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Abstract Silica gel plates impregnated with a variety of
oils including vegetable oils (olive, sunflower and corn oil)
and synthetic oils (trioctylamine and paraffin oil) were
evaluated and compared with the commercially available
reversed-phases TLC plates (RP-18, RP-18W, and CN).
A series of selected lipophilic vitamins was employed to
evaluate the suitability of oils as reversed-phases for TLC
and to provide different lipophilicity indices: Ry, scores
corresponding to the first principal component of Ry and/or
Ry, the arithmetic mean of Rg and Ry, values obtained with
solvent mixture containing various concentrations of
methanol in water. The retention results were excellent
(r > 0.98) and allowed accurate estimation of lipophilicity
of selected vitamins and to ranking the lipophilicity of oils
when comparing with chemically bonded phases. Con-
cerning the lipophilicity scale of vegetable oils, it is worth
noting that corn oil presents the highest lipophilicity, clo-
sely followed by the olive and sunflower oils.

Keywords Lipophilicity - Vegetable oils -
Lipophilic vitamins - RP-HPTLC - PCA

Introduction

Lipophilicity refers to the ability of a chemical compound
to dissolve in fats, oils, lipids, and non-polar solvents such
as hexane or toluene. Thus, lipophilic substances tend to
dissolve in other lipophilic substances, while hydrophilic
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substances tend to dissolve in water and other hydrophilic
substances. According to the IUPAC, lipophilicity repre-
sents the affinity of a molecule or a moiety for a lipophilic
environment [1]. It is commonly measured by its distri-
bution behavior in a biphasic system, either liquid-liquid
(e.g., partition coefficient in n-octanol/water K,,,) or solid/
liquid (retention on reversed-phase high performance
liquid chromatography or thin-layer chromatography
system).

This particular property plays an important role in sev-
eral ADME (absorption, distribution, metabolism and
elimination) aspects, as well as in the pharmacodynamic
and toxicological profile of drugs; it is the single most
informative and successful physicochemical property in
medicinal chemistry [2]. The success of the partition
coefficient (log K,,) in quantitative structure—activity
relationships  (QSAR), quantitative structure—property
relationships (QSPR) and quantitative structure-retention
relationships (QSRR) is well established [3-5].

Determination of the partition coefficient by the equili-
bration method using classical shake-flask technique has a
series of disadvantages (is very tedious, requires relatively
large amounts of pure solutes to be examined, and it is
limited to log K, values between —2 and +4) and has
been successfully replaced by chromatographic methods.
The advantages of reversed-phase high performance thin
layer chromatography (RP-HPTLC) methods consist of the
very small amounts of samples needed for the estimation
and the less strict requirement of purity because the
impurities separate during the chromatographic process.
They are rapid and relatively simple, low in cost, and easy
to perform. In addition, we have to stress the dynamic
aspect of the chromatographic process and the wide choice
of stationary phases and developing solvents. A lot of
lipophilicity studies were based on RP-18 stationary phases
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and good correlation between log K., and Ry or isocratic
Ry values were related [6, 7]. Furthermore, the possibility
of impregnation of the HPTLC plates with a series of
natural or synthetic materials including oils (more or less
similar with the lipidic biological membranes) might be
one of the most realistic alternatives. The oils most
employed for modification of silica gel plates were paraffin
oil [8-12], silicon oil [13-16] and ethyl oleate [17]. The
chemical composition of the vegetable oils indicates a large
amount of triglycerides, free fatty acids (especially oleic
and linoleic acid), phytosterols, lipophilic vitamins and
traces of minerals [18].

The purpose of this work was to investigate the feasi-
bility of silica gel plates impregnated with a variety of
vegetable and synthetic oils and to compare them with the
commercially available reversed-phases HPTLC plates. In
this order, the lipophilicity of some lipophilic vitamins was
determined using mobile phases containing various con-
centrations of methanol in water and estimated by different
indices. In addition, the scores obtained applying principal
component analysis (PCA) offer the possibility to get a
new lipophilicity scale and the lipophilicity chart of com-
pounds and reversed-phases investigated; eigenvalues and
eigenvectors (loadings) giving new insights into the chro-
matographic mechanism and the behavior of compounds.

Theory

RP-HPTLC provides a variety of indices (descriptors) that
can be used as lipophilicity estimators. The most popular
lipophilicity indices measured by RP-HPTLC are derived
by the retention R values according to linear relationship
described by the Soczewinski-Wachtmeister equation [6]:

Rv = Rwmo + bC, (1)

where Ry; is defined by Bate-Smith and Westall [19]
through the following formula

Ry = log (Rip - 1). (2)
The Ry indicates the extrapolated value of the pure water
as the mobile phase and it is the HPTLC descriptor most
frequently used in QSAR/QSPR/QSRR analysis; b repre-
sents the slope and it is directly related to the specific
surface area of the stationary phase, while C represents the
volume fraction of the organic solvent in the mobile phase.
The slope of the linear regression equation is also consid-
ered as an alternative descriptor of lipophilicity. The scale
of lipophilicity, based on the isocratic retention factors, has
been preferred by some authors since it requires fewer
experiments. However, linear extrapolation is generally
used to obtain Ry values as more representative
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lipophilicity indices, their values being of the same order of
magnitude as n-octanol-water log K,y. The arithmetic
mean of Ry; (mRy,) and/or Rr (mRy) values obtained for all
values of C may be used as well as lipophilicity indices. It
is also possible to obtain a new lipophilicity scale by
applying PCA directly to the matrix of retention data for all
compounds and combinations of methanol-water (Rg and/or
Ry values obtained for all values of C). The aims of PCA
are to extract meaningful and interpretable features from
the underlying information of the multivariate raw data.
PCA has the ability to separate the relevant information
from the noise. Usually, the first few components account
for all information in raw data. The characteristics of each
principal component are the scores (in our case, linear
combinations of retention indices) relating to the investi-
gated compounds and loadings (contribution of the raw
variable or measurement to each component).

Taking into account the major breakdowns of regression
approach (extrapolation, linearity or non-linearity of Ry
against the volume of fraction of the polar solvent at small
concentration of the polar solvent), the scores corre-
sponding to the first principal component (PC1) and/or
arithmetic means mentioned above appeared to be one of
the illuminating solutions for the lipophilicity scale
resulting from retention data. In addition, a careful inves-
tigation of eigenvalues and eigenvectors (loadings) can
offer useful information concerning the chromatographic
behavior of the compounds and their retention mechanism
[20-24].

Materials and Methods
Materials

The f-carotene, lycopene, lutein, astaxanthin, 9-cis-retinal,
all-trans-retinal and J-tocopherol standards were obtained
from Sigma (Redox, Bucuresti), while zeaxanthin, retinol
and retinoic acid were Fluka (Redox, Bucuresti) products;
o and y-tocopherols were purchased from Acros Organics
(Redox, Bucuresti). The solvents used (chloroform, metha-
nol, diethyl ether) were obtained from Chimopar (Bucuresti).
All the chemicals were of analytical grade. The trioctyl-
amine (TOA) and all the HPTLC plates (10 x 10 cm,
F5s4) were purchased from Merck (Nordic Invest, Cluj-
Napoca). The spotting was performed using a Hamilton
microsyringe of 10 pL.. The paraffin, olive, sunflower and
corn oil were from the local market.

Chromatography

The standard solutions were prepared in chloroform
(1 mg mL™"). The spots (1 pL) were applied 1.5 cm from
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Fig. 2 Profiles of loadings corresponding to R values (a) and Ry
values (b)

the bottom and 0.7 cm from the sides. The distance
between the spots was 0.7 cm. The elution was performed
by ascendant development in a chromatography chamber
previously saturated for 10 min. All the plates were
developed through a distance of 8 cm. Three types of
chemically bonded stationary phases were used alongside
five other types of oil impregnated plates. The chemically
bonded plates were made of RP-18 silica gel 60 modified
with aliphatic hydrocarbons of increasing chain length
resulting in increased hydrophobic. The special HPTLC
RP-18W plates with a defined lower degree of surface
modification can be wetted and developed with pure water.
The CN-modified plates, based on silica gel 60 are altered

by cyanopropyl groups. The silica gel 60 F,s4 plates were
impregnated with 10% oil solution in diethyl ether. The
impregnation was performed by ascendant development
with oil solutions.

Each type of stationary phase were eluted with four
(TOA and paraffin) or five (the rest of the stationary pha-
ses) mobile phases containing different mixtures of meth-
anol and water, which were optimized in order to obtain a
significant amount of migration while the mobile phase
composition was modified. The methanol ranges used in
the mobile phases were 95-99% for RP-18 (changed with
1% per step), 89-97% for RP-18W (changed with 2% per
step), 71-83% for CN (changed with 3% per step), 90-94
for paraffin (changed with 1% per step), 92-98% for TOA
(changed with 2% per step) and, 90-98% for olive, sun-
flower and corn oil impregnated plates (changes with 2%
per step). The Rg values in duplicate runs were calculated
for each step.

Results and Discussion

The lipophilicity indices estimated from chromatographic
results obtained from the reversed-phases investigated are
shown in Table 1. The regression correlation coefficients
between Ry and C (Eq. 1) indicated a very good linearity
through the concentration of methanol used as the organic
modifier. The correlation coefficient (r) presented values
higher then 098 in all cases, excepting lutein
(rTOA = 097, I'Olive = 097), y-tocopherol (rOlive = 097,
FSunflower = 0.96) and d-tocopherol (rcom = 0.97). In
addition, the retention profiles of the compounds presented
in Fig. la-h support the chromatographic regularities
mentioned above and illustrate in a good way the
(dis)similarities between the investigated stationary phases.
For example a good correlation is easily observed between
vegetable oils. Similar behavior is observed between par-
affin oil and TOA. These patterns are also in good agree-
ment with the results of the correlation matrices shown in
Tables 2—4.

In nearly all cases the results shown in Table 1 reveal
that f-carotene and lycopene have the highest lipophilicity,
followed by the tocopherols and xanthophylls. The least
lipophilic compounds were the retinoids. However, we
have to comment on an unexpected Ry value for retinol
derived from using the sample on paraffin oil impregnated
plates. This discrepancy may be explained by the migration
of the spots near the front of solvent. In this case, the errors
are larger and proportional to the concentration of metha-
nol, which is also known as the heteroscedasticity effect
[25]. A direct consequence of this effect is the overesti-
mated value of the intercept corresponding to 0% metha-
nol. For instance, by comparing data in Table 1 one may

&) Springer AOCS &
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observe that the differences between arithmetic means and
scores of retinol (mRg = 0.867; mRy = —0.837;
Ryvio = 12.487; PC1/Ry = —0.693; PC1/Ryy = 1.591) and
the corresponding values of its congeners, zeaxanthin

(mRg = 0.832; mRy = —0.699; Ry = 5.508; PC1/
Ry = —0.624; PC1/Ry = 1.325) and  retinoic  acid
(mRg = 0.823; mRy = —0.672; Ry = 6.410; PC1/

Ry = —0.604; PC1/Ry; = 1.270) are not so large. Fur-
thermore, the lipophilicity indices may be used to charac-
terize and compare the reverse stationary phases
concerning their lipophilic character. From these findings
we may conclude that the RP-18 plates followed by the RP-
18W are the most lipophilic reversed-phases and the CN
stationary phase is the least lipophilic. Concerning the
vegetable oils, all the lipophilicity indices indicate that
corn oil is the most lipophilic, closely followed by the olive
and sunflower oils.

Applying PCA on the data matrix corresponding to Rg
values (12 compounds and five or four solvent mixtures) it
was found that the first principal component accounts for
more than 99% of the total variance (information) in the
retention data in all cases with the exception of RP-18W
(98.59%) and CN (96.30%); in all cases, the first two
principal components account for 99.68% of the total
variance (Table 5). At the same time, the plot of loadings
(contribution of the solvent mixture to the dispersion of
spots) as a function of the methanol content for all sta-
tionary phases (Fig. 2a—b) reveals once again a high sim-
ilarity within some groups of the investigated stationary
phases: vegetable oils impregnated-plates and RP-18 in the
first group (linear profiles of Rr) and RP-18W, paraffin oil
and TOA, in the second group (quadratic profile of Rg).
Figure 3a and b are complementary and point out a
retention gradient induced by increasing the methanol
content in the mobile phase. All the statements above are
well supported by lipophilicity charts obtained by scatter-
plot of scores corresponding to Ry, values onto the planes
described by the first two principal components as is
illustrated in Fig. 3a—h. The RP-18 stationary phase groups
the compounds in two clusters, while a better separation
can be observed in the case of RP-18W plates. The patterns
corresponding to the RP-18W, TOA and paraffin plates
present high similarities with those obtained on vegetable
oils impregnated-plates.

Conclusions

The lipophilicity indices of some lipophilic vitamins and
their precursors on RP-18, RP-18W, CN and silica gel
layers impregnated with a variety of oils including vege-
table oils (olive, sunflower and corn oil) and synthetic oils
(trioctylamine and paraffin oil) were determined using

water—methanol as the mobile phase. In most cases a
highly significant correlation was found between the Ry
values and the methanol concentration in the eluent. The
results obtained allow a pertinent evaluation of the lipo-
philic character of the oils and their objective ranking. In
addition, the scores plots provide the lipophilicity charts of
investigated compounds and loadings plots afford a deeper
insight into the complex chromatographic mechanism. This
investigative approach might be extended to other vege-
table and synthetic oils and fats because their lipophilicity
is involved in various biological and technical processes.
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