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Part I

The Preparation of Tissue Lipid Extracts

CECIL. ENTENMAN, Head, Biochemistry Branch, U. S. Naval
Radiological Defense Laboratory, San Francisco, California

T Is obvious that the care, time, and effort devoted
I to the preparation of tissue extracts should be

commensurate with the required accuracy and
precision of the final analytical results desired. If
the lipids are incompletely extracted or altered during
the extraction, the results obtained may be less than
desired regardless of the effort spent later or the pre-
cision of the apparatus and techniques used in the
analysis.

General Conditions for Lipid Extraction. There
are a number of conditions that must be met for
proper extraction of tissue lipids. These vary with
the tissue and the purpose for which the extract is
desired. For the best extraction and minimum lipid
alteration, all conditions listed below must be met to
the fullest possible extent.

1. Carry out all procedures under an atmosphere
of nitrogen.

Use purified solvents.

Rapidly remove the tissues after sacrifice.
Immediately finely subdivide the tissue.

Use the proper solvent and solvent-to-tissue ratio.
Use heat only when necessary.

Remove non-lipid impurities without loss of
lipids.

Store lipids under conditions that minimize lipid
alterations.

R il

Nitrogen Atmosphere. A nitrogen atmosphere is
used to prevent formation of oxidation produects and
alterations in the structure and solubility properties
of the lipids. It is particularly needed during evapo-
ration of a lipid extract. For some solvents it is de-
sirable to remove oxygen by flushing with nitrogen.

Solvents. All solvents should be pure. Pure sol-
vents can generally be obtained from commercial
sources but redistillation may be necessary. It may
be tedious to use only freshly redistilled solvents but

it is a safe practice. Peroxide-free ethyl ether should
be used. It can be prepared by distillation of the
commercial product from hydroxylamine, ferrous sul-
fate, or sodium sulfite. To remove aldehydes from
ethanol it is refluxed over KOH and redistilled. Pure
chloroform rapidly breaks down; it should be freshly
redistilled and immediately stabilized by addition of
1% methanol. It should be remembered that com-
merecial reagent grade chloroform contains some meth-
anol. Both chloroform and ethyl ether are more stable
when stored in the refrigerator. Hther is stored over
iron wire or sodium. Methanol (absolute) can usually
be used after simple distillation. Petroleum ether
may leave a residue upon evaporation that will inter-
fere with some lipid measurements. Treatment of
the petroleum ether with concentrated sulfuric acid
followed by distillation removes these impurities.
Merck’s fat extraction petroleum ether does not re-
quire further purification other than simple distilla-
tion.

Screw-Cap Glassware. Test tubes, centrifuge tubes,
Erlenmeyer flasks equipped with Teflon-lined screw-

Index to Part I

534 Tue PrREPARATION OF T1SSUE Lirip ExXTRACTS, by Entenman
538 CoLUMN CHROMATOGRAPHY - INTRODUCTION AND GENERAL
CoNSIDERATIONS, by Creech

ISOLATION OF NEUTRAL LIpPipg BY COLUMN CHROMATOG-
RAPHY, by Creech

QUANTITATIVE CHROMATOGRAPHIC FrACTIONATION OF COM-
PLEX LipPID MIXTURES: BrAIN LipiDps, by Rouser, Bauman,
Kritehevsky, Heller, and O’Brien

CoruMNx CHROMATOGRAPHY OF FATTY Acips, by Schlenk
and Gellerman

COUNTERCURRENT DISTRIBUTION, by Scholfield

Parer CHROMATOGRAPHY OF LIPIDS: METHODS, APPLICA-
TIONS, AND INTERPRETATIONS, by Rouser, Bauman, Nie-
olaides, and Heller

GLASS PAPER CHROMATOGRAPHY OF Lipips, by Hamilton
and Muldrey

540
544



OcTOBER, 1961

caps, are very useful when dealing with volatile or-
ganic solvents.

Tissue Sampling and Subdivision. Since the altera-
tion in some lipids is extremely rapid, the tissues
should be removed immediately upon sacrifice and
quickly treated. If the tissue is not to be immediately
treated with solvent, it can be quick-frozen with liquid
air or dry ice. Storage of the tissue quick-frozen in
physiological saline has been recommended for tis-
sues on which unsaturated fatty acids are to be deter-
mined. Storage in a refrigerator does not prevent
breakdown. Fine subdivision of a tissue may be ac-
complished by one of the following types of apparatus:

. Mortar and pestle
. Blendor

. Disintegrator

. Homogenizing tube
. Tissue crusher

Qs oD H

Mortar and Pestle. This technique is adequate for
small tissues without the use of sand. With larger
samples sand is required. The method is tedious and
the resulting subdivided sample plus sand mav be
quite bulky. Solvent should be added during the
grinding to prevent lipid breakdown. With a steel
mortar and pestle the tissue may be frozen and then
ground to a powder.

Blendor. Tissue subdivision by the use of a Waring
Blendor is very common. Large samples of soft tis-
sues can be subdivided by this apparatus, but tissues
with appreciable connective tissue such as skin or
skeletal musecle are difficult to finely subdivide by this
means. The connective tissue tends to become en-
twined about the blades. Other disadvantages of the
blendor are that it may not sufficiently divide the
tissue, and that quantitative transfer from the extrae-
tion vessel is required, and this may be a bit difficult
with the limited amount of solvent to be used. When
chloroform and methanol are used during the blending
operation, a more satisfactory subdivision frequently
is obtained if the tissue is first blended with MeOH
or CHCl3-MeOH (1:1). After adding CHCl to ob-
tain the desired CHCl3-MeOH ratio, the mixture is
again briefly blended.

Tissue Disintegrator. The term tissue disintegrator
is used to describe the apparatus in which the cutting
blades are inserted into a vessel from the top. This
type of apparatus, which allows the blades to be re-
moved from the subdivided tissue, is especially ad-
vantageous if the blendor vessel is a tube which can
be centrifuged. Such apparatus is manufactured by
the Lourdes Instrument Corp., Brooklyn 32, N.Y.
The tissue may be disintegrated in the tube using
rotar speeds up to 20,000 rpm. Although the sample
size possible with this apparatus is less than with
the blendor, the subdivision is finer. The tissne plus
solvent can then be heated, if desired, centrifuged,
and the solvent decanted. If a graduated tube is
used the volume can be adjusted to a known value
and aliquots removed directly for analysis.

Homogemizing Tube. The finest degree of tissue
subdivision is achieved with a homogenizing tube al-
though the sample size is somewhat limited. It is con-
venient to mechanically turn the pestle. For this a
threaded male fitting is inserted into the chuck of a
high-torque motor, and a female threaded fitting is
attached to the pestle of the homogenizing tube by
way of a piece of rubber tubing. The pestle may thus
be rapidly removed and a clean one attached. A
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modified Tenbroeck tube is a most satisfactory ho-
mogenizing tube. The Tenbroeck tube has an enlarge-
ment at the top to serve as a solvent reservoir during
the grinding process. The entire portion of the tube
below the bulb and most of the pestle has a ground
glass surface for efficient grinding. This tube is satis-
factory for most tissues, but if 5 or 6 short (1 mm.)
glass projections are fused to the tip of the pestle
and ground to fit the curvature of the tube bottom,
the modified tube is suitable for homogenizing tough
tissues such as aorta and skin. After fine subdivision
of the tissue, the volume may be adjusted and the
tube centrifuged, or the contents may be transferred
to another vessel for lipid extraction.

Tissue Crusher. With some tissues such as adult
aorta or skin, the most efficient way to subdivide them
is to freeze them solid and crush them. A tissue
crusher such as that designed by Graeser et ol. (1)
serves very well. The apparatus consists of a stain-
less steel well and plunger. The apparatus and tissue
are chilled with liquid air. The frozen tissue is placed
in the well, covered with the plunger and crushed by
a blow with a heavy hammer. Generally a single blow
is sufficient to finely subdivide even the hardest tissue.
TUsually samples of the subdivided tissue are weighed
out and then extracted.

Extraction of Lipids with Ethanol-Ether (2:1)
(Bloor’s Solvent). One of the most widely used sol-
vent mixtures for lipid extraction has been ethanol-
ether in the ratio of 3:1 as devised by Bloor. With
most finely subdivided tissues Bloor’s solvent will ex-
tract all the lipids. For some tissues, especially fatty
tissues, heat is required. For other tissues, such as
brain, the lipid extraction is incomplete. With all
tissues several extractions with a solvent-to-tissue ratio
of 10:1 may be more satisfactory in removing lipids
but at the same time more non-lipid materials may be
removed.

The ethanol-ether extract can be used directly for
the analysis of lipid classes such as phosphatides and
cholesterol. For other determinations, however, fur-
ther purification of the extract is usually required
(Fig. 1). Tt is also convenient to get the lipids into

TISSUE
Finely subdivide
Extract with 20-30 volumes Ethanol~Ether (3:1)

I

Extract Residue

(Ethanol-Ether)

Most Lipids (except from nervous tissue)
Concentrate extract under N, and vacuum
Redissolve lipids in Petroleum Ether
Dry with anhydrous NznZSO4
Make to volume

Fig. 1. Extraction of lipids with ethamnol: ether (3:1).

a more volatile solvent. This can be accomplished
by one of the several ways deseribed below. It should
be appreciated, however, that less nonlipid material
(chlorides, organic matter) is extracted by petroleum
ether if the alcohol-ether extract is evaporated to
complete dryness rather than to a very small agueous
volume. The final petrolenm ether extract may be
dried with anhydrous sodium sulfate, but addition
of salt to the extract prior to the final extract 1s not
recommended.
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The extract is evaporated under vacuum in a rotary
Teflon-lined screw-cap tube and a 40-60°C. water
bath until most of the ethanol has been removed and
little aqueous phase remains. A measured volume of
petroleum ether is added to the tube which is capped
tightly, shaken, and allowed to stand or centrifuged.
Practically all of the lipids will be in the upper pe-
troleum ether phase.

The extract is evaporated just to dryness under
nitrogen in a beaker and the lipids extracted with
3-4 portions of petroleum ether, bringing the solu-
tion just to a boil each time. The extract should be
filtered or centrifuged to remove suspended materials.

The extract is evaporated almost to dryness under
nitrogen in a sidearm Erlenmeyer flask (Fig. 2) or a

F1g. 2. Sidearm Erlenmeyer flasks for extracting lipids from
small volumes of aqueous phase.

sidearm Kjeldahl flask using a 40-60°C. water bath
and vacuum. The aqueous phase is extracted with
3-4 portions of petroleum ether.

The extract is evaporated under vacuum in a rotary
evaporator designed by Craig ef al. (2) (Fig. 3).

Fie. 3. Rotary evaporation flask designed by Craig, Gregory
and Hausmann (2}.

During the evaporation the lipids tend to be pro-
tected by the solvent vapors, but when the flask is
finally vented, the flask should be flooded with nitro-
gen to prevent oxidative changes in the lipids. This
can be accomplished if the flask is connected via a T
tube both to a nitrogen tank and a vacuum outlet.
Venting is performed by shutting off the suction and
turning on the nitrogen.

Extraction with Chloroform-Methanol. A mixture
of chloroform-methanol (2:1) is the most commonly
used and satisfactory solvent mixture for the extrac-
tion of lipids from tissue, including brain (Fig. 4).
Not only can most lipids be efficiently removed by
this solvent, but the extract obtained can be con-
veniently and thoroughly purified.

TISSUE
Finely subdivide
Extract with 20 volumes CHCly: MeOH (2: 1)
CM Extract
Most Lipids
Cerebrosides Phosphatidopeptides
FC and CE Phosphatides (di-Phl
FFA and tri-Phl only)
Gangliosides
Glycerides

Phosphatides (except di-Phland tri-Phl)
Sulfatides

Proteolipids

Par:ition with Water or Sait Solution

Subnatant Supernatant
(CHC13 Phase) (MeOH-Water Phase)

Phosphatides (including Mono-Phi) 95%0f Gangliosides {water)
5% of Gangliosides (water) Gangliosides (0, 1% NaCl)
Gangliosides (BaCl, or CaCll)
Sulfatides (BaCl, of CaCl,)
Sulfatides (watcr%
Cerebrosides (water) Residue Extract
Cerebrosides (0.1% XaCl) (Triphosphoinositide)
Glycerides

FC and CE

FFA

¥i1g. 4. Extraction of lipids with chloroform: methanol
(2:1); partitioning to remove non-lipid contaminants.

Extract with CHC1,~MeOH-HC1
r————————————

The finely subdivided tissue is usually treated with
20 volumes of chloroform-methanol (2:1) at room
temperature or in the cold. Most of the lipids and
the proteolipids are extracted into the solvent under
these conditions. There is some evidence that hot
solvent is required to completely extract the ganglio-
sides. The residue remaining after the extraction
contains phosphatido-peptides, diphosphoinositides,
and triphosphoinositides.

Nonlipid impurities can be removed from the chlo-
roform-methanol by partitioning with water or salt
solutions using the techniques of Foleh, Lees, and
Sloane-Stanley (3). For this the chloroform-methanol
extract is mixed with 0.2 its volume of water or salt
solution. A biphasie system without any interfacial
fluff is obtained after standing overnight or follow-
ing the centrifugation. The upper phase is removed
as completely as possible by means of a pipette and
suction, and the inside wall of the tube is rinsed sev-
eral times with pure solvents upper phase, and re-
moved as before. (Pure solvents upper phase is made
by shaking pure chloroform-methanol (2:1) with
0.2 volume of water or salt solution).

The partitioning depends upon the aqueous solu-
tion used. If water is used for partitioning, the upper
phase contains all of the nonlipid substances, about
95% of the gangliosides and negligible amounts of
the other lipids. To get all of the gangliosides in the
MeOH-water upper phase and the cerebrosides in the
CHCI; phase, partitioning with 0.1% NaCl solution
is used. If BaCl, or CaCl, solution is used, most of
the gangliosides are found in the lower chloroform
phase. To get the free fatty acids into the chloroform
phase, partitioning with CaCl, solution should be
used. Successive washing of the lower phase with
pure solvents upper phase pull phosphatidyl serine
and sulfatides from the lower phase, apparently be-
cause of the effect of mineral salts which tend to keep
the acidic lipids in the CHCl; phase. Most of this
salt in the chloroform-methanol extract is removed
in the first washing.

Recently a method was reported by Bligh and Dyer
(4) for the simple extraction of lipids from cod flesh
using small volumes of solvent. The method was said
to extract the lipids completely and to remove non-
lipid impurities as well as is accomplished by the
Folch et al. procedure (3). Whether the method can
be applied to preparation of lipid extracts from
various mammalian tissues is not known. The tissue
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BRAIN TISSUE

Extract with 2:1 CHCl3: CH;0H

U
Extract Residue

Wash with CHCl3: CH3OH

Wash with HZO Wash with Acetone

Extract with H,O
CHC1, H,0: CH,OH z
Phase Phase Extract Residue
LIPIDS + WATER-SOLUBLE

Wash with H,0

PROTEQLIPIDS CONSTITUENTS

Extract with 0, 03 N HC1

Residue Extract

|
Wash with 0,03 N HC1 ACID-SOLUBLE

PROTEIN
Neutralize
Lyophilize
Extract with acidified
CHCl3: CH3O0H
Extract Residue

|
PHOSPHATIDOPEPTIDES RESIDUAL PROTEIN

Fic. 5. Separation of phosphatidopeptides.

(100 g.) is blended with 100 ml. of chloroform and
200 ml. MeOH for 2 min. (the tissue must contain
80% water or else water is added to make wup the
difference). Then 100 ml. of CHCl; are added and
blended for 30 sec. Finally, 100 ml. of water are
added and blended for 30 sec. The blended material
is placed on a Biichner funnel and the filtrate col-
lected under suction. The residue plus filter paper
are blended with 100 ml. CHCl;, filtered as before,
and the mass washed with 50 ml. CHCl;. The filtrate
is allowed to separate into two phases in a graduate
cylinder. After noting the volume of the lower CHCI,
phase (containing the lipids), the upper MeOH-water
phase is removed by suction and discarded.

Proteolipids. The proteolipids can be extracted by
means of chloroform-methanol (2:1) as deseribed
above. If the chloroform-methanol extract is parti-
tioned with a large volume of water an upper phase,
an interfacial ‘‘fluff’’ and a lower phase are obtained
as described by Folch ef al. (5). The fluff contains
the proteolipids. By addition of MeOH (after re-
moving the upper phase) the fluff plus the lower
CHCI; phase become a single clear phase. When this
clear phase is evaporated to dryness (with consider-
able foaming) the proteolipids are denatured and
cannot be redissolved in CHCl; or chloroform-meth-
anol.

Extraction with 20 volumes of CHCl3-MeOH and
partitioning with 0.2 volumes of water or salt solu-
tion as described above (Fig. 4}, however, gives upper
and lower phases but no interfacial fluff. The CHCl;
lower phase, containing the proteolipids, can be evapo-
rated to dryness without foaming and without de-
naturation of the proteolipids.

Gangliosides. Gangliosides in the CHCl;-MeOH
extract can be eliminated completely from the lower
CHCl3 phase (after partitioning) by 3 washings with
pure solvents upper phase containing 0.05% NaCl
The gangliosides may be isolated by combining the
washings and dialyzing to remove the salts. The
gangliosides are nondialyzable,

If the CHCl3-MeOH extract is partitioned against
a solution of BaCl; or CaCl,, the gangliosides go pre-
dominantly to the lower chloroform phase.

Sulfatides. An extract containing most of the sul-
fatides free from other lipids can be prepared from
brain tissue by the method of Liees et al. (6)using the
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UBNATANT SUPERNATANT
(CHCI3 TMeOH-Water)
/mmsn Acid Hydrolysis and
Silicic Acid Column {Lees etal) Column IonExchange Resin
Neutral Lipids Cholesterol Prosphatides
{TG, FC, FFA)

Ester

IRA 400 resin

TG + FC FFA

) | (Hexosamine or
(Glycero} {Bigitonin (Titration} (LB Reaction (Phosphorus) {Sulfar) {CHO} Neuraminic Acid
1 N \ | | |

TG FC FFaA EC Pi's Sulfatides Cercbrosides Gangliosides

¥16. 6. Determination of lipids in the extracts.

procedure termed ‘‘linked distributions’’. Linked
distributions consist of distributing the lipids be-
tween two phases of a solvent system in which the
sulfatides have a distribution coefficient markedly in
favor of one of the phases, collecting that phase,
adding to it a solvent or combination of solvents to
make a second two-phase system, and continuing this
type of procedure until the sulfatides are adequately
coneentrated. The solvents used are added in suec-
cession and mixed thoroughly after each addition.

The sulfatides can be purified by precipitation with
methanol or by chromatography on a Florosil column.

Phosphatidopeptides. Phosphatidopeptides contain-
ing inositol are not extracted (from brain tissue) with
neutral solvents such as CHCl;-MeOIl (2:1). How-
ever, the phosphatidopeptides are extracted with
CIHCl3-MeOH-HCL (200:100:1). Because the acid,
whether present in aqueous solution or in organie
solvent, causes the release of acid-soluble protein
which contaminates the phosphatidopeptides, LeBaron
and Rothleder (7) treated the CHCl13-MeOH insoluble
residue with dilute aqueous acid to remove this pro-
tein before extraction of the phosphatidopeptide with
CHC13;-MeOH-HCI (Fig. 5).

All steps were carried out at 4°C. The fresh brain
tissue was extracted with 20 volumes of CHCl3-MeOH
(2:1) and the residue obtained extracted 4 times with
10 volumes of CHCl-MeOH (2:1). The CHCl;-
MeOH was removed from the residue by treatment
with 10 volumes of acetone, then the water soluble
materials were removed from the residue with 10
volumes of distilled water and washed 8 times with
distilled water. The viscous water-soluble protein
from the tissue residue was extracted with 10 volumes
of 0.03N aqueous HCl and washed 3 times with 10
volumes of 0.03N HCl. The material was centrifuged
after each wash. The water was removed from the
remaining residue by lyophilization, then the phos-
phatidopeptides were extracted with 10 volumes of
CHC13-MeOH-12N HCI (200:100:1). About 0.7 mg.
of phosphatidopeptides were obtained from 1 g. of
fresh beef white matter. The extraction is not guan-
titative.

Triphosphoinositides. According to Dittmer and
Dawson (8) when fresh brain tissue is extracted with
neutral solvent (e.g., CHCl;-MeOH) the monophos-
phoinositides are removed, but triphosphoinositide
and possibly diphosphoinositide remain in the tissue
residue. Pretreatment of brain tissue with acetone,
however, altered it such that all inositol phosphatides
were extractable with neutral CHCl3-MeOH. Treat-
ment with acidified CHCl;MeOH removed all inositol
phosphatides. The method of Dittmer and Dawson
(8) deseribed below make use of this latter property.
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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.

REFERENCES

1. Graeser, J. B., Ginsberg, J. E., and Friedmann, T. E. J. Biol
Chem., 104, 149 (1934).

2. Craig, B. M., Gregory, J. D., and Hausmann, W., Anal. Chem.,
22, 1462 (1950). X

3. Folch, J., Lees, M. and Sloane-Stanley, G. H., J. Biol. Chem,
226, 497 (1957).

4. Bligh, E. G., and Dyer, W. J.,, Can. J. Biochem. Physiol.,, 37,
911 (1939).

5. Folch, J., Ascoli, I., Lees, M., Meath, J. A., and LeBaron, F. N,
J. Biol. Chem., 191, 833 (1951).

6. Lees, M., Folch. J., Sloane-Stanley, G. H., and Carr, 8., J. Neuro-
chemistry, 4, 9 (1959). X -

7. LeBaron, F. N., ‘and Rothleder, E. E. Biochemistry of Lipids,
Pergamon Press, London, Vol. 5 (1960). .

8. Dittmer, J. C., and Dawson, R. M, C., personal communication.

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-



