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TABLE V I I  
Relative Intensit ies of the 1st, 8th and 10th Orders of Diffraction of the Continuous Layer  Lines of Palmitic Acid and I ts  9- and 1O-Keto Derivat ives  a 

p , a  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9-keto-p.a ............................ 

10-keto-p.a ............................ 

Fool/f 

- - 2 . 044  
- -1 .962  

- -1 .789  

Foos/f 

- - 1 . 063  
- -0 .265  

- -1 .523  

Foo.lO/f 

- - 1 . 5 2 6  
- -2 .251  

- -0 .725  

F 2 ~ l / ~  

4.18 
3.85 

3.20 

F%o~/f z 

1.13 
0.07 

2.32 

I Relative Intensit ies 

F%~176 001 008 00.10 

- - 3 ~  4 7  
2.335.07 139 0.02 10.1 

0.53 116 7.2 1.1 

a Compare with F igure  13. 

ACKNOWLEDG1VIENTS 
Prepara t ion  supported in par t  by P H S  Research Grant  No. A-5120 

and P H S  Tra in ing  Grant  No. 2A-5300 from the National Inst i tute  of 
Arthri t is  and Metabolic Diseases, Public Health Service, and in par t  
by the U.S. Army Medical Research and Development Command, Dept. 
of the Army, under  Research Contract No. DA-49-139&ID-2184. 

R E F E R E N C E S  

1. Schlenk, tt., "Progress  in the Chemistry of Fats  and other Lipids," 
Vol. 2, edited by R. T. t tolman, ~r O. Lundberg,  and T. Malkin, Aca- 
demic Press  Inc., New York, 1954, p. 243-267. 

2. Schlenk, W. Jr . ,  Ann., 573, 142-162 (1951).  
3. Schlenk, W. Jr., Analyst, 77, 867-873 (1952).  
4. Schlenk, It., and R. T. Hohnan, J.  Am. Chem. Soe., 72, 5001 

(1950) .  
5. t tolman, R. T., and S. Ener,  J. Nutr., 58, 461 (1954).  
6. Jancosck, A. T., and J. S. Brown, (Standard Oil Co.), U. S. 

2,906,744 (1959).  
7. Schlenk, ~V. Jr . ,  Experientia, 8, 337 (1952).  
8. White, D. 1~I., J.  Am. Chem. Soc., 82, 5678 (1960).  
9. Brown, J.  F., and D. M. White, Ibid., 82, 5671 (1960)~ 
10. /~Iermann, C., and H. U. Lennd, Naturwiss. ,  89, 234 (1952) .  
11. Smith, A. E., Acta Cryst., 5, 224 (1952).  
12. Borchert, W., t teidelberger Beitrgge z. 1VIin. u. Petr.,  8, 124 

(1952).  
13. Laves, F., and N. Nicolaides, Abstract in Proceedings of Am. 

Cryst. Assoc. Meeting, Tamiment,  N. It. ,  16-17 (1952) .  
14. The early X-ray studies of t t e rmann  and Renninger  were re- 

ported in Ref. 2. 
15. Lenn& H. U., Acta Oryst., 7, 1 (1954) .  
16. For  fur ther  discussion of the fundamental  concepts discussed in 

this and the following section, the reader is referred to a good text such 
as Bijvoet, J. M., "X-l~ay Analysis of Crystals," But terworths  Scient. 
Publications, London, 1951. 

17. Nicolaides, N., F. Lavesl and A. Niggli, J.  Am. Chem. Soc., 78 
6415 (1956) .  

18. Nicolaides, N., and F. Laves, Ibid., 80, 5752 (1958) .  
19. This procedure, which is generally unknown to chemists, is quite 

a famil iar  one to mineralogists and is described in textbooks in miner- 
alogy. 

20. Laves, F., N. Nicolaides, and K. C. Peng, Z. Kristallogruphie, in 
press. 

21. H-atoms are not considered since they do not diffract X-rays. 
22. Teare, P. W., Acta Cryst., 12, 294 (1959) .  
23. The generally accepted values for a normal hydrocarbon chain 

are 1.54 A for the C-C distance and 111 ~ for the C-C-C  bond angles; 
however, better values are those given in Ref. 22. 

24. To be published. 
25. We wish to thank Drs. Starn and MacGillavry for the kind per- 

mission to present this datum prior to publication. 
26. That  the planes of the two carboxyl groups need not be identical 

is s tr ikingly shown in the case of a-pimilic acid:  Kay, M. I., and L. 
Katz, Acta Cryst., 11, 289 (1959).  

27. Aleby, S., and E. von Sydow, Ibld., 13, 487 (1959).  
28. Nicolaides, N., and F. Laves, J. Am. Chem. Soc., 76, 2596 

(1954).  
29. Nicolaides, N. and F. Laves, Z. KristalIographie, in press. 
30. We wish to thank Drs.  0. Isler and R. Ri iegg of the research 

group at t toffnlann LaRoche & Co., Basle, Switzerland, for donating 
a sample of perhydrosqualene and Sample Nos. 2,5,6,10 and 11 of 
Table IV.  The preparat ion of Samples 5 and 6 have been described in 
Ref. 32 and channel length measurements  have been used by the authors 
to establish the stereochemistry of their synthetic products. 

31. Nicolaides, N . ,  O. K. Reiss, and R. G. Langdon,  J.  Am. Chem. 
Soc., 77, 1535 (1955) .  

32. Isler, 0., R. Riiegg, L. Ohopard-dit-Jean, H. Wagner,  and K. 
Bernhard,  Itelv. Chim. Acta, 89, 879 (1956).  

33. Nieolaides, N., and R. Foster, J.  Am. Oil Chem. Soc., 33, 404 
(1956).  

34. Assignments of peak" position in n.m.r,  spectra for cls and trans- 
ncrolidol have recently been made by Bates, R. B., D. M. Gale, B. J. 
Gruner,  and P. O. Nicholas, Chem. Ind., 1907 (1961) .  

35. Dicker, D. W., and 1VI. C. Whiting,  J. Chem. Soc., 1994 (1958).  
36. Dicker, D. W., and M. C. Vv'hiting, Chenl. Ind.,  351 (1956).  
37. Langdon, R. G., and K. Bloch, J. Biol. Chenl., 200, 135 (1953) .  
38. In ternat ional  Tables for X-ray crystallography, Vol. 1I, The 

Kynoch Press, Bi rmingham,  England, 1959. 
39. Heilbron, I .  M., E. D. Kamm, and W. :~. Owens, J. Chem. Soc., 

1630 (1926) .  

[ R e c e i v e d  A p r i l  23, 1 9 6 3 - - A c c e p t e d  J u l y  ~  1963]  

Acid-Treated Florisil as an Adsorbent for 
Column Chromatography 

K. K. CARROLL, Collip Medical Research Laboratory, University of Western Ontario, London, Canada 

Abstract 
Acid-treated Florisil, prepared by the action of 

hot concentrated hydrochloric acid on Florisil, 
was found to be a useful adsorbent for  separa- 
tion of phospholipids and other complex lipids 
by column chromatography. This material gave 
separations similar to those obtained with com- 
mercial silieic acid but  its coarse mesh size sim- 
plified the technical operations and permit ted 
faster flow rates. Its use is i l lustrated by separa- 
tions of model conlpounds and of lipids extracted 
from liver and brain. 

Introduc.tion 
Florisil, a commercially-prepared magnes ias i l i ca  

gel, has been used successfully in our laboratory for 
several years as an adsorbent for  the separation of 
different classes of neutral  lipids by column chromatog- 
r aphy  (3).  The order of elution of neutral  lipid 
classes from Florisil  columns is the same as that  
observed with columns of silicie acid, but  Florisil 
has the advantage of a coarse mesh size which makes 
for easier handling and more rapid flow rates. In  

spite of its coarse mesh size, Florisil seems to have 
as much adsorptive surface as the commonly used 
fine mesh preparat ions of silieic acid, and lipid loads 
of 10 mg or more per gram of adsorbent may be 
readily separated without evidence of overloading. 

Although Florisil proved very satisfactory for the 
separation of neut ra l  lipid classes, it could not be 
used to separate and recover phospholipids satisfac- 
torily. Only par t  of the phospholipid was reeoveTed 
by eluting the columns with methanol and there 
seemed to be no clean separation of different phos- 
phol ipid  classes (3). Rouser et al. (18), working 
with beef brain lipids, also reported difficulties due 
to trail ing of peaks. They found that  large volumes 
of solvents were required for elution of phospholipids 
and some of the adsorbent (magnesium silicate) was 
eluted along with the lipids. 

Free fa t ty  acids, like phospholipids, are adsorbed 
more strongly on Florisil  columns than on silieie a c i d  
columns, but  it is possible to recover free fa t ty  acids 
quanti tat ively by including acetic acid in the eluting 
solvent (3). This is a fu r ther  advantage of Florisil 
over silicic acid, since the free fa t ty  acid and triglycer- 
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Supernatant 
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these chains, part icularly in association with the 
silanol (Si--OH) groups, so that the whole structure 
is highly hydrated. The gel which precipitates is 
separated and dried, usually at elevated temperatures, 
to remove most, but not all, of the adsorbed water 
and to fix the gel structure by fur ther  elimination of 
the elements of water from adjacent silanol groups. 

Florisil is prepared by addition of magnesium sul- 
fate to an aqueous sodium silicate solution. This 
produces a hydrated polymer with a structure sim- 
ilar to I I I  except that some of the silanol groups are 
replaced by - S i - O - M g - O H  or - S i - O - M g - O - S i -  
groups. This gel is also dried at an elevated tempera- 
ture (500F) to remove adsorbed water and to set 

dried overnight 
at 110-120 C 

Dry Residu e 
+ 

9 0 0 c c  conc HCI 

overnight 
at I00 C. 

I 
Residue 

washed with water till neutral. 
Then washed with methor~ol, 
chloroform and ether. 

I 
Supernatant 

decanted 

dried overnight 
at 100-120 C 

Acid-treated Florisil, 

FIG. 1. P]0W sheet of the procedure used for preparation of 
acid-treated Florisil. 

ide fractions tend to overlap on silieie acid whereas 
they are easily separated on Florisil. 

I t seems likely that the selective retention of ionic 
lipids on Florisil is due to its magnesimn content. 
Analytical data provided by the supplier (Floridin 
Company) is: MgO 15.5 • 0.5%, SiO2 84.0 '•  0.5%, 
and Na2S% 0.5% average (1.0% maximmn).  The 
presence of magnesium is in fact the main distinguish- 
ing feature between Florisil and silieie acid and 
methods used for the preparation of these two ma- 
terials are rather similar. In  each ease the starting 
material is an aqueous solution of sodium silicate 
(water glass). Silieic acid or silica gel (used synony- 
mously in the literature (21)) is prepared by addition 
of a strong acid (hydrochloric or sulfuric) which 
converts the sodium silicate (I)  to an acidic fomn 
( I I ) ,  which polymerizes by elimination of the ele- 
ments of water (9) to form chains consisting of 
alternating silicon and oxygen atoms ( I I I ) .  The 
exact mechanism and the nature of the molecular 
species involved are uncertain and this simplified 
description should not be taken too literally. Cross- 
linking between chains can also occur by a similar 
mechanism, giving a 3-dimensional structure. Water  
is adsorbed to 

Na 
0 OH OK OK OK 
I I I I I 

NaO--Si-ONa HO'--Si--OH -O-Si--O--Si-O-Si-O 

I l I I I 
O OH OH OH Oil 

]NTa 

I II  I I I  

FIG. 2. a) A commercial preparation of silicic acid suitable 
for chromatography (x 250). 

b) A particle of acid-treated Florisil at the same mag- 
nification (x 250). 

c) Acid-treated Ylorisil at lower magnification shewing 
the range of particle size (x 100). 
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the gel structure. Material with greater adsorptive 
activity is prepared by subsequent heating at 1200F. 

F rom this brief discussion it can be seen that  
treatment of Florisil with a strong acid to replace 
S i - O - M g - O H  and S i - O - M g - O - S i  groups with 
Si--OH groups should yield a silieie acid polymer 
similar to commercial silicie acid. Treatment of 
Florisil with dilute hydrochloric acid at room tem- 
perature did in fact give a product  whose chromato- 
graphic properties with respect to free fa t ty  acids 
more nearly resembled those of commercial silieic 
acid (4). However, this material was not entirely 
satisfactory as an adsorbent because the ease of elu- 
tion of free fa t ty  acids and of phospholipids depended 
to some extent on the column load. A small load of 
an individual component was more difficult to elute 
f rom the column than a larger load and required 
either more eluting solvent or an eluting solvent of 
greater polarity. This behaviour was attributed to 
the presence in the adsorbent of residues of mag- 
nesium or other metals sufficient to retard small loads 
of ionic lipids. The difficulty was overcome by using 
repeated treatment with concentrated acid at elevated 
temperatures, and the resultant product  appears to 
be a useful adsorbent for the chromatography of 
phospholipids and other complex lipids such as 
cerebrosides. 

P r o c e d u r e s  
Preparation of Acid-Treated Florisil 

Florisil (300 g of 60-100 mesh  material activated 
at 1200F) was mixed with 3 vol of concentrated 
hydrochloric acid and heated on a steam bath for 
several hours. The hot supernatant  was decanted, 
the residue was washed with a little concentrated 
hydrochloric acid, and then heated overnight with 
another 3 vol of concentrated acid. The following 
day the hot supernatant  was again decanted and the 
residue was washed with water--f i rs t  in the flask by 
decantation, and then on a Buchner funnel until  
the washings were neutral. The residue was sucked 
dry  and then heated for 24 hr in an Oven at 110- 
120C. Finally this material was again heated over- 
night with 3 vol of hydrochloric acid and again the 
hot acid was decanted and the residue washed with 
water until  neutral. In  this instance the washing 
was continued with ca. 400 ml each of methanol, 
methanol-chloroform (1:1),  chloroform and finally 
ether. The treated Florisil was allowed to air-dry 
and was activated by heating overnight at 110-120C. 
I t  was then ready for use and was stored in a stop- 
pered flask at room temperature. 

CARR~OLL : ACID-TREATE,D FLORISIL 4 1 5  

A flow-sheet of the procedure is shown in Figure  1. 
The quantities used provide enough material for 
about 20 twelve-gram columns. Larger  batches could 
presumably be prepared and it is also possible that 
the proportions of hydrochloric acid to Florisil could 
be reduced. The first t reatment with acid probably 
removes most of the magnesium and the second and 
third treatments were included to eliminate residual 
traces. Heat  activation between the second and third 
acid treatments was included to remove most of the 
adsorbed water from the gel structure so that  on the 
third treatment acid could penetrate more readily 
to remove metal ions from relatively inaccessible 
sites. The final washing with organic solvents re- 
moves a certain amount of colored material which 
otherwise is eluted dur ing the runuing  of chromato- 
grams. Some of this material is probably derived 
from inlpurities in the hydrochloric acid, and it 
seems desirable to use a good grade of water-clear 
acid for this procedure. 

Acid-treated Florisi] prepared in this way has ap- 
proximately the same particle size as the Florisil 
prior to treatment. Figure 2 illustrates the difference 
in particle size between this preparat ion and a com- 
mercial brand of silicie acid commonly used for col- 
umn chromatography. 

Chromatographic Methods 

The column ehromatograms were carried out with 
12 g lots of adsorbent packed in chromatographic 
tubes 1.2 em in diam. This amount of acid-treated 
Florisil gives a column 20 cm in height as compared 
with 15 cm for Florisil. In  packing columns, it was 
found more convenient to prepare a s lurry of acid- 
treated Florisil in solvent for addition to the column 
rather than adding the dry  material to a column filled 
with solvent as was done in the case of Florisil. 
For  chromatography of neutral  lipids, columns were 
packed in Skellysolve B (a mixture of hydrocarbons, 
mainly n-hexane) and eluted with solvent mixtures 
used previously with Florisil columns (3). For  
chromatography of phospholipids and glycolipids, col- 
umns were packed in chloroform and eluted with 
75 nfl of that  solvent, followed by 75 ml each of 
solvent mixtures containing. 5,10,25, and 50% meth- 
anol in chloroform and finally with 75 nfl of methanol. 

For  thin-layer chromatograms (TLC),  thin glass 
plates (31~"• 4", thickness 1 ram) were coated with 
Silica Gel G (prepared according to Stahl, E. Merck, 
A. G. Darmstadt,  Germany) by means of a Desaga 
applicator and dried in an oven at 120C for 2 hr. 
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FIG. 3. Separation of neutral lipids on a 12 g cohmn of acid-treated Florisil. Five ml fractions were collected. The cohmln load 

consisted of 30 mg each of cholesterol pahnitate, tripalmitin and cholesterol and 15 mg each of dipalmitin and monopalmitin. The 
elution schedule was the same as that used previously for Florisil columns (3). 
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~'m. 4. Chromatography of commercial synthetic phospholipids on a 12 g column of acid-treated Florisil. E]ution was carried out 
with 75 ml of each of the solvent mixtures indicated. Eleven ml fractions were collected. The thin-layer chromatogram was run on 
Silica. Gel G. Developing solvent: chloroform-methanol-water 65:20:3. SF--solvent front, O--origin. From left to right: 

Lane 1) m~tcrial eluted with 25% methanol in the uppdr chromatogr~m 
2) commercial phosphatidyl choline (dipalmitoyl) 
3) material eIuted with 50% methanol in the lower chr0matogram 
4) materisd elnted with metl,anol in the lower ehromatogram 

After  the plates were developed with either hexane- 
ether-acetic acid (60:40:1) or chloroform-methanol- 
water (65 : 20 : 3), they were sprayed with concentrated 
sulfuric acid and heated on a hot plate until the 
charred spots appeared and the residual sulfuric 
acid evaporated. 

Separation of Model Compounds 

The pattern of elution of neutral lipids from acid- 
treated Florisil is shown i~ Figure 3. This pat tern 
is similar to that observed previously with Florisil 
(3), except that tripalnfitin and dipahnitin were 
eluted earlier in relation to cholesterol palmitate and 
free cholesterol. Because of this, the cholesterol and 
dipalmitin peaks overlapped on acid-treated Florisil. 
in  earlier studies it was found that  the positions of 
tr ipahnit in and dipahnitin on F]orisil ehromatograms 
were more sensitive to the moisture content of the 
adsorbent than were those of cholesterol palmitate 
and cholesterol, and this may also hold true for acid- 
treated Florisil. The separations obtained may thus 
depe~ld on the temperature used for activation of 
the acid-treated Florisil. 

In contrast to the above compounds, palmitic acid 
behaved very differently on acid-treated Florisil. 
Whereas it was retained on Florisil throughout the 
elntion procedure shown in Figure 3, it was eluted 
from acid-treated Florisil immediately after tripalmi- 
tin, and part ial ly overlapped the tripalmitin peak. 
This is analogous to the behaviour of free fa t ty  acids 
on silicie acid columns (10). The behaviour of phos- 
pholipids on acid-treated Florisil was also much the 
same as on silicic acid. When a commercial sample 
o f s y n t h e t ic  dipalmitoyl-L-a-glyeerylphosphoryl- 
cthanolamine was ehromatographed with increasing 
amounts of methanol in chloroform, the major peak 
was found in the 25% methanol fraction (Fig. 4). 
A commercial sample of synthetic dipalmitoyl-L-a- 
glycerylphosphorylcholine gave two major phospho- 
lipid peaks, in the 50% methanol and pure methanol 

fractions respectively. Investigation of the original 
sample with TLC showed that it contained two main 
components which were separated on the colunm of 
acid-treated Florisil. Comparison of these two sub- 
stances with samples of liver lecithin and egg lecithiI~ 
and with a pure sample of dimyristoyl-L-a-glyeeryl- 
phosphorylcholine on TLC indicated that  the material 
eluted from the column with methanol was probably 
phosphatidyl choline. The other" component was not 
identified. 

Separation of Liver Lipids 
Normal rat  liver lipids prepared by the method 

of Folch et at. (7) gave the pattern shown in Figure 
5 when chromatographed on acid-treated Florisil with 
chloroform and methanol as eluting solvents. TLC 
indicated that neutral  lipids, which run near the 
solvent f ront  in the system used, were eluted mainly 
with chloroform. The 5% methanol fraction also 
appeared to contain small amounts of neutral lipids, 
but in addition there were several compounds with 
lower mobility. The 10% methanol fraction gave one 
main spot on the TI~C. The material in these two 
fractions was not identified fur ther  but may contain 
phosphatidic acids and polyglycerophosphatides (8, 
21). Phosphatidyl  ethanolamine was eluted with 25% 
methanol in chloroform and this fraction may have 
contained phosphatidyl serine. The elution of phos- 
phatidyl choline began in the 50% methanol fraction 
and continued in the pure methanol fraction. The. 
latter also contained sphingomyelin. The location of 
phosphatidyl inositol has not been determined. 

Separation of Brain Lipids 
Lipids of white matter of normal human brain 

were prepared by a sealed-down version of the pro- 
eedure described by Carter  et al. (5), using as ex- 
tracting solvents acetone and ether, both at room 
temperature, followed by hot ethanol. Chromatog- 
raphy of the acetone, ether, and ethanol extracts on 
acid-treated Florisil gave the patterns shown in Fig- 
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ure 6. TLC gave sonic indication of the complexity 
of these fractions and the degree of separation 
achieved on acid-treated Florisil. 

The acetone-soluble material consisted largely of 
cholesterol, which was eluted in the chloroform frac- 
tion, but  appreciable amounts of other lipids were 
also present and were eluted in later fractions. The 
ether and ethanol extracts gave very little material 
in the chloroform eluent. The material eluted with 
10% methanol in chloroform seemed to be mainly 
eerebrosides as judged by the TLC and by sugar and 
phosphorus analysis (Table I ) .  Gas-liquid chronmtog- 
raphy  of the fa t ty  acid components of this fract ion 
gave pat terns which were also characteristic of cere- 
brosides. This was the largest fract ion in the hot 
ethanol extract, making up about 40% of the total. 

The material  eluted with 25% methanol in chloro- 
form made up  55 and 25% respectively of the ether 
and hot ethanol extracts. This fraction of the ether 
extract appeared to consist mainly of phospholipids 
while the corresponding fraction f rom the ethanol 
extract had a fa i r ly  high sugar content and a ra ther  
low phosphorus content. The TLC indicated that  this 
fract ion f rom both the ether and ethanol extracts was 
a mixture of a number of different eompounds. The 
third major  peak in the ether~and ethanol extracts 
was eluted with methanol and consisted of a mixture 
of lecithin and sphingomyelin in each case, as judged 
by TLC. 

Discussion 
The separations observed on acid-treated Florisil 

were analogous to those obtained with columns of 
commercial silieic acid (6,8,12,15,19,20,21), but  the 
coarse mesh of the Florisil preparations simplified the 

.technical operations involved in packing and running 
columns. I t  has been reported that bet ter  separations 
can be achieved by using material  of finer mesh size 
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TABLE I 
A n a l y s i s  of  B r a i n  L i p i d s  from C o l u m n s  of A c i d - T r e a t e d  F h ) r i s i l  
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Fraction from Column 

I ..1, 0% �9 I M2, 5% �9 I Methanol 

Sugar(%)~  ................. I ~"::.1 . . . .  :.To. 0.~ 
Phosphorus( )" / ...... o.o I I 
Sugar ................. / I / 
P h o s p h o r u s  ( % )  b ....... / 0 .1 I 1.5 I 4,1 

Ether Soluble 
Lipid 

Hot Ethanol 
Soluble 
Lipid 

a Sugar calculated as galactose and determined by a direct anthrone 
method (2). Values less than 1% are probably due to non-specific colors. 

b Phosphorus determined by the method of King (11). 

(10,14), and this may be a factor  to consider in at- 
tempting separations of substances with very  similar 
chromatographic properties, but for a prel iminary 
fractionation of lipid classes from a crude extract  
the simplicity of operation of acid-treated Florisil 
columns appears to outweigh possible losses in resolv- 
ing power. Recoveries of material  were in general 
better than 90%, whether caieulated in terms of 
weight or of lipid phosphorus applied. 

Borgstrom (1) showed that  neutral  lipids and phos- 
pholipids could be separated on silicie acid by eluting 
the former  with chloroform and the lat ter  with 
methanol and subsequently, Hirseh and Ahrens (10) 
used a single silicie acid column to separate individual 
classes of neutral  lipids and s o m e  phospholipids. 
However, this involves a lengthy elution time, and 
since phospholipids are eluted last, they are subjected 
to prolonged contact with column packing material, 
which may result in some decomposition. Fu r the r  the 
use of methanoI alone as eluting solvent, as in the 
Hirsch and Ahrens procedure, is not well-suited to 
the separation of complex mixtures of phospholipids. 

Our approach has been to elute the neutra l  lipids 
from acid-treated Florisil as a group with chloroform, 
and then to separate different phospholipid and gly- 

FiG. 5. Separat ion of ra t  liver lipids on a 12 g column of acid-treated Florisil. The column load was approximately 100 rag. The 
elution schedule was the same as in F igure  4 and 11 m] f rac t ions  were collected. 

The thin-layer chromatograms were run on Silica Gel G and developed with chloroform-methanol-water  65:20.3. SF - - so lven t  
front ,  O--or ig in .  

F rom left  to r ight :  Pla te  A 
Lane 1) s tandard  mixture of phosphat idyl  ethanolamine ( P E )  ( impure) ,  phosphat idyl  choline (PC) and sphingomyelin (S)  

2) chloroform fract ion f rom the colmnn chromatogram 
3) 5% methanol  f ract ion 
4) 10% methanol  fract ion 

Plate  B 
Lane 1) s tandard  nfixture of PE,  PC and S (spot ted more heavily) 

2) 25% methanol  f ract ion f rom coIumn chromatogram 
3) 50% methanol  f ract ion 
4) methanol  f rac t ion  
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co l ip id  classes on the  same co lumn b y  s tepwise  in-  
creases in  t he  m e t h a n o l  con ten t  of the  e lu t ing  solvent .  
I n  some ins tances  the  n e u t r a l  l i p ids  in  the  ch lo ro fo rm 
e luen t  f r o m  our  cohunns  were  subsequen t ly  f r ac t ion -  
a t ed  on a F l o r i s i l  co lumn b y  the  p r o c e d u r e  desc r ibed  
p r e v i o u s l y  (3) .  F l o r i s i l  is s t i l l  p r e f e r r e d  fo r  th is  
s epa ra t ion ,  m a i n l y  because  i t  gives  a c lean-cu t  sepa ra -  
t ion  of t r i g l y c e r i d e s  and  f r ee  f a t t y  acids,  which  t end  
to ove r l ap  on e i ther  a c i d - t r e a t e d  F l o r i s i l  or com- 
merc i a l  si l icic acid.  

One a d v a n t a g e  of c a r r y i n g  out  these s e p a r a t i o n s  
on two co lumns  is t h a t  each of the  co lumns  can be 
conven i en t l y  p a c k e d  and  e lu t ed  d u r i n g  a w o r k i n g  day .  
The e lu t ion  t ime  for  c h r o m a t o g r a m s  such as those 
shown in  F i g u r e s  5 a n d  6 was  4 -5  hr ,  and,  s ince flow 
ra te  is not  a l i m i t i n g  fac tor ,  the  s e p a r a t i o n s  could  
p e r h a p s  be done in  sho r t e r  t imes  b y  i nc r ea s ing  the  
r a t e  of flow. The  effect on r e so lu t ion  of a l t e r i n g  flow 
ra t e  was  no t  i n v e s t i g a t e d  wi th  a c i d - t r e a t e d  F lo r i s i l ,  
bu t  in  ea r l i e r  s tudies  wi th  F l o r i s i l  co lunms an  in-  
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crease  in  f low-ra te  u p  to 180 ml  p e r  h r  gave no ap-  
p a r e n t  loss in r e so lv ing  power.  

A use fu l  d iscuss ion  of the  forces  involved  in b ind-  
ing  l i p id s  to s i l ie ic  ac id  has  been p r o v i d e d  by  Rouser  
e t a ] .  (17,18),  who po in t ed  out  t ha t  si l icie ac id  
columns  m a y  f a i l  to give r e p r o d u c i b l e  resu l t s  because  
of va r i a t i ons  in  the  wa te r  con ten t  of the sys tem or 
because  of d i f ferences  in the  s i l ica te  and  f ree  sa l t  
conten t  of the  si l icic acid.  L a c k  of r e p r o d u c i b i l i t y  
due  to these f ac to r s  m a y  be min imized  in a c id - t r e a t ed  
F lo r i s i l ,  s ince t r e a t m e n t  wi th  hot  concen t r a t ed  ac id  
fo l lowed b y  w a s h i n g  wi th  w a t e r  should  e l imina te  most  
of the  s i l icate  a n d  f ree  sa l t  f r o m  F lor i s i l ,  and  the  
w a t e r  conten t  of the  p r o d u c t  can be con t ro l l ed  b y  the 
t e m p e r a t u r e  used  for  the  f inal  ac t iva t ion .  W h e n  F l o r i -  
sil  co lumns  were  e lu t ed  wi th  so lvent  m i x t u r e s  conta in-  
i ng  a p p r e c i a b l e  amoun t s  of me thano l ,  the  e luen t  con- 
t a i n e d  ex t r aneous  m a t e r i a l  wh ich  was t h o u g h t  to be 
f ree  sa l t  p r e s e n t  in  the abso rben t  and  m a g n e s i u m  
s i l ica te  i t se l f  (3,17,19).  This  was no t  a p rob l em wi th  

Fin. 6. Separation of ]ipids from white matter of hmnan brain on 12 g columns of acid4reated Florisih The column load was 
approximately 100 mg in each case. The elution schedule was the same as in Figure 4, and 11 m] fr~mtions were collected. 

The thin-layer chromatograms were run on Silica Gel G. 
Top Plate: developing solvent : hexane-cther-acetic acid 60:40 : 1 ; From left to right : 

Lane 1) cholesterol (Ch) standard 
2) chloroform fraction from chromatogram of acetone soluble material 
3) 5% methanol fraction 
4) 10% methanol fraction 
5) 25% methanol fraction 
6) 50% methanol fraction 
7) methanol fraction 

Center Plate: developD~.g solvent : chloroform-methanol-water 65:20:3. 
Lane l )  standard mixture of cerebrosides (Ce), phosphatidyl ethanolamine (PE),  phosphatidyl choline (PC) and sphing- 

omyelin (S) in order of decreasing Rf values. 
2) 10% methanol fraction from chromatogram of ether soluble material 
3) 25% methanol fraction 
4) methanol fraction 

Lower Plate: developing solvent : chloroform-methanol-water 65:20:3. 
Lane 1) standard mixture of cerebrosides (Ce), phosphatidyl choline (PC) and sphingomyelin (S) 

2) 10% methanol fraction from chromatogram of hot ethanol soluble material 
3) 25% methanol fraction 
4) methanol fraction 
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acid-treated F]orisil, which indicates that the inter- 
fering material had been removed by the procedure 
used for preparation. 

One drawback of silicic acid chromatography is its 
failure to give clean separations of some classes of 
lipids such as lecithin and sphingomyelin. Acidic 
lipids also overlap with non-acidic lipid fractions (13, 
16,17,18). Acid-treated Florisil undoubtedly shares 
these deficiencies, but it seems almost inevitable that 
any type of column used for preliminary fractionation 
of complex naturally-occurring mixtures will give some 
overlap of different lipid classes. The simplicity of 
operation and rapid flow rates of Florisil and acid- 
treated Florisil columns, coupled with the fact that 
they do provide separation of a number of different 
lipid classes, suggests their use for certain types of 
fractionation. 
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Special Methods of Purifying Fatty Acids 
NICHOLAS PELICK, R. S. HENLY, R. F. SWEENY, and MELVIN MILLER, 
Applied Science Laboratories, Inc., State College, Pennsylvania 

Abstract 
Preparative gas chromatography and thin- 

layer chromatography have been used success- 
fully in several purification applications. Both 
methods are very good when small (10 mg or 
less), samples are involved. In fact, the low 
capacity of the methods is actually an advantage 
in such cases and is a major reason for using 
the methods. When larger samples are to be 
prepared by gas chromatography, the tow ca- 
pacity becomes a problem. However, by the use 
of conventional purification procedures to con- 
centrate the desired component as much as pos- 
sible, and the use of large columns (up to 1 in. 
diameter) gram quantities of rare fa t ty  acids 
have been successfully prepared. Gas Liquid 
Chromatography has been an invaluable tool 
where other purification methods have failed. 

Introduction 
pREPARATIVE gas-liquid chromatography (GLC) and 

thin-layer chromatography (TLC) have become 
important methods in purifying fatty acids and their 
derivatives. Separations either impossible or unduly 
difficult in the past have yielded to the new methods. 
However, even though the techniques appear very 
attractive, and indeed do have great potential, the 
practical application of them in the purification of 
lipids is often very difficult. 

Typical applications will be described here. It  is 
intended that these examples should illustrate the 
the scope of the methods and, especially in the case 
of relatively large scale G, LC preparations, the ex- 
amples will indicate detailed techniques usefH1 in 
actually applying the methods. Auxiliary methods 
such as distillation and crystallization will also be 
set in proper perspective. 

The first section describes concentration steps that 

should be taken prior to preparative chromatography. 
In the second section the preparation of uniformly 
carbon-14 tagged fatty acids is used to illustrate 
GLC purification of relatively small amounts of 
methyl esters. This is followed by an example of 
the use of thin-layer chromatography to prepare 
small amounts of radioactive cholestery] palmitate. 
The last section covers in some detail the use of GLC 
to prepare larger amounts (1-10 g) of methyl esters. 

Procedures 
Concentration of Fatty Acids from Natural Sources 

A desired fatty acid is often present in very low 
concentration in a very complex mixture. I f  any 
appreciable amount of the component is needed 
(such as a gram) chromatography techniques a r e a  t 
a disadvantage because of their inherently low ca- 
pacity. I t  is usually worthwhile, therefore, to use 
conventional separation procedures to concentrate 
the component into a smaller sample. Every effort 
is made to purify to the greatest possible extent in 
this way--preferable to about 90%. 

Although it is impossible to make general rules for 
the concentration procedure, certain guides have been 
listed below : 

1) Select a source of the desired fatty acid which 
contains a reasonable concentration of the acid. The 
source selected will not necessarily be that which 
contains the highest concentration. Two factors which 
often lead to some other source are a) availability, 
and b) interference from components which are hard 
to separate. 

2) Analyze by GLC, preferably using both polar 
and non-polar stationary phases. 

3) Try to determine which impurities will be hard 
to separate or at least what their characteristics are. 
This may be done entirely by careful GLC with 
standards, or it may require attempted separations 


