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The influence of retinol and retinoic acid, two retinoids of major interest, on lhc main gul [ Ilquld-cryslallmc phasc transition of

different phosphotipid membrances has bccn studied by mcans of diffi y. Both ds exerted
pcnurbmg cffccls on the phase of d of dipalmi h idyl ine or di i

At up to 42.5 mol% of rcunmd in the membrane, the AH was not much dffcclcd with
lcspect to the pure phosphohpld indicating a rather slight i As the jon of retinol was increased the T,

d. A fluid-phasc immiscibility was observed for the system DPPC/retinol at concentrations
betweer 0 and 33 mol%. Almost ideal phase diagrams were obtaincd for the mixture DPPE /retinol. At concentrations of 33

mol% and higher retinol was able to induce phasc ions in DFPC b but not i1 DPPE. The cffect of rclmmc acid
was much weaker, the T, and 4H remaining aimesi usalicred and cqual to thet of the pure ipid up lu of
30 mol%, at neutral pH. Retinoic acid exerted a pH-dependent effect. As the pH d d, and tt d the extent

of protonztion of retinoic acid, the perturbation of the membrance induced by this compound was less. A strong effect, bothon T,
and AH, was observed at pH 10, where the retinoic acid moicty will be mainly unprotonated and the ncgative charge will
generate repulsive forces thus destabilizing the membrane. The mixture DPPC/retinoic acid presents a region of fluid-phase

immiscibility. At low pH, when the retinoic acid moicty was fully p d, this fluid-immiscibility region ded from 0 to 36
mol% of retinoic acid, but its size decrcased with i mcrcasmg pH and at pH 10 it was only found from 0 to 3 mol%. Thesc results
arc discussed in terms of the possible retinoid/ ph tions and the di ition of the retinoid moicty in the
bilayer.
Introduction markedly different. All-trans-retinol, apart from being
a metabolic precursor of 11-cis-retinal, involved in the
Retinoids (vitamin A and ns derivatives) are essen- chanism of vision in animals, is ial for repro-
tial p ds for the mai of health in an duction while, retinoic acid is active in the promotion

organism. The term retinoids comprises a number of ot growth [1,2]. All of them are highly hydrophobic
naturally occurring compounds such as retinol, retinal compounds which preferentially partition into non-
and retinoic acid, as well as a large list of synthetic
analogs with or without biological activity. Their struc-
ture is very similar and it only differs at the polar end

(Fig. 1), however, their physiological functions are X N CHZOH
1
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polar phases. Because of its amphiphylic nature (Fig. 1)
they may display a detergent-like effect. Retinol and
retinoic acid have been shown to disrupt the mem-
branes of erythrocytes and lysosumes 3. This fact,
together with its marked hydrophobicity points to bio-
logical membrancs as one of their physiological sites of
action.

Protein kinase C activity is also modulated by
retinoics [4]. Since retinoids do not compete for the
phorbo; ester-binding site [4], it is possible that they
associate with the plasma lipids
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containing 5 pmo! of the phospholipid and the appro-
priate amount of retinoid when indicated. The organic
solvent was evaporated under a stream of dry N,, free
of 0,, at a temperature above the highest transition

of the phospholipid present in the mixture
and the last traces of solvent were removed by a
further 1-2 h evaporation under high vacuum. After
the addition of 1 ml of the appropriate buffer, multi-
lamellar liposomes were formed by mixing, using a
bench-vibrator, always k the les at a tem-

the activity of protein kinase C associated to the mem-
brane.

Scveral studies have correlated the membrane ef-
fects of retinoids and their biological activity. Further-
more, the ability of ids to fluidize b has
been correlated with their toxic effects [5,6).

Some biophysical studies hav.. dealt with the inter-
action of retinoids and model membranes. The effect
on the phase transition temperature of DMPC and
DPPC has been studied by following changes in water
permeability and liposome size [7]. EPR studies on the
interaction of retinoids and DPPC bilayers have re-
ported a retinoid-induced restriction of the lipid side-
chain motions in the lower portion of the chain [8].
NMR data indi d a large per ion of the lipid
bilayer structure induced by retinol and retinoic acid,
as well as the presence of lateral phase ions [9).

p above the highest phase transition tempera-
ture of the mixture. Three buffers were used: 0.1 mM
EDTA, 100 mM NaCl, 10 mM Hepes (pH 7.4); 0.1 mM
EDTA, 60 mM NzaCJ, 50 mM glycine-HCI (pH 3.0) and
0.1 mM EDTA, 60 mM NaCl, 50 mM glycine-NaOH
(pH 10.0). Mixing was inued until a |

and uniform suspension was ot d. The

were centrifuged at high speed in a bench microfuge,
the pellets were collected and placed into small alu-
minium pans. Pans were sealed and scanned in a
Perkin-Elmer DSC-4 calorimeter, using a reference
pan containing buffer. The heating and cooling rates
were 4 C°/min in all the experiments. The DSC instru-
ment was set at a sensitivity of 2 mcal/s. Peak areas
were d by weighing paper cut-outs of the peaks.
For the determination of the total phospholipid con-
tained in a pan, this was carefully opened, the lipid was
dissolved with chloroform/methanol (1:1, v/v) and

In the this paper we present a detailed study on the
interaction of all-trans-retinol and aii-trans-retinoic acid
with DPPC and DPPE bilayers by means of differential
scanning calorimetry. The incorporation of either
retinoid into the mcmbrane has been measured and a
limited incorporation has been observed for some mix-
tures at high concentrations of retinoids. Calorimetric
data are analyzed by constructing partial phase dia-
grams. We find that both retinol and retinoic acid
perturb the phospholipid bilayer, but each compound
has its own peculiarities.

Materials and Methods

DPPC and DPPE were from Avanti Polar Lipids,
Birmingham, AL. All-trans-retinol was obtained from
Fiuka and all-trans-retinoic acid was from Eastman-
Kodak. All the other reagents were of the highest
purity available. Water was twice-distilled in an all-glass
apparatus and deionized in a Milli-Q system from
Millipore. Retinoids were always handled in the dark
and under inert mmosphere to prevenl llght-mduccd

iti and i
were analyzed by i t aphy to moni-
tor stability and it was found that there was no appre-
ciable alteration as a consequence of the experiment.

The lipid mixtures for calorimetry

the phosphorus contents were determined using the
method of Bottcher et al. [10). The instrument was
calibrated using indium as standard.

Phase diagrams were constructed as previously de-
scribed [11). The p have been d from
the phase diagrams for the sake of simplicity.

The incorporation of retinol or retinoic acid into
i was d by n as de-
scribed before for ubiquinone or vitamin K-1 [12-14],
to remeve any id ing in the agq; phase.
The incorporation of retinol or retinoic acid into either
DPPC or DPPE liposomes was in general higher than
90% of the initial amount. Only for the mixture
DPPE /retinoic acid at pH 7.4, incorporations of 50%
were obtained for the samples containing the two high-
est concentrations of retinoic acid. In any case, in all
the following results, the depicted retinoid concentra-
tions are the actual measured concentrations in the
membrane.

Results

The samples exammed in thls work were always

prepared to give h Incorporation
of ids into the b was checked for each
sample (see Materials and Methods) and only in the

of retinoic acid with DPPE at neutral pH a

ion of chi m

were prepared by bil

limited incorporation was found. Therefore, for the
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sake of comparison, the results presented here were
obtained always for mixtures containing a retinoid mol
fraction lower than 0.5, which, on the other hand, is
the most sigaificant range from the physiological point
of view.

The DSC profiles obtained for pure DPPC and
mixtures with retinol are shown in Fig. 2. For the pure
phos; holipid a 7, for the main gel to liquid-crystalline
phase transition of 41°C is observed, this value being in
goad agreement with those reported before [15]. The
P of low icns of retinol make the
pretransivion to disappear and the main transition is
broadened and shifted to lower temperatures. Increas-
ing the ration of retinol ind a further
broadening and shift of the transition peak to lower

p The pl ining 33 and 425
mol% of retinol show a lateral phase separation, as two
well-resolved peaks are observed in the thermograms.
The presence of low concentrations (mol fraction 0.009)
of retinol produces a decrease in AH, but increasing

Smecal/°C

-

0

Tre
Fig. 2. DSC thermograms for the mixture DPPC/retinol at pH 74.
Mol% of retinol is expressed on the curves. The profiles correspond
to heating scans.

retinol concentration does not cause further changes
(Table D.

The partial phase diagram corresponding to the
DPPC/retinol system is shown in Fig. 3. The solidus
line displays a near ideal behaviour, the temperature
decreasing as the retinol mol fraction increases. A
fluid-phase immiscibility is observed, since the fluid
line keeps horizontal at a temperature value of 41°C in
a concentration range from 0 to 0.33 retinol mol frac-
tion. At kLigher ions (0.42 mol fraction) the
fluidus linc seems to start to decline.

Since retinoic acid is a carboxylic acid, its proto-
nated and unprotonated forms will be in an equilib-
rium which wil! depend on the pH of the medium. Fig.
4 shows the DSC profiles obtained for mixtures of
retinoic acid and DPPC at three different pH values.
At pH 3.0 (Fig. 4a) in the pure phospholipid thermo-
gram the pretransition is abolished and the main tran-
sition is brozdened with respect to neutrai pH, accord-
ing to previous results [16). The incorporation of in-
creasing concentrations of retinoic acid produces a
slight broad: of the tr: The AH of the
tiansiion is not changed, as can be observed in Table
1. At neutral vii the scenario is completely different
(Fig. 4b). The pretransition is affected by the presence
of small concentrations of retinoic acid, but it is still
present at 6.1 mol%. Higher concentrations completely
abolish the pretransition and the main transition is
broadened znd shifted to lower temperatures. The AH
of the main phase transition is slightly decreased (Ta-
ble 1). The effect of retinoic acid on the transition
parameters of DPPC at pH 10.0 (Fig. 4¢c), where the
retinoic acid moeity should be fully unprotonated, is
markedly more prominent than at lower pH values. It
can be scen that the pretransition already disappears
at 2.7 mol% of retinoic acid. Increasing the concentra-
tion of this retinoid gives rise to a considerable broad-
cning of the main transition, which also shifts to lower
temperatures. The enthalpy change of the main transi-
tion is now ciearly affected, decreasing to values near 5
keal /mol, as compared to 8.3 keal/mol for the pure
phospholipid.

The partial phase diagrams for the system DPPC/
retinoic acid at different pH values are shown in Fig. 5.
The main feature of these diagrams is the presence of
a fluid-phase immiscibility, comprising a retinoic acid
concentration range which depends on the pH, and
herefore on the p degree of the molecule.
At pH 20 (Fig. 5a) this fluid immiscibility region
extends over the whole concentration range studied
(up to a retinoic acid mol fraction of 0.36). The extent
of the immiscibility region dccreases as the pH in-
creases, ranging from 0 to 0.044 retinoic acid mol
fraction at pH 7.4 and from 0 to only 0.027 mol
fraction at pH 10.0 (Figs. 5b and c, respectively). The
solidus line also displays a complex behaviour. A
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Fig. 3. Partial phase diagram for the mixture of DPPC with retinol at

pH 7.4. Black circles correspond to the solidus line and open circles

to the fluidus line. F indicates a fluid phase and G a gel phase. F'

indicates that different fluid phases coexist. Dashed line separates
different regions of the diagram.
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solid-phase immiscibility is observed along a concentra-
tion range which is displaced to higher retinoic acid
concentrations as the pH is raised. Since these are
partial phase diagrams, these solid immiscibility re-
gions cannot be fully defined at pH 7.4 and 10.0.

The study of the effect of retinoids on phospholipids
was extended to cover DPPE. This phospholipid was
chosen because PE's are also of great importance in

iological b Fig. 6 ill the infl: of
retinol (Fig. 6a) and retinoic acid (Fig. 6b) at pH 7.4,
on the gel to liquid-crystalline phase transition of
DPPE. For the pure phospholipid a 7, of 63°C is
btained in good with values reported in
the literature {17]. Both compounds induce a slight
broadening and shift of the transition to lower temper-
atures. The effect on the T, shift is markedly more
prominent for retirol than for retinoic acid. No phase
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Fig. 4. DSC themograms for the mixture of DPPC and retiroic acid as a function of pH. (a} pH 3.0, (b) pH 7.4 and (¢) pH 10.0. Mol% of retinoic
is expressed on the curves. The profiles correspond tc heating scans.
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TABLE |

The enthalpy changes for the gel 1o liquid-crystalline phase transition of
mixtures of DPPZ /retinol at newtral pH and DPPC / retinoic acid at
three different pH values

X represents the actual measured mol fraction of retinoic acid in the
membrane

Smcal/eg

Retinol Retinoic acid
pH 2.0 pH 74 pH 100

X AH X AH X an X aH
[ 85 0 58 o 85 0 88
009 69 0009 63 0009 80 0009 ol
0022 71 0020 S8 0027 RO 0027 8O
0047 78 0047 64 0044 69 0045 83
0065 68 004 6.0 0061 88 0062 73
20% 70 0081 61 0085 80 0082 79
0.197 65 0.155 60 Q173 6l 0.188 62
0329 74 0261 6.1 019 75 0.311 48
0425 72 0359 67 0282 70 0406 5.2

separation is observed. interestingly, the presence of
retinoic acid decreases the AH of the transition to a
higher extent than retinol (Table I1).

In the partial phase diagrams for the mixtures of
retinol and retinoic acid with DPPE at ncutral pH,
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Fig. 5. Partial phase dingrams for mixtures of DPPC with retinoic

acid as a function of pH. Panel a, pH 3.0; panel b, pH 7.4 and panel

<, pH 10.0. Black circles correspond to the solidus line and open

circles to the finidus line. F indicates a fluid phase and G a gel

phase. F' indicates that different fluid phases coexist. Dashed lines
separate different regions of the diagram,
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Fig. 6. DSC thermograms for the mixtures of DPPE with retino!
(panel a) and retinoic acid (panel b) at pH 7.4, Mol% of retinoid is
expressed on the curves. The profiles correspond to healing scans.

shown in Figs. 7a and 7b, respectively, it is observed
that the region of coexistence of solid and fluid phases
is very narrow for concentrations up to approx. 0.1
retinoid mol fraction. The system DPPE/retinol dis-
plays a ncar ideal behaviour (Fig. 7a). The mixture of
DPPE and retinoic acid (Fig. 7b) gives rise to a phase

TABLE I

Values for the emthalpy changes (AH, keal fmol) of the gel to liquid-
erystalline phase transiton of mixtures of DPPE with all-trans-retinol
and retinoic acid at newtral pH

X represents the actual measured mol fraction of retinoid in the
membrane.

Retinol Retinoic acid

X AH X AH
" 88 0 §8
0.009 8.0 0.008 76
0.028 16 0.022 69
0.046 71 0.037 55

0.063 6.3 0.052 6.7

0.090 70 0071 60
a9 6.9 0152 6.2

0.320 88 0.180 6.0
0420 76 0300 57
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Fig. 7. Partial phase diagrams for mixtures of DPPE with retinol

(panel a) and retinoic acid (panel b) at pH 7.4. Black circles corre-

spond to the solidus line and open circles to the fluidus line. F

indicates a fluid phase and G a gel phase. Dashed lines separate
different regions of the diagram.

diagram qualitatively similar to that shown for
DPPC /retinoic acid (Fig. 5b). From our data it is not
possible to lude whether or not a fluid-phase im-
miscibility at very low retinoic acid ions is
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temperatures of the transitions allows the construction
of phase diagrams, which provide information regard-
ing the equilibrium between gel and liquid-crystalline
phases.

We will discuss first the interaction of retinol and
retinoic acid with DPPC bilayers to follow with the
effect of these retinoids on DPPE. For retinol/DPPC
systems (Fig. 2) we observe a progressive broadening of
the transition peak and a shift of the 7, to lower
temperatures (27.8°C for the sample containing 42.5
mot% retinol). These results are indicative of the stab-
lishment of a molecul>r interaction between the phos-
pholipid acyl chains and the rctinol molecule, perturb-
ing the cooperative behaviour of the phospholipid and
can be lained by the i of the retinol
molecule between the DPPC molecules. Therefore
these results are compatible with the retinol molecale
aligning itself principally with the prevailing direction
of the phospholipid acyl chains, the hydroxyl group of
retinol would be placed at the lipid/water interface
where it could form hydrogen bonding with water and
it may also establish other interactions with the polar
part of the phospholipids, These interactions will keep
the retinol molecule in the upper part of the phospho-
lipid palisade which would explain the small effect on
the enthalpy change observed (Table I). A similar
lacation for retinol in DPPC bilayers has been previ-
ously suggested on the basis of EPR [8] and NMR [9}
measurements. The latter authors found a 21°C de-
crease of the 7, of DPPC when 33 mol% of retinol
were incorporated. We find retinol, at this concentra-
tion, to decrease the T, of DPPC by as much as 11°C,
this di must be undoubtly due to the higher

taking place, as it was observed for DPPC. A solid
phase immiscibility qualitatively similar to that ob-
served for DPPC/retinoic acid (Fig. 5b) is also ob-
served here.

Discussion

The molecule of a retinoid consists of three main
sections, a lipophilic part at one end, connected via a
polyunsaturated chain as a spacer to a hydrophilic
group at the other end of the molecule. This am-
phiphylic nature makes biological membranes one of
the most likely sites of retinoids action. The aim of this
work is to provide information on the interaction of
two retinoids of major relevance, namely retinol and
retinoic acid, with lipid bilayers made of DPPC and
DPPE. We have performed the study of the interaction
of retinoids with membranes by using DSC, in order to
characterize the influence of retinoids on the ther-
motropic properties of phospholipids.

The profile of a DSC ther of a p} holipid

accuracy of DSC in determining transition tempera-
tures. At concentrations of 30 mol% and highe: a
second peak appears in the thermograms. This is at-
tributed to a lateral phase separation of a retinol-tich
domain. Nevertheless, enough retinol seems to remain
in the bulk phase so that there is a further shift of 7.
In any case both peaks corre:pond to phospholipid
organized in lamellar structures as it has been reported
that DPPC containing up to 33 mol% of retinol re-
mains in a bilayer organization [9).

In the panial phase diagram corresponding to
retinol/DPPC (Fig. 3) the fluidus line keeps horizontal
in a concentration range from 0 to 0.33 retinol mol
fraction, indicating a fluid phase immiscibility. This is
an interesting observation which has been reported
before for unsaturated fatty acids [11] and diglycerides
{18]. This type of immiscibility was predicted on the
basis of theoretical calculations for mixtures of DPPC
and anesthetics [19], where a relatively strong interac-
tion between the anesthetic was supposed, so that

tusters were formed. Our results can also be explained

phase transition is dctermined by the transition tem-
perature and the enthalpy change. Determining the

by a process of formation of retinol-rich domains when
retinol is incorporated into DPFC membranes. In the



288

region F’, DPPC and retinol-vich domains in the fluid
phase should be present. When the temperature de-
creases below 41°C the system enters a region of coex-
istence of fluid and solid phases (region G-F). When
the is further d below the solidus
line, which displ ideal beh the system
enters the G region, where a solid phase is present.
The interaction of retinoic acid with DPPC was
carried out at different pH values since this molecule
an izable group. lusion of increasing
conccntranons of retinoic acid inio DPPC bilaycrs gives
risc to a broadening of the peak and a shift of T, to
lower temperatures (Fig. 4) as well as a decrease of the
AH of the transition (Table I). These effects are pH-
dependeni, being much more pronounced at pH 10.0
where the retinoic acid moiety should be fully unproto-
nated. At variance with retinol-containing systems no
lateral phase separation is observed in retinoic acid/
DPPC mixtures. At pH 3.0 the ic acid molecute is

the best of our } it can be d to be
similar to that of unsaturated fatty acids in membranes,
with values of approx. 7.5 {21). At pH 3.0 (Fig. 5a) the
solidus line shows a bell-shape region indicative of a
gel-immiscibility along a certain range of retinoic acid
c ion. The ibll would be that
the reticular structurc formed by the DPPC molecules
below the T, wiil have a very limited capability of
les of retinoic acid.
lTonized molecules of retinoic acid seem to be more
casily accommodated in the gel phase of DPPC, since
near-ideal solidus lines are obscrved in the phase dia-
grams of Figs. 5b and 5c. This gel-immiscibility has
been reported for other systcmis iike DPPC/dig-
lycerides [18].

If the polar group of retinoids is located near the
polar headgroup region of the bilayer. one might ex-
pect retmmds 1o differently interact with different types
This is indeed the case. As shown in

ing
P!

fully protonated and this must be the reason why it has
a minor effect on 7, and AH of the phase transition,
ibly b this p d form is organized in a
different way to that of the ionized form. At pH 10.0
the molecule of retinoic acid is totally ionized, produc-
ing a spreading of the polar headgroups of DPPC as a
consequence of the strong electrostatic repulsions be-
tween the negatively charged carboxyl group of the
inoid and the neg ly d phosphate group of
the phospholipid, giving rise to the pronounced changes
observed in the transition parameters.
AI neutral pH we find retinol to perturb DPPC
more efficiently than retinoic acid, in good
agreement with previous results by NMR {S]. This
might be explained by the higher lipid solubility of
retinol due to its less polar terminal group [20]. Ac-
cording to this, retinoic acid would position also aligned
with the phospholipid acyl chains but closer to the
polar region of the phospholipid. Results by EPR (8}
are in conflict with DSC and NMR, the discrepancy
can be explained by the pcriubhation produced in the
bilayer by the spin label probe.
The partial phase di of mi i
acid with DPPC (Fig. 5) show a pH- dependent be-
haviour. Fluid-phase immiscibility is cbseived along a
retinoic acid concentration range which decreases with
increasing pH. From these diagrams it can be con-
cluded that only the proionated form of retinoic acid is
able to produce fluid-immiscibilities, this could be ex-
plain by the same rationale of domain formation given
above for retinol. The strong repulsive forces between
ionized retinoic acid molecules would prevent forma-
tion of domains at high pH. Under physiological condi-
tions (pH 7.4) only a fraction of the retinoic acid
lation should be p: d, giving rise to a very
small region of fluid-immiscibility. Although tlic pK of
retinoic acid in membranes has not been published to

hil

Flg 6 both retinol and retinoic acid perturb DPPE
bilayers to a lesser extent than DPPC bilayers.

The system DPPE /retinol corresponds to a molecule
which intercalates between the acyl chains of the phos-
pholipid, decreasing 7, (Fig. 6a) and having a negligi-
ble effect on AH (Table 11). This effect may be due to
the perturbation of the i lecular hyd bonds
present in phospholipid vesicles made of DPPE [22).
The partial phase diagram (Fig. 7a) shows near-ideal
behaviour both in the solidus and fluidus lines. The
region of coexistence of solid and fluid phases is very
narrow between 0 and 0.1 retinol mol fraction. Neither
lateral phase separation nor phase immiscibilities are
observed in this system. In this respect De Boeck and
Zidovetzki [9] reported lateral phasc separations upon
incorporation of retinol into equimolar mixtures of
DPPC and DPPE. They show a preferential interaction
of retinol with DPPE lcading to the formation of
retinol-enriched DPPE domains. Qur DSC results on
the interaction of retinol with DPPC and DPPE also
support this observaticn, since we show that while
retinol might form domains in DPPC bilayers a near-
ideal behaviour is observed for its mixtures with DPPE.

The effect of retinoic acid on the T, of DPPE (Fig.
6b) is weaker ihan that of retinol, T, hc- sz only slightly
altered. On the other hand, AH is markedly de-
creased. These observations can be explained by as-
suming that only a smail fraction of retinoic acid is
homogeneously distributed among the DPPE bilayer,
whereas most of it would be forming retinoic acid-en-
riched domains within the bilayer. In the correspond-
ing phase diagram (Fig. 7b) both the solidus and flu-
idus lines decrease with increasing concentrations of
retinoic acid. The fraction of d reti
acid present at pH 7.4, responsible for the fluid immis-
cibility observed in mixtures with DPPC, does not seem
to show here the same behaviour. Nevertheless a gel




immiscibility similar to that described and discussed
above for DPPC is abserved in this system.

To conclude, we find retinol to perturb phospho-
lipid bilayers more effectively than retinoic acid and
this is consistent with the more apolar nature of the
former, allowing retinol 1o localize deeper into the
membrane, while retinoic acid seems to position closer
to the lipid / water interface.

Retinoids interact differently with phospholipids
than free fatty acids, nevertheless it is worth mention
that there are certain anaiogies. Protonated fatty acids
and fatty alcohols of the same chain length have a
similar type of interaction with phospholipids 123} and
we are describing in this paper a qualitatively similar
behaviour for retinol and protonated retinoic acid.
However, protonated fatty acids and their correspond-
ing sodium salts behave quite differently in their inter-
actions with phospholipids [24], and we show here that
the protonated and unprotonated forms of retinoic
acid display a different interaction with DPPC bilayers.

Although retincic acid has been described to act by

julating the genetic ion of the cell {25], the
incorporation of retinoids into membranes can be of
biological relevance. It has been described that retinoic
acid may activate protein kinase C [4), acting in a way
similar to that of .phosphatidylserine [26]. This is not
surprising since also unsaturated free fatty acids are
able of doing so {2,28].

All-trans-retinol is found to be the metabolic pre-
cursor of 11-cis-retinal which is implicated in the mech-
anism of vision. The biological transformation of retinol
into retinal is carried out by the enzyme retinol dehy-
drogenase in rod outer segments of retina. This en-
zyme has been found to be bound to membranes {29}
and it has been very recently purified [30). Therefore
the disposition of retinol in membranes must be of
great importance i order to determine the control of
the enzymatic activity of retinol dehydrogenase. On the
other hand, retinol has been found to inhibit peroxida-
tion processes in membranes [31). This antioxidant
role, which could be similar to that of B-carotenes or
a-tocopherol, may be also important for the cell. Apart
from that, retinol has been also shown to inhibit the

id of arachid acid, by infl both the
and lip h [32], and
these are processes that also take place in membranes,
A much less extensive study using aiso DSC, prcvmusly
presented, reported in some aspects bekh of
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cell, It should be particularly remarked that they pres-
ent fluid-phase immiscibilities which is very relevant
given the normal fluid condition of biological mem-
branes.
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