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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: RM0, scores

corresponding to the first principal component of RF and/or

RM, the arithmetic mean of RF and RM 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

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 Kow) 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 Kow) 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 Kow 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 Kow and RM0 or isocratic

RM 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 RF values according to linear relationship

described by the Soczewiński-Wachtmeister equation [6]:

RM ¼ RM0 þ bC; ð1Þ

where RM is defined by Bate-Smith and Westall [19]

through the following formula

RM ¼ log
1

RF

� 1

� �
: ð2Þ

The RM0 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 RM0 values as more representative

lipophilicity indices, their values being of the same order of

magnitude as n-octanol–water log Kow. The arithmetic

mean of RM (mRM) and/or RF (mRF) 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 (RF and/or

RM 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 RM

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 b-carotene, lycopene, lutein, astaxanthin, 9-cis-retinal,

all-trans-retinal and d-tocopherol standards were obtained

from Sigma (Redox, Bucuresti), while zeaxanthin, retinol

and retinoic acid were Fluka (Redox, Bucuresti) products;

a and c-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 9 10 cm,

F254) were purchased from Merck (Nordic Invest, Cluj-

Napoca). The spotting was performed using a Hamilton

microsyringe of 10 lL. The paraffin, olive, sunflower and

corn oil were from the local market.

Chromatography

The standard solutions were prepared in chloroform

(1 mg mL-1). The spots (1 lL) were applied 1.5 cm from
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Fig. 1 Profiles of RM for all fractions of methanol on the investigated stationary phases: RP-18 (a); RP-18W (b); CN (c); paraffin (d); TOA (e);

olive (f); sunflower (g); corn (h)
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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 F254 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 RF 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 RM 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 0.98 in all cases, excepting lutein

(rTOA = 0.97, rOlive = 0.97), c-tocopherol (rOlive = 0.97,

rSunflower = 0.96) and d-tocopherol (rCorn = 0.97). In

addition, the retention profiles of the compounds presented

in Fig. 1a–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 b-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 RM0 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

Fig. 2 Profiles of loadings corresponding to RF values (a) and RM

values (b)
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Fig. 3 Lipophilicity charts corresponding to RM: RP-18 (a); RP-18W (b); CN (c); paraffin (d); TOA (e); olive (f); sunflower (g); corn (h)
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observe that the differences between arithmetic means and

scores of retinol (mRF = 0.867; mRM = -0.837;

RM0 = 12.487; PC1/RM = -0.693; PC1/RM = 1.591) and

the corresponding values of its congeners, zeaxanthin

(mRF = 0.832; mRM = -0.699; RM0 = 5.508; PC1/

RM = -0.624; PC1/RM = 1.325) and retinoic acid

(mRF = 0.823; mRM = -0.672; RM0 = 6.410; PC1/

RM = -0.604; PC1/RM = 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 RF

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 RF) and RP-18W, paraffin oil

and TOA, in the second group (quadratic profile of RF).

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 RM 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 RM

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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25. Sârbu C (1995) A comparative study of regression concerning

weighted least squares methods. Anal Lett 28:2077–2094

1102 J Am Oil Chem Soc (2010) 87:1091–1102

123


	Comparative Evaluation of Vegetable Oils-Impregnated Layers as Reversed-Phases for Thin-layer Chromatography
	Abstract
	Introduction
	Theory
	Materials and Methods
	Materials
	Chromatography

	Results and Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


