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S U M M A R Y  
Chromatography on Florid@ (activated magnesium silicate) was used to separate model com- 

pounds representative of hydrocarbons, cholesterol esters, triglycerides, free sterols, diglycerides, 
monoglycerides, and free fatty acids. The order of elution was the same as that observed in si- 
licic-acid chromatography except that free fatty acids were eluted after monoglycerides. Recov- 
eries were nearly quantitative and the positions of individual compounds on the chromatograms 
were highly reproducible. Phospholipids were not eluted under the conditions used for separating 
the above compounds, and were eluted less readily from Florisil than from silicic acid with metha- 
nol. Florisil had definite advantages over silicic acid for the separation of lipid classes by column 
chromatography. It required no prewashing or other pretreatment except deactivation with 
water. Columns were quickly and e a d y  packed, and the relatively coarse mesh of the Florisil 
permitted rapid flow rates. Separations could be achieved in much shorter times with smaller 
volumes of eluting solvents. Preliminary experiments indicated that chromatography on Florisil 
gave good separations of lipid classes of naturally occurring lipids extracted from liver and blood. 

C u r r e n t  interest in the metabolism of lipids has 
indicated a need for chromatographic methods of 
separating the various classes of lipids which occur in 
nature. Chromatography on silicic acid has been 
widely used for this purpose since its introduction by 
Trappe (1, 2) and Borgstrom (3, 4) but, although it is 
capable of separating many classes of lipids (5, 6, 7), it 
has certain disadvantages, and the separations are not 
always reliable unless particular care is taken to ensure 
that conditions are duplicated exactly (7). 

Chromatography on FIorisil@ was used in earlier ex- 
periments in this laboratory for the separation of fecal 
sterols from other fecal lipids (8). It had also been 
previously employed by other workers for the separa- 
tion and purification of a number of different types of 
lipids such as tocopherols (9), steroid hormones (lo), 
cerebrosides (ll), and fatty acid esters (12). In the 
course of our experiments it became apparent that the 
adsorption characteristics of Florisil for classes of neu- 
tral lipids were somewhat similar to those of silicic acid. 
Accordingly, a series of chromatograms was run on 
Florisil columns with pure reference compounds in order 
to compare the results with those obtained by other 
workers using silicic acid. The successful separation of 

* Supported by the Life Insurance Medical Research Fund and 
by the Nat>iond Research Council of Canada. 

referenee compounds led to further experiments on the 
separation of classes of natmally occurring lipids from 
rat, liver and blood. 

M E T H O D S  

Florisil consists of hard, porous, white granules 
whose composition is reported to be as follows: mag- 
nesium oxide 15.5 f 0.5%, silicon dioxide 84.0 f 
0.5%, and sodium sulfate 0.5% average (1.0% maxi- 
mum).l It was obtained from the Floridin Co. in the 
form of 60- to 100-mesh material activated at 650°.2 
Material of 100 to 200 mesh was tested in a few experi- 
ments, but the coarser grade seemed preferable. Silicic 
acid (suitable for chromatographic analysis) was ob- 
tained from the Mallinckrodt Chemical Works, and 
Hyflo Super-Cel from the Johns-Manville Co., Ltd. 

1 This information is contained in a bulletin obtained from the 
Floridin Co., Tallahassee, Fla., on the properties and uses of 
Florisil as a chromatographic adsorbent. 

9 Florisil activated a t  260' or at 110' may also be obtained 
from the Floridin Co. Chromatographic separations very 
similar to those described here were obtained by using Florisil 
activated a t  260' without subsequent addition of water. Lipids 
such as Cholesterol palmitate, tripalmitin, and cholesterol were 
also completely separated on Florisil activated a t  l l O o ,  but the 
compounds were eluted somewhat earlier than in t,he experiments 
described. 
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136 CARROLL 

Skellysolve B (a mixture of hydrocarbons, mainly n- 
hexane, boiling a t  60"-71 ") was obtained from Merck 
and Co. It was dried over sodium and distilled, and 
the portion boiling at 68"-70" was used. The purified 
Skellysolve B will hereafter be referred to as hexane. 
Merck reagent methanol and chloroform and Mallin- 
ckrodt anhydrous ether were used without further 
purification. 

Standard reference compounds were obtained as fol- 
lows: Paraffin (refined, m.p. 53"-55")-A. H. Thomas 
Co. ; squalene-Matheson, Coleman and Bell; choles- 
teryl palmitate-a gift of Dr. Leon Swell, Veterans 
Administrative Center, Martinsburg, West Virginia; 
tripalmitin-Hormel Institute, Austin, Minnesota; 
cholesterol-a commercial preparation purified by two 
recrystallizations from ethanol; 1,Zdipalmitin and 1- 
monopalmitin-gifts of Dr. F. H. Mattson, Procter and 
Gamble Co., Cincinnati, Ohio; palmitic acid-Nutri- 
tional Biochemicals. Rat liver and blood lipids were 
obt,ained by repeated extraction with ethanol-ether 
3/1 (v/v) at, room temperature. The extracts were 
concentrated in vacuo and the crude lipids were re-ex- 
tracted from the concentrate with pet,roleiim et,her and 
dried over sodium sulfate. 

Column Preparation. The initial experiments were 
carried out with a column containing 30 g of Florisil 
and measuring 2.0 cm in diameter X 17 cm in length. 
It, was prepared by filling the chromatographic t#ube 
with hexane and adding t8he dry Florisil in portions, 
tapping t,he tube between additions to ensure even 
packing. Later experiments were carried out, with a 12 
g column, measuring 1.2 cm X 15 cm, prepared in t,he 
same way. 

The early experiments were performed witjh a sample 
of Florisil which had been in the laboratory for several 
years. This gave satisfactory separations when used 
without preliminary treatment,, but when similar sepa- 
rations were attempted with a fresh supply of Florisil, 
it, was found that the different, lipid classes were eluted 
much later in the chromatogram. This indicakd t8hat 
the new Florisil had a greatJer adsorpt,ion st,renglh. It 
was therefore deactivated by mixing with a measured 
volume of water in a glass-stoppered round-bott,om 
flask, shaking until the mixture was free-flowing, and al- 
lowing t,o stand overnight to equilihrat,e. It was then 
packed in a column as described above. The addition 
of 7 ml of water per 100 g of Florisil gave material which 
had chromatographic properties similar to the Florisil 
used in the initial experiments. 

Chromatographic Procedure. When all the Florisil 
had been added t,o the column, the excess hexane was 
allowed to flow out unt,il tho surface of t,he liquid reached 
t,he t,op of t,he packed column, and the lipids to be sep- 

arated were added to the top of the column in a small 
volume of hexane. The head of liquid was again al- 
lowed to drop to the top of the column, and elution was 
carried out as described for individual experiments. 
Reference compounds such as mono- and diglycerides, 
which were relatively insoluble in hexane, were added 
as dry powders to the top of the column. 

During elution of the columns bubbles of solvent 
vapor occasionally formed, and in some cases caused 
actual breaks in the column. This tendency increased 
as the proportion of ether in the eluting solvent in- 
creased, but i t  was generally not serious provided the 
surrounding temperature was below 28". The column 
temperature could be controlled by using jacketed 
columns, but this was not done in the present experi- 
ments and in our experience the chromatographic 
separations were not appreciably affected by variations 
in room temperature. 

The eluent from the columns was col- 
lected in 5 or 10 ml fractions, and the distribution of 
lipids was determined gravimetrically after the lipid 
residues from individual fractions had been transferred 
wit,h a minimum of solvent, to tared glass tubes. The 
position of individual reference compounds was deter- 
mined by running a separate column for each com- 
pound. The distribution and recovery were also 
checked in some cases by t,he use of colorimetric meth- 
ods. Cholesterol was measured by tJhe method of 
Sperry and Webb (13). Glycerol was determined on 
hydrolysis prodiict,s of t,he lipids by t,he metlhod of Lam- 
bert and Neish (14) as modified by Korii (15). Phos- 
phorus was measured by t,he met,hod of King (1 6) after 
oxidamtion of t8he lipids wit,h perchloric arcid. 

Analysis. 

R E S I T  L T S 

Large Plorisil Column (SO g). The separation of a 
cholesterol ester, a triglyceride, free cholesterol, a di- 
glyceride, and a monoglyceride is illustrated in Figure 
1. The sequence of eluting solvents used in this 
chromatogram (Table 1) gave complete separation and 
nearly quantitative recovery of the five different com- 
pounds. The use of 10% methanol in ether as the final 
eluting solvent gave a sharp peak of monoglyceride, hut 
also eluted extraneous material from the column as 
shown by a smaller peak following the monoglyceride. 
In subsequent work this was avoided by eluting the 
monoglyceride with 2% methanol in ether. Other ex- 
periments showed that murh larger amounts (at, least, 
threefold) of the reference compounds could be sepa- 
rated without overlap on this column. It therefore 
seemed desirable to devise an elution procedure for a 
smaller rolumn in order to arhirve the same separation 
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Cholesterol 
I Palmi lo le  

20 

I O  

0 10 20 30 40 5 0  60 70 F r a c t i o n  
N u m b e r  

I H e x o n e k  5 %  Ether l S % E t h e r  -+25% Ether 5 0 %  Ether+ 10%Me,honol----r( 
In Ether 

k-,Ether in  H e x a n e 1  

FIG. 1. Thr 
coliimn load ronsistrd of 40 mg each of cholesterol palmitate, tripalmitin, cholest,erol, 1,2-dipalmitin, and 

I -monopalmit in. 

Separation of lipid classes on 30 g column of Florisil. Ten ml fractions were collerted. 

with considerahlc saving in solvent,s and in the time 
involved. 

Chromatograms on 
this column were nearly all carried out with a new siip- 
ply of Florisil which required deactivation with water 

Small Florisil Column (12 9 ) .  

TABLE 1. ELIJTION SCHEDIJLES FOR FLORISIL CHROMATOGRAMS 

Elnrnt8 

Hydrorarhons 
Cholest pro1 

esters 
Triglyreritles 

Cholest,erol 

T)iglycerides 

Monoglycerides 

Free fatty nrids 

30 g 
Column 
(2.0 cm 

X 
17.0 cm) 

m.1 
50 

I20 

1.50 

1.50 

150 

1.50 

150 

Eluting 
Solvent 

Hexane* 
570 ether in 

hexane 
1.5Y0 ethrr in 

hexane 
25(% ethrr in 

hexane 
50vj ether in 

hexane 
2% metha- 

nol in 
ether 

4% acetic 
acid in 
ether 

12 g 
Column 
(1.2 cm 

X 
15.0 cm) 

ml 
20 
50 

75 

60 t 
GO t 

75 

75 

* Purified Skellysolve B 
t It may be found more ronvenient to elute both cholesterol 

nnd diglyreride fractions with 140 ml of 25% rther in heuane. 

for satisfactory separation of the reference compounds. 
Figures 2 and 3 illustrate the differences obtained whcn 
the Florisil was used wit>h no added water, and with 7% 
added water. In the experiment shown in Figure 2, 
each of the compounds emerged much lat'er from the 
chromatogram, the triglyceride overlapped the choles- 
tjerol, the diglyceride was only part,ially elukd, and the 
monoglyceride remained on the column. However, 
when the Florisil was hydrated wit,h 7% water (Fig. 3), 
tjhe chromatographic pattern was similar t,o that oh- 
tained with the large column (Fig. 1). In Figure 3 
cholesterol and dipalmitin were both eluted with 25% 
ether in hexane. This gave a broader diglyceride peak 
than if the dipalmitin were eluted with 50% ether, but, 
for practical purposes it, was an advantage to eliminak 
the solvent change. 

It may be noted that, tjhe degree of hydration of tjhe 
Florisil had a greater effect on the posit,ion of t>riglycer- 
ides and diglycerides in the chromatogram than it, did 
on t,he position of cholest,erol. When the Florisil was 
hydrakd with less than 6% water, the tripalmitin 
tended to trail into the cholesterol fraction. When it, 
was hydrat,ed with more than 6a/, water there was a 
tendency for the cholest,erol and dipa1mit)in fractions to  
overlap. Hence, 7% hydration appeared to he an ac- 
ceptable compromise, although the exact amount, of 
water used was not critical. 

Differences in degree of hydration of the Florisil also 
affected t,he separatJion of paraffin hydrocarbons and 
sqiinlene. Both were clut,ed hefore ~holest~erol esters 
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SEPARATION OF LIPID CLASSES ON E’LORISIL 139 

5 g Silicic Acid 
2.5 g Hyflo 
Super-Cel 

I 

5 g Plorisil 

z 
a 0 

Eluent 
7)bl  

100 chloroform 

al 
t 
0 

0 
3 
U 
v) 

- 

Phosphorus Phosphorus 
PS PS 

8 4 

IO 

Mg 

5 

0 IO Fraction 
Number 

Hcxonc 4-- 50’0 4 in  Hexane 
l k ~  4. Separation of a mixture of 15 mg each of paraffin, squal- 
cne, and cholesterol palmitate on a 12 g column of Florisil de- 
activated with 7% water. Five ml fractions were collected. 

IO00 ml of solvent. A similar separation of neutral 
lipids was achieved on a 12 g column of Florisil in less 
than 4 hours with 350 ml of solvent. 

The recovery of model compounds from Plorisil 
columns was always greater than 90%, and in most 

I Paraff in 
15 

IO 

5 

cases was between 95% and 105%. Soinc of this varia- 
tion was undoubtedly due to experimental errors in 
weighing. 

A 
number of chromatograms were run on 12 g Florisil 
columns with lipid extracts of normal rat liver (Fig. 6). 
Definite peaks corresponding to cholesterol ester, tri- 
glyceride, and free cholesterol fractions can be seen, 
and an analysis of these fractions for cholesterol and for 
glycerol indicated that the peaks actually contained the 
expected class of compound and that there was little or 
no overlapping of one class of compound with another. 
A similar chromatogram on rat blood lipids also gave 
major peaks corresponding to cholesterol esters, 
triglycerides, and free cholesterol (Fig. 7). 

Phospholipids were not eluted with the solvents listed 
in Table 1. However, an attempt was made to sepa- 
rate the neutral lipids and phospholipids of rat liver 
by chromatography on a Florisil column under condi- 
tions similar to those used by Borgstrom with silicic 
acid ( 3 ) .  Five g of Florisil were added in portions to 
a column 1 cm in diameter filled with chloroform. A 
similar column containing 5 g of silicic acid and 2.5 g 
of Hyflo Super-Cel was prepared in chloroform as de- 
scribed by Hanahan et al. (17) and used as a control. 
Equal aliquots of a liver lipid extract dissolved in 
chloroform were applied to each of these columns. 
They were eluted first with 100 ml of chloroform and 
then with three 50 ml portions of methanol. As shown 
in Table 2, the phospholipid was recovered quantita- 
tively in the first 50 ml of methanol from the silicic-acid 
column, while less than half of the total phospholipid 
was recovered from the Florisil column with 150 ml of 
methanol. The results shown in Table 2 suggested 
some fraction of phospholipids on the l’lorisil colunui, 
mid further experiments were carried out in which 
sriialler fractions were collected, but these indicated 

Separation of Naturally Occurring Lipid Mixtures. 

0 IO Fraction 50 methanol I 
Number 

4- Hexon+ in5 
50 methanol 
50 methanol 

1800 I 540 
80 96 
35 ‘ 224 

PIG. 5. Separation of a niixture of 15 mg each of paraffin and 
squalene on highly act,ive Florisil. Five ml fractions were col- 
lected. 

* Column load: 5 ml of chloroform containing approximately 
55 mg of total lipid and 1800 pg of phosphorus. 
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140 CAlZlt OLL 

Number 

4 Hex- 2 %  Methanol k ane * 5%Ether + 15% Ether -+ 259bEther + 50’YEther + 

b- ETHER IN HEXANE ,-d 
in Ether 

ha .  6. Separation of rat liver lipids on 12 g column of Florisil deactivated with 7% water. Five nil frac- 
tions were collected. The column load consisted of 245 mg of crude lipid extract. 

that E’lorisil was probably riot useful for the fractiona- 
tion of phospholipids. Phosphorus was present in each 
of the small fractions arid no sharp peaks were evident. 

D I S C U S S I O N  

The results of this study showed that chrornatog- 
raphy on Iclorisil could be used to separate classes of 
neutral lipids in much the same way as chromatography 
on silicic acid, and that use of Florisil rather than si- 
licic acid offered a number of distinct advantages. 
Florisil columns were very simple to pack, the material 
required no prewashing, arid the relatively coarse mesh 
used for these experiments permitted rapid flow rates. 
E’lorisil chromatography had the further advantage 
that free fatty acids were eluted after thc various glyc- 
eride fractions, arid this eliminated the possibility of 
their overlapping with triglycerides or diglycerides 
(5 ,  7). 

The degree of hydration of the Florisil was ahowri to 
affect its chromatographic properties markedly, and, 
furthermore, its adsorption affinity for some types of 
lipids was affected more than that for others (Figs. 2 to 
51. Hence, desired separations could be facilitated by 
using Florisil with the appropriate degree of hydration. 

It seems probable that the highly active Florisil ab- 
sorbs moisture from the atmosphere unless it is kept 
under anhydrous conditions. This may explain why 
the Florisil which was stored in the laboratory for 
several years differed in its adsorption properties from 
that obtained later. However, the original lot of Flori- 
si1 did not alter noticeably during the period of months 
over which it was used, although the weather was very 
humid for part of the time and no special attempt was 
made to protect the Florisil from the atmosphere. This 
suggested that it may have reached an equilibrium coil- 
dition in which it had little tendency to absorb more 
water. It therefore seems desirable either to store the 

Fraction 0 IO 2 0  30 40 50 
Number 

Ether in Hexane 1 
FIG. 7. Separation of rat blood lipids on 12 g colunin of Florisil deactivated with 7% water. 

fractions were collected. The column load consisted of 80 ing of crude lipid extract. 
Five ml 
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SEPARATION OF LIPID CLASSES ON FLORISIL 141 

Flonsil in the hydrated state or to maintain the highly 
active Florisil under anhydrous conditions in order to 
ensure consistent chromatographic results. 

In this work the eluent from the chromatograms was 
collected in small fractions in order to determine the 
sharpness of the peaks and the degree of separation of 
individual compounds or groups of compounds. In 
our experience, the position of any given compound- on 
the chromatogram was highly reproducible. Therefore , 
in studying naturally occurring lipid mixtures, it would 
probably be satisfactory to collect larger fractions in 
such a way that each fraction contained a major class 
of neutral lipid. I t  should not, however, be assumed 
that the position of a compound on the chromatogram 
is a guarantee that it belongs to a certain class of lipid. 
For example, it was found in other unpublished experi- 
ments that fatty alcohols were eluted together with tri- 
glycerides. It has been shown that the nature of the 
fatty acid moiety may affect the position on silicic-acid 
chromatograms of lipids belonging to a given class (7), 
and this applies also to Florisil chromatograms (12). 
Therefore, positive identification of lipids eluted from 
Florisil can be made only on the basis of further char- 
acterization. 

The author is greatly indebted to Mrs. Fannie 
Angeles, Miss Kay Parkes, and Mr. E. Pedersen for 

their capable technical assistance during the course of 
this work. 
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