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Several methods for ganglioside extraction from erythrocytes have been com-
pared. Our results show that ganglioside extraction is unfavourably affected by the
addition of the solvents as a mixture and by the use of less polar solvents and by
a lower total solvent-to-sample ratio. In accordance with our previous observation
on cholesterol and phospholipids, the distribution of gangliosides could be uneven
in an apparently monophasic extraction solvent mixture. The uneven distribution
occurred during and also after the extraction (in filtration and centrifugation). In
the recommended method using 19 volumes of methanol/chloroform (2:1) solvent
in a one-step extraction, the above disadvantages in ganglioside extraction and
quantification are kept under control. This method appears simple and it gives a

high recovery of gangliosides.

There are a number of methods available for lipid ex-
traction. The procedures are largely variable in their use
of total solvent-to-sample ratio and alcohol-to-non-polar
solvent ratio, of different alcohols (methanol, ethanol and
isopropyl alcohol) and non-polar solvents (chloroform,
hexane, cyclohexane), of one-step or repeated extraction
procedures, and in the method of solvent addition (as a
mixture or separately). It has been found that some meth-
ods, such as those of Folch' and Bligh and Dyer,” fail to
give complete extraction of cholesterol and phospholip-
ids*>~7 and that the recovery of these lipids by these two
methods is variable.® Even so, these methods remain
popular for the extraction not only of cholesterol, phos-
pholipids, but also of polar gangliosides from various tis-
sues.

Recently, we found that in lipid extraction with a
methanol—chloroform-water solvent mixture, the solvent
and the lipids (cholesterol and phospholipids) could be
unevenly distributed between the extract supernatant and
the solvent remaining in the residue.® After filtration, an
uneven distribution also appeared between the filtrate and
filtration medium, as well as after centrifugation between
the top and bottom solvent fractions.” We suggested that
such uneven distributions could well be the reason for an
observed large variation in the cholesterol and phospho-
lipid extractions.®

Gangliosides, a group of glycosphingolipids more polar
than cholesterol and phospholipids (owing to their sialic
acid residues), are widely distributed among tissues. They
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participate in the process of signal translocation through
membranes and regulate cell differentiation and prolifera-
tion (reviewed in Ref. 10). The importance of gangliosides
in the pathogenesis of atherosclerosis has recently also
attracted attention.'' It was therefore of great importance
to test how the ganglioside extraction might be affected by
the previously discovered uneven distribution during and
after a methanol-chloroform—water extraction. The
present comparison study became possible after the in-
troduction of our recently developed procedures for gan-
glioside purification and sialic acid quantification.'?

Experimental and results

1. Materials. Analytical reagent-grade chemicals and sol-
vents were used. Organic solvents, Silica Gel 60 (230-
400 mesh), and HPTLC Silica Gel 60 plate were ob-
tained from Merck (Germany). N-Acetylneuraminic acid
was used as a sialic acid standard and was obtained from
Sigma (St. Louis, USA). Ganglioside standards were the
kind gift of Pam Fredman (Department of Psychiatry and
Neurochemistry, University Hospital of Géteborg, Swe-
den).

I1. General procedures

(1) Cell preparation. Blood from fasting donors was
taken in vacuum containers with EDTA as the anti-
coagulant. The blood was centrifuged at 1800 g for
10 min. After removal of the plasma, the erythrocytes
were washed three times with 0.99, NaCl. Buffy coats
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were removed after each wash. Cell samples displaying
hemolysis during washing or with a clot of extract residue
during lipid extraction were excluded.

(2) Recommended procedure for lipid extraction. Eryth-
rocytes were extracted with 12.5 volumes of methanol.
Methanol was added drop-by-drop with stirring of the
tube on a mixer until the extract residue turned brownish-
red. Thirty minutes later, 6.5 volumes of chloroform were
added. The extraction was complete 1 h later. Occasional
stirring of the extraction system was not necessary.

This procedure was used in the following experimental
sections unless otherwise indicated. The addition of
methanol before chloroform is expressed as methanol/
chloroform, while the addition of them as a mixture as
methanol-chloroform. The nomenclature for individual
gangliosides is in accordance with those used by Sven-
nerholm."?

The addition of water to the methanol-chloroform
mixture may cause the formation of a biphase. It is
known that the distribution of lipids (cholesterol, phos-
pholipids and gangliosides) is uneven in the upper water-
rich and the lower chloroform-rich phases of a biphase
system. The uneven lipid distribution leads to the incor-
rect estimation of lipid recovery when the lipid concen-
tration in either phase is used as representative for the
total solvent system. In this study, we wished to reveal
the uneven distribution in an apparently monophase sys-
tem. All experiments were therefore carried out in
monophase systems and any samples showing a biphase
were excluded.

(3) Ganglioside analysis. The intact extract supernatant
(without filtration or centrifugation) was transferred to a
tube, centrifuged at 1800 g for 10 min, transferred to a
second tube and evaporated to dryness under nitrogen.
Non-ganglioside lipids and interfering materials (mainly
pigment) in the crude lipid extract were removed by col-
umn chromatography,'* using 7.5 bed volumes of chloro-
form—methanol-water (65:25:4.5 by vol). The ganglioside
fraction was then eluted by using 10 bed volumes of chloro-
form-methanol-water (30:60:20 by vol). The samples
were further purified by a modified resorcinol-HCl
method'? and sialic acids were quantified. A standard
curve was established using N-acetylneuraminic acid.
Ganglioside content is expressed as nmol sialic acid.

Erythrocyte lipid extracts contain more pigment, sph-
ingomyelin and sialic acid-poor gangliosides (GM series)
but less of the GD and GT series, than other tissue ex-
tracts. We have disclosed that the pigment extraction in-
creased with solvents containing more methanol and wa-
ter, and with repeated extractions. For the ganglioside
separation by thin-layer chromatography (TLC), both
pigment and sphingomyelin had to be removed and for
the total ganglioside analysis by our recommended pro-
cedure,'? the pigment has to be removed.

We observed that in the chromatographic column, the
pigment and sphingomyelin were eluted together. To elute
them, 7.5 volumes of chloroform-—methanol-water
(65:25:4.5 by vol) were needed. This volume was further

930

adjusted with the pigment as a marker. The complete
elimination of pigment and sphingomyelin and the reten-
tion of GM3 (the first ganglioside eluted) with this pro-
cedure was verified on TLC plates.

The recommended chloroform-silica gel purification'?
was sufficient to remove interfering materials (including
the pigment and sphingomyelin) for total sialic acid analy-
sis. It was even used here in addition to the column chro-
matographic purification, since the extract purification
with the column was not always sufficient.

(4) Individual gangliosides. After purification of the
crude lipid extract by column chromatography,'* the gan-
glioside fraction was further purified by the partition-dia-
lysis procedure of Svennerholm.'’ The dialysate was
evaporated and redissolved in 50 pl of methanol-chlo-
roform-water (30:60:4.5 by vol). Individual gangliosides
were separated by a TLC procedure (an HPTLC Pre-
coated Silica Gel 60 plate was developed in chloroform-
methanol-0.25% KCl 50:40:10 by vol)."® The ganglio-
sides on the plates were identified, after staining with
resorcinol-HCL,'® by comparing their migration rates
with those of ganglioside standards. The relative distri-
bution of the gangliosides was determined in duplicate
plates with a densitometer (Onescanner-Ofoto™ 1.1)
coupled with Scan Analysis (68000) analytic programme
on Macintosh IIsi computer. Tested with standard GM3,
the coefficient of variation within the assays with the TLC
procedure was 4.19, (in eight determinations), while the
day-to-day variation was 5.4% over 4 days.

(5) Extra alcohol addition to reveal uneven distribution of
gangliosides. The uneven distribution of gangliosides in
the extraction system was tested by the addition of extra
methanol to an ‘extraction-finished’ system. This method
has been found useful in revealing the uneven distribution
of cholesterol and phospholipids in polar solvent—non-
polar solvent-water mixtures.

To monitor the uneven distribution of gangliosides in
an extraction system, we assumed R1 as the ganglioside
recovery in the initial extraction and R2 as that after an
extra methanol addition. If the gangliosides had been
completely extracted, only the ganglioside concentration
in the extract supernatant should be diluted by the ad-
dition of the extra methanol; the total ganglioside recov-
ery should not change, i.e., R1=R2. If R2>R1, it sug-
gests a promoted extraction of gangliosides by the extra
methanol, or an accumulation of gangliosides in the
supernatant after the extra methanol addition. If R2<R1,
on the other hand, it should be interpreted as an initial
accumulation of gangliosides in the supernatant, unless
there is evidence for ganglioside degradation after the ex-
tra methanol addition.

(6) Statistical analysis. In this study, the term recovery
indicates the total amount of gangliosides extracted from
erythrocytes, expressed as sialic acids nM/ml packed
erythrocytes. The packed cell volume was used as the
reference for the sialic acid content since the coefficient
of variation in the cell sampling (in a series of 10 deter-
minations) was the lowest (< 3%, ). The coefficient of vari-



ation in the cell number count and in the protein content
determination was higher (5-15%). In the one-step ex-
traction, ganglioside recovery was calculated by multiply-
ing the sialic acid concentration in the extract super-
natant with the total solvent volume (including the
original water volume in erythrocytes, e.g., 729 of wet
weight). Values are expressed as mean + SD. The Stu-
dent -test was used for statistical analysis.

II1. Ganglioside extraction by different methods. Erythro-
cytes from the same pool were extracted in quadruplicate
for gangliosides by several available methods and by the
recommended one-step procedure using 19 volumes of
methanol/chloroform (2:1). The procedures in these dif-
ferent methods were followed exactly as in the reference
(including the filtration or centrifugation after extraction).
The Svennerholm!® method was understood to require
solvent addition as a mixture.

The recommended method extracted the highest
amount of gangliosides from human erythrocytes
(Table 1). Generally speaking, a lower recovery was
thought to be due to a loss of sialic acid-rich gangliosides
(GD3 and GD1a). Applied on rat erythrocytes, total gan-

GANGLIOSIDE EXTRACTION FROM ERYTHROCYTES

glioside recovery by the Bligh and Dyer method and by
the Svennerholm (1980) method was about 609 and
909, respectively, of that extracted by the recommended
method.

The ganglioside extraction by the recommended
method was judged complete when no more gangliosides
were recovered by any of the following procedures:
(1) with more than 50 volumes of the same solvent system
extraction; (2) with the addition of an extra 11.25 vol-
umes of methanol to the ‘extraction-finished’ extractions;
(3) with repeated extractions (three times, 11.25 volumes
of methanol-chloroform 2:1 each). Mechanical stirring of
the extraction mixtures during the extraction or prolong-
ation of the extraction up to 8 h did not significantly affect
the ganglioside recovery. The ganglioside recovery was
also regarded as reliable when the recovery was not in-
fluenced by an extra methanol addition, or by repeated
extractions. With this method, the value for gangliosides
from human erythrocytes was 28.5+9.7 (sialic acid
nM/ml packed erythrocytes, n = 11). Using human eryth-
rocytes, the coefficient of variation within extractions was
3.99% (from the same pool in 12 extractions), while the
day to day variation was 4.4%, (blood was drawn from

Table 1. Erythrocyte ganglioside recovery extracted by different methods (expressed as sialtic acid nM/ml packed erythrocytes).

Extraction Total sialic acid GM1 GM3 GD3 GD1a Ref.
Folch: 19 v M~C (1: 2) 31.2(25)° 20.1 75 3.7 1
Reed: 10 v M/C (1: 1), repeat three times 32.8(40)° 22.4 8.4 4.3 21
Portokalian: 20 v M/C (1: 1), then 10 v M—C (1: 1) 36.7(18)° 22.1 8.9 4.6 0.8 22
Bligh and Dyer: 3 v M—C 62:1), 1vC, 1 v W’ 20.4(19)° 14.5 5.9 2
Kates: 1 v W, 7.5 v M—C (2: 1),

then 9.5 v M—C-W (2: 1:0.8) 35.7(26)° 21.2 8.2 4.3 0.6 23
Svennerholm (1980): 19.2 v W/M/C (0.56:2: 1),

then 2 v W, 8 v M—C (2: 1) 37.4(31) 22.2 8.6 4.5 0.7 15
Svennerholm (1989): 3 v W, 20 v M—C-W (2: 1:0.75),

repeated with 20 v M—C—W (2: 1:0.75)° 25.6(13)° 18.1 6.3 2.0 13
Rose and Oklander: 19 v W/I/C (1:11:7) 27.0(40)° 17.6 5.6 0.06 6
Rokukawa: 18 v I-C (11:7) 10.3(5)° 7.9 2.4 24
Nudelman: 8.5 v I/Hexane/W (5.5:2: 1),

the 5 v I-Hexane-W (55 : 20 : 25) 33.2(35)° 20.6 8.0 4.0 0.6 25
Selvam: 18 v |-Hexane (2 : 3) 20.4(28)° 15.3 6.1 0.4 26
Wesén: 20 v I/Cyclohexane (1: 1) 21.8(9)° 15.56 6.3 0.1 27
Methanol alone (19 v) 22.1(38)°

Ethanol alone (19 v) 15.2(9)?

Isopropy! alcohol alone (19 v) 7.7(9)?

Recommended: 19 v M/C (2: 1) 40.9(13) 23.5 10.0 5.7 1.7

Erythrocytes from the same pool were extracted in quadriplicate. ?Biphase formed. Both phases were collected for ganglioside
determination. °Biphase formed. Upper phase was collected for sialic acid determination. Solvent/solvent: addition of alcohol
before chloroform; solvent—solvent: addition of the solvent as a mixture. Abbreviations: M, methanol; |, isopropyl alcohol; C,
chloroform; W, water and v, volume. °p < 0.05. “p < 0.01.°p < 0.001, when compared with the recommended one-step
(19 volumes of methanol/chloroform 2 : 1) extraction. Values in parentheses are 10 times the standard deviation. The individual
ganglioside composition was the mean of duplicate determinations.
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a given donor every day for 4 days, and erythrocytes ex-
tracted in triplicate).

IV. Procedures influencing ganglioside extraction and de-
termination

(1) Solvent addition. The addition of methanol before
chloroform to erythrocytes led to a relatively higher ex-
traction of gangliosides than their addition as a mixture
(Table 2). With the methanol added before chloroform,
the maximum recovery was obtained with a methanol/
chloroform ratio of 1.5:1 and 2:1 (no significant difference
between them).

(2) Total solvent-to-sample ratio. When erythrocytes
from the same pool were extracted in triplicate with in-
creasing volumes of methanol/chloroform (1:2 to 2:1 by
vol.) (Fig. 1), small-volume solvents (solvent-to-sample
ratio 7.5:1) gave a higher ganglioside recovery than large-
volume solvents (solvent-to-sample ratio 11.25:1). The
highest ganglioside recovery was, however, obtained with
larger volumes of methanol/chloroform (2:1) (solvent-to-
sample ratio =15:1). Methanol alone failed to extract
gangliosides completely.

In parallel experiments, 10 extra volumes of methanol
were added to these ‘extraction-finished’ extractions.
Such an addition reduced the initially higher recovery in
the small-volume solvent, but not in the large-volume ex-
tractions of methanol/chloroform (2:1) solvents (data not
shown). Therefore, we indicate the ganglioside extraction
with the small-volume solvents as ‘variable’ and with the
large-volume solvents as ‘constant’. A constant extrac-
tion was reached with more than 45, 40, and 15 volumes
of methanol/chloroform (1:2), (1:1) and (2:1) solvents, re-
spectively (data not shown). No evidence was found for
any ganglioside degradation after the extra methanol ad-
dition.

(3) Water addition. Ganglioside recovery was increased
by the addition of water to the erythrocytes (Fig. 2). In
methanol/chloroform (2:1), the maximal increase was by
18.9% (»<0.001, compared with the constant recovery
value) when the total water volume reached 24.4%, (in-
cluding the water in the samples). In methanol/chloro-
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Fig. 1. Ganglioside extraction with increasing volumes of
methanol or methanol/chloroform solvents. Aliquots of
packed erythrocytes from the same pool were extracted in
triplicate with increasing volumes of methanol alone or
methanol/chloroform (M/C) (1:2—2:1). Methanol was added
30 min before chloroform. One hour after chloroform addi-
tion, gangliosides were analysed.

form (1:1), the maximal increase was 42.5%, when water
content was only 15.5%,. The addition of extra methanol
(data not shown) to these ‘extraction-finished’ methanol/
chloroform extractions (e.g., alcohol/chloroform/alcohol
extraction), however, reduced the ganglioside recovery by
a maximum of 25.0%, (p<0.001) and 35.7%, (p<0.001),
in methanol/chloroform (2:1) and (1:1), respectively.

(4) Ganglioside distribution after filtration and centrifuga-
tion. This was tested using rat brain gangliosides that had
been extracted with 20 volumes of methanol/chloroform
(2:1), purified by the column chromatography—partition-
dialysis procedure (as described above), redissolved in
methanol-chloroform (2:1), and stored at —20°C before
being used as a standard. The concentration of total lipid-
bound sialic acids in this standard was 121 nM/0.1 ml
solvent.

Table 2. Erythrocyte ganglioside recovery extracted by different methods of solvent addition (expressed as sialic acids nM/ml

packed erythrocytes).

Addition of methanol and chloroform

Extraction solvent

As a mixture

Methanol before chloroform

Methanol : chloroform 1: 2 16.4(22) 23.7(10)?
Methanol! : chloroform 1: 1 18.5(61) 32.4(31)°
Methanol : chloroform 1.5 : 1 21.0(20) 34.1(29)°
Methanol : chloroform 2 : 1 25.6(27) 36.7(5)°
Methanol : chloroform 3 : 1 31.0(11) 33.6(34)

Aliquots of packed erythrocytes from the same pool were extracted in triplicate with 19 volumes of methanol/chloroform (1 : 2
to 3 : 1), with methanol added together with, or 30 min before chloroform. p < 0.05. ® p < 0.01 compared with the values
with solvent addition as a mixture, respectively. Values in parentheses are 10 times the standard deviation.
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Fig. 2. Ganglioside extraction with increasing proportion of water. Two parallel experiments were performed. In the first,
erythrocytes from the same pool were extracted in triplicate with 18 volumes of methanol/chloroform (M/C) (2:1) or (1:1).
Alcohol was added 30 min before chloroform. Before the extraction, water had been added to make the final water content
in these extractions up to 24.4% or 15.5%, respectively. In a parallel series, 12.5 volumes of extra methanol were added
to these ‘extraction-finished’ systems (M/C/M extraction). The extraction lasted for 48 h and gangliosides in intact extract
supernatants were analysed. The addition of extra methanol reduced the proportion of water in the ‘extraction-finished’ system
but for the sake of comparison, the water proportion before the extra methanol addition (initial water content in the extraction)

was still used.

(4a) After filtration. Gangliosides were lost in the glass
wool after filtration of a methanol-chloroform solvent
containing the prepared ganglioside standard (Fig. 3).
The maximal decrease in ganglioside concentration in the
filtrate was 109, 309, and 449, (p<0.001, versus con-
trol series) for methanol-chloroform (2:1), (1:1) and (1:2),
respectively. This was found to be due to a true loss of
gangliosides in the glass wool, rather than to a degrada-
tion of gangliosides in the solvents, since the gangliosides
could be recovered from the pooled washings of the glass
wool (data not shown). Generally speaking, the pooled
washings contained relatively more sialic acid-rich gan-
gliosides (GD and GT) (Table 3).

The ganglioside loss was dependent on the amount of

glass wool used and the tightness of its packing. The rela-
tive composition of solvents was apparently changed af-
ter the filtration, since a biphase solvent mixture became
a monophase. The addition of water to these solvent mix-
tures did not completely prevent the loss of gangliosides,
since the concentration of gangliosides in the filtrate never
reached the expected level (the concentration value in
ganglioside solution prior to filtration) (Fig. 3).

To recover the lost gangliosides, thorough washing of
the glass wool with methanol-chloroform-water
(2:1:0.75) after the filtration was needed.

(4b) After centrifugation. After centrifugation, the gan-
glioside concentration was increased in the upper fraction
of methanol—chloroform (1:2 to 2:1) mixtures (Fig. 4).

Table 3. Individual gangliosides composition (%) in the filtrate and in pooled washings after filtration.?

M-C (2:1) M-C (1:1)
Gangliosides Control Pooled washings Filtrate Pooled washings Filtrate
GM3 1.2 0.9 0.3
GM2 0.1 0.9 1.5
GM1 15.0 10.5 12.1 8.9 15.8
GD1a 41.7 43.0 34.9 42.2 33.0
GD1b 13.6 18.0 17.5 15.5 15.7
GT1b 28.6 28.5 27.6 30.8 24.9
Others 5.0 2. 9.1

?Purified rat brain gangliosides (30 nM sialic acids) were mixed with 4 mi of methanol—chloroform either (2 : 1) or {1: 1). The
mixtures were filtered through glass wool that had been washed with 5 ml of methanol—chloroform—water (2 : 1: 0.75) twice
and dried before use. The filtrate and the pooled washings were evaporated separately. Individual gangliosides were separated
by a TLC procedure. Duplicate separations were performed and mean values are given. Controls: ganglioside solution prior to
filtration.
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Fig. 3. Distribution of gangliosides in filtrate after filtration.
Dried rat brain lipid extract was added with 4 ml mixture of
methanol—chloroform (M—C) (1:2 to 2:1), then with increas-
ing volumes of water. The mixtures were filtered through
glass wool. Ganglioside concentrations were determined from
the filtrate and values compared with those in the controls
(the same ganglioside-containing solvents without filtration).

These fractions also contained relatively more sialic acid-
poor gangliosides (GM) (data not shown). The uneven
distribution phenomenon is apparently related to the wa-
ter content in these solvents, and occurred even after
overnight standing at room temperature.

The influence of the centrifugation on the ganglioside
quantification in a sample with a small amount of residue
was easy to prevent. It was sufficient to transfer the cen-
trifuged solvent mixture to a different tube (centrifuged-
transferred procedure). For a sample that contains a large
amount of residue, we recommend that the initial extract
supernatant (without filtration or centrifugation) be trans-
ferred to a different tube for centrifugation, and then that
the centrifuged solvent be transferred to a second tube for
quantification (transferred-centrifuged-transferred proce-
dure). It should be reiterated that the ganglioside con-
centration obtained in this way reflects that only in the
initial extract supernatant, but not necessarily that in the
solvent remaining in the residue.

(5) Different alcohols. When the alcohol/chloroform
ratio was kept at 1.5:1 and erythrocytes were extracted
from the same pool in triplicate, methanol/chloroform ex-
tracted more gangliosides than both ethanol/chloroform
and isopropyl alcohol/chloroform (Fig. 5), independent of
the solvent-to-sample ratio.

(6) Repeated extractions. When erythrocytes from the
same pool were extracted in quadruplicate by a one-step
procedure using 18 volumes of either methanol/chloro-
form (2:1), or water/methanol/chloroform (0.75:2:1), the
ganglioside recovery was 34.7 + 1.2 and 39.1 + 1.1 nM/ml
packed erythrocytes, respectively. The recovery was
32.2+ 1.5 for double methanol/chloroform (2:1) extrac-
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Fig. 4. Distribution of gangliosides in the solvent top fraction
after centrifugation. Dried rat brain lipid extract was added in
triplicate with 4 ml methanol—chloroform (M-C) mixture (1:2—
2:1, then with increasing volumes of water. The mixtures
were centrifuged at 1800 g for 20 min. Top fractions
(0.2 ml) were taken within 30 min for ganglioside analysis.
The results were compared with those in a control series (the
same ganglioside-containing solvents without centrifugation).
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Fig. 5. Ganglioside extraction with different alcohol/chloro-
form systems. Aliquots of packed erythrocytes from the same
pool were extracted in triplicate with increasing volumes of
methanol/chloroform (M/C 1.5:1), ethanol/chloroform (E/C
1.5:1) or isopropyl alcohol/chloroform (I/C 1.5:1). Alcohols
were added 30 min before chloroform. Gangliosides were
analysed 1 h after chloroform addition.

tions (18 volumes each), and 28.8 + 2.1 nM/ml packed
erythrocytes, for double water/methanol/chloroform
(0.75:2:1) extractions (22.5 volumes each). In these re-
peated extractions, extract supernatants were collected
after centrifugation at 1800 g for 10 min. The extracts
were pooled and evaporated before ganglioside analysis.



Discussion

In agreement with our previous findings on the extraction
of cholesterol and phospholipids from erythrocytes,®®
data in this study show that there is also an uneven dis-
tribution of gangliosides in an apparently monophasic
methanol-chloroform-water extraction system. The
small-volume solvent (7.5 volumes) extraction showed
higher ganglioside recovery than the large-volume solvent
(11.25 volumes) extraction (Fig. 1). The addition of water
to the methanol/chloroform extraction system (Fig. 2) re-
vealed an increased ganglioside recovery in relation to the
relative water content in the extraction system. However,
the addition of methanol to the ‘extraction-finished’ ex-
traction systems reduced the ganglioside recovery. The
initial gangliosides recovery (R1) was lower than the re-
covery value (R2) after the extra methanol addition.

Most likely, the uneven distribution of solvents in the
extraction system is due to their different gravity
(chloroform > water > methanol). Gangliosides in the up-
per water-rich solvents tend to aggregate and float, and
thereby result in their higher concentration in the upper
solvent. A portion of water may also bind to the residue
surface, as evidenced by the residue particles floating in
the extraction system. Such binding prevents full contact
by the solvents for a complete extraction. The extra
methanol addition to the extraction systems eliminated
the uneven distribution of solvent,” reduced the ganglio-
side concentration in the upper solvent, but failed to pro-
mote the ganglioside extraction by this binding of the wa-
ter in the residue surface.

We have previously reported that a filtration of lipid-
containing solvents through glass wool results in an in-
creased cholesterol concentration in the filtrate.” In this
study, however, the ganglioside concentration was re-
duced after such a filtration (Fig. 3). This could hardly be
due to a degradation of gangliosides, but rather to their
loss, since gangliosides were recovered in the glass wool
and we revealed no evidence for a ganglioside degrada-
tion. Gangliosides and water may compete for binding
sites on the glass wool. Furthermore, the addition of wa-
ter to the solvent mixture appeared to prevent this gan-
glioside loss.

Centrifugation of a methanol-chloroform-water mix-
ture makes the upper solvent richer in water and the bot-
tom solvent enriched in chloroform. Owing to the high
affinity of the polar gangliosides to water, gangliosides
may tend to dissolve or aggregate in the upper water-rich
solvent to give a higher concentration there than in the
lower portion (Fig. 4).

The influence of solvent addition (as a mixture or sepa-
rately with alcohol first) on the ganglioside extraction was
similar to that observed in the experiments on cholesterol
extraction.® Thus, our data are in agreement with those
earlier findings that state that polar lipids are more dif-
ficult to extract.'’~>* Our data also show that a polar
alcohol (methanol) is required in an alcohol-chloroform
system for complete extraction of gangliosides as well.'®

GANGLIOSIDE EXTRACTION FROM ERYTHROCYTES

When the above-mentioned weaknesses in the extrac-
tion procedures were controlled, the recommended one-
step extraction procedure using more than 19 volumes of
methanol/chloroform (2:1) appeared to be a simple pro-
cedure with the best recovery of all lipids when compared
with a number of other methods (Table 1, Fig. 1).

We conclude then that the uneven distribution of sol-
vent and the extracted lipids in a methanol—-chloroform—
water system is a common phenomenon in the extraction
of not only neutral (cholesterol) but also polar lipids (gan-
gliosides). The extraction and quantification of these lip-
ids is furthermore negatively influenced by the addition of
solvents as a previously prepared mixture and by the use
of less polar alcohols such as isopropyl alcohol. These
factors are uncontrolled in earlier suggested procedures
and are most likely the cause of the large variation in lipid
extractions that are experienced when lipids are either
extracted from a given tissue by different methods or
when variable tissues are extracted by one given method.
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