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ABSTRACT The ultraviolet absorbance and cireular dichroism (CD) spectra of lecithin
reverse micelles and gels were investigated in order to establish whether the formation of these
noncovalent macromolecular aggregates, which was induced by the addition of water to
solutions of lecithin in organic solvents, was accompanied by specific spectroscopic changes.
Systems containing the synthetic short-chain lecithins, 1,2-hexanoyl,, 1,2-diheptanoyl-, 1,2-
dioctanoyl-, and 1,2-dinonanoyl-sn-glycero-3-phosphatidylcholines were used as models for the
long-chain lecithins, soybean phesphatidylcholine and palmitoyl-oleoyl-phosphatidylcholine,
All the molecules studied had asymmetric centres, formed reverse micelles under appropriate
conditions, and, while both the long-chain lecithins also formed gels, none of the short-chain
molecules did. As well as having CD spectra that were simpler to interpret, spectroscopic
observations on solutions of the short-chain lecithins could be carried out over a large water
content range. The ester chromophore of these compounds was shown to be highly sensitive
to variation in both the solvent environment and the temperatire, and components of hoth
direct solvent effects and conformational change upon the addition of water were detected in
the spectra.

The spectra of the longer chain lecithing were complicated by the presence of double bonds
although, here again, it was found that significant changes occurred as the water content
increased, as monitored by the ester chromophore, However, 1o specific effect that could be
ascribed to gelation alone was detected.

The overall picture that emerged was that the ester chromophore of anhydrous micelles gave
rise to a specific negative band in the CD spectrum (A, = 210 nm) whereas a positive CD
signal (., = 233 nm) was associated with the same chromophore in filled (ie, hydrated)
micelles. The two signals correspond to two different conformational states of the lecithin
molecule, the hydrated state being not only more conformationally restricted but also provid-
ing a less polar environment for the ester groups, while the addition of water to the system
shifts the conformational equilibrium. These observations have been interpreted as showing
that only a limited range of lecithin conformation is compatible with the formation of the
micellar structure and that it is this constraint, together with those introduced by the overall
geometry of the aggregated state, that gives rise to the changes observed in the CD spectrum,
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INTRODUCTION

In the last few years our interest in surfactant aggregation
in organic solvents has shifted toward biosurfactants in gen-
eral and lecithin in particular, 8

There are several reasons for this. In addition to the hiologi-
cal importance of phospholipids, the use of biosurfactants, com-
bined with biocompatible solvents wherever possible, allows
the formulation of more suitable systems for biomedical ap-
plications. Furthermore, since proteins solubilized in reverse
micelles are used as model systems that mimic biological mem-
branes, the use of phospholipid surfactants, which are certainly
closer to the natural systems than sulfosuccinates and similar
synthetic compounds, would seem to be advantageous,

Systems involving lecithin dissolved in organic solvents are
also able to form microemulsion gels, a property of growing
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mterest (that has been reviewed recently 7), as are the properties
of organogels in general. 24#1% The main component of an
organogel is an organic solvent, whereas the prerequisite struc-
ture in solution for gelation in microemulsion gels is a water-in-
0i} microemulsion or reverse micelle.

In the case of lecithin gels, gelation is induced by the addi-
tion of water, usually in a stoichiometric amount with respect
to the surfactant, to a solution of the lecithin in an organic
solvent. The relative amount of water present is normally ex-
pressed as the quantity w,, which is given by the molar ratio,
i, =[H; O)/[lecithin]. For the 70 or so solvents investigated to
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date,? w0, has been in the range 2 to 10. Lecithin gels have been
characterized by rheology and NMR measurements, >5 and par-
ticular attention has been focused on the elucidation of solution
structure, as it is far from obvious how lecithin, which is a low
molecular weight compound, can form gels with viscosities of
up to 10,000 poise. This problem has partially been solved by
a combination of small angle neutron scattering (SANS) and
light scattering techniques® which have shown that addition of
water to the small lecithin reverse micelles present in organic
solvents induces monodimensionat growth into long cylindri-
ca} aggregates; above a critical volume fraction of lecithin,
these rods become entangled with each other, forming a dy-
namic network of high viscosity. Biocompatible lecithin gels
are now under investigation as carriers for transdermal trans-
port and also as novel microenvironments for proteins that
may mimic the situation encountered by a protein when bound
to a membrane.

Lecithin is a chiral compound, and this paper is devoted
primarily to the chiroptical properties of lecithin reverse mi-
celles, The main ohjective of this study is to assess whether,
and to what extent, the formation of lecithin aggregates is
accompanied by the appearance of specific spectroscopic sig-
nals such as novel absorbance bands and/or by the perturba-
tion of existing chromophores. It is well known that the ordered
association of chromophores in a macromolecular structure can
give rise to novel absorbance features but, despite some inter-
est devoted to chiral surfactants, 118 no such phenomena have
been reported for reverse micellar systems. We will show, how-
ever, that, in the case of lecithin, absorbance phenomena, con-
nected with the formation of both the reverse micellar and the
gel structure, can indeed be observed and that this appears to
be a general property of lecithins.

The experimental approach taken has been to characterize
the chiroptical properties of the synthetic short-chain lecithins
1,2-hexanoyl-, 1,2-diheptanoyl, 1,2-dioctanioyl,, and 1,2-dino-
nanoyl-sn-glycero-3-phosphatidylcholines (abbreviated here as
Cs-, Cy-, Cg-, and Cgy-lecithin, respectively) and the synthetic
long-chain  lecithin  palmitoyl-oleoyl-phosphatidylcholine
(POPC). The results of these experiments are then compared
with those obtained on a chromatographically purified, natu-
rally occurring soybean lecithin (PCCP).

Qualitatively similar observations have been made on chiral
AOT analogues that have the property of forming reverse
micelles (but do not gelate)'? and the spectroscopic behaviour
of lecithin reverse micelles and gels containing guest molecules
will be reported in a subsequent paper.

MATERIALS AND METHODS

The soybean lecithin Epikuron 200 was purchased from
Lucas Meyer, Hamburg, Germany, and following chromato-
graphic purification (see methods section) was designated
PCCP (phosphatidylcholine chromatographically purified). 1-
Palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine  (POPC)
was from Bachem AG, Bubendorf, Switzerland and the syn-
thetic short chain lecithing 1,2-hexanoyi-, 1,2-diheptanoyl-, 1,2-
dioctanoyl-, and 1,2-dinonanoyl-s#-glycero-3-phosphatidylcho-
lines were obtained from Avanti Polar Lipids, Inc., Pelham,
AL.

All other materials and solvents were from Fluka and were
of the highest purity available.
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Thin-Layer Chromatography (T1.C)

Lecithin purity and composition were checked by thin-layer
chromatography on silica gel plates {Kieselgel 60 I-254; Merck,
Darmstadt, FRG) developed with chloroform/methanol/water
(65:25:4 v/v/v} and stained with iodine.

Preparative Flash Chromatography

In a typical purification procedure, 10 g of commercially
supplied soybean lecithin was applied to a silica gel flash-
chromatography column {Kieselgel 60, 230-400 mesh, 50x 4
cm ASTM; Merck) and eluted with chloroform/methanol/water
(65:25:4 v/v/v) with a flow rate of 2 ml/min, 20 ml fractions
being collected.

Preparation of Microemulsion Lecithin Gels

A 100200 mM lecithin solution was prepared by dissolving
the required amount of lecithin in the organic solvent, with
stirring, at room femperature. Some of the solutions obtained
were clear while others were cloudy, the latter, however,
becoming clear upon heating at 45°C for 10-20 min. Gels were
prepared from these solutions by adding (in one step} the ap-
propriate amount of water (see Table 1) with vigorous mechani-
cal stirring. The time required for gelation depended on the
solvent used, and varied from a few seconds (in the case of
cetearyl octanoate) to 3040 min (in the case of cyclohexane or
isooctane).

Spectroscopic Measuremenis

1JV absorption measurements were carried out on cither a
Hewlett Packard 8452A UV/VIS diode-array or a Perkin-Elmer
Lambda 9 spectrophotometer. Circular dichroism spectra were
recorded with a Jasco J-600 spectropolarimeter interfaced with
an IBM AT computer, using a cylindrical 0.05 cm pathlength
quartz cell and a demountable quartz celi of .01 cm path-
length. Nine to 16 CI) spectra in the 260 to 190 nm region were
accumulated and, after subtraction of the solvent blank, data
were stored at a resolution of 0.2 nm. The scan speed was 20
nm/min, time constant 1 sec, band width 1 nm, and the sensi-
tivity range was 20 to — 20 mdeg or 50 to — 50 mdeg. Al UV
and CD measurements were performed at 22 + 0.2°C, if not
otherwise specified. In no case did the total absorbance of any
sample exceed 1.5 absorbance units at any wavelength in the
CD spectra reported. Error bars represent noise-to-noise limits
at the relevant wavelength.

RESULTS

The spectroscopic observations reported here arise from two
types of chromophore. All the compounds studied contain the
ester chromophore which has an environmentally sensitive
n—* transition (Ap., = 204 nm for model compounds in
water®). In addition POPC and PCCP have olefinic double
bonds which contribute a m-»n* transition to the spectrum at
wavelengths of 200 nm and lower, depending on their number
and position. The absorbance spectra of the latter two com-
pounds will, therefore, be characterized by components of both
transitions, the stronger being the m—m*.

All these compounds are optically active and CD signals
associated with the absorbance bands can be expected.?* The
position of spectral bands in the CD spectrum and their inten-
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sity will be related to the conformational environment of the
chromophore and will be dependent on their interaction with
the surroundings and, possibly, on interactions between chrom-
photes. The nature of the solvent environment is important and
may exert a direct influence on the spectrum, reflecting, for
example, its polarity, or an indirect influence, by altering either
the conformation of the chromophore or by shifting the confor-
mational equilibrium in cases where multiple conformers are
present, The CD spectra of the short-chain lecithins should be
the simplest to interpret as they contain only ester chromo-
phores, the situation becoming more complicated in the cases
of POPC and PCCP, where the dominant contribution arises
from double bonds. We will, therefore, start with the observa-
tions made on the short-chain Jecithins, move on to POPC, and,
finally, use these findings for the analysis of the PCCP spectra.
In this way the origins of the CD signals and the changes in
them resulting from micelle and gel formation should become
clear. _

Commercially available soya lecithins are of poor purity,
Figure 1 shows the absorbance spectrum of Epikuron 200
before and after purification (see Methods). The crude material
shows significant absorbance at 280 nm and even at 350 nm,
and it becomes prohibitively large in the 210-220 nm region.
The various absorbance bands present, apart from those aris-
ing from the ester and from the double bond, are impossible to
assign and are due to either chemical impurities and/or oxida-
tion products. TLC clearly indicates the presence of visible,
yellow compounds with &; values higher than that of the leci-
thin itself. Absorbance spectra of lecithins are extremely rare
in the literature and one of the reasons for including Figure 1
is to draw attention to problems that are likely to be encoun-
tered when dealing with these suhstances, Chromatographic
purification significantly reduces absorbance intensity in the
UV (Fig. 1), although high wavelength bands are still present,
a fact that should be borte in mind when viewing the CD
spectra. Chemically pure synthetic lecithins, such as POPC,
have considerably better UV ahsorption properties,

In studies of this kind the choice of solvent system is critical;
not only must the usual criteria of solubility and solvent trans-
parency be met, but the conditions for the formation of micelles
and/or gels must also be fulfilled. An important aspect is, then,
to investigate the influence of varying the solvent on the CD
spectrum. The extent to which the system is able to take up
water before phase separation is also crucial; the higher the
value of w, that can be reached, the wider is the range of
experimental conditions that can be exploited. Tt has been es-
tablished previously, by independent means, that reverse mi-
celles form in all the solvents, and solvent mixtures, used here,
with the exception of methanol. %22 CD) spectra of solutions of
the lecithins in this solvent have therefore been used as a
reference with which to compare results obtained on solvent
systemns in which micelles form, in order to extract from the
spectra the changes that occur on forming these structures.

It has been shown ! that, with isooctane/hexanol 9:1 (v/v) as
a solvent mixture, synthetic Cg-lecithin {1,2-dioctanoyt-sn-
glycero-3-phospahtidylcholine) forms stable micellar solutions
up to w, = 60 but does not gelate. The UV absorbarnce spectra
of such Cg-lecithin solutions do not vary appreciably in the u,
range 060 except for a small shift in the position of the spec-
tral maxima.
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The far UV CD spectrum of Cg-lecithin as a function of )y
is shown in Figure 2 and it is characteristic of a compound
containing an ester chromophore. As the water content is
raised from #;, = 0tow, = 60, the negative band at 210 nm
first decreases in negative intensity, then becomes positive, and
the form and the intensity of the spectrum become practically
the mirror image of those seen initially. There is a bathoch-
romic shift of the spectral maximum of =~ 7 nm by w, = 60
and this, together with the change of sign of the CD signal, are
typical for the transfer of the chromophore to a less polar
environment. The reference spectrum in methanol is of smailer
negative intensity, but similar form, to that of the empty mi-
celles (ie, w, = 0), which suggests that, even in the absence
of water, the formation of the micellar structure contributes to
the CD spectrum. We have extended this type of study to other
synthetic lecithins, and Figure 3 shows the dependence of the
CD signal at 211 nm on w, for C4-, C;-, Cy-, and Cg-lecithins.
Although m, values as high as 60 could not always be reached,
the overall picture is clearly the same for each of the com-
pounds.

Changes in temperature have a pronounced influence on
the CI) spectrum of Cg-lecithin at fixed w,(=23), as illustrated
in Figure 4. As the temperature falls the 211 nm minimum
loses negative intensity and is apparently blue-shifted to
=207 nm. Concomitantly the signal at 233 nm, the contribu-
tion of which is barely discernible at room temperature,
greatly increases in size. Results of this type are typical of the
presence of a conformational equilibrium between two struc-
tural species that differ considerably in their CD properties,
At all temperatures the net spectrum represents the weighted
sum of the contribution of each of the two conformers. In this
case, the species characterized by the positive band at 233 nm
is presumably more conformationally restricted, as it is domi-
nant at lower temperatures.

Table 1 lists the solvents that have been used to produce gels
with the two longet chain lecithins, POCP and PCCP, and the
corresponding w, values at which maximum gelation, deter-
mined viscometrically, has heen observed. Cyclohexane was
chosen as the solvent for the studies on POPC, as it allows
investigations over a relatively large 1, range, compared with
other hydrocarbon solvents,? prior to gel formation. Increasing
the water content of the system brings about a significant
increase in the UV absorbance at both 200 and 230 nm (Fig. 5).
Artifacts due to light scattering can be excluded, on the the
grounds that none of the solutions showed any absorbance
above 300 nm and, that in any case, scattering by the gel is
generally very low. Figure 6 shows the corresponding CI) spec-
tra. Noticeable changes are again seen at 200 nm and between
220 and 230 nm. The changes in the latter spectral region are
reminiscent of those seen in the Cy-lecithin water titration
experiment, while those at 200 nm reflect environmental and/or
conformnational variation that affects the single double bond
found in this compound. Pro rata the effects are of comparable
magnitude at the two wavelengths. The spectra in F igure 6
have been normalized, in the usual manner, to the correspond-
ing molar concentration but another way of presenting CD data
is to normalize them to the same optical density, since solutions
of the same molar concentration but having different UV ab-
sorbances (see Fig. 5) are expected to give different CD signals.
In the insert to Figure 6 the changes in ellipticity as a function



498
;
3,000+ \ (1)
TC
2.000 ¢ '\‘ \
) | \\
-
1.000 +
0.000 + }

220 260 300 340 380 420 460 300

Wavelength (nm)

Fig. 1. UV spectra of the commercial soybean lecithin Epikuron 200 at a
concentration of 0.2 3 in cetearyl octanoate, 1 ¢m cell, before (1) and after (2)
chromatographic purification.
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Fig. 3. Influence of 1, on the ellipticity at Ap,, (211 nm) for various short
chain lecithins, No appreciable variations were observed in the corresponding
UV spectra, All spectra were recorded at a concentration of 50 mM in isooctane/
hexanol 9:1 {v/v).

of 1, are shown in both normalization modes. It is evident that
the changes in the CD intensity are not triviaily a function of
the different absorbances of the various solutions.

The €D spectrum of POPC in different solvents is shown in
Figure 7. As discussed above, reverse micelles form in all these
solvents, except for methanol. Parallel changes to those de-

TABLE 1. Gel formation in various solvent systems
containing either POPC or PCCP

Lecithin Solvent W,

POPC Cyclohexane 9
Isooctane 2
Isoparaffin 2
Cetearyl octanoate 1
Cetearyl octanoate/butyl acetate (9:1 v/v} 3

PCCP Cyclohexane 9
Isooctane 35
Isoparaffin 3
Cetearyl octancate 15
Cetearyl octanoate/butyl acetate (9:1 v/v) 4

*The value of w, at which the viscosity is at a maximum.
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Fig. 2. The CD spectrum of the short-chain Cg-lecithin as a function of the
water content. Solutions were prepared by dissolving the lecithin (50 mAM) in
isooctane/hexancl 8:1 (v/v) and adding the quantity of water required to obtain
the values of u,, indicated. A 50 mM sclution of the Cy-lecithin in methanol was
used as a reference, Q) w, = 0 {Yw, = L B w, = 510w, = 10; (15) e,
= 15, {30) w, = 30; (60) w,, = 60; (Ref) Cg-lecithin (50 mM) in methanol.
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Fig. 4. The effect of temperature on the CD spectrum of Cg-lecithin at fixed
w,. The spectra were recorded at a concentration of 50 mf in isooctane/hexanal
07l (v/v), w, = 3. (1} —20°C; (2 —1L5°C; (3} 0°C; {4) 10°C; (5} 25°C; (6) 44°C.

scribed for POPC in cyclohexane occur in the CD spectrum
upon the addition of water to POPC in isooctane and s-pentane.
As can he seen, the speciral changes discussed above appear to
reflect the formation of micellar structures directly, although
there are small solvent-related differences hetween the spectra.

POPC CD spectra were also sensitive to other experimental
parameters such as pH, which is perhaps not surprising in view
of the zwitterionic nature of the surfactant. Interestingly
enough, it was not possible to make gels by adding water of
pH < 1.6 to organic lecithin (conditions under which it is posi-
tively charged) although at pH 14 or above, where lecithin is
negatively charged, gel formation still occured.

Figure 8 shows the CD spectrum of the naturally occurring
lecithin PCCP in isooctane/hexanol 9:1 (v/v) as a function of
water content. The spectrum in the absence of water is again
characterised by two major contributions, one centred at = 212
nm (and below) and the second at 220-230 nm. The precise
origin of the 212 nm band, which presumably arises from
olefinic bonds, is difficult to ascribe and its appearance at
longer wavelengths than in the simpler (and chemically purer)
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Fig. 5. The effect of w, on the UV absorbance spectrum of the POPC/
cyclohexane/water microemulsion-gel system, containing 100 mM POPC, (13
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absorbance values measured at the two spectral maxima (190-198 amd 225--230
nm) are plotted against the water content. In hoth cases a linear relationship is
observed,

POPC may, in part, be due to conjugation, as this material is
known to be both heterogeneous in terms of double bonds and
to contain other unidentified species that absorb in the UV (see
Fig. 1). However, in this case, this band seems to be insensitive
to water concentration. On the other hand, the 220 nm band,
arising from the ester linkages, shows impressively similar
behaviour to that seen in the simpler lecithins,

DISCUSSION

The appearance of new spectroscopic signals and the pertur-
bation of existing ones arise in polymers (or in supermolecular
complexes) when individual chromophores interact with each
other and/or the solvent, usually, but not always, as a result of
geometric constraints introduced by the formation of specific,
and ordered, structures. Whether this kind of phenomenon
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might also be observed in reverse micelles, which are relatively
monodisperse and geometrically well defined, is an interesting
question. Micelles and microemulsion gels are very flexible,
dynamic entities and, in contrast with polymer chains, their
components are not covalently linked. As far as we know, no
significant spectroscopic perturbation resulting from the for-
mation of micellar structures has ever been described. The
present study provides firsthand evidence that novel spectro-
scopic features may indeed arise as a result of the generation
of the organized reverse micelle and microemulsion gel struc-
tures,

Phospholipids are known to have environmentally sensitive
CD and ORD spectra although there are considerable spectro-
scopic differences between the various members of this group
of compounds, 24 Phosphatidylcholine and sphingomyelin, in
trifluoroethanol, both have a weakly positive CD spectrum
above 210 nm which becomes intensely negative below this
wavelength for sphingomyelin, but only slightly so in the case
of phosphatidylcholine. The CD of both compounds is tempera-
ture dependent, the positive band above 210 nm becoming
more positive with decreasing temperature in phosphatidylcho-
line but more negative for sphingomyelin under the same con-
ditions. A temperature dependence of this type may indicate
the “freezing-out” of particularly stable conformation at lower
temperatures.

The electronic transitions underlying the CD spectra were
discussed in the previous section and the guestion now arises
as to how the experimental observations made can be accom-
modated in a consistent model of micelle and gel formation. It
is probably easiest to start with the behaviour of the ester
chromophore, which is present in alf the compounds studied. In
every case this chromophore exhibits a red shift during micelle
and/or gel formation, indicating that the chromophore consist-
ently experiences a less polar environment in the organized
structures. Bearing in mind that micellar growth (and gel for-
mation in the longer chain lecithins) is initiated by the addition
of water, this, perversely, appears to suggest that the overall
polarity of the system (as experienced by the chromophore)
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Fig. 6. The effect of the water content on the CD spectrim of the POPC microemulsion—gel
system at a concentration of 100 mM in cyclohexane: Mwy,' = 0,2 w, = 3 (3 w, = 6; (4)
wy = 9. In the insert the molar ellipticity at 195 nm is plotted as a function of w,.
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Fig. 7. Solvent effects on the CD spectrum of POPC ata concentration of 100
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falls, although it is the total concentration of a more polar
component that is being increased. This is very clearly illus-
trated by the short-chain lecithin, which also demonstrates a
conformational transition between two forms that are in equi-
librium with one another. This tends to suggest that “micellar
cireular dichroism” is hrought about by a conformational effect
and that only a restricted set of conformations of the lecithin
molecule is compatible with the micellar structure. In the for-
mation of the aggregate this conformer (or limited range of
conformers) is selected out, bringing about an enhancement of
the CD signal specific to it at the expense of that of the other
conformer. Furthermore, as the micelle grows, and/or becomes
more stable, the chromophore either becomes more and more
sequestered from the aqueous component of the solvent or
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interacts with it more weakly, This can be explained by assum-
ing that the packing density of the lecithin molecules increases
as the spherical micelle grows in size, restricting the conforma-
tional space available to individual lecithin molecules, and that,
at the same time, the ester bonds become increasingly shielded
from the water pool in the centre of the micelle by the phos-
phate head groups. In this regard, it is useful to note that,
concomitantly with the increase of viscosity seen during the
formation of isooctane-fecithin gels, significant changes in the
Ip NMR are observed® the line width of the phosphorus
resonance first broadens and then resharpens, behaviour that
has been taken to indicate a change of the conformation of the
phosphatidy! head group upon the formation of the gel, the
plane defining the phosphate moiety moving from a parallel to
a perpendicular orientation with respect to the axis of the
glycerol moiety. The change in the orientation of the head
group may be part of the concerted rearrangement of the leci-
thin conformation that occurs in order to accommodate the
tighter packing of molecules required by micellar growth, the
same event that is reported by the changes in the CD spectrum.

The lower wavelength band in the CD spectrum of the longer
chain lecithins is much less amenable to interpretation, particu-
larly in the case of PCCP where its origins are far from certain.
The signal probably arises either from conjugation (or hyper-
conjugation) or from more general interchromophore interac-
tion. If the latter were to prove the overriding mechanism then
this spectral feature might also prove useful in monitoring both
the lecithin conformation as well as overalt structure of the
micelle.

One thing that is apparent from these results is that the
process of gelation itself has no effect on the CD spectrum. It
has been demonstrated by SANS and light scattering tech-
niques,3 and also recently confirmed by high-resolution mult:-
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Lecithin monomers (A) associate to form anhydrous micelles (C) in an organic solvent. The addition of water to the
system causes the micelles to hydrate and grow, requiring that the mdividual monomers adopt a more rigid conforma-
tion (B). Depending on the type of lecithin, the net result is the production of spherical reverse micelles or cylindrical

micellar gels (D, E).

nuclear NMR, 5 that the addition of water induces a progres-
sive change of the lecithin reverse micelle structure present in
organic solution and that gel formation in lecithins is a con-
tinuous, rather than an all-or-nothing, process. In this study
we have been able to assign the changes observed by CD to
the micellization rather than gelation phase. The process is
envisaged as a shift in an equilibrium between two conform-
ers of the lecithin molecule caused by the addition of water.
One of the two conformers has a structure which is similar to
the conformation {or range of conformations) of the lecithin in
the anhydrous micelle, while the second exXperiences severe
conformational restrictions that are imposed by the packing
requirements of the micellar structure. The current model of
lecithin micellization and gelation is presented pictorially in
Figure 9.
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