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Retention of gangliosides in serum delipidated
by diisopropyl ether-1-butanol extraction
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Summary Extraction with diisopropyl ether-1-butanol is a
rapid method for the delipidation of serum without protein
denaturation. We sought to confirm that this solvent system
would also extract the highly polar acidic glycosphingolipids,
gangliosides. In fact, however, both endogenous serum gan-
gliosides and radiolabeled rat brain gangliosides added to
serum were nearly quantitatively retained (87.5% and 98.7%,
respectively) in the aqueous phase after two extractions.H
Therefore, while useful for the extraction of most lipids, this
delipidation procedure cannot be used to remove gangliosides
from serum or plasma.—Wong, C. G., and S. Ladisch. Re-
tention of gangliosides in serum delipidated by diisopropyl
ether—1-butanol extraction. J. Lipid Res. 1983. 24: 666-669

Supplementary key words serum gangliosides * rat brain gangliosides
« phospholipids

Cham and Knowles (2) recently developed a biphasic
solvent system using diisopropyl ether (DIPE)-1-bu-
tanol to simply, rapidly, and completely delipidate
serum or plasma. The major advantage of this method
over others, such as that of Folch, Lees, and Sloane
Stanley (3), is that serum proteins are not precipitated
or denatured, thereby allowing complete recovery of
enzyme activities and protein antigenicity in the de-
lipidated sample (2).

The quantitative extraction of triglycerides, choles-
terol, free fatty acids, and phospholipids by the proce-
dure of Cham and Knowles has been documented (2,
4). We sought to confirm that, as also reported (5), this
procedure removes the more polar sialic acid-containing
glycosphingolipids (gangliosides), allowing use of the
method for the quantitative extraction of gangliosides
from serum. Our findings indicate, however, that both
endogenous serum gangliosides and rat brain ganglio-
sides (added to serum) are not significantly extracted
into the organic phase by this procedure, but rather are
nearly quantitatively retained in the aqueous phase.

Abbreviations: DIPE, diisopropyl ether; TLC, thin-layer chroma-
tography; LBSA, lipid-bound sialic acid; ganglioside nomenclature
according to Svennerholm (1).

! To whom reprint requests should be addressed.

MATERIALS AND METHODS

All solvents used were reagent grade (Mallinckrodt,
St. Louis, MO). [1-*C]-N-acetyl-D-mannosamine (18
mCi/mmol) was obtained from ICN {Irvine, CA) and
[1-'*C]dipalmitoylphosphatidylcholine (100 mCi/mmol)
was from New England Nuclear (Boston, MA). Rat
brain gangliosides were radiolabeled in vivo with [1-
'4C]-N-acetyl-D-mannosamine, which is incorporated
into the sialic acid moiety of gangliosides (6). Thirty
uCi of the label, dissolved in isotonic salt solution, was
injected intracerebrally into 15-day-old Sprague-Daw-
ley rats that were killed 12 hr later. The brains were
removed and lyophilized. The gangliosides were ex-
tracted with chloroform-methanol and purified by si-
licic acid chromatography (7) followed by Sephadex G-
50 (Pharmacia, Uppsala, Sweden) gel-filtration to re-
move unincorporated label, nucleotide sugars, and
other water-soluble, low molecular weight contaminants
(8). Mixed bovine brain gangliosides (Supelco, Belle-
fonte, PA) were similarly purified.

Gangliosides were quantitated as nmol of lipid-bound
sialic acid (LBSA) by the modified resorcinol colori-
metric assay (9). Thin-layer chromatography was per-
formed using 10 X 10 cm high-performance TLC silica
gel 60 plates (E. Merck, Darmstadt, West Germany)
developed in chloroform-methanol-0.25% CaCl; .2H,O
60:40:9 (v/v/v) (9). Gangliosides were visualized with
resorcinol-HCl reagent (9). Radioautography of the rat
brain gangliosides was performed by exposing the
TLC plate to Kodak (Rochester, NY) XRP-5 X-ray film
at —80°C.

Human serum was delipidated with DIPE-1-butanol
as described (2), with minor modifications suggested to
minimize protein emulsification at the organic-aqueous
phase interface.? One volume of serum was mixed with
two volumes of DIPE-1-butanol 60:40 (v/v) in glass
centrifuge tubes with Teflon-lined caps on a rocking-
bed agitator (Bellco Glass, Inc., Vineland, NJ) for 1 hr
at a rocking rate of 10 rpm. The tubes were then al-
lowed to stand for 5 min before centrifugation (150 g
for 5 min) to separate the phases. The upper organic
phase was removed and two volumes of diethylether
were added to the aqueous phase. The tube was care-
fully inverted five times by hand, and centrifuged as
above. The clear ether layer was removed and added
to the organic phase. The extraction procedure was re-
peated on the aqueous phase, and the organic phases
were pooled. Both phases were taken to dryness by ro-
tary evaporation and lyophilization. The organic phase
residue was redissolved in chloroform-methanol 1:1,

2 Cham, B. E. Personal communication.
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and gangliosides were separated from neutral lipids by
silicic acid chromatography (10) and quantitated. Gan-
gliosides retained in the aqueous phase were isolated by
two extractions of the aqueous phase residue with chlo-
roform-methanol 1:1 (v/v). This lipid extract was
treated by alkaline methanolysis (9) to remove phos-
pholipids, redissolved in distilled water with brief son-
ication in a Branson (Shelton, CT) water bath sonicator,
and desalted by Sephadex G-50 gel filtration (8). These
gangliosides were then lyophilized, dissolved in chlo-
roform-methanol 1:1 (v/v), quantitated, and qualita-
tively characterized by TLC.

In the other experiments 9500 cpm of radiolabeled
rat brain gangliosides was added to 2.5 ml of serum or
saline, aliquots were removed to determine total radio-
activity, and DIPE-1-butanol extraction was then per-
formed twice on the remaining 2.0 ml, exactly as above.
The organic phases were pooled, dried under nitrogen,
and solubilized in 1.5 ml of Soluene-350 (Packard, Bur-
lingame, CA) for 18 hr. An aliquot of the twice-ex-
tracted final aqueous phase was treated in the same
manner. Fifteen ml of Aquasol-2 (New England Nu-
clear, Boston, MA) was then added to each sample. The
samples were dark-adapted and counted on a Beckman
Model LS-8000 B-scintillation counter, and total radio-
activity in each phase was calculated.

The extraction from serum and saline of a radiola-
beled phospholipid, [1-'*C]dipalmitolyphospha-
tidylcholine, was measured in an identical manner using
approximately 30,000 cpm (0.2 nmol) per experiment.

RESULTS

The distribution of endogenous gangliosides in the
aqueous and organic phases following two extractions
of serum with DIPE-1-butanol is shown in Table 1.
Most (87.5%) of the total gangliosides were retained in
the aqueous phase. The total serum ganglioside con-
centrations, 14.2-14.9 nmol LBSA /ml, were within the
range of normal mean values (11-20 nmol LBSA /ml)
previously reported (11-13). TLC of the gangliosides
recovered in the aqueous phase (Fig. 1) demonstrated
both Gys and structurally more complex gangliosides
to be present. Densitometric scanning of the same TLC
showed Gys to constitute 76%, and structurally more
complex gangliosides, 24%, of the total gangliosides re-
covered in the aqueous phase.

The retention of gangliosides in the aqueous phase
was confirmed in other experiments using radiolabeled
gangliosides obtained from rat brain. Purity of these
gangliosides was assessed by TLC, in which radioautog-
raphy and resorcinol-HCl staining of the same lane (Fig.
2) revealed almost identical patterns of bands, indicating

TABLE 1. Partition of gangliosides and phospholipid
by DIPE-1-butanol extraction

% Extracted
Experi- Final Combined into Organic
ment Total Aqueous Phase*  Organic Phases® Phase
Serum gangliosides (nmol LBSA /ml serum)?
1 14.2 12.4 1.8 12.7
2 14.9 12.8 2.1 14.1
3 14.9 13.3 1.6 10.7
12.5 £ 1.7¢

14C.labeled rat brain gangliosides (cpm X 1073 /sample)?

4 7.24 7.29 0.09 1.2
5 7.74 7.49 0.09 1.2
6 7.57 7.55 0.12 1.5
7 7.62 7.77 0.10 1.3
1.3 £ 0.1°
8 7.99 7.71 0.02 0.3
[14C]dipalmitoylphosphatidylcholine (cpm X 1073 /sample)
9 22.4 3.2 20.2 86.4
10 24.5 3.5 20.5 85.5
11 22.8 3.9 19.6 83.4
12 27.4 4.1 24.6 85.6
13 27.9 23 20.4 89.9
86.2 + 2.4¢
14 24.0 0.0 25.2 100
15 20.8 0.2 21.6 99.0
16 19.9 0.1 21.2 99.7
99.6 £ 0.5¢

¢ After two extractions.

b Different 10-mi samples (Expts. 1-3) were extracted and the gan-
glioside content in each phase was quantitated.

¢ Mean * SD.

4 Two-ml samples of serum (Expts. 4-7) or 0.9% saline (Expt. 8)
to which radiolabeled rat brain gangliosides had been added were
extracted and radioactivity in each phase was quantitated.

¢ Two-ml samples of serum (Expts. 9-13) or 0.9% saline (Expts. 14—
16) to which [!*C]dipalmitoylphosphatidylcholine had been added
were extracted and the radioactivity in each phase was quantitated.

that the purified rat brain ganglioside preparation was
essentially free of radiolabeled non-ganglioside contam-
inants and unincorporated label. The TLC (Fig. 2) also
shows only gangliosides structurally more complex than
Gus to be present in our rat brain preparation, as com-
pared to serum, in which Gys is the predominant gan-
glioside (Fig. 1). Specific activity of the purified gan-
gliosides was 223 cpm,/nmol LBSA, and Gp,, and Gty
were the most heavily labeled (Fig. 2).

Extraction of these radiolabeled rat brain ganglio-
sides from serum by DIPE-1-butanol was minimal (Ta-
ble 1); greater than 98% of the radioactivity was re-
tained in the aqueous phase. Radiolabeled gangliosides
added to saline were likewise retained in the aqueous
phase (Table 1), excluding the possibility that the re-
tention of gangliosides in the aqueous phase during
serum extraction could have been due to protein-lipid
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Fig. 1. Gangliosides retained in the aqueous phase after DIPE-1-
butanol extraction of serum. Normal human serum was extracted
twice with DIPE-1-butanol. Gangliosides in the final aqueous phase
were isolated and purified (see Methods) and chromatographed. Lane
1: mixed bovine brain ganglioside standards, 10 nmol LBSA; lane 2:
mixed human erythrocyte ganglioside standards; 4 nmol LBSA; lane
3: serum gangliosides retained in the aqueous phase, 10 nmol LBSA.
All bands above the origin are resorcinol-positive.

interactions or could have reflected hydrolytic release
of ganglioside ['*C]sialic acid by serum sialidases, with
subsequent retention of the free ['*C]sialic acid in the
aqueous phase.

Parallel studies confirmed the efficiency of phospho-
lipid extraction by the method of Cham and Knowles
under the experimental conditions described in Meth-
ods. More than 86% and 99% of added [1-
'*C]dipalmitoylphosphatidylcholine was removed from
serum and saline, respectively, by two extractions with
DIPE-1-butanol (Table 1), in agreement with the pre-
viously reported nearly quantitative extraction of phos-
pholipid by this method (2, 4, 5). These results excluded
the possibility that the retention of gangliosides in the
aqueous phase in our experiments simply reflected poor
extraction of lipids other than gangliosides.

DISCUSSION

In this study, the partitioning of endogenous serum
gangliosides in the two phases of the delipidation pro-
cedure of Cham and Knowles (2) was determined. Re-
tention of serum gangliosides in the aqueous phase was
nearly complete, with only 12.5% of the total ganglio-
sides being extracted into the organic phase. The thin-
layer chromatogram of gangliosides isolated and puri-
fied from the final aqueous phase, and densitometric

analysis of this TLC, demonstrated preservation of the
reported qualitative distribution of total serum ganglio-
sides (66—-88% Gws) using standard ganglioside isolation
methods (11, 12), further supporting the conclusion
that gangliosides in serum are not extracted with other
lipids by DIPE-1-butanol.

Gangliosides structurally more complex and more
hydrophilic than Gys, and having TLC mobilities in the
same range of those of the major brain gangliosides
(Gwmi through Gqup), comprise only a small (12-34%)
fraction of all serum gangliosides (11, 12). To more
accurately establish the fate of such complex ganglio-
sides in this delipidation procedure we therefore mea-
sured the extraction, from serum, of brain gangliosides
added to serum. Together the results (Table 1) allow
the conclusion that both the predominant serum gan-
glioside, Gus, and the minor, more complex species,
are nearly quantitatively retained in the aqueous phase.

Our results contrast with the report of Albouz et al.
(5), that plasma gangliosides are extracted into the or-
ganic phase. We cannot explain this difference. Our
extraction method was not different and we found that
neither the extraction of plasma instead of serum nor
the presence of EDTA in the sample increased the ex-
traction of gangliosides (not shown). Albouz et al. (5)
did state that slight modifications of the procedure of
Cham and Knowles (2) were made, but since these were
not described in the text (5), whether they could have
caused gangliosides to be extracted from the aqueous
phase cannot be determined.
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Fig. 2. Characterization of radiolabeled rat brain gangliosides. The
TLC pattern of '*C-labeled rat brain gangliosides (10 nmol LBSA)
visualized by resorcinol-HCI staining (lane 2) is compared with that of
the same lane detected by radioautography (lane 3). Lane 1: bovine
brain gangliosides (10 nmol LBSA), resorcinol stain. All bands in lanes
1 and 2 are resorcinol-positive.
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On the other hand, the original data of Cham and
Knowles (2) suggest an explanation for our findings of
almost quantitative retention of gangliosides in the
aqueous phase. They found that the most polar of the
lipids they studied (i.e., phospholipids) were the least
readily extracted. The even more polar and hydrophilic
characteristics of gangliosides could therefore be re-
sponsible for the retention of these glycosphingolipids
in the aqueous phase of serum extracted with DIPE-1-
butanol. i
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