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The rapid and inexpensive laboratory procedure
described is well established as an adjunct to other
physical and chemical techniques for the charac-
terization and identification of organic compounds.
Systematic studies on homologous series, as sum-
marized in the present report, may further the knowl-
edge of the relationship between the chemical struc-
tures and the CST-values of organic substances. The
CST-values determined so far may serve as a basis
to predict with sufficient accuracy the eritical solution
temps of many more pure compounds of various
lipid eclasses. This procedure may be helpful in con-
firming the structures of synthetic preparations and
of materials isolated from the complex natural fats,
oils and waxes. Moreover, C8T-values of pure com-
pounds may be used for estimating the CST-values
of their naturally occurring mixtures. This would
be a simple procedure for checking and substantiating
the results of quantitative analyses.
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Lipid Analysis by Quantitative Thin-Layer Chromatography

0. S. PRIVETT, M. L. BLANK, D. W. CODDING and E. C. NICKELL, The Hormel

Institute, University of Minnesota, Austin, Minnesota

Abstract

Techniques for the quantitative analysis of
lipids using thin-layer chromatography (TLC)
are reviewed. The general procedures are divided
into two groups on the basis of whether or not the
methods involve the recovery of substances from
chromatoplates.

Recovery methods are elaborated under detec-
tion of spots, recovery of substances and quanti-
fication. Methods are described for the recovery
of labile compounds from chromatoplates and for
the determination of the structures of triglye-
erides and lecithins,

Methods for the direet quantitative analysis of
spots on chromatoplates are reviewed. These in-
clude measurements of spot size, reflectance, ab-
sorbance of transmitted light, and fluorescence.
Details of the photodensitometric method, par-
ticularly, spot visualization and instrumentation
are described. The analysis of lipid classes using

a combination of DEAE cellulose chromatography
and TLC by the densitomery of charred spots is
illustrated.

Introduction

HE SPEED AND VERSATILITY of thin-layer chroma-

tography (TLC) and its ability to resolve com-
pounds with very minor differences in chemical strue-
ture, make it especially valuable as an analytical
teehnique for the quantitative analysis of lipids. In
addition to providing a method of analysis for many
lipids which cannot be analyzed otherwise, it is also
used to facilitate the analysis of many lipid compounds
whose quantitative determination pose special prob-
lems. Methods for quantitative analysis by TLC may
be divided into two broad groups, those which involve
recovery of the separated compounds from the chro-
matoplate followed by an analysis using well-estab-
lished analytical procedures, and methods based on a
direct analysis of the spots on the chromatoplate. The
more common techniques employed in quantitative
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Fia. 1. Film holder for autoradiography. 4, slot for x-ray
film which is loaded in the dark and proteeted by slide inserted
in upper slot €. Chromatoplate D placed on stage and holder
closed as shown on right. Slide is removed and inserted in slot
B bringing plate into eontact with x-ray film.

TLC and selected examples of applications in the field
of lipids are elaborated here.

Recovery Methods

Detection Technigues

Recovery methods are the most diverse and most
widely applied because, basically, they depend only
upon the separation of the constituents. Prior to the
recovery of substances from chromatoplates their po-
sitions must be located. A host of reagents and tech-
nigues have been used for this purpose and a compre-
hensive discussion of them is beyond the scope of this
report. However, there are certain general guides
which should be followed in their use for quantitative
TLC. The simplest techniques should be employed.
For example, many compounds, including phospho-
lipids, bile acids and sterols, may be made visible long
enough to be located by spraying the plate with a neu-
tral solvent and viewing it with transmitted light.
This technique has formed the basis for the quantita-
tive analysis of menthofurane in lemon oil by eombin-
ing it with photography and densitometry of the re-
sulting negative (30).

‘When chromogenic reagents are used as indicators
in quantitative applications of TLC, care should be
taken to insure that they do not interfere with the
subsequent analysis. Common practice is to remove the
reagents by extraction or a separate chromatography.
Indicators such as bromothymol blue, Rhodamine 6G
and 2,7-dichlorofluoreseein, which are commonly em-
ployed for the detection of lipids, can usually be re-
moved by these methods. Destructive methods of de-
tection, such as charring, may also be employed with
recovery methods through the use of a pilot plate pre-
pared under identical conditions as plates used in the
analysis. Methods of this type are not recommended
when other techniques can be used, however.

Radioactive compounds may be detected for guan-
titative analyses by scanning devices or by the prepa-
ration of a radiogram by exposing the plate to x-ray
film. The literature on the use of these techniques has
been reported by Mangold (48,49). A simple and
highly satisfactory apparatus used in this laboratory
(7) for the preparation of radiograms is shown in
Figure 1. The plate is placed on a stage which is ele-
vated by a slide arrangement to provide a light but
complete contact of the adsorbent layer with the x-ray
film which is placed in the slot above it.

Vor. 42

Recovery Techniques

The most common recovery method is to scrape the
substances from the chromatoplate with a razor blade
or similar instrument (25,28,54). Several elaborate
techniques have been devised for the removal of spots
from chromatoplates, particularly for the recovery of
radioactive substances. Vacuum aspiration techniques
(81,67,32,5,50,90,51) are commonly employed for the
removal of individual spots. Recoveries of the order
of 98.7% have been reported for a technique of this
type by Hirsh et al. (31). Snyder (89) has deseribed
an automatie scraper which removes zones of adsorbent
of predetermined size directly into vials for analysis
of radioactive lipids by scintillation counting. This
technique permits the determination of a distribution
pattern of radioactivity over the entire plate and is
very useful for the detection of minor components as
well as components not well separated from each other.

In some analyses the recovered substances may be
extracted from the adsorbent, in others they may be
analyzed directly in the presence of the adsorbent.
‘When samples are to be extracted from the adsorbent,
care must be taken in the choice of solvents and ex-
traction technique to insure complete recovery of sub-
stances. Some compounds, particularly phospholipids,
are prone to alteration and require special precautions
in order to recover them from chromatoplates un-
changed. So unstable are natural lecithins, for ex-
ample, that they cannot be stored for prolonged
periods without some alteration, even at low temps.
The best method for the storage of phospholipids is
at low temps in dilute solution with air-free solvents.
The deterioration of these compounds appears to oceur
regardless of the degree of unsaturation because even
fully saturated lecithins isolated from natural sources,
for example, are prone to alteration. It should also be
noted that phospholipids generally undergo some al-
teration during such commonly applied reactions as
interesterification or enzymatic hydrolysis. Deteriora-
tion of the phospholipids usually may be detected by
the formation of products that have higher, as well as
lower, Rf values than the parent compounds on TLC.
Studies in this laboratory on the nature of the prod-
uects with the high Rf values formed from lecithin dur-
ing chemical and enzymatic hydrolysis indicate that
they consist mainly of hydrocarbons.

Several procedures have been described for the
quantitative recovery of phospholipids. One such
satisfactory procedure is as follows. After the plate
is developed in a jar in which the air has been dis-
placed with nitrogen it is removed and immediately
sprayed with a bromothymol blue indicator dye
(0.1%) dissolved in 10% ethanol in distilled water,
made basie with NH,OH. This dye (33,35) is a good
indicator for phospholipids and related compounds be-
cause it is stable, easy to remove (see below) and a
sensitive indicator on wet chromatoplates. Rhodamine
6G (73) and 2,7-dichlorofluorescein (48) are also ex-
cellent indicators for phospholipids as well as other
lipids. However, these indicators are most sensitive
when the plate is dry or near dry and it must be
viewed under ultraviolet light conditions which in-
creases the chanee of changes in highly labile ecom-
pounds such as the phospholipids. Chromatoplates
should never be allowed to dry in the analysis of phos-
pholipids and all solutions used in the course of the
recovery of these substances should be proteeted from
atmospheric oxygen by an inert atmosphere at all
times. When the presence of the dye does not inter-
fere with the subsequent analysis, the spots are scraped
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into beakers containing about 20 ml of chloroform:
methanol :water (65:40:5, v/v/v). Each area from
which the adsorbent is scraped is then swabbed with
a small piece of cotton wetted with the extraction sol-
vent to insure complete recovery of the sample. The
cotton which is pre-extracted with aqueous, as well
as organie, solvents is washed with a small amount of
chloroform. The slurry of each component is trans-
ferred to a sintered glass funnel and washed with sev-
eral small portions of the same mixture of solvents.
The filtrates of each slurry are combined and evapo-
rated to near dryness. The residue is dissolved in a
small amount of chloroform. Insoluble matter, such
as a binder, if it is employed, is removed at this point
by filtration by means of a small cotton plug in the
syringe used to make the transfer of the solutions to
another flask. This solution is evaporated to near dry-
ness to remove water which evaporates with the chloro-
form, and then diluted to a known volume for an
analysis.

‘When it is necessary to remove the indicator prior
to analysis (particularly for a subsequent gravimetric
analysis), a slightly different procedure is followed.
The spots are scraped into beakers containing about
20 ml of an aqueous solution of 15% 1:1 (v/v) meth-
anol-acetone. The area of glass from which the absor-
bent is removed is also swabbed with this solution. The
slurry is then transferred to a sintered glass funnel,
filtered and washed with two more small portions of
this solvent. The filtrate whieh contains the dye is dis-
carded. The lipid is then recovered by elution, first
with a small amount of ethyl ether and then with
chloroform :methanol :water (65:40:5, v/v/v). The
binder and water are removed as described above. Al-
though we generally use filtration in these procedures,
the washing and extraction techniques may be carried
out by centrifugation.

Quantitative recoveries of polyunsaturated fatty
acids or esters may also be obtained from adsorbents
impregnated with silver nitrate by the same general
procedure, except that a small amount of HCI should
be added to the solutions to insure complete breakup
of the silver-fat complexes, and the esters are recov-
ered by a final extraction into petroleum ether which
is washed to remove the acid and silver salts. With
fatty acids or esters Rhodamine 6G or 2,7-diechloro-
fluorescein are nsually employed to detect the positions
of the spots. With plain adsorbents such as silicie acid,
iodine staining may be used to locate the positions of
the spots of polyunsaturated fatty acids provided they
are not left in contact with the iodine vapors for a
prolonged period (23). Otherwise, some destruction
of the unsaturated fatty acids occurs (101,53).

Descending TLC may also be used to eliminate the
problem of alteration in the recovery of phospholipids.
The disadvantage of this method is the relatively long
time (approx 8 hr) required to elute all the samples
from the plate. However, by means of this technique
it can be demonstrated that changes in the phospho-
lipids with aseending TLC oceur generally during the
handling of the sample after development of the plate
because by continuing the application of the solvent
to the plate in an open-column type of elution all of
the substances can be eluted from the plate without
any evidences of alteration of their structures. A
simple apparatus for descending TLC is shown in
Figure 2. The solvent is introduced onto the adsorbent
by means of a small stainless steel tray, the open edge
of which is placed in contact with the adsorbent layer.

A novel application of the descending technique for
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Fig. 2. Apparatus for descending TLC. A4, tray for intro-
duction of solvent on chromatoplate, B, chromatoplate.

the recovery of vitamin A and its derivatives from
chromatoplates developed by the normal ascending
procedure has been deseribed by Varma et al. (100).
In this method the plate is placed in a horizontal po-
sition and the spots are eluted individually by apply-
ing the solvent by a wick arrangement from the sepa-
ratory funnel attached to the plate above the spot.

Quantification by Gravimetric Analysis

Perhaps the most basic analytical method of quanti-
tative TLC is a gravimetric analysis of the recovered
substances. These methods are not generally as ac-
curate as other methods for the analysis of lipids ex-
cept, perhaps, for the major constituents because of
the extremely small amts of substances which must be
quantitatively recovered. A major problem in the use
of gravimetric analysis in conjunction with TLC has
been errors from organic contaminants. A prineipal
source of the organie contaminants is the adsorbent it-
self as illustrated in Figure 3. The charred material
in the right panel of the plate in Figure 3 is the analy-
sis of material extracted from about 6 g of Silica Gel
G (Silica Gel G ace. to Stahl, Lot T61044, E. Merg
AG, Darmstadt, Germany) in a single bateh extrac-
tion with ethyl ether. Figure 3 also illustrates the
technique of removal of organic contaminants from
the adsorbent by a predevelopment of the plate in
chloroform prior to application of the sample. A sec-
ond front (B, Figure 3) was scored for the chroma-
tography of the sample which in this case consisted of
material from a batch extraction of Silica Gel G. It
is generally good practice in qualitative, as well as
quantitative, TLC to extract commercial adsorbents
with ethyl ether or chloroform before using them, or
to remove the contaminant organic material by de-
velopment of the plate in chloroform prior to analysis
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Fie. 3. Chromatoplate of organic contaminants extracted
with ethyl ether from 6 g of Siliea Gel G (ace. Stahl, Lot
T61044, E. Merg AG, Darmstadt, Germany) developed in
85:15:1 petrolewmn ether:ethyl ether:acetie acid. 4, solvent
front of first development with chloroform; B, solvent front
for development of sample.

of the sample as shown in Figure 3. Although no or-
ganic impurities are generally detectable at the second
front in this technique as illustrated in Figure 3, most
commercial adsorbents are usually still contaminated
with sufficient impurities to cause an interference with
an analysis by gravimetric methods. Because of the
presence of organic impurities in most commercial
preparations of silica gel, we found it expedient for
the gravimetric analysis of the major classes of egg
lipid (57) to make a special preparation of silieic acid
for TLC to insure its freedom from organic contami-
nants. Details of the method used for such prepara-
tions of silicic acid have been deseribed by Blank et
al. (7).

Kramer et al. (41) reported that porous glass, which
has been employed in colump chromatography (45),
possessed essentially the same adsorptive properties as
gilieca gel in TLC. This adsorbent (Corning Glass
Works) may be treated with nitrie acid or hydrogen
peroxide, dried, and finally heated to 550C to free it
of all organie contaminants without destroying its ad-
sorptive properties as illustrated by the separations
shown in Figure 4.

Table I shows the quantitative gravimetric analysis
of a mixture of known weights of cholesteryl oleate,
triolein, oleic acid and cholesterol on porous glass
coated plates, using 2,7-dichlorofluorescein as the in-
dicator and the recovery methods deseribed above.
The analysis in Table I was carried out on amts of the
individual components of the order of 3 m. Other ad-

F16. 4. Separation of a lipid mixture of 4, cholesteryl oleate;
B, triolein; O, oleic acid and D, cholesterol; E, hydrogenated
egg lecithin on porous glasy containing 109% caleium sulfate
with 97:3.0:0.02 petroleum ether:ethyl ether:acetic acid.

sorbents are generally too contaminated to give an ac-
curate analysis on amts of this order of magnitude.

Recently, Komarek et al. (40) deseribed the use of
extra-long plates, thicker layers of adsorbent and de-
velopment with two solvent systems together with an
elaborate extraction technique for use in conjunction
with gravitometry. They applied this method to the
lipids of bovine semen with a high degree of accuraey.
Williams et al. (104) also reported the use of a gravi-
metrie technique for the analysis of the major elasses
of the lipids of feces and fecaliths. Quantitative
analysis by TLC using gravimetric methods has also
been applied to lipids by Kaufmann et al. (38). Al-
though the use of porous glass or specially prepared
adsorbents eliminates to a large extent the major prob-
lem, that of the contamination of organic matter from
the adsorbent, gravimetric methods require the utmost
in techniecal proficiency to obtain highly accurate
results,

TABLE I
Gravimetric Analysis of Standard Mixture of Lipid Classes via TLC
Sample No. 1 Sample No. 2 s
(weight mg.) (weight mg.) % Composition
Lipid Found
Kunown found recovery Known found rec?;ery Known Avg. of
” . ° No. 1 & No. 2
Cholesteryl oleate..cooceoivvreeniiiinii, 8.57 3.81 93 3.51 8.68 105 24.9 24.6
Triolein.............. 3.56 3.62 102 3.50 3.85 96 24.8 25.0
Qleic acid... . 3.61 3.35 93 3.54 3.55 100 25.0 24.0
Cholesterol.. 3.61 3.86 107 3.55 3.54 100 25.3 26.0
Total 14.35 14.14 98.5 14,10 14.12 100 100




May, 1965

Spectroscopic Methods
Phosphorus Analysis

Since there are no specific methods for the analysis
of phospholipids, a general procedure for their quan-
tifieation after TLC fractionation is based on a de-
termination of phosphorus after mineralization of the
recovered sample. Methods for the analysis of phos-
pholipids by this technique have been deseribed by
Wagner (103), Habermann et al. (29), Jatzkewitz
(33-35), Doizaki et al. (22) and Davison et al. (21).
In the paper by Doizaki et al. (22) this application of
the TLC method was shown to be as accurate as paper
and column chromatographic methods and could be
carried out much faster. However, the method re-
quires the use of standards, and errors due to the sup-
pression by silicie acid of the color reaction in the
determination of phosphorus can amount to as much
as 20% if not corrected. Whether or not porous glass
adsorbents interfere with this color reaction is not
known. Since this adsorbent is as efficient as silicie
acid, its use in this type of analysis should be investi-
gated.

Ester Analysis

Lipids which are ester derivatives yield hydrox-
amic acids on reaction with alkaline hydroxylamine
and can be estimated colorimetrically by the formation
of iron complexes. The reaction has been employed by
a number of investigators for the analysis of lipid
esters (4,87) and has been studied extensively by Skid-
more and Entenman (85). Vioque and Holman (101)
demonstrated the use of this reaction in conjunction
with TLC for the analysis of simple lipid esters.

Chromic Acid Oxidation

A number of methods have been described for the
analysis of lipids based on their oxidation by solutions
of chromie acid (12). These methods generally involve
the spectrophotometric analysis of the amt of chromic
acid that is used up in oxidation of the lipid. Amenta
(1) developed a method for the analysis of lipids frac-
tionated by TLC based on the determination of the
amt of unreacted chromie acid by the decrease in ab-
sorbancy of the solution at 350 mu. Although the prin-
ciple of the method is simple, it requires comparison
with standards and corrections for reducing substances
in the adsorbent which reduces its accuracy and pre-
cision,

Glycerol Analysis

The determination of lipids by the chromogenic re-
action of chromotropic acid with glycerol has been em-
ployed as a general method of glyceride analysis (17,
98,99). Litchfield et al. (44) have used this reaction
in conjunction with TLC on chromatoplates coated
with silicic acid impregnated with silver nitrate for
the determination of triglyceride structure.

Carbonyl Compounds

Despite the existence of very elegant column chro-
matographic techniques for the fractionation of ear-
bonyl compounds, and the fact that they lend them-
selves well to gas-liquid chromatography (GLC) their
quantitative analysis taxes to the utmost the skill of
the analytical chemist. Since elegant techniques have
been developed for the fractionation of carbonyl com-
pounds in the form of their dinitrophenylhydrazine
(DNPH) derivatives by TLC (79,97), the analysis
of complex mixtures of these compounds may be
greatly facilitated through the use of TLC in conjune-
tion with the spectrophotometric analysis of the
DNPH derivatives.
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Fi¢. 5. Separation of members of normal homlogous series
of 2,4-dinitrophenylhydrazones of I; alkanals Cias; II, alkan-
2-ones Cs-z; III, alk-l-en-3-ones Ciao; IV, alk-Z-enals Csis;
V, alka-2,4-dienals Cs-iz14,16,083 VI, alk-8-en-2-omes Cer0; VII,
nona-trans-2-trans-6-dienal; VIII, nona-trans-2-cis-6-dienal.
Carver : Kieselguhr G. Impregnation:109% phenoxyethanol in
acetone. Solvent: light petroleum (bp, 100-120C). Conditions:
the mobile solvent was allowed to ascend 9 em from the starting
line three times and 11 em from the starting line the fourth
time. This figare supplied through the courtesy of Gerda Ur-
bach from J. Chromatog. 12, 196 (1963).

Methods for the fractionation and analysis of com-
plex mixtures of carbonyl compounds as their DNPH
derivatives have been directed primarily to investiga-
tions of the composition of odors and flavors and the
determination of the strueture of unsaturated fatty
acids. In these applieations they serve well as compli-
mentary methods to GLC. They also provide a means
for the determination of compounds with unusual
struetures that do not lend themselves to GLC.

In the application of TLC of DNPH to the strue-
tural analysis of unsaturated fatty aeids or other
lipids the ozonides may be reacted directly with 24-
dinitrophenylhydrazine (1a,29a). The procedure em-
ployed in this laboratory consists of the preparation
of ozonides separately in a nonpolar solvent (65)
which provides a high yield of these compounds. The
ozonides are purified by TLC with silicie acid coated
plates and reacted directly with 2,4-dinitrophenylhy-
drazine. The products of the reaction are separated
by TLC into classes by silicic acid TLC or by the ele-
gant partition method developed by Urbach (97),
which separates homologous series of derivatives dif-
fering by only one carbon atom as illustrated in Figure
5. Quantification is carried out by spectrophotometry
using a derivative of a foreign aldehyde as an internal
standard by the same general procedure desceribed be-
low for the analysis of triglycerides. It may be noted
that a complete separation of compounds is frequently
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Fig. 6. Analysis of radioactive lipids by autoradiography-
densitometry and seintillation eounting of the recovered sam-
ples. Scintillation analysis: 4, 39.349, (11,118 CPM); B,
40.279% (11,386 CPM); C, 20.39% (5,764 CPM). Densitometric
analysis (proportionality of peak arcas) 4, 44,329%; B, 41.25%
and C, 14,43%.

not necessary for a quantitative analysis by this pro-
cedure.

In summing up, speectrophotometric methods eom-
bine very effectively with TLC for the analysis of a
wide variety of lipids. Only the more general appli-
cation of these methods is elaborated here. Obviously,
there are many applications of the technique to spe-
cific compounds or speecific groups of compounds.
Among such applications are methods for the analysis
of bile acids (26,27,24), sterols (16,18,21), steroids
(6,94), vitamin A derivatives (100) and glycolipids
(33,34,21).

Radiometric Methods

The determination of radiocactivity may be used in
conjunction with TLC for quantitative analysis in
much the same manner as spectrophotometric methods.
Conceivably, the two methods may be combined for a
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Fia. 7. Carbon' distribution in bone marrow lipids 6 hr after
the oral administration of palmitie-1-C* (in corn oil) to an ir-
radiated rat (4 days after 800 v total-body irradiation). This
figure supplied through the courtesy of Fred Snyder from A4nal.
Biochem. 9, 183 (1964).
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Fic. 8. Determination of fatty acid composition of a species
of Nocardia cultured on acetate-1-C"* by a combination of TLC
and radio-GLC (Packard System), 4, radioactivity analysis
(Packard System ), B, mass analysis, I, total lipid methyl esters,
II and III, saturated and monoenoiec methyl esters, respectively,
separated by AgNos.TLC; 1, methyl myristate, 2, methyl penta-
decanoate, 3, methyl palmitate, 4, methyl palmitoleate, 5, methyl
heptadeeanoate, 6, methyl heptadecaencate, 7, methyl stearate
and &, methyl oleate.

determination of specific activity. General aspects of
these methods have been discussed by Snyder (89).

Seintillation counting is the most widely applied
method of analysis used in conjunction with TLOC
because of its sensitivity and simplicity, but other
counting methods may be employed (77,46,48). Tech-
niques for the radioassay of lipids using scintillation
counting in conjunction with TLC have been studied
by Snyder et al. (88,89), Brown and Johnston (15)
and Schulze et al. (77). The methods for the detee-
tion of spots and quenching have been the main prob-
lems in the quantitative analysis via scintillation
counting. The latter has been largely eliminated
through the using of scintillation systems containing
dioxane or dioxane-water (15,89).

An autoradiographic analysis requires time as de-
pendent on the activity of the sample but it provides
a complete analysis and serves as a guide for the ap-
plication of other analyses to the chromatoplate of the
separated components, The application of this tech-
nique is illustrated in Figure 6. This figure shows
an autoradiogram and a comparison of the densi-
tometrie analysis of the spots with that obtained by
scintillation counting of the recovered sample. The
agreement between the two analyses is not nearly as
close as that which can easily be obtained. It is shown
to emphasize a precaution that must be taken for an
accurate autoradiographic analysis, that is, to avoid
oversaturation of the photographie emulsion. When
this technique can be applied, it leaves the plate avail-
able for a quantitative analysis of nonradioactive com-
pounds by other methods.
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Although autoradiographic methods have a number
of good features, they are not as sensitive and have a
much more limited range compared to direct scintil-
lation counting. These factors, together with the in-
sensitivity of methods based on chromogenic reactions,
compared to radiodetection methods, led Snyder (89)
to the development of a zonal seraper for the analysis
of radioactivity via a distribution curve similar to that
which might be obtained from a chromatographie eol-
umn, for example. In this method, equal zones of ad-
sorbent are automatically seraped from the plate into
vials for counting. A typical analysis of this fype is
shown in Figure 7. Quantitative analysis is deter-
mined from the peak areas. Since counting times may
be prolonged, the method provides the ultimate in
sensitivity, Also, since very narrow zones may be
taken, the method frequently will reveal overlapping
of spots which would ordinarily be missed.

TLC may be employed in conjunction with radio-
GLC for the quantitative analysis of radioactive
methyl esters and other compounds which lend them-
selves to both of these forms of chromatography. A
mass and radioactivity analysis by GLC of uniformly
labeled methyl esters fractionated by TLC with silver
nitrate coated plates is shown in Figure 8 to illustrate
the potentialities of the combination of these tech-
niques. TLC is used to separate fatty acids by degree
of unsaturation and so simplify the mixture for GLC
analysis in this type of application (Fig. 8). With
complex mixtures of fatty acids consisting of both odd-
and even-membered chain components as well as those
having different degrees of unsaturation such a pre-
liminary separation greatly facilitates GLC analysis
and permits the use of internal standards for quan-
titation. By means of plates coated with silicie acid
impregnated with silver nitrate, fatty acid esters may
be fractionated readily on the basis of the degree and
geometry of the unsaturation and in some cases by
chain length and position of the double bonds as il-
lustrated in Figure 9.

Through the use of the technique of internal stand-
ards deseribed below the combination of radio-TLC
and radio-GLC will permit the determination of the
structures of radioactive triglycerides and lecithins.
The determination of structure of radioactive lecithing
may also be made by application of radio-GLC in con-
junction with the TLC fraction of these compounds
by the method described by Privett and Blank (58)
except that a nondestructive method for the detection
of the spots would have to be used.

Methods of Internal Standards

When no specific or general analytical methods can
be applied, frequently a quantitative analysis can be
effected by means of an internal standard. As men-
tioned above this method may be employed using spee-
trophotometry for the analysis of ecarbonyl compounds
separated in the form of DNPH derivatives by TLC.
It also provides an elegant method for the determina-
tion of the composition of triglycerides (8,10,27) and
lecithing (9) and for the quantitative analysis of com-
plex mixtures of fatty acids using a foreign methyl
ester as an internal standard and analysis by GLC.

The procedure employed in the analysis of triglye-
erides is determined, to a large extent, by the com-
plexity of the fat. For example, with milk fat, a pre-
liminary direct fractionation on silicic acid may be
used to separate the long-chain triglycerides from
those containing the short-chain fatty acids (10).
However, the main value of TLC in glyceride analysis
18 1ts use to fractionate these compounds on the basis
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; g4 9 1L 1)
s ; : 131 20:1
F1e. 9. TLC of fatty acid esters on plates coated with silieie
acid impregnated with silver nitrate. 4, developed with 20%
diethyl ether in petroleum ether and spot visualization by char-
ring; B, developed with chloroform (sprayed with 2,7-dichloro-
fluorescein, photographed under UV light). 8, stearate, H,
elaidate, O, oleate, T.T., linoelaidate, C.T., ¢is-9, trans-12-lino-
leate, cc = cis-9, cis-12-linoleate, LN, linolenate, AR, arachi-
donate.

of the degree of unsaturation with silver nitrate im-
pregnated adsorbents (44,10,36,8,37,3,102). The na-
ture and extent of the separations that may be
achieved by this technique is illustrated in Figure 10.
‘With this fat it was possible to separate pairs of tri-
glyeerides of the same degree of total unsaturation,
that is, there was a separation on the basis of the in-
dividual fatty aecid constituents. Separations of this
type have not generally been recognized, although it
has been mentioned by Kaufmann (37). There is some
evidence also.that glyceride isomers may be frac-
tionated as evidenced by the apparent double bond
for P,O in Figure 11. The relative conen, as well as
structure, influence separations using this technique.

Fi1g. 10. Fractionation of hog mesenteric fat by TLC with
plates coated with silicie acid impregnated with silver nitrate
and developed with 0.8% methanol in chloroform. O, oleie, L,
linoleie, S, saturated fatty acids.
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TABLE II
Analysis of Triglycerides

o Shorthand Found Cale
Trivial name designation | wt. 9% wt. %

Tripalmitin P2 2 4.
1-Monoleo-2,3-dipalmitin. oPP 1074 o5
2-Monoleo-1,3-dipalmitin. POP 4.3 4.8
1-Monopalmito-2,3-diolein... POO 8.4 9.3
2-Palmito-1,3-diolein 0PO 5.0 4.7
Triolein.................... (o1 4.7 4.6
1-Linoleo-2,3-dipalm; LPP 8.7 7.4
2-Linoleo-1,3-dipalmitin .. PLP 3.3 3.7
1-Palmito-2-oleo-3-linolein.., POL 7.3 7.2
1-Oleo-2-Palmito-3-linolein oPrL 7.4 7.2
1-Oleo-2-linoleo-3-palmitin, OLP 6.8 7.2
1-Linoleo-2,3-diolein........ LOO 6.4 7.1
2-Linoleo-1,8-diolein........ OLO 3.8 3.6
1-Palmito-2,3-dilinelein . PLL 5.3 5.6
2-Palmito-1,3-dilinolein LPL 2.7 2.8
1-Oleo-2,3-dilinolein... . OLL 5.3 5.5
2-Oleo-1,3-dilinolein..... LOL 3.0 2.7
Trilinolein ... LLL 2.0 2.1

Therefore, one cannot generalize. However, an elegant
feature of the use of a methyl ester as an internal
standard and an analysis by GLC is that complete
resolution of the triglyceride types is not necessary as
illustrated below.

Methyl pentadecanoate serves very well as an in-
ternal standard for the analyses of most triglycerides
because it is rarely present in more than trace amts
in natural fats. The application of the internal stand-
ard technique in conjunction with lipase hydrolysis
by the method of Blank, Verdino and Privett (8) is
illustrated on the standard mixture of triglycerides
shown in Table II. The plate on which this analysis
is based is shown in Figure 11.

PaL
O3
POL

2

PL2
OL2+L3

Fig. 11. Fractionation of a gtandard mixture of triglycerides
shown in Table IT by TLC with plates coated with silicie acid
impregnated with silver mitrate. O, oleie, I, linoleie and P,
palmitic acids.
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The method of calculation is illustrated in Table T1T
by the analysis of the seventh band shown in Figure
11. Even though the components of this band may be
separated by a second chromatography, it is not neces-
sary to perform such a separation because the com-
position may be calculated from the GLC data. The
principle of the method is that from the analysis of
the fatty acids, a hypothetical peak area can be ealcu-
lated for each triglyceride type. From a consideration
of the peak areas of the individual triglycerides and
the data given by pancreatic lipase hydrolysis a fairly
complete picture of the triglyceride eomposition ean
be obtained as shown by the analysis in Table I1.

Lecithin composition may be determined after re-
ductive ozonolysis via TLC and densitometry of char-
red spots as deseribed by Privett and Blank (58). The
methyl ester internal standard technique may also be
used as an instrument of quantifieation in this method.
These investigators (9) have recently developed a new
method for the determination of lecithin structure
based on a quantitative analysis of the disaturated
forms by the internal standard technique after frac-
tionation via mercuric acetate adduct formation. A
total fatty acid analysis is followed by determination
of the fatty acids residing in the B-position using the
phospholipase A hydrolysis technique (68). From these
data the composition of lecithins may be determined
in terms of the distribution of the saturated and un-
saturated fatty acids as follows. The amt of disatu-
rated lecithin is determined directly by TLC as men-
tioned above. The amt of diunsaturated forms is
determined from the total fatty acid composition and
the amt of disaturated forms by differenece. In this
calculation the amt of the two saturated-unsaturated
forms can be determined by the saturated fatty acid
composition of the total (all forms) and the amt of the
disaturated form. The difference between these values
represents the amt of saturated fatty aecids in the two
saturated-unsaturated forms and permits the caleu-
lation of the mole % of these forms in the total. The
amt of the diunsaturated forms is then ealculated by
difference. From the action of phospholipase A the
% distribution of saturated and unsaturated fatty
acids among the saturated-unsaturated forms can be
calculated because the amt of disaturated and diun-
saturated forms are known.

The internal standard technique may be well ap-
plied with other analytical techniques in addition to
GLC. A general technique for the application of TLC
in conjunction with GLC, reductive ozonolysis and
IR speetral analysis for the analysis of positional
and geometric isomers of fatty acids of different chain
length is described in reports form this laboratory
(60,59,11). .

The analysis of unsaturated fatty aecids via TLC of
their mereuric actate adducts in conjunection with
GLC has been described by Mangold et al. (47), and
Stearns et al. (93). The latter has employed frae-
tionation by this method after partial hydrogenation
in conjunction with ozonolysis for the determination
of the positions of radioactive carbon atoms in iso-
topieally labeled unsaturated fatty acids. A similar
technique has been employed by Privett and Nickell
(64) for the determination of the specific positions of
cis and trans double bonds in polyunsaturated fatty
acids. In this method the polyunsaturated fatty acids
are partially hydrogenated with hydrazine, the mono-
ethenoid produets are isolated by either reversed-
phase partition or selective adsorption on silicie acid
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impregnated with silver nitrate chromatography as
described by Privette and Nickell (65). The mon-
ethenoid esters are then separated into their cis and
trans isomers and analyzed by reductive ozonolysis
{60,65). The general technique of internal standards
may be well applied in these and similar procedures
for guantitative analysis of mixtures of fatty acids
which could not be analyzed readily otherwise.

Direct Spot Analysis Methods

These methods are generally more rapid and sensi-
tive than recovery methods and they eliminate errors
which are associated with recovery of the sample from
the chromatoplate. The methods in this category may
be divided into those based on the measurement of spot
size and those based on the measurement of a function
of the size and density of the spot by photometry.

Spot Size Methods

These methods have been studied extensively by
Purdy and Truter (66,96) and Seher (80-84). Al-
though Purdy and Truter (66) found that the log
weight of the sample versus the square root of spot
area comes the closest of all measurements to a linear
relationship, it is apparent that these methods are
strietly empirical and their precision depends on the
artifice of the operator (14,92,96,82). Since the size
of the spot varies with the extent of the migration (Rf
value) and the structure of the compound, standards
of each component of the sample must be chroma-
tographed simultaneously for comparison (66,81,82).
The amt of the standard compound employed should
also be in the range of that of the sample because of
the nonlinearity of the relationship between weight
and spot area. Another inherent error in the appli-
cation of these methods is that of obtaining a preeise
measure of the size of the spot itself. Seher (81,82)
cautions that the spots should be fairly large. How-
ever, components may be found at all levels of concen
in lipid mixtures, a factor which compounds the dif-
ficulties of accurate measure of spot size in the analysis
of these compounds. Some investigators, in accord-
ance with the findings of Seher (81,82), have at-
tempted to minimize the error in measurement of spot
size by carrying out the measurements on photographs
of the spots (48,83,84,2) and Purdy and Truter (66)
have devised a number of procedures of varying de-
grees of complexity for application, in accordance
with the information desired and the error which can
be tolerated.

In spite of the inherent errors, the method has been
applied with a high degree of precision to the analysis
of a number of compoonds (96). A most elegant ap-
plication of a spot size method is that for the analysis
of antioxidants reported by Seher (83,84,82). Spot
area in this case was measured from contact photo-
graphs made of the plates. The quantitative analysis
of a large number of antioxidants is deseribed in this
work.

Photometric Methods

Photoreflectometric Analysis. Recently, Lines (43)
reported a method based on reflectance measurements
for the quantitative analyses of lipids by TLC. In this
method the spots are charred by heating the plates
from room temperature to 200C in 15 to 20 min after
spraying them with 10% aqueous H,80, Such a
method is reported to give a linear relationship be-
tween the amt of sample spotted on the plate and the
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TABLE 111
Analysis of Triglyceride Bands

Band 7 (PLeOLals) .
15:0 16:0 18:1 18:2

21.9 114 117 55.0
Cale. PLe OLa Lz
PealfﬁAI'ea {(11.4 X 3) 117X 8 55.0 — 46.2
Trigl, 34.2 85.1 8.8
Lipase Analysis
(PLg 4+ OLz -+ Ls) = 18.3%
Fatty Acid
Composition
8.0% 8.8 % 2.0% Total B-Mono
—P —L —Q ~L w1 P 11.4(14.6) 147
—L -+ —P —L + -0 + |—L 0 11.7(15.0) 164
—L —L —L —L L L 55.0(70.4) 689
%5.3 2.7 53 8.0 2.0 15.0 21.9

light absorbed. Kqual weights of cholesterol and
monopalmitin gave the same response by this method
in spite of the fact that the mol wt of cholesterol is
about 84% carbon compared to 69% for that of mono-
palmitin. Thus, the linear relationship between the
amt of sample spotted on the plate and light absorbed
must be considered fortuitous, especially since no
other compounds were tested. Payne (55) also de-
seribes the analysis of lipids by reflectance scanning.
In his method the spots are charred by spraying the
plate with 50% H.SO, containing a small amt of
methyl orange and then heated for 20 min at 160C.
Inasmuch as photoreflectometric methods of analysis
are widely used in paper chromatography, there is no
apparent reason why they cannot be applied equally
well in TLC. However, standards and the use of char-
ring conditions which provide as nearly as possible
quantitative conversion of the sample to carbon should
be employed for the highest accuracy.
Spectrophotofiuorometric Analysis. At present,
these methods have been applied mainly in eonjunc-
tion with the recovery of compounds from chroma-
toplates (76,75). However, a technique for the direct
application of these methods to compounds separated
as spots on chromatoplates has been devised by Sawicki
et al. (75). In this procedure the chromatogram is
cut into sizes suitable for insertion into a solid sample
accessory and the nmatural fluorescence or fluorescence
after treatment with appropriate reagent is measured.
Sinee few lipids have a natural fluorescence or
undergo fluorescent reactions, this method has only
limited application with these compounds. That tech-
niques may be devised for the analysis of lipids, based
on gquenching of fluorescence seems possible, however.
Photodensitometric Analysts. Of all the techniques
of direct spot analysis, methods based on photodensi-
tometric measurements of transmitted light appear to
be the most practical. They are simple, fast and ac-
curate ; they have wide versatility and may be carried
out with densitometers and techniques usually applied
in paper chromatography with only lit{le modification.
In most applications of these methods a slit just longer
than the diam of the spot is employed, as deseribed by
Blank et al. (7). The instrument is adjusted so that
it gives a reading of 100% transmission when the light
is passed through the plate between the spots and zero
percent transmission when the shutter in front of the
photocell is closed. The passage of each spot over the
slit gives a peak of optical density values. The area
under the peak (integrated optical density values)
should give a linear relationship which passes through
the origin with the amt of sample expressed in terms
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Fi¢. 12. Standard curve showing relationship of peak area
vs ug of carbon; spots charred by heating the plate for 20 min
at 180C after spraying it with chromie-sulfurie aeid (5). 4
and B, methyl palmitate and cholesteryl palmitate respectively;
A’ and B’, methyl palmitate and cholesteryl palmitate, respec-
tively, after spraying the plate with methanolie glyeerol to make
it translucent.

of its carbon content for charred spots as illustrated
in Figure 12 if the instrument is properly modified for
the analysis of chromatoplates. Commercial densi-
tometers which are normally used for paper chroma-
tography generally fail this test because they are not
designed to shield out refracted light from chroma-
toplates. This problem may be eliminated in most
densitometers by equipping them with a narrow slit
below the chromatoplate and another above it just in
front of the photocell to collimate the beam of light.
Our modification of the Photovolt Densitometer Model
52C for use with slits of different sizes and a stage for
holding 20 X 20 em plates is shown in Figure 13. A
small motor was also installed in the main housing of
this instrument to provide automatic transportation
of the stage.

The problem caused by refracted light in the densi-
tometric analysis of charred spots by the usual tech-
nique has also been observed by Thomas et al. (95).
These investigators attempted to eliminate it by mak-

F

Fi¢. 13. Photovolt Densitometer Model 52C modified for
nieasurement of ehromatoplates. 4, typieal chromatoplate; B,
height adjustment for photocell; €, metal strip containing slits
of various sizes; D, slit cap for photoeell (upper shit) E, ad-
justable stage for holding chromatoplates; F, motor for trans-
portation of stage.
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TABLE IV
TLC Analyses of Standard Mixtures of Lipid Classes
(wt. %)
Sample 1
Abs.
No. 1 No. 2 No. 8 Avg. Known error
C.E. 19.5 19.0 18.6 19.0 18.8 -+0.2
T.G. 19.2 18.8 20.2 19.4 18.8 -+0.6
F.F.A. 23.0 23.8 23.4 23.4 23.2 ~+0.2
Chol. 20.0 20.3 19.8 20.0 20.8 —0.8
H.L. 18.3 19.6 18.0 18.8 20.1 —1.5
Sample 1T
C.E. 9.0 8.5 7. 8.2 7.4 -+0.8
T.G. 27.7 26.9 26.8 27.1 26.1 1.0
FRA. 31.6 31.0 30.6 31.1 30.4 ~+0.9
Chol. 25.6 26.8 28.3 26.9 28.2 ~1.3
H.1L. 6.1 6.8 7.3 8.7 7.9 —1.2
Sample 11T
C.B, 10.0 11.1 9.6 10.2 9.1 1.1
T.G. 46.0 43.3 45.0 44.8 45.9 1,1
F.F.A 111 11.8 10.8 11.2 10.7 -+0.5
Chol. 10.2 11.7 104 10.8 10.0 0.8
H.1L. 22.7 23.1 24.2 23.3 24.3 —1.0
C.E. = cholesterol palmitate.
T.G. = tripalmitin.
F.F.A. = palmitic acid.
Chol. = Cholesterol. R
H.L. = hydrogenated lecithin.

ing the measurements on plates made translueent by
spraying them with an ethereal solution of mineral
oil. Although errors due to refracted light appear to
be minimized by the use of a translucent background,
this technique greatly reduces the sensitivity of the
measurement as noted by Thomas et al. (5) and as il-
lustrated in Figure 12.

The analysis of specific compounds may be per-
formed by the determination of colored spots given in
chromogenic reactions by the use of specific filters.
However, because lipids are a highly heterogeneous
group of eompounds, they are usually made visible for
photodensitometry by charring them under standard
conditions; no filter is employed in the densitometer
in this case. Many different charring techniques have
been employed to make spots visible. Lines (43), as
mentioned previously, employed aqueous 10% H,S0,
and heated the plates to 200C. Barret et al. (3)
sprayed their plates with an aqueous solution of 50%
orthophosphorice acid and then heated them to 340C.
Payne (55) wused 50% HoSO, containing methyl
orange and a charring temp of 160C. Leegwater et al.
(42) deseribes the use of permanganate-sulfuric acid
for charring. Kirchner et al. (39) and Morris et al.
(52) employed 50% aqueous HSO, (v/v). Peifer
(56) who applied the technique to microplates charred
the spots with a sulfurie-perchloric acid mixture.
These and many other reagents for charring spots are
tabulated by Bobbitt (2) and by Mangold (48). The
ideal technique, obviously, is one which gives a quan-
titative conversion of the compounds to carbon. Be-
cause lipids vary considerably in strueture and mol
wt, no single method can be expected to give a quan-

TABLE V
Analysis of Beef Brain Lipids (86)
(wt. %)

Substance Column DEAE-TLC Direct TLC
Cholesterol 20.3 20.4 19.0
“Ceramide” ... 0.31 0.43 0.43
Cerebroside .. 13.1 13.5 13.79
Sulfatide ... 4.0 4.0 4.0
Lecithin ... RV 113 |
Sphingomyeln ........oend L 7.9 | ...
Phosphatidyl

ethanolamine ... ... .o 14,0 14.0 14.7
Phosphatidyl

serine 7.5 75 1
Gangliosides . 2.5 2.5
Phosphalidyl

inositol 2.0 2.0
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titative conversion of all lipid compounds to carbon.
With common lipids we have shown (61) that two
processes are involved in the amount of conversion of
a compound to carbon evaporation which may occur
with the highest mol wt lipids and oxidation. The
main reason for the frequent observation that unsatu-
rated compounds char quicker or more than saturated
compounds under certain conditions (61,62,52) is
readily explained by these reactions. In order to limit
the loss by evaporation, high temps, that is, above
200C, should be avoided. Strong oxidizing agents
should be used to complete the oxidation as quickly
as possible but the oxidizing agent and the heating
conditions should not be so drastic as to convert the
sample to carbon dioxide. The conditions which we
have found to be most generally satisfactory consist
of heating the chromatoplate at 180C for 25 min after
spraying it with an aqueous solution of 70% sulfuric
acid (v/v) saturated with potassium dichromate (7).

Although many compounds give the same yields of
carbon when the charring is earried out under these
conditions, it is generally good practice to employ
standards as reference compounds for comparison on
the same plate. In addition to eorvection for yield of
carbon, this technique also nullifies the effect of Rf
value. As a spot migrates hlgher on the plate, it be-
comes larger; the increase in size is compensated gen-
erally by a decrease in density, but not eompletely for
spots with widely different Rf values which are fre-
quently encountered in complex lipid mixtures. When
standards are not available, only the areas of spots be-
tween an Rf value of about 0.3 to 0.7 should be directly
compared. However, all of the spots of a lipid mixture
can generally be developed in the optimum region of
the same plate with different solvent systems via the
technique illustrated in Figure 14. In this technique
the plate is divided into panels, and a different solvent
system is used in each panel. After the spot has as-
cended the first panel, the adsorbent is removed from
the plate to a height just above the level of the solvent
in the chromatographic jar so that the solvent cannot
reascend it. Then another sample is spotted in the
second panel and it is developed in the second solvent

A B C D
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Fia. 14. Chromatoplate of a mixture of lipids in four solvent
systems on same plate. A4, 5% ether in petroleum ether; B, 50%
ether + 0.59% HAC in petroleum ether; 15% ether +1%
HAQ in petroleum ether; D, 70:30:4 CHCls MeoH H.0. 1, Cho-

lesterol oleate; 2, tnolem 3, oleie acid; 4, cholesterol and 5,
lecithin,
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Fig. 15. Weight distribution eurve of the fraetionation of
milk serum lipids bv DEAE cellulose eolumn chromatography.

system, one which will bring other spots into the opti-
mum Rf range. The process is repeated until all com-
ponents of the sample are migrated into the optimum
region of the plate. For the utmost in accuracy, a
standard may also be included in each panel for
comparison.

Peak areas obtained from the densitometric measure-
ments may be determined by means of an automatic
integrator, planimetry or by cutting out the peak
areas from an automafically recorded chart and weigh-
ing the paper. An indication of the accuracy that may
be achieved with these methods is given by the analysis
of mixtures of various concns of severa} lipid classes
in Table IV.

Applications. Since the technique may be applied
generally to organic compounds, its use in many in-

vestigations has gone unheralded. We have employed
it for the determination of triglyceride and lecithin
gtructure (58), mono-, di- and triglyceride analysis
(63,61,62), lipid e].asses (7) and on ozonides (64).
Peifer (56) has applied the method to the determi-
nation of cholesterol. Thomas et al. (95) have illus-
trated that siliea gel impregnated with borie acid may
be used for the guantitative analysis of 1- and 2-mono-
glycerides. Barret et al. (2) have employed the same
techmque for triglyceride analysis by using silicic acid
impregnated with silver nitrate as an adsorbent. Dem-
onstration of the fechnigque with this adsorbent, of
course, greatly extends its potential application.

- L
e i
H_l LT

Fia. 16. TLC of fractions of milk gerum lipids separated by
DEAE cellulose eolumn chomatography. 4, lecithin (tubes 44—
47); B, sphingomyelin (tubes 48-54); €, unknown (tubes 62—
68); D unknown {tubes 62-68); E, phosphatldylethanolamme
(tubes 70- 85); ¥, unknown (’rubes 86-99) ; G, unknown (tubes
86-99). Solvent 65 25:4, chloroform: methanol water.
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Analysis of Lipid Classes. One of the most useful
applications of the TLC-charring technique is for the
determination of lipid class composition, especially of
complex lipids. The analysis of these compounds by
column methods is long and laborious. The applica-
tion of quantitative TLC to lipid class analysis involv-
ing the major components of the neutral lipids and
the polar lipids as a group, the procedure may be ear-
ried out by a single chromatography on silicic acid
with a solvent system consisting of petroleum ether:
ethyl ether:acetic acid (85:15:1, v/v/v) (7). When
the phospholipids are of fairly simple composition or
information on only the major constituents is required,
these compounds may be recovered from chroma-
toplates in the above analysis and rechromatographed
with chloroform :methanol :water (65:25:4, v/v/v).
For more complex mixtures of phospholipids, the chro-
matography may be carried out by two-dimensional
techniques along the lines deseribed by Skidmore et
al. (85) or Rouser et al. (71), for example.

For a detailed analysis of all components of the
polar lipids, a different procedure is followed. The
lipid is first fractionated by DEAR cellulose column
chromatography as described by Rouser et al. (72,73).
The simple mixtures obtained by the fractionation are
then analyzed by the TLC densitometry-charring
method (7). The complete proecedure and wvarious
ramifications of it, including the application of two-
dimensional TLC, have been described in detail by
Rouser et al. (71). This method gave very close agree-
ment with multicolumn methods on beef brain hipids
as illustrated in Table V.

The general principle in the analysis of complex
lipids is to perform a series of quantitative fractiona-
tions and analyses until the sample is reduced to a
number of easily resolved simple fractions or pure
ecompounds which lend themselves to guantitative
analysis by the TLC.charring method. The DEAR
cellulose method fractionates compounds which gen-
erally overlap on TLC and also provides a conen of
minor components which normally are not detectable
by other means. This adsorbent normally fractionates
on the basis of its ion exchange properties, but it also
has adsorptive properties which may be utilized for a
more refined fractionation, that, is within groups. The
manner in which DEAE cellulose chromatography
complements TLC for the analysis of complex lipids
was demonstrated on milk serum lipids. The distribu-
tion eurve and composition of the solvent in the elution
pattern of the fractionation of this fat is shown in
Figure 15. Rach tube in the distribution pattern in
Figure 15 was analyzed qualitatively by TLC and like
fractions were combined, The TLC analysis of se-
lected samples of these fractions is shown in Figure
16. Sinece the higher numbered tubes contained ma-
terial which was eluted with increasing conens of
methanol or ammonium acetate or acetic acid in the
solvent, the order of elution of substances from the
column was related to their acidity and fractionation
was by the principle of ion exchange. The fractiona-
tion by TLC (with silicic acid) of the material sepa-
rated by DEAE cellulose oceurred on the basis of
polarity. Examination of the results in Figure 16
showed that had not the lecithin, sphingomyelin and
phosphatidylethanolamine, for example, been sepa-
rated by the DEAR cellulose they would have over-
lapped with unknown compounds to make their
analysis by TLC very difficult. Also, the material mi-
grating with the front in tubes 74-99 would certainly
complicate the analysis of the neutral lipids by a direct
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TLC analysis. It is also evident that the substance in
tubes 74-99, with an Rf of 0.45, is different from phos-
phatidylethanolamine which has the same Rf value but
was eluted in tubes 70-73.

Conclusions

Thin-layer chromatography has many valuable ana-
Iytical applications in the field of lipids. Since lipids
are an extremely heterogeneous group of compounds
and complex mixtures are the rule more than the ex-
ception, TLC is especially useful for the analysis of
these substances because of its versatility. This versa-
tility extends not only to types of separation but also
to techniques of quantitative analysis.

Direct quantitative analysis by means of TLC has
many applications and a great expansion of its use
in this area may be expected, particularly using photo-
densitometric methods because of their simplicity, pre-
cision and sensitivity.

Recovery methods of analysis, of eourse, also have
wide application and may be coupled with many other
methods of analysis, A partwular feature of these
methods is that frequently it is not necessary to effect
a complete separation of all components to obtain a
quantitative analysis.
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Abstract

This report deseribes methods for the thin-layer
chromatography (TLC) of lipids and some prac-
tical aspects of the methods.

In order to present some basis for choosing the
correct powder for particular separations, some
properties of several widely used silica gel pow-
ders are compared. The effect of binder material
such as caleium sulfate in silica gel is studied.
The three systems, silica gel as a polar phase,
silver nitrate-impregnated silica gel, and reversed
phase systems are deseribed with application to
neutral lipids. Also included are the applications
of TLC to the polar lipids, such as phospholipids,
cerebrosides, sulfatides, sphingomyelin and other
glycolipids from various sources. The pitfalls and
precautions involved in these separations are dis-
cussed in detail.

Introduction

HIS REPORT DESCRIBES methods for the qualitative
T separation of lipids by thin-layer chromatography
(TLC) and shows some of the ways the methods can
be applied. The technique is based on the principle of
adsorption and partition chromatography first de-

seribed by Izmailov and Shraiber (1). It is a rapid
method and presents one of the most effective means
of analytical separation. The real impetus came
through the work of Stahl (2) who in 1956 demon-
strated the first practical method of applying thin
layers of adsorbents to glass plates and applied the
technique to the separation of a great number of sub-
stances. There are many publications on the TLC of
lipids with good reviews by Mangold (3) and Fontell
(4) and discussions of various aspects in the books by
Truter (5}, Bobbitt (6) and Randerath (7).

The proper use of TLC requires an understanding
of its limitations and variables. Some basis is needed
for choosing the correct TLC powders. Some of the
widely used silica gel powders on the market were sub-
jected to emission spectroscopy, pH analysis, neutron
activation, gamma spectrometry, and ecomparative re-
sults are shown. The effects of binder material such
as calcium sulfate and of silver nitrate impregnation
in TLC silica gel powders are also shown.

It should be clearly understood that using only
silica gel in chromatography does not provide a re-
versed phase system and separates only chemical
classes of lipids with limited subfractionation. Silver
nitrate-impregnated silica gel, however, provides some
separation within chemical classes differing in the de-



