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Lipophilicity of Flavonoids Estimated by Reversed-Phase
High Performance Thin-Layer Chromatography: Chemically
Bonded Plates vs. Impregnated Plates with Oils, Animal, and

Human Fats

Rodica Domnica Briciu and Costel Sarbu

Faculty of Chemistry and Chemical Engineering, Babes-Bolyai University, Cluj Napoca, Romania

Silica gel plates impregnated with a variety of oils (olive oil,
sunflower oil, corn oil, trioctylamine, and paraffin oil) and fats
(margarine, butter, cod liver fat, pig fat, sheep fat, pullet fat, and
human fat) were evaluated and compared with the commercially
available reversed-phases TLC plates (RP-18, RP-18 W, and
CN). A representative series of flavonoids is employed to evaluate
the suitability of oils and fats as reversed-phases for TLC and to
provide different lipophilicity indices: Ryq9, scores corresponding
to first principal component of Rr and/or Ry, arithmetic mean of
Ry and Ry, values obtained with solvent mixture containing various
concentrations of methanol in water. The retention results were
excellent (r > 0.96) and allowed for accurate estimation of lipophili-
city of selected flavonoids and to ranking the lipophilicity of oils and
fats when comparing with chemically bonded phases. The human
fat-impregnated plates provided lipophilicity values closely associa-
ted with those obtained for margarine and butter. Moreover, the
human fat lipophilic character seems to be placed between pullet
and cod fats. Concerning the lipophilicity scale of vegetable oils,
it is worth noting that the corn oil presents the highest lipophilicity,
closely followed by the sunflower and olive oils.

Keywords animal fats; human fat; lipophilicity; PCA; RP-TLC;
vegetable oils

INTRODUCTION

Each year an increasing number of bioactive compounds
with different therapeutic effects are synthesized and
introduced on the market. In many cases the biological
and biochemical effects are based on their physicochemical
properties such as lipophilicity or solubility. The lipo-
philicity has been defined by IUPAC as the affinity of a
molecule for a lipophilic environment and it is measured
by its distribution behavior in a biphasic system either
liquid-liquid or solid-liquid (1). This particular property
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is usually associated with an increased biological activity,
poorer aqueous solubility, faster metabolization and
elimination, increased plasma protein binding, sometimes
shorter duration of action. It plays also an important role
in the pharmacodynamic and toxicological profile of drugs
(2,3). Lipophilicity is usually expressed by the partition
coefficient, denoted in few different ways, frequently
depending on the determination method (Log P, Log
ky, Log K,.). However, the real importance of the
lipophilicity has been defined within the Quantitative Struc-
ture-Activity Relationship (QSAR), Quantitative Structure-
Retention  Relationship (QSRR), or Quantitative
Structure-Property Relationship (QSPR) approaches (4).
Over Hansch (5), the lipophilic character and at the same
time the biological activity of compounds are strongly influ-
enced by the molecular substituents. A similar effect may be
caused by the environment in which the molecule is actually
placed. For predicting a given physicochemical or biological
property the relationship between the chemical structure of
the investigated compounds and the desired property must
be identified. Furthermore, the goals of the QSAR tests
are to create a realistic insight into the ability of a com-
pound to cross the fat biological barriers formed by the
cellular membrane.

Determination of the partition coefficient by the
equilibration method using the classical shake-flask tech-
nique 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 Per-
formance 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 chro-
matographic process. They are rapid and relatively simple,
low cost, and easy to perform. In addition, we have to
stress the dynamic aspect of the chromatographic process
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and the wide choice of stationary phases and developing
solvents. A lot of lipophilicity studies were based on
RP-18 stationary phases 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 materi-
als including oils and fats (more or less similar with the lipi-
dic biological membranes) might be one of the most
realistic alternatives. Over the years, the paraffin oil (8-
12) nearby silicon oil (13,14) and ethyl oleate (15) were
often used for silica gel plates impregnation in order to
change the stationary phase characteristics. The chemical
composition of the vegetable oils and derived products
indicates a high amount of triglycerides, free fatty acids
(especially oleic and linoleic acid), phytosterols, lipophilic
vitamins, and traces of minerals (16,17). On the other side,
the animal fats present a high concentration of saturated
fatty acids and cholesterol (18).

The purpose of this work is to investigate the feasibility
of silica gel plates impregnated with a variety of oils and
fats and to compare them with the commercially available
reversed-phases HPTLC plates. In this order, the lipophili-
city of some flavonoids has been determined using mobile
phases containing various concentrations of methanol in
water and estimated by different indices. In addition, the
scores obtained applying the Principal Component Analy-
sis (PCA) offer the possibility to get a new lipophilcity scale
and the lipophilcity chart of compounds and the
reversed-phases investigated; eigenvalues and eigenvectors
(loadings) giving new insights about the chromatographic
mechanism and the behavior of compounds.

THEORY

RP-HPTLC provides a variety of indices (descriptors)
that can be used as lipophilicity estimators (19,20). The
most popular lipophilicity indices measured by RP-
HPTLC are derived by the retention Rg values according
to the linear relationship described by the Soczewinski-
Wachtmeister equation:

Ry = Ryo + bC, (1)

where Ry is defined by Bate-Smith and Westall (21)
through the following formula

R toe( 1) .

F

The Ry indicates the extrapolated value to the pure water
as mobile phase and it is the HPTLC descriptor most fre-
quently used into 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
considered an alternative descriptor of lipophilicity. The
arithmetic mean of Ry (mRy) and/or Rg (mRF) values
obtained for all values of C may be used as well as the
lipophilicity indices (22). It is also possible to obtain a
new lipophilicity scale applying PCA directly to the matrix
of retention data resulted for all compounds and combina-
tions of methanol-water (Rg and/or Ry, values obtained
for all values of C). 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
investigated compounds and loadings (contribution of the
raw variable or measurement to each component). In
addition, a careful investigation of eigenvalues and eigen-
vectors (loadings) can offer useful information concerning
the chromatographic behavior of the compounds and the
retention mechanism (23-27). All these lipophilicity
descriptors and graphs are computed through the Statistica
7.0 program (28).

EXPERIMENTAL

All the compounds and solvents were obtained from a
commercial source (Merck, Fluka, and Sigma) in analytical
degree purity. The oils (paraffin, trioctylamine-TOA, olive,
sunflower, corn, cod liver) and fats (margarine, butter, pig,
sheep, pullet) used for the impregnation were from the
local market; woman fat was obtained from liposuction
surgery. The standard solutions of flavonoids (1: flavone;
2: 2'-methoxyflavone; 3: 3-methoxyflavone; 4: 5-methoxy-
flavone; 5: 6-methoxyflavone; 6: 7-methoxyflavone; 7:
7,8-dimethoxyflavone; 8: 3-hydroxy-7-methoxyflavone; 9:
3-hydroxyflavone; 10: 5-hydroxyflavone; 11: 6-hydroxyfla-
vone; 12: 7-hydroxyflavone; 13: 3,6-dihydroxyflavone; 14:
3,7-dihydroxyflavone; 15: chrysine; 16: apigenin; 17: baica-
lein; 18: galangin; 19: kaempferol; 20: Iuteolin; 21: quer-
cetin; 22: fisetin; 23: geraldol; 24: 6-methylflavone; 25:
6-chloro-7-methylflavone; 26: daidzein) were prepared in
methanol (1 mg mL™"). The spots (1 pL) were applied at
1.5cm from bottom edge and at 0.7 cm from lateral edges
using a Hamilton microsyringe of 10puL. The distance
between the spots was by 0.7cm. The elution was per-
formed by ascendant development into a chromatographic
chamber previously saturated for 10 minutes. Three types
of chemically bonded stationary phases were used near
by other twelve types of fat-impregnated plates. The chemi-
cally bonded plates were by RP-18 silica gel 60 modified
with aliphatic hydrocarbons of increasing hydrocarbon
chain length resulting in increased hydrophobic, the special
HPTLC RP-18 W with a defined lower degree of surface
modification can be wetted and developed even with pure
water and the CN-modified plate which are based on a sil-
ica gel 60 modified with cyanopropyl groups. The silica gel
60 F»s4 plates (10 x 20cm) were impregnated with 10%
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diethyl ether solution of fats, except for pig, sheep and
pullet fats, which were prepared as 5% solution. The water
presence in the margarine and butter led to the necessity of
its elimination from the etheric solutions by using a separ-
ation funnel previously of impregnation. The pig, pullet,
and sheep fats used as raw material were extracted from
the natural membranes by heating to melting point fol-
lowed by a filtration. The obtained fats were used for the
impregnation as 5% diethyl ether solution. The human
fat was simply dissolved in the diethyl ether by using a por-
celain mortar. The impregnation was performed by ascend-
ant development.

The mobile phases containing different mixtures of
methanol and water were optimized for each stationary
phase’s type in order to obtain a significant increase of
migration of the compounds while the elution step was
changed. In each case were performed 5 steps at different
fraction of methanol between 65% and 85% for RP-18,
between 55% and 75% for RP-18 W, pig, sheep, pullet
and between 50% and 70% for CN, paraffin, TOA, olive,
sunflower, corn, margarine, butter, cod liver, and human
fat in 5% increments.

RESULTS AND DISCUSSION

The chromatographic lipophilicity indices expressed by
mRF, mRM, RMO) PCl/RF, and PCl/RM are listed in
Tables 1 to 4. The obtained results indicate that the
employed flavonoids cover a large range of lipophilicity
scale, which recommends them to be proper for the lipophi-
licity ranking of the reverse stationary phases. The corre-
lation coefficient between the Ry; values and C was
higher than 0.96 in a majority of the cases excepting for
3,6-dihydroxyflavone (rroa =0.95) and chrysine (rroa =
0.95; rsheep = 0.95). By careful examination of the obtained
lipophilicity indices it is relatively easy to observe that the
6-chloro-7-methyl-flavone appears to be the most lipophilic
compound closely followed by the 6-methyl-flavone, while
the daidzein, fisetin, and luteolin presented the lowest lipo-
philicity. Furthermore, the chromatographic descriptors
allow the comparison of the stationary phases through
the 2D graphically patterns corresponding to the con-
sidered flavonoids. Figure 1 illustrates the correlation pat-
terns between investigated reverse phases according to the
Ry values. It is easy to recognize the strongest lipophilic
character of the RP-18 plates followed by the RP-18 W.
The chromatographic behavior of the flavonoids on the
human fat presents high similarities with those observed
on paraffin and RP-18 W plates. The lipophilicity indices
values on TOA plates are quite different and this result
might be explained by the effect of polar interactions.
The hydrogen bonding via nitrogen is dominant in this
case. Finally, one should mention the high correlation
between the vegetable oils and animal fats (Figs. la—c).
The profiles indicate the corn oil as the most lipophilic

vegetable oil closely followed by the sunflower and olive
oil and a high similarity between butter, margarine, and
human fat. The cod liver oil is the most lipophilic from
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FIG. 1. The correlation patterns of lipophilicity indices corresponding to
the investigated reverse stationary phases (RP-18, RP-18 W, CN, paraffin,
TOA, human fat, live oil, sunflower oil, corn oil, margarine, butter, cod
liver fat, pig fat, sheep fat, and pullet fat).
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the animal fats series, while the rest of them are highly
correlated.

By applying PCA to the data matrices corresponding to
all investigated reverse phases it was found that the first
principal component of R and Ry accounts in each case
more than 90% from the total variation (information),
while the first two principal components account even
more than 99% in all cases. As a direct consequence, the
scores corresponding to the first principal component can
be used as a new lipophilcity scale. The reliability of the
scores values as lipophilic indices are shown by their signifi-
cant correlation with the classical Ryo values and other
lipophilicity indices. In addition, the “lipophilicity chart”
described by the first two principal components has the

0.8
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effect of separating compounds from each other mostly
effectively from the congeneric (similarity) point of view
(22-27). This approach can be extended also to the matrix
of Ryyp values corresponding to all investigated phases. The
lipophilicity charts obtained by PC1-PC2 score plot corre-
sponding to different lipophilicity indices estimated on all
investigated reverse stationary phases are shown in
Figs. 2a—e. It appears clearly that the reverse phases studied
in this paper form practically linear clusters. Once more,
the human fat results are highly correlated with those
obtained on margarine and butter impregnated plates.
Using as lipophilicity indices the PC1/Rg or PC1/Ry a
high analytical level linearization of the results can be
observed. Moreover, these aspects sustain the wide
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FIG. 2. The lipophilicity charts obtained by PC1-PC2 score plot corresponding to different lipophilicity indices estimated on all investigated reverse

stationary phases: mRg (a); PC1/Rg (b); mRy; (c); PC1/Ry (d); Rymo (€).
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FIG. 3. Profiles of loadings corresponding to the first principal compo-
nent obtained by applying PCA to R values (a, b) and Ry values (c, d).

TABLE 5
The correlation concerning results obtained on human
fat-impregnated plates vs. the chemically bonded plates
and synthetic oils-impregnated plates

Human

Reverse Lipophilicity PC1/ PCl/
phase index mRg mRy RMO R Rum

RP-18 mRp 0.34 —0.27 —0.08 —0.34 0.26
mRy —-0.38 0.31 0.10 0.38 —0.30
Rwmo —-0.30 0.22 -0.03 0.31 —0.21
PC1/Rg —0.34 0.27 0.08 0.34 —0.26
PC1/Ry 0.38 —0.31 —-0.10 —0.38 0.30

RP-18W  mRpg 0.73 —0.66 —0.36 —0.74 0.66
mR —-0.71 0.64 0.33 0.71 —0.64
Rwmo —-0.32  0.28 —0.02 0.33 —-0.26

PCI/Rr  —-0.73 0.66 0.36 0.74 —0.65
PC1/Ry 0.70 —0.64 —0.32 —0.71 0.63

CN mRp 0.64 —0.59 -0.22 —0.64 0.57
mR —-0.61 0.56 020 0.61 —0.54
Rwmo —-0.18 0.14 —0.03 0.18 —0.12

PCI/Rr —0.64 0.59 022 0.64 —0.57
PC1/Ry 0.60 —0.56 —0.20 —0.61 0.54

Paraffin ~ mRg 0.69 —0.63 —-0.37 —0.70 0.63
mRy —-0.68 0.63 0.37 0.69 —0.63
Rmo —-0.32 024 0.10 033 —-0.24

PC1/Rg —0.68 0.62 0.36 0.69 —0.62
PC1/Ry 0.66 —0.61 —0.35 —0.67 0.61

TOA mRp 0.55 —-0.57 -0.31 —-0.55 0.55
mR —-0.52 0.53 0.27 0.51 —0.51
Rwmo —-0.28 0.29 0.07 0.28 —0.28

PCI/Rg  —-0.54 0.55 0.29 0.53 —-0.54
PCI/Ryp 048 —0.49 —0.24 —0.48 048

capacity of the PCA to create an acceptable hierarchy. The
graphical arrangements place the human fats as intermedi-
ary between cod liver and pullet, which may sustain the
supposition that the human diet has to be concentrated
on white meat. Much more, the PCA might be used for
investigating the retention mechanism involved in the
development process by examination of the profile of
loadings/eigenvectors corresponding to the first principal
component. The quadratic profile of loadings presented
in Figs. 3a-b (R values) and linear profiles Figs. 3c-d
(R values) illustrate once again the differences and simi-
larity between the investigated reversed-phases; a high reg-
ular (linear) retention behavior (Fig. 3a) can be easily
observed in the case of CN and sunflower oil-impregnated
plates by comparing with all others.

All the statements above are well supported by the
correlation matrices of the chromatographic lipophilicity
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TABLE 6
The correlation concerning results obtained on human
fat-impregnated plates vs. the vegetable oils, margarine and
butter-impregnated plates

TABLE 7
The of correlation concerning results obtained on human
fat-impregnated plates vs. the vegetable oils, margarine and
butter-impregnated plates

Human Human
Reverse  Lipophilicity PC1/ PCl/ Reverse Lipophilicity PC1/ PC1/
Phase index mRr mRy; Ryg Ry Ry phase index mRg mRy Ryo  Re Ry
Olive mRg 0.70 —0.63 —0.30 —0.72 0.62 Cod mRyg 093 —0.91 —-0.67 —0.93 091
mRy; —-0.71 0.64 0.31 0.72 —0.64 mR s —-092 092 0.67 092 —0.92
Rwmo —-0.43 035 0.12 0.44 —0.35 Rwmo —046 046 036 044 —044
PC1/Rg  —-0.70 0.62 0.30 0.71 —0.62 PC1/Rg  —0.93 091 0.66 0.93 —0.91
PC1/Rpo  0.70 —0.63 —0.30 —0.71  0.63 PC1/Ry 092 —0.92 —0.67 —0.92 0.92
Sunflower mRE 0.55 —0.45 —0.10 —0.56 0.44 Pig mRg 091 —0.95 —0.82 —0.90 0.95
mRy —0.57 048 0.13 0.58 —0.47 mRy —0.8 094 0.83 0.88 —0.94
Rwmo —0.65 0.59 0.31 0.67 —0.59 Ruwmo —0.60 0.53 030 0.61 —0.54
PC1/Rg  —0.54 045 0.09 0.56 —0.43 PC1/Rg  —091 095 0.82 0.90 —0.95
PC1/Ry 0.57 —0.49 —0.13 —0.58 0.47 PC1/Ry 0.89 —0.94 —0.83 —0.88 0.94
Corn mRg 0.70 —0.64 —0.35 —0.71 0.63  Sheep mRg 0.90 —0.93 —-0.79 —0.89 0.93
mRy; —0.70 0.64 0.34 0.70 —0.64 mRy —-0.84 090 0.82 0.83 —0.90
Rwmo —0.44 035 0.10 0.45 -0.35 Ruwmo —-0.75 080 0.77 0.74 —0.80
PC1/Rg  —-0.70 0.64 0.35 0.71 —0.63 PC1/Rg  —0.90 0.93 0.79 0.88 —0.93
PC1/Ry 0.69 —0.64 —0.34 —0.70 0.63 PC1/Ry 0.85 —0.90 —0.82 —0.83 0.90
Margarine mREg 0.97 —0.98 —0.79 —0.96 0.98 Pullet mREg 093 —0.95 —0.80 —0.92 0.95
mRy —-0.93 097 0.82 0.92 —0.97 mRy —-0.92 094 080 091 —0.94
Rwmo —-0.62 0.69 0.74 0.60 —0.69 Ruwmo —-042 036 0.13 043 —0.36
PC1/Rg  —0.97 098 0.79 0.96 —0.98 PC1/Rg —-0.93 095 0.80 0.92 —0.95
PC1/Ry 0.93 —0.97 —0.82 —0.92 0.97 PC1/Ry 092 —0.94 —0.80 —0.91 0.94
Butter mRg 0.97 —0.98 —0.78 —0.96 0.98
mRy —0.95 098 0.80 0.94 —0.97
Rwmo —-0.76 0.74 0.58 0.75 —0.73

PCI/Rg  —-097 098 0.78 0.96 —0.98
PC1/Rm 0.95 —0.98 —0.80 —0.94 0.97

indices obtained on the investigated stationary phases
(Tables 5 to 7). The best correlations (r=0.98) were
found between the mRy;, juman With MR g Margarines PC1/
RF, Margarine» mRF, Butter» mRM, Butter»s PCI/RF Butter»s
PCI/RM, Butter» and PCI/RM, Human with 1’nl{F, Margarines
PC1/REg, Margarines MRE, puter and, respectively PC1/
RE, Butter- High correlation coefficients were found as well
between the human fat lipophilicity indices with all the
animal and vegetable fats. The lowest correlations were
found for the RP-18, followed by TOA. The RP-18 W
and paraffin oil plates provided values closer by those
obtained on the rest of the plates (r > 0.70).

CONCLUSIONS
The chromatographic lipophilicity indices obtained for
a series of related flavonoids are a valuable source of

information which may be used for an objective character-
ization of TLC plates impregnated with fats. The human
fat-impregnated plates provided lipophilicity values closely
associated with those obtained for margarine and butter.
Moreover, the human fat lipophilic character seems to be
placed between pullet and cod fats. Even if there are some
unknown aspects which define the chromatographic mech-
anism, especially because of the variable chemical compo-
sition of the fats, the PCA offers useful information
concerning classification and ranking aspects by the
characteristic lipophilicity charts and by graphically rep-
resentation of the loadings. Once more the PCA shows
its high capacity within the analytical characterization of
different chemical processes including the chromatographic
mechanism.
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