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Ox brain (200 g.) was extracted with 2 1. of CHCl,-
MeOH (1:1) and the residue washed with 1 1. of
CHCl3-MeOH (2:1). The residue was then washed
3 times with 400 ml. volumes of CHC1;-MeOH (2:1)
containing 2 ml. of 12N HC1 (37°C. for 20 min.}. The
combined extracts were shaken with 0.2 volume of
0.9% NaCl, centrifuged, and the interfacial material
retained. The lower CHCl; phase was shaken with
0.2 volume of 0.9% NaCl, centrifuged, the interfacial
material combined with that obtained above, and the
combined material was shaken with 400 ml. of CHCly:
MeOH (2:1) and 80 ml. of 0.9% NaCl, centrifuged,
and the interfacial material collected. The interfaecial
material was heated with 80 ml. of acetone at the
boiling point for 2 min. and taken to dryness i vacuo.
The residue was treated with 80 ml. of ethanol after
which the ethanol was evaporated on a boiling water
bath and finally #n vacuo. The residue was extracted
twice with 200 ml. of CHCI;-MeOH (2:1) contain-
ing 0.05 ml. of 12N HCI (5 min. at 37°C.), and filtered
through glass wool. The combined extracts were
shaken vigorously with 0.2 volume of N HCI, centri-
fuged, and the lower layer collected. To remove the
protein from the phosphatidopeptide, 0.5 volume of
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methanol was added to the CHCIl3 lower layer and
shaken with 0.2 volume of ¥ HCL The lower layer
was collected, shaken with 0.2 volume of water, cen-
trifuged, and the lower layer containing the crude
triphosphoinositide was collected. The triphospho-
inositide was purified via its sodium or ammonium
salt.

The extracts obtained as described above may be
used for the direct determination of some lipids by
estimation of phosphorus, sulfur, carbohydrate, fatty
acids, ete. (Fig. 6). For the analysis and characteri-
zation of other lipids, however, further fractionation
1S hecessary.
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Column Chromatography— Introduction and

General Considerations
B.G. CREECH, Methodist Hospital, Houston, Texas

HE INVOLVEMENT of lipids, either as actual or
I potential factors, in heart disease has given
impetus to the search for new and better methods
for investigation of the lipid classes in biological
samples. The advent of gas-liquid chromatography
for precise analysis of mixtures of fatty acids has
created a specific need for better class separation
methods. To a great extent this need has heen met by
a number of chromatographic techniques, all of which
are applicable to particular types of investigations.
Among those presently available are cellulose paper,
glass paper, thin layer, and column chromatography.
In studies where moderate amounts of material must
be isolated for further characterization and analysis,
techniques of column chromatography are particularly
helpful. Specific procedures have been developed
which allow collection of milligram quantities which
is usually quite adequate for further investigation.

General Considerations

Before introduction of a specialized technigue to any
group, it is advisable to consider some general facts
relative to theory and to develop a mutual understand-
ing with respect to the terminology to be employed.

‘While ion exchange chromatography has been used
to some extent for highly specialized separations
column chromatography, as usually applied, depends
upon general adsorption phenomena rather than a
specific one of ion exchange. In this instance the
materials to be separated (solute or adsorbate) are

adsorbed on columns of alumina, silica, or other in-
organic material (adsorbents), and then desorbed
(eluted) with appropriate solvents (eluants). With
these factors in mind, let us consider the materials to
be selected for a column chromatographic application
and the factors involved in the selection of each
component.

Adsorbent

In most cases the selection of the adsorbent is the
first problem encountered, and is usually the simplest
to solve initially sinee it is somewhat empirical. An
obvious requirement is that it be able to adsorb the
solutes strongly but not so much that they are difficult
to displace. Preferably, it should have a differential
affinity for the solutes. The initial choice is usually
made on the basis of existing information with final
selection based on trial.

Of equal importance in the selection of the adsor-
bent are some very practical considerations. Particle
size should be given special attention. It should be
small enough to give a maximum of adsorbtive sur-
face, yet not so small that unrealistic flow rates are
obtained from the standpoint of time and other factors.
A final problem to consider is the availability and
reproducibility of the material. This is particularly
true for silicic acid, which is an excellent absorbent
for lipid separations, provided duplication of prepa-
ration and activation can be achieved from one batch
to the other. This difficulty has been a primary objec-
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tion to the use of this material for general lipid
separations.

Column

Selection of the column size is governed to a great
extent by the amount of adsorbent to be used, but both
problems should be considered simultaneously. The
best separations are usually obtained with long nar-
row columns simply because there is more room for
separation of components. However the more narrow
the column the slower the flow will be with any given
particle size. A good general practice is to keep the
ratio of length to diameter within a range of 5:1 to
15:1 with the final choice made on the basis of the
amount of absorbent needed to hold and separate the
solute and the desired flow rate. Some experimentation
will be necessary before a final seleetion can be made.

Eluant

In contrast to chromatographic technigues where
the column is extruded and the zones earved from the
adsorbent, lipid applications involve displacement
analysis. This is a special case of development where
the eluant is used to displace less well adsorbed sub-
stances from the adsorbent causing them to emerge
from the column in an orderly fashion, and in fairly
distinet zones without appreciable tailing and mixing.
Regardless of the adsorbent used, to accomplish the
desired result one has to choose the developer or eluant
very carefully. In the case of a mixture of lipids
whose structures make their affinity for the adsorbent
quite similar, the affinity of the adsorbent for the
displacing solvent must be just greater than that of
the material to be eluted but not great enough to cause
displacement of the next solute in order of affinity.
In many cases this is difficult to accomplish, particu-
larly in the separation of molecules that may differ
only in the number of carbon atoms in a chain.

From a practical standpoint a concept of polarity
may be applied to define the relative degree of adsor-
bent affinity for solutes and solvents and offers a more
convenient mode of expression of displacement devel-
opment. For instance, the naturally occurring lipids
of animal or plant tissues may be broadly divided into
“‘neutral’’ lipids and ‘‘polar’ lipids. The neutral
group usually includes hydrocarbons, -cholesterol
esters, tryglycerides, cholesterol, mono- and diglycer-
ides and free fatty acids; while the polar group is
composed primarily of the phospholipids. It is ap-
parent that free fatty acids are not neutral com-
pounds, but they have been placed with that group
because of their relative non-polarity with respect to
the polar phospholipids. When mixtures of the lipids
are considered in terms of polarity, displacement
analysis is more readily understood, and the impor-
tance of the choice of eluant for column separation is
quite evident.

If one considers a natural lipid mixture from the
standpoint of polarity, the individual compounds may
be rated with respect to degree of polarity beginning
with the least polar hydrocarbons and concluding with
the most polar phospholipid, lysolecithin. While the
rating may differ with the adsorbent used, the fol-
lowing one based on silicie acid will serve to illustrate
the point: hydrocarbons<cholesterol esters<triglye-
erides<<fatty acids<cholesterol<diglycerides <mono-
glycerides < cephalins < lecithing < sphingomyelins
<lysolecithins. From the foregoing it is obvious that
the selection of a displacing solvent to separate choles-
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terol esters from the phospholipids would present no
particular problem. However one would need to
exercise great care in the selection of a system for the
separation of monoglycerides and the other ‘‘neutral’’
lipids from the cephalins and other phospholipids.
Even more critical would be separation of the indi-
vidual members within these two broad classes.

When considering the choice of eluting solvents, one
is not limited to use of a separate solvent for each
material to be eluted. In practice, solvent pairs are
often used and elution carried out with mixtures of
the two. A solvent pair usually includes a polar and
a non-polar material, the selection of which is based
on their ability to elnte the most polar and least polar
members of the mixture to be resolved. An example
of this is the use of petroleum ether (hexane)-benzene
mixtures for separation of ‘‘neutral’’ lipids on silicie
acid as carried out by Borgstrom (1). Once the selec-
tion of solvents is made, the investigator has the choice
of two modes of application. These are step-wise elu-
tion and gradient elution. As with the choice of
eluant, the mode of elution is dependent upon the
separation desired.

If the problem is to separate as many individual
compounds as possible or to separate a mixture of
closely related solutes from the standpoint of their
polarity, the choice should be that of gradient elution.
In this process the column is developed by the addi-
tion of a continuously changing proportion of one
solvent in the other member of the pair. Operations
of this type require special equipment but are useful
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Frg. 1. Apparatus used for column chromatography with
silicie acid consisting of a lower assembly and two types of
upper assembly. Lower assembly: This shows the jacketed
column and surrounding Pyrex parts. The top of this assembly
fits into either type of upper assembly. Upper assemblies: The
two arrangements shown here are for stepwise elution with.a
single flask (left) or for gradient elution with two flasks in
tandem (right). Reprinted from reference (2).
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100 rTTTT T different specific mixtures of the solvent pair. An
e 9ok ; illustration of the solvent changes with time for these
2 ' two approaches is seen in Fig. 2.
o 80F ' Obviously a third choice is available which utilizes
g ! a combination of the continuous gradient and step-
3 oF ' wise elution techniques. An operation of this type
3 t0F | could be applicable to special situations, but generally
b E one chooses one or the other as a starting point.
L r d In both step-wise and gradient elution, the usual
£ 40k ' practice is to start with the least polar mixture or
o ' member of the pair and increase the polarity by the
2 3% ! addition of the more polar material.
© r=--4 In addition to the above considerations, other factors
= 0 ! play an important role in the selection of the eluting
S 10k i solvents. The absorbent may have a high affinity for
ot : the eluant but the value of the eluant may also be
e | R A ? enhanced if it is a good general solvent for the ma-
8 5l : terials to be eluted. Other general requirements are
o F g that the eluant be easily removed from the sparated
& - { material and that it should not react so as to irre-

e i versibly change the nature of the solute.
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F1e. 2. Solvent composition change with time for a typieal
gradient (solid line) and stepwise (broken line) elution. In
the gradient scheme, 10 per cent ethyl ether in petroleum ether
is added at a constant rate to a constant volume of petrolenm
ether for a period of 20 hours, followed by the addition of ethyl
ether (2).

for specific separations. An excellent apparatus for
this purpose has been described by Hirsch and Ahrens
(2) and is pictured in Fig. 1.

‘When compounds of somewhat different polarity
are to be separated, step-wise elution offers a simple
and adequate approach. In this technique the column
is simply eluted with pre-determined quantities of

[solation of Neutral Lipids by
B.G. CREECH, Methodist Hospital, Houston, Texas

HE USE of column chromatography for the sepa-
Tration of lipids has been a valuable addition to

the techniques for study of these important bio-
logical compounds. Historieally alumina was the first
adsorbent to be applied to lipid problems (1, 2, 3, 4,
5,6,7). With the introduction of silicic acid chroma-
tography by Trappe in 1940 (8§, 9), a new concept of
the use of columns for lipid separations was initiated.
More recently (10), Florisil has been introduced as an
adsorbent potentially valuable for neutral lipid class
separations. Although alumina may have some value
in certain specific investigations, its use has heen
largely supplanted by silicic acid for lipid studies.
Therefore this discussion will be oriented mainly to-
ward the use of the latter for neutral lipid separations,
but Florisil will also be discussed since it appears to
have some advantages over silicic acid.

elements of column chromatography. There are many
factors involved in the selection or development of a
specific technique and it should be understood that
this eannot be considered to be a complete treatise
from the standpoint of theory or application. However
it will serve as a means of introduction of the sub-
ject and to outline some of the problems associated
with its use as a laboratory tool. For those who wish
a more thorough and authoritative treatment of fun-
damentals, the work of Cassidy (3) is highly recom-
mended as a starting point.
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Column Chromatography

The value of silicic acid as an adsorbent for lipid
separations is clearly demonstrated by a number of
methods presently available. After the introduction
of this adsorbent, Borgstrom (11) presented a method
for separation of several lipid classes by elution with
various mixtures of petroleum ether and benzene.
This development was followed by other adaptations
(12,13).

Despite the efforts of many investigators, silicic acid
separations were often found unreliable. Published
methods worked well in the hands of their authors but
their use by others often required modification. This
prompted Hirsch and Ahrens to initiate a systematic
study of all factors involved and to develop a stand-
ardized method for application of the technique to
lipid class separations (14). This method is one of
the most effective yet described. Using mixtures of



