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ABSTRACT

Gel permeation chromatography was applied to develop a broad relative molecular mass profile of soy lecithin. A non-aqueous
mobile phase and an organic polymer-based stationary phase were found to be necessary in order to achieve interpretable chroma-
tographic elution. Calibration of the column was performed using polystyrene standards. A broad peak was observed at a relative
molecular mass of ca. 8000 in the two soy lecithin lots studied. This peak disappeared at sufficiently low concentrations of soy lecithin
injected. The results suggested that this peak was due to the formation of reverse micelles or non-covalent aggregates of the phospho-
lipid components and not to polymeric or protein-like high relative molecular mass component(s). No other high molecular mass

(>2000) components were detected under the conditions used.

INTRODUCTION

Lecithin derived from soy beans is a complex
mixture of phosphatides (chiefly phosphatidylcho-
line, -ethanolamine and -inositol) and other sub-
stances such as triglycerides, fatty acids and carbo-
hydrates [1]. It has many industrial applications in-
cluding use as an emulsifier and stabilizer in foods.
Soy lecithin is also widely used in pharmaceutical
manufacturing as a suspending agent for aerosol-
delivered drugs. The establishment of procedures
that adequately characterize soy lecithin for indus-
trial uses is therefore of obvious importance. Vari-
ous chromatographic methodologies have been re-
ported and can provide information such as phos-
pholipid ratios [2]. In this work, it was of interest to
develop a test which would detect other possible
lower level components such as those of higher rela-
tive molecular mass (greater than 1000). Described
here is a procedure based on gel permeation chro-
matography (GPC) which provides information re-
garding the relative molecular mass distribution of
soy lecithin components. In the course of the devel-
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opment of this GPC methodology, an anomalous
chromatographic behavior was observed at high
sample concentrations. As will be shown, the data
suggest the source of this anomaly is the formation
of reverse micelles or aggregates of the phospho-
lipid components of soy lecithin. Injection of low
concentrations (1 mg/ml or less) of soy lecithin was
found to be critical in order to produce a true rela-
tive molecular mass profile.

EXPERIMENTAL

Materials

Two lots of aerosol-grade soy lecithin (designat-
ed A and B) were obtained from a commercial
source. A polydivinylbenzene GPC column and po-
lystyrene relative molecular mass markers were pur-
chased from Alltech (Deerfield, IL, USA). L-a-
Phosphatidylcholine and L-x-phosphatidylinositol
were purchased from Sigma (St. Louis, MO, USA).
Tetrahydrofuran was obtained from EM Science
(Gibbstown, NJ, USA).
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Chromatographic conditions

A Hewlett-Packard HP 1090L automated high-
performance liquid chromatographic (HPLC) sys-
tem was used. Data were collected on a Hewlett-
Packard HP1000 Lab Automation System utilizing
a Model 18652A A/D converter. Chromatograms
were reprocessed and plotted using the SigmaPlot
program (version 3.1) from Jandel Scientific (Corte
Madera, CA, USA). The mobile phase was
tetrahydrofuran (THF) pumped at a flow-rate of
0.5 ml/min. The injection volume was 10 ul and the
UV detection wavelength was 254 nm. All samples
and standards were dissolved in THF for injection.
Chromatography was performed at room temper-
ature.

The column was a 250 mm X 10 mm 1.D. Alltech
GPC column packed with a proprietary stationary
phase, described by the manufacturer as polydivi-
nylbenzene. The particles were nominally of 5 yum
diameter with pores of nominally 1000 A.

RESULTS

Initial studies (data not shown) utilized a silica-
based, zirconium-treated DuPont GF250 column
designed for aqueous gel filtration HPLC and a mo-
bile phase of hexane-isopropanol-acetate buffer
(pH 4.2) (8:8:1). This system was found to be un-
suitable, possibly owing to polar and/or ionic inter-
actions with the negative charge of the stationary
phase packing [3]. The major components of soy
lecithin (phospholipids, fatty acids, etc.) were re-
tained beyond the permeation volume of the col-
umn. Hence there was no assurance that macro-
molecular components were not also being re-
tained. Under these conditions, assignment of rela-
tive molecular masses based on calibration stan-
dards could not be done with confidence.

A non-adsorptive sizing separation mechanism
was desired. The major components of soy lecithin
are of relatively low relative molecular mass
(<1000) and would be expected to elute (poorly
resolved) near the permeation volume. Any larger
components (e.g., proteins) could then be assigned
relative molecular masses in conjunction with ap-
propriate calibration standards. To achieve this, a
column packed with a rigid organic-based gel was
used.

Figs. 1 and 2 show the GPC elution profile of soy
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Fig. 1. GPC elution profiles of lot A. From bottom to top, sam-
ple concentration was 0.5, 1.0, 2.0, 4.0 and 8.0 mg/ml. Mobile
phase, THF; flow-rate, 0.5 ml/min; injection volume, 10 ul; de-
tection, UV at 254 nm. Chromatography was performed at room
temperature. The column was a 250 mm x 10 mm LD. Alltech
GPC as described under Experimental. In this and other figures
containing overlays, chromatograms are artificially offset from
each other for clarity; therefore, the signal axis represents only
relative (not absolute) values for each chromatogram.

lecithin lots A and B, respectively, at several differ-
ent concentrations (for clarity, the overlaid chroma-
tograms were artificially offset; this did not affect
the data or their interpretation). Qualitatively simi-
lar profiles were observed for these two soy lecithin
lots because their compositions should be similar.
The peak at ca. 25 min was not related to the sample
as it remained constant in size as a function of soy
lecithin concentration and also appeared in blank
injections of THF alone (not shown).
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Fig. 2. GPC elution profiles of lot B. From bottom to top, sam-
ple concentration was 0.5, 1.0, 4.0 and 8.0 mg/ml. Other condi-
tions as in Fig. 1.
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Fig 3. Relative molecular mass calibration plot based on elution
of polystyrene relative molecular mass markers. Chromato-
graphic conditions as in Fig. 1.

Four polystyrene standards of known average
relative molecular mass (M,) were injected under
identical conditions. Using the resulting retention
times, an M, calibration plot for this column was
constructed and is shown in Fig. 3. Linear regres-
sion yielded an equation that was used to calculate
a polystyrene-equivalent M, for each peak in the
soy lecithin profiles generated using 8 mg/ml injec-
tions. This is shown in Table 1.

Table I indicates that the series of overlapping
peaks between 19 and 23 min in Figs. 1 and 2 have
M, in the range 300-1100. A calculation of the for-
mula weight of the most common C;6-C;g phos-
pholipids yields a range from 660 to 860. The corre-
sponding fatty acids have a formula weight of 250—
290. Injection of authentic phosphatidylinositol and
phosphatidylcholine standards produced peaks of

TABLE I

POLYSTYRENE-EQUIVALENT RELATIVE MOLECU-
LAR MASSES OF SOY LECITHIN GPC PEAKS

Lot A Lot B

Retention time M, Retention time M|
(min) (min)

14.43 8400 14.52 8060
19.15 1100 19.37 1030
20.68 590 20.89 540
21.70 390 21.94 350
2223 310

24.89 100 25.19 90

167

TABLE 11

RELATIVE MOLECULAR MASS OF BROAD PEAK AS A
FUNCTION OF SOY LECITHIN CONCENTRATION

Lot A Lot B
Concentration M, Concentration ~ M_
(mg/ml) (mg/ml)
2 7100 2 5000
4 6550 4 6720
8 8400 8 8060
15 10 430 15 7530
167 10 100 197 10 300

M, 490 and 230, respectively. Therefore, it is very
likely that the series of overlapping peaks between
19 and 23 min correspond to the major phospho-
lipid and/or fatty acid components of soy lecithin.

As mentioned earlier, the peak at ca. 25 min was
found in a blank injection of THF alone. Table 1
indicates that this peak has M, 90-100. As THF
itself has a formula weight of 72, this peak most
likely represents the elution of THF (or contami-
nant of THF) at the permeation volume of the col-
umn.

For the purpose of this work, there was a need to
characterize components over a broad M, range to
ensure the consistency of the soy lecithin as a raw
material for pharmaceutical purposes. In this re-
gard, it was of interest to focus on the broad peak
eluting at 14-15 min, which has an apparent M, of
8000-9000. The magnitude of this peak is directly
proportional to the injected soy lecithin concentra-
tion, strongly suggesting that it is related to the
component(s) of the sample. The retention time and
therefore the apparent relative molecular mass were
also found to vary as a function of injected soy leci-
thin concentration, as shown in Table II.

Because of the broadness of the peak, assign-
ments of the retention times vary. This results in
some variability in relative molecular mass assign-
ment. For both lots, however, there appears to be a
distinct shift to higher M, at high concentrations as
a result of shorter retention times. It is unlikely that
this shift in M, was due to any chemical changes
(e.g., polymerization) in the soy lecithin under the
chromatographic conditions employed. Indeed,
harsh treatments are necessary to modify soy leci-
thin chemically [4]. Further, such a high M, compo-



168
x10°
20 1
©
c
o
2
hel
L3
N
T 1.5
E
Q
=z
1.0 +—— t t + —+
0 5 10 15 20 25
TIME, minutes

Fig. 4. Normalized elution profile of lot A. The signal (ordinate)
values in each chromatogram from Fig. 1 were multiplied by a
factor which compensates for the difference in injected sample
concentration. From bottom to top, sample concentration was
1.0, 2.0, 4.0 and 8.0 mg/ml. Other conditions as in Fig. 1.

nent is not known to be present in the proportions
indicated by the profile (five runs ranging from 2 to
15 mg/ml showed an average relative abundance of
28% according to peak integration). Therefore, the
presence of this band would appear to be some type
of artifact arising from the separation of the com-
ponents of soy lecithin in this system.

A more detailed examination of the profile as a
function of sample concentration was done. Figs. 4
and 5 are derived from the data shown in Figs. 1
and 2 with two changes: (1) the high-M, region has
been expanded by truncation of the elution time
axis at 25 min; and (2) the absorbance values have

2.0

;105 /

Normalized Signal
w

5 10 15 20
TIME, minutes

Fig. 5. Normalized elution profile of lot B. The signal (ordinate)
values in each chromatogram in Fig. 2 were multiplied by a fac-
tor which compensates for the difference in injected sample con-
centration. From bottom to top, sample concentration was 0.5,
1.0, 4.0 and 8.0 mg/ml. Other conditions as in Fig. 1.
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been normalized to sample concentration. Under
ideal conditions, concentration-normalized chro-
matograms should be essentially superimposable.
As shown in Figs. 4 and 5, the broad peak at 14-15
min diminishes in size as the sample concentration
is reduced whereas the phospholipid peaks at 19-23
min remain essentially unchanged. At the lowest
concentration employed, the broad peak has com-
pletely disappeared and no other high-M, (>2000)
components are detectable.

DISCUSSION

An increase in sample concentration generally re-
sults in an increase, rather than a decrease, in reten-
tion volume in GPC [5]. This effect has been studied
for polystyrene [6,7] and becomes more pronounced
as the relative molecular mass of the polystyrene
increases, apparently owing to a decrease in the ef-
fective dimensions of the polymer [5]. The high vis-
cosity of concentrated solutions can also cause tail-
ing of solute bands due to viscous streaming effects
[5]. For both large and small solutes, high sample
loads can induce changes in the distribution coeffi-
cient as the solute proceeds through the column [8].
However, this change is also in the direction of in-
creased retention volume as a function of sample
concentration. From this discussion, it would ap-
pear that the most commonly reported sample over-
load artifacts in GPC do not yield reductions in
retention volume. This suggests that a different ef-
fect may be operating in this work.

A possible explanation for the presence of a com-
ponent of high relative molecular mass in soy leci-
thin is that the broad peak represents phospholipid
aggregates. A high soy lecithin concentration would
tend to favor their formation. These aggregates are
not completely broken up by dilution through the
chromatographic system until a sufficiently low
concentration of soy lecithin is used. Although the
exact nature of these aggregates was not deter-
mined, the formation of high-M, aggregate species
[9] and/or micelles [10] of phospholipids in organic
solvents has been documented. In a different chro-
matographic system, a concentration-dependent
aggregation of one particular protein has been dem-
onstrated [11].

The concept that micelles can elute intact
through a gel permeation column has long been rec-
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Fig. 6. GPC elution profile of lot B. Sample concentration, 167
mg/ml. Other conditions as in Fig. 1.

ognized and led to a theoretical elaboration by Coll
[12]. Inclusion of the surfactant under study in the
mobile phase at a concentration just above its crit-
ical micelle concentration (CMC) can be employed
to suppress equilibrium-induced dissociation of mi-
celles [13]. However, this has been shown more re-
cently not to be necessary if the surfactant is in-
jected at a concentration far above its CMC [14,15].
In this instance, the hydrodynamic volume of mi-
celles may be adequately determined [15]. Of rele-
vance to the work presented here, reversed micelles
and other molecular aggregates have been observed
in, and can be studied by, size-exclusion chromato-
graphy with organic solvents [16-18].

Given the probable identification of the broad
peak at 14-15 min as phospholipid aggregate(s), it
is of interest to examine the remainder of the high-
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Fig. 7. High-sensitivity comparison of two soy lecithin lots in the

region corresponding to M, > 15 000. Upper trace, lot A; lower
trace, lot B. Other conditions as in Fig. 1.
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M, region of the GPC elution profile for the pres-
ence of other species. Fig. 6 shows the profile ob-
tained for lot B at the highest concentration tested,
167 mg/ml. No additional peaks appear in this
chromatogram relative to those at lower concentra-
tion (Figs. 1 and 2). In Fig. 7, a high sensitivity/high
sample concentration comparison is made between
lots A and B for the portion of the chromatograms
corresponding to M, > 15000. No additional
peaks are observed in either sample (the rising base-
line at 10-12 min corresponds to the front of the
aggregate-like peak).

The results presented here could be further con-
firmed using static light-scattering experiments or
with an on-line low-angle laser light-scattering
(LALLS) detector [19]. Indeed, light scattering has
been applied to the study of lecithin micelles in
apolar solvents, a system designed to mimic the de-
livery of therapeutic aerosols from pressurized me-
tered dose inhalers (MDIs) [10]. Using GPC and
LALLS separately or in combination, it might be
possible to study in more detail aggregate or micelle
formation with specified solvents. Experiments
along these lines are in progress.
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