chain or
headgroup composition has been thoroughly studied.
These studies have given support to the hypothesis that
a generalized ‘shape’ property of lipids determined the
phase structure adopted [34] and a shape or packing
parameter, S, has been characterized [35] being S =
v/a,l, where v is the hydrophobic volume per mole-
cule, a, is the ‘optimum’ area per headgroup at the
lipid / water interface, and /, is the length of the hydro-
carbon chain. Phosphatidylethanolamines have a
smaller, less hydrated headgroup than phosphati-
dylcholines, and this together with the possibility of
forming intermolecular hydrogen bonding would reduce
the area per molecule in the head group region, this
leading to a cone-shaped molecule, where S > 1, having
shape properties compatible with inverted structures
such as H; phase. The inclusion of lipidic molecules
such as tocopherols in the PE system will perturb the
lipid matrix increasing the acyl chain motion which may
be considered to increase the hydrophobic volume, v,
and thus giving an average greater value for the shape
parameter, S, and in this way facilitating the formation
of the hexagonal structures by PE.

The hydroxyl group of a-tocopherol will allow this
molecule to be positioned in the bilayer so that the van
der Waal’s interactions with the acyl chains of the
phospholipid can be maximized. This would explain
why a-tocopherol produced a stronger effect on PE
when comparing to a-tocopheryl acetate, since a-
tocopheryl acetate has its hydroxyl group blocked by
the acetyl group and in doing so, it may not induce so
strong a perturbation to the phospholipid structure. A
stronger effect for a-tocopherol comparing to a-
tocopheryl acetate on phosphatidylcholine system has
also been reported [10]. It has been shown that a-
tocopherol, but not a-tocopheryl acetate, may prevent
the peroxidation of phospholipid in liposomes [36] and
it is also well known that a-tocopherol has a biological
activity different from some of its analogs.

In addition to its well-known antioxidant functions
[37], vitamin E has been implicated in a series of
membrane processes. It has been shown that vitamin E
has fusogenic activity on erythrocytes {38] and inhibits
platelet aggregation [39,40]. A correlation between
erythrocyte fusion phenomena and structural variations
in the bilayer organization has also been suggested [41].
It has been shown very recently that vitamin E inhibits
protein kinase C activity and a role for a-tocopherol in
regulating the activity of this enzyme has been sug-
gested [42]. On the other hand, there are observations
correlating liposome fusion kinetics and lipid phase
behaviour [43] and also protein kinase activity corre-
lates with the presence of non-bilayer lipid phases [44].
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Taking all these observations together, it may be specu-
lated that the influence of vitamin E on lipid polymor-
phism described in this paper has significance for the
mechanism of action by which vitamin E exerts its
activity.
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