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M E T H O D S  
A Mild, Rapid, and Efficient Method of Lipid Extraction for Use in 
Determining Vitamin E/Lipid Ratios 
GRAHAM W. BURTON,* ANN WEBB and KEITH U. INGOLD, Division of Chemistry, 
National Research Council of  Canada, Ottawa, Ontario, Canada K 1A OR6 

ABSTRACT 

A new, general method for lipid extraction and measurement of vitamin E/total lipid ratios in 
tissue and cell samples has been developed. The new extraction procedure uses a combination of 
sodium dodecylsulfate, ethanol and n-heptane, and is mild, clean, convenient, efficient and rapid 
(~5 rain). The efficiency of the new method has been confirmed for human plasma, red blood cells 
and rat liver homogenate by the comparison of the yields of vitamin E, O-acyl lipid and cholesterol 
with the yields obtained following conventional extraction procedures. Extraction efficiency also has 
been confirmed for multilamellar vesicles composed of known quantities of vitamin E, egg lecithin and 
cholesterol. 
Lipids 20:29-39, 1985. 

INTRODUCTION. 

There is increasing interest in the involve- 
ment of in vivo lipid peroxidation in the general 
aging process and in the onset and development 
of associated diseases, such as heart dise~ise and 
cancer, with special at tention being paid to the 
effect of certain dietary compounds in retard- 
ing these degenerative processes (1,2). Lipid 
peroxidation,  which involves the autoxidat ion 
of polyunsaturated fa t ty  acids by a free-radical 
chain process, can be inhibited dramatically by 
very small quantities of lipid-soluble chain- 
breaking antioxidants (3-5). Vitamin E (1) and 
~-carotene (1,6,7) have received much recent 
at tent ion with regard to their possible preven- 
tive role in these degenerative disease processes. 
These two compounds are believed to function 
in vivo as antioxidants,  and it has been demon- 
strated clearly in vitro that each compound is 
an inhibitor of autoxidat ion (8,9). 

In assessing the susceptibilities of  different 
tissues, cells and organelles to peroxidative 
damage and the relevance of the findings to 
degenerative disease processes, it is now evident 
that  lipid-soluble ant ioxidant  levels (e.g., vita- 
min E,/~-carotene) must be measured relative to 
the peroxidizable lipid (i.e., the polyunsatu- 
rated fat ty  acid residues) found associated with 
the antioxidants (10). Thus, for example, 
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MLV: multflamellar vesicles; RBC: red blood cells; 
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2-BHA: 2-t-butyl-4-hydroxyanisole; PMHC: 2,2,5,7,8- 
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vitamin E has been reported to vary widely 
from tissue to tissue (11,12), but  only rarely 
has its concentration been reported relative to 
total  lipid (12,13) or the quanti ty of polyun- 
saturated fat (14). 

In this paper we repor t  the development of  a 
convenient, new method for extracting lipid 
from cell and tissue samples which, because of 
its speed and mildness, greatly facilitates the 
measurement of small quantities of  labile lipid 
components,  such as vitamin E (determined by 
HPLC), and the measurement of polyunsatu- 
rated fat ty acid (determined as part of the 
O-acyl lipid by GC after base-catalyzed trans- 
esterification of the lipid extract). The new 
procedure uses SDS to make membrane lipids 
amenable to extraction by a combination of 
ethanol and n-heptane. The efficiency of the 
method has been tested and confirmed by 
determining the quantities of vitamin E, choles- 
terol and O-acyl lipid in lipid recovered from 
aqueous MLV of known composit ion and also 
by determining and comparing these same lipid 
parameters in lipid extracted from red blood 
cells and rat liver homogenate by  both  the new 
procedure and by  tradit ional  methods (15-17). 
Blood plasma also has been used to determine 
the effect of varying SDS concentrations upon 
lipid yields by comparing results for lipid re- 
covered by  extraction with ethanol/n-heptane 
alone and by extraction with ethanol/n-heptane 
after the addit ion of  SDS. 

MATERIALS AND METHODS 

Materials 

Solvents were HPLC-grade (Fisher) except 
n-heptane (Fisher Spectranalyzed|  and abso- 
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lute ethanol (reagent grade), t-Butyl methyl  
ether (HPLC-grade) was obtained from Burdick 
and Jackson. The SDS detergent was obtained 
from Bio-Rad (electrophoresis grade) and from 
BDH (specially purified for biochemical work). 
Egg lecithin was bought from Avanti Polar 
Lipids (Birmingham, Alabama), and reference 
samples of PC, PE, PS, SP and cardiolipin were 
supplied by Mrs. A. Martin (NRC). Other 
chemicals required for reference and/or identi- 
fication purposes were cholesterol and choles- 
tune (Sigma); various fat ty  acid methyl esters 
and triheptadecanoin (Nu-Chek-Prep Inc., Ely- 
sian, Minnesota); 2R, 4 'R,  8'R-c~- and 7-tocoph- 
eral (Eastman); 2-BHA (Eastman, now discon- 
tinued); and PMHC (synthesized earlier [8] by 
a published procedure [18]) .  TLC was per- 
formed on silica gel 60 precoated on glass 
plates (Merck). Sephadex G-25 (coarse) was 
obtained from Pharmacia Fine Chemicals. 

Fresh whole blood was obtained by veni- 
puncture from a human volunteer (A.W.) and 
was mixed immediately with the anticoagulant, 
disodium ethylenediaminetetraacetate.  Blood 
also was obtained from the Red Cross Blood 
Bank. 

Rat liver was obtained from a young, male, 
adult  Sprague-Dawley rat (ca. 200 g) and was 
homogenized with ca. 3 volumes of water in a 
Tissue Mizer homogenizer (medium setting; 
4 x 15 see). 

All aqueous solutions were prepared using 
doubly-distilled water. 

General Procedure for SDS Extraction of Lipid 

A given volume of an SDS solution of 
known concentration (in the range 0.01- 
0.80 M) was added and mixed with the aqueous 
sample of plasma, RBC membrane or liver 
homogenate. A volume of absolute ethanol, 
usually equal to the combined aqueous volume, 
was then added and mixed by shaking or brief 
vortex-stirring. This causes the protein to 
precipitate immediately.  Next, a known volume 
of  n-heptane equal to,  or in some cases less 
than, the volume of added ethanol was added 
and vigorously mixed by vortex-stirring for 
30-60 sec. The aqueous and organic layers were 
conveniently and rapidly separated by brief 
centrifugation in a clinical, bench-top centri- 
fuge (1-2 min). A known volume of the organic 
layer was carefully drawn off with a Pasteur 
pipette and transferred to a screw cap (foil- 
lined) vial and stored at - 2 0  C. It should be 
noted that  other solvents may be used instead 
of n-heptane. We have obtained identical results 
with, for example, n-hexane and n-octane. 
However, we do not  recommend the use of 
n-hexane because of  its toxic i ty  (19). 

METHODS 

Extraction of Lipid from Multilamellar 
Phospholipid Vesicles (M LV) 

The efficiency of the SDS extraction method 
was tested by measuring the lipid extracted 
from MLV of known composit ion.  

Known amounts  of egg lecithin, cholesterol 
and c~-tocopherol were dissolved in dichloro- 
methane. The solvent from a I 0 mt sample of 
this solution was removed under a stream 
of nitrogen and finally pumped off under 
vacuum. The MLV were formed by adding 
10 ml water to the residue and vortex-stirring. 
Lipid was extracted by  the SDS method from 
1 ml aliquots of the MLV using 1 ml of SDS 
solution, 2 ml of ethanol and 2 ml of n-heptane. 
A reference sample of lipid was prepared by 
removing the solvent from a l-ml aliquot 
of the dichloromethane stock solution and 
redissolving the residue in 2 ml of n-heptane. 
This reference sample was stored at - 2 0  C in a 
tightly stoppered vial, and was later used to 
obtain reference values for the fat ty  acids, 
cholesterol and ex-tocopherol. 

Extraction of Lipid from Plasma 

The conventional method for extracting 
plasma (20) is very similar to the SDS method. 
The recoveries of  lipid obtained by the two 
methods were compared so that  the efficiency 
of  the SDS procedure could be evaluated. 

Lipid was extracted in the conventional 
manner by mixing water (1 ml), ethanol (2 ml) 
and plasma (1 ml) in a glass tube. n-Heptane 
(1 ml) was then added and the mixture was 
vortex-stirred for 30-60 sec. The aqueous and 
organic layers were separated by brief centrifu- 
gation. 

The SDS method was applied in exactly the 
same way using the same quantities of  material  
but  replacing the water with SDS solutions 
(1 ml) of different concentrations. 

Extraction of Lipid from RBC 

RBC, freed of  plasma and the buffy coat 
after washing 3 times in 5 mM phosphate- 
buffered saline (pH 8.0) in the usual manner 
(21), were resuspended in the same buffer 
(hematocrit  ca. 50%). Then 5 ml-samples of this 
suspension were lysed by dropwise addition to 
ca. 30 ml of 5 mM phosphate buffer (pH 8.0) 
contained in centrifuge tubes (13,21,22). The 
hemolysate was spun at 20,000 rpm for 10 min 
in a Sorvalt RC2-B centrifuge equipped with a 
fixed angle SS-34 rotor (4.25 in. radius). Most 
of the supernatant was removed from each 
tube. The red-colored, hemoglobin-contami- 
nated RBC ghost pellet that remained in each 
tube (ca. 2 ml) was transferred to a separate 
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16 ml test tube and 2 ml of  5 mM phosphate 
buffer/5 mM ascorbate (pH 7.0) was added, this 
being followed by the addition of 1 ml of an 
SDS solution of  known concentration. Under 
these conditions with this quanti ty of RBC 
ghosts, the suspension became transparent 
when the concentration of the added SDS 
solution was 0.08 M or greater. Next,  5 ml of 
ethanol and 2 ml of  n-heptane were added and 
mixed with the SDS/RBC ghost mixture in the 
same way as already described for the general 
SDS extraction procedure. The n-heptane layer 
that  was obtained after centrifugation was 
colorless. 

For comparative purposes, lipid also was 
extracted from the RBC ghosts by the Folch 
method that we have used previously (13) and 
that  Nelson has reported extracts lipid very 
efficiently from plasma and whole RBC (23, 
24). However, it is important  to use hemo- 
globin-free ghosts in order to avoid the co- 
extraction of iron-containing pigments which 
can cause an almost complete loss of vitamin E 
(13). A sample of the same (red) ghost suspen- 
sion used for the SDS extraction experiment 
was therefore washed twice following the 
improved procedure developed previously in 
our laboratory (22). The suspension of  (now) 
white ghosts (ca. 2 ml) was added dropwise to 
stirred, ice-cold methanol (33 ml) and two 
port ions of cold chloroform (33.5 ml each) 
were then added. The mixture was magnetically 
stirred for several minutes and then filtered 
onto ca. 2 g of Sephadex G-25 (coa r se ) in  a 
round-bot tomed flask. The ghost residue was 
rinsed with chloroform and the combined 
filtrate was concentrated by rotary evaporation 
under reduced pressure. In order to ensure the 
complete removal of water from the extract by 
the Sephadex, a further 10-ml portion of  
chloroform was added to the Sephadex residue 
and then removed again under reduced pressure. 
This was repeated twice more. The lipid was 
finally recovered from the Sephadex by extract- 
ing the latter with two 50-ml portions of 
chloroform and filtering. The combined filtrate 
was concentrated by evaporation under reduced 
pressure at a temperature below 30 C and 
finally to dryness with a stream of  nitrogen. 
The lipid residue was redissolved in 2 ml of 
n-heptane. 

The lipid extracts obtained by the new SDS 
and by the Folch methods were analyzed by 
TLC on silica gel in order to compare the 
recovery of the different types of phospholipid. 
The plates were developed in chloroform/ 
methanol/acetic acid/water (25:15:4:2,  v/v]v/v) 
(25) and the spots were visualized by exposing 
the plates to iodine vapor. 

Extraction of Lipid from Rat Liver 

Rat liver homogenate,  containing 0 .25g  
ml -I of  liver (wet weight), was extracted by the 
general SDS method and the Bligh and Dyer 
method (17,26). 

Typically, the SDS procedure used I ml of 
rat liver homogenate,  I ml of  SDS solution, 
2 ml of ethanol and 2 ml of n-heptane. A 
partial clarification of the homogenate occurred 
when the SDS solution was added. 

In a typical Bligh and Dyer extraction, 
2.5 ml of methanol and 1.25 ml of chloroform 
were vortex stirred for 2 rain with 1 ml of  rat 
liver homogenate.  The mixture was centrifuged 
for 3 rain in a clinical centrifuge, and the 
supernatant was removed with a Pasteur pipette.  
Then water (1.25 ml) and chloroform (1.25 ml) 
were added to the supernatant and mixed; this 
was followed by centrifugation to facilitate 
separation of the aqueous and organic layers. 
The aqueous layer was removed by aspiration 
and the organic layer was then dried over 
anhydrous sodium sulfate, filtered and evapo- 
rated under a stream of nitrogen. The residue 
was redissolved in 2 ml of  n-heptane. 

Measurement of the Tocopberois 

PMHC and 2-BHA were used as non-inter- 
fering standards for measuring tocopherol  
concentrations. Aliquots (50/al) of  n-octane 
solutions of PMHC (8 .30nmol)  and 2-BHA 
(9.23 nmol)  were added by micropipet te  to 
500 ttl samples of the n-heptane lipid extracts. 
Samples of this solution (I00/~1) were injected 
into a Varian 5000 HPLC instrument equipped 
with a 250 m m •  4 mm Hibar RT LiChrosorb 
Si 60 column (Merck) and were eluted with 
n-hexane/t-butyl methyl  ether (3.0%)/2-pro- 
panol (0.05%) at 2 m l m i n  -1. Peaks were 
detected with a Varian fluorescence detector,  
equipped with a deuterium lamp, which was 
connected in series with a Varian Varichrome 
variable wavelength uv detector  set at 295 nm. 
The fluorescence detector  was equipped with a 
220 nm interference excitat ion filter and the 
emission filter was a 2 mm thick Schott  UG-I 
glass band filter which gave 89% transmittance 
at Xmax ca. 358 nm and had a 279-419 nm 
"window" (10% transmittance limits). This 
emission filter replaced the 5 mm thick Coming 
7-60 filter used earlier (13) and gave a more 
than 3-fold enhancement of the signal. The 
HPLC and associated detectors were interfaced 
with a Varian Vista CDS 401 control  station 
and data-handling system. 

Measurement of O-acyl-derived Fatty Acids 
and o4 Cholesterol 

The quanti ty and composit ion of the fa t ty  
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acids in the O-acyl fraction of the lipid extract 
and the quantity of cholesterol each were 
determined by GC analysis after duplicate 
transesterification of the lipid extract (27). 

Fatty Acid Methyl Esters 

Transesterification was carried out by 
heating a mixture of 250.-500/al of the n- 
heptane lipid extract, I ml of benzene contain- 
ing ca. 130nmol  of triheptadecanoin (as 
internal standard), and 2 m l  of anhydrous 
0.5 M sodium methoxide in methanol (Supelco) 
at 80 C for 20 min in a tightly-stoppered glass 
vial. The mixture was then allowed to cool and 
0.1 ml of glacial acetic acid was added, fol- 
lowed by 5 ml of water. After extraction with 
three 5-ml portions of n-hexane, the combined 
hexane extracts were dried over anhydrous 
sodium sulfate containing 10% solid potassium 
bicarbonate. Following filtration, the filtrate 
was concentrated by evaporation under a 
stream of nitrogen. 

The methyl esters were analyzed on a Varian 
3700 GC instrument equipped with a flame- 
ionization detector using a 1.8 m x 3.2 mm 
(o.d.) stainless-steel column packed with 
10% Silar-9CP on 100-120 mesh Chromosorb 
W-HP at a helium flow rate of 30 ml min -l . The 
oven temperature was maintained at 150 C for 
5 min and was then increased to 225 C at 3 C 
min -1 . The data were analyzed with a Varian 
Vista CDS 401 system. 

The quantity of each fatty acid methyl ester 
was measured by comparison with the known 
quantity of methyl heptadecanoate formed 
from the triheptadecanoin. It was assumed that 
each fatty acid methyl ester gave the same peak 
area per unit  weight, art assumption that was 
fully supported by results obtained with 
standards containing known amounts of the 
major fatty acid esters. Total fatty acid values 
were calculated for the acid form of the ester 
and included all the minor peaks (e.g., 16:1, 
18:3, 20:3, 22:5). The percentage fatty acid 
composition was, however, based on a calcula- 
t ion restricted to the 16:0, 18:0, 18:1, 18:2, 
20:4, and 22:6 set of fatty acids which together 
constituted well over 80% of the total fatty 
acid in most samples. Incidentally, for all the 
O-acyl lipid extracts examined in this work 
total fatty acid values, which are given in 
#mol m P ,  can be converted to mg mF l by 
dividing by either 3.41 + 0.03 for plasma, RBC 
and rat liver or by 3.62 + 0.03 for MLV. 

Cholesterol 

Approximately 300 nmol of the internal 
standard, cholestane, were added to the n- 
hexane extract obtained after transesterifica- 

tion. The cholesterol was measured by GC using 
a 0.45 m x 3.2 mm (o.d.) stainless-steel column 
packed with 5% OV 101 on 80-100 mesh 
Chromosorb W-HP at 230 C with a helium flow 
rate of 30 ml min -1 . 

Tests for Presence of SDS in n-Heptane Lipid Extracts 

These tests were carried out by spotting the 
lipid extract onto a silica gel TLC plate and 
developing with dichloromethane]methanol 8:1 
(v]v) (28). The TLC plate of an SDS lipid 
extract from RBC was developed with iodine 
vapor, and the plate of an SDS lipid extract 
from rat liver was developed by spraying with 
5% sulfuric acid and heating at 80 C on a hot 
plate. 

R ESU LTS 

SDS Extraction of Lipid from MLV, 
Plasma and RBC Ghosts 

The effect of SDS concentration upon the 
extracted amounts of ~- and ")'-tocopherol, as 
measured directly in the n-heptane extract, and 
cholesterol and O-acyl total fatty acid, as 
measured after the base-catalyzed transesterifi- 
cation, are shown for MLV, plasma and RBC 
ghosts in Figures 1, 2 and 3, respectively. The 
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c 0 2 5 Jo 20 50 100 200 
ESDS] mM 

FIG. 1. Effect of final, total SDS concentration 
(after the addition of ethanol) on the recovery of 
~-tocopherol ( A - -  A), total O-acyl fatty acid ( n - -  o) 
and cholesterol ( o - - o )  from an aqueous MLV sus- 
pension by the SDS method (see Materials and Meth- 
ods). Concentrations of extracted lipids are given per 
ml of aqueous MLV suspension (the ~-tocopherol in 
nmol mF 1 , the total O-acyl fatty acid and cholesterol, 
which were determined after base catalyzed trans- 
esterification, in tzmol ml -a ). The data points at zero 
SDS concentration refer to extraction of the MLV 
suspension without SDS, while those on ordinate C 
refer to the control analysis of the dichloromethane 
stock solution used in preparing the MLV. The total 
O-acyl fatty acid can be converted from t~mol m1-1 to 
mg m1-1 by dividing by 3.62 -+ 0.03. Arrows indicate 
appropriate ordinate. 
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FIG. 2. Effect of final, total SDS concentration 
(after the addition of ethanol) on the recovery of 
a-tocopherol (n__~x), 7-tocopherol (+---+), total 
O-acyl fatty acid ( o - - n )  and cholesterol (o.----o) 
from plasma (0.25 ml per ml of aqueous ethanol) by 
the SDS method (see Materials and Methods). Concen- 
trations of extracted lipids are given per ml plasma 
(the tocopherols in nmol ml-', the total O-acyl fatty 
acid and cholesterol, which were determined after 
base catalyzed transesterification, in pmol ml-' ). The 
4 data points corresponding to zero concentration of 
SDS are reference values obtained by the conventional 
extraction procedure. The total O-acyl fatty acid can 
be converted from ~mol ml -~ to mg ml -~ by dividing 
by 3.41 • 0.03. Arrows indicate appropriate ordinate. 

effects of SDS concentration on the corre- 
sponding fatty acid compositions are shown in 
Table 1. 

MLV 

As can be seen in Figure 1, ~-tocopherol and 
cholesterol are very efficiently extracted by the 
SDS method. The reference points at C are 
based on analysis of the dichloromethane stock 
solution, and those at 0 SDS concentration on 
the results of an extraction without SDS. At 
SDS concentrations above 32 raM, the recovery 
of the fatty acids dropped dramatically, this 
drop coinciding with a clearing of the suspen- 
sion after the ethanol was added. 

Plasma 

The data points in Figure 2 corresponding to 
zero concentration of  SDS are the reference 
values that were obtained for lipid extracted in 
the conventional manner (i.e., with ethanol and 
n-heptane only). 2 It is against these points that 
the values obtained with SDS must be com- 
pared. It is apparent that the 0t- and 7-tocoph- 
erol, and cholesterol values are practically 

a.We have shown by a comparison of vitamin E, 
O.acyl fatty acid, cholesterol  and phosphorus values 
that extraction of plasma with ethanol/n-octane is at 
least as eff ic ient  as the Folch method.  The latter 
method has been reported to provide near-quantitative 
yields of lipid (23,24). 
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FIG. 3. Effect of final, total SDS concentration 
(after the addition of ethanol) on the recovery of 
a-tocopherol (~ ~), total O-acyl fatty acid ( o - - o )  
and cholesterol (o -  -o)  from crude (hemoglobin con- 
taminated) RBC ghosts (at a concentration corre- 
sponding to 0.25 ml packed RBC per ml of aqueous 
ethanol) by the SDS method (see Materials and 
Methods). The ghosts (ca. 2 ml) were derived from 
2.5 ml of packed RBC (ex Red Cross) and were ex- 
tracted with 2 ml of 5 mM phosphate buffer - 5 mM 
ascorbate (pH 7)/1 ml of SDS solution/5 ml ethanol/ 
and 2 ml n-heptane. Concentrations of extracted lipids 
are given per ml of packed RBC (the ~tocopherol in 
nmol ml -a , the total O-acyl fatty acid and cholesterol, 
which were determined after base catalyzed trans- 
esterification, in pmol ml-' ). There are no reference 
points at zero SDS concentration. All adjacent points 
have been connected, but it seems probable that some 
of the hills and valleys are experimental artifacts. The 
total O-acyl fatty acid can be converted from pmol 
ml -I to mg m1-1 by dividing by 3,41 -+ 0.03. Arrows 
indicate appropriate ordinate. 

independent of the SDS concentration and are 
in satisfactory agreement with the reference 
values. (The somewhat greater scatter of the 
cholesterol values may reflect the fact that 
cholesterol is measured after chemical manipu- 
lation and that the internal standard is added 
after the transesterification.) The total fatty 
acid also agrees well with the reference value, 
provided the final SDS concentration in aque- 
ous ethanol does not exceed ca. 12 mM. How- 
ever, at higher SDS concentrations there is a 
fairly abrupt decline in total fatty acid to a 
rather lower value. This effect was observed 
consistently for plasma samples obtained from 
a number of different sources. Examination of 
Table 1 shows that this change in total O-ocyl 
fatty acid values is accompanied by significant 
changes in the composition of  the fatty acids. 

RBC Ghosts 

In Figure 3 are shown the results obtained at 
various SDS concentrations using RBC obtained 
from a Red Cross blood sample. Once again, the 
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TABLE 1 

Effect o f  SDS Concentrat ion on the  Fat ty Acid Composit ion of O-acyl Lipid 
Extracted f rom MLV, Plasma and RBC Ghosts 

Percentage composi t ion b (wt %) 
SDS a O-Acyl fat ty  acid b 
(mM) (/~mol mF 1 ) 16:0 18:0 18:1 18:2 20:4 22:6 

M LV c 

Plasma c 

R BC ghosts  c 

Control d 20.0 32 11 35 17 5 1 
O f 20.3 31 10 38 17 3 1 
2 f 19.0 30 10 38 17 4 1 
4 f 17.1 31 11 37 17 3 <1 
8 18.4 30 11 39 17 3 1 

16 13.9 30 11 38 17 4 1 
32g 15.1 34 10 37 16 3 <1 
64 1.8 h . . . . . .  

128 1.9 h . . . . . .  

0.0 9.38 19 8 23 43 8 t 
4.0 8.30 18 7 25 41 8 t 
8.0 8.42 19 7 25 41 8 1 

12.0 8.58 19 6 25 42 7 t 
20.0 7.44 19 7 24 42 8 t 
40.0 5.60 17 3 27 48 5 t 
80.0 5.90 16 2 28 48 6 t 

120.0 6.52 16 3 28 48 6 t 
200.0 6 . 8 1  16 2 29 47 6 t 

Changee: - 3  - 6  +6 +4 - 2  

" 1.6 1.45 20 22 23 13 19 3 
3.2 1.50 20 22 22 14 19 3 
4.8 1.90 20 19 23 14 20 4 
8.0 1.46 21 19 23 14 20 3 

16.0 2.26 20 19 22 14 20 4 
32.0 1.80 19 20 23 13 21 4 
48.0 1.08 16 19 27 10 23 5 

Changee: - 4  - 3  +4 - 3  +4 +2 

a Final concentrat ion after addit ion of ethanol.  
bsurn  o f  all fa t ty  acids f rom all O-acyl lipid. See Materials and Methods for details on measurement  and 

calculation (t = trace). 
CResults correspond to data points  in Figure 1 (MLV), Figure 2 (plasma) and Figure 3 (RBC). 
dResults  obtained directly f rom an aliquot of  dichloromethane s tock  solution (see Fig. 1 legend). 
eDifference in composi t ion o f  lipid fat ty acid for highest and lowest  SDS concentrat ions.  
fLayer  separation for these samples was difficult. The first fraction o f  the n-heptane extract,  obtained in the  

usual way, was combined with a second fraction obtained after s tanding overnight at 4 C followed by centrifu- 
gation. The difficulty is caused by an emulsion and apparent  precipitate at the interface. 

gA clear solution was obtained after the  addit ion of  ethanol at this concentrat ion o f  SDS and higher. 
hpereentage composi t ion values are not  given because not  all componen t s  were present in detectable amounts .  

c h o l e s t e r o l  va lue  a p p e a r s  to  be  e s s e n t i a l l y  
i n d e p e n d e n t  o f  t h e  SDS  c o n c e n t r a t i o n ,  t h o u g h  
n o  r e f e r e n c e  d a t a  (i .e. ,  a n  e x t r a c t i o n  w i t h o u t  
S D S )  w e r e  o b t a i n e d  w i t h  t h i s  p a r t i c u l a r  b l o o d  
s a m p l e .  In  c o n t r a s t ,  t h e  y i e l d  o f  e x t r a c t e d  
a - t o c o p h e r o l  is l ow  a t  l o w  SDS c o n c e n t r a t i o n s  
a n d  d o e s  n o t  r e a c h  i t s  m a x i m u m  u n t i l  t h e  f ina l  
a q u e o u s  e t h a n o l i c  SDS c o n c e n t r a t i o n  is ca. 
16 raM,  t h e r e a f t e r  r e m a i n i n g  m o r e - o r - l e s s  s t e a d y .  
T h e  t o t a l  f a t t y  ac id  e x t r a c t e d  a l so  i n c r e a s e s  
s l i g h t l y  t o  ca. 16 m M  SDS,  b u t  t h e n  d e c l i n e s  
r a p i d l y  to  ze ro  a t  h i g h e r  c o n c e n t r a t i o n s  o f  SDS.  
I t  c a n  be  s e e n  f r o m  T a b l e  1 t h a t  t h e  r a p i d  
d e c l i n e  in  t h e  t o t a l  f a t t y  a c i d  v a l u e  is a c c o m -  

p a n i e d  a g a i n  b y  a n  a p p r e c i a b l e  c h a n g e  in  i ts  
c o m p o s i t i o n .  

T h e  S D S  a n d  F o l c h  e x t r a c t i o n  p r o c e d u r e s  
a re  c o m p a r e d  in T a b l e  2 f o r  R B C  g h o s t s  p r e -  
p a r e d  f r o m  a s a m p l e  o f  f r e s h  b l o o d .  T h e  S D S  

m e t h o d  is c l ea r ly  s u p e r i o r  f o r  t h e  e x t r a c t i o n  
o f  o t - t ocophe ro l .  ( N o t e  t h a t  i f  t h e  R B C  g h o s t s  
a re  c o n t a m i n a t e d  w i t h  h e m o g l o b i n ,  i .e . ,  a re  r ed  
in  co lo r ,  t h e n  p h o s p h a t e - b u f f e r e d  a s c o r b a t e  
s h o u l d  be  a d d e d  p r i o r  to  t h e  SDS to  avo id  a 
p o t e n t i a l l y  s u b s t a n t i a l  loss  o f  o t - t ocophe ro l . )  
T h e  c h o l e s t e r o l  va lues ,  w h i c h  aga in  va ry  l i t t l e  
w i t h  SDS  c o n c e n t r a t i o n ,  s h o w  t h a t  r e c o v e r i e s  
b y  t h e  SDS  m e t h o d  a re  a t  l eas t  as g o o d  as b y  
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TABLE 2 

Comparison of Lipid Extracted from RBC Ghosts by the Folch and SDS Methods a 

35 

Method a-Tocopherolb, c Cholesterolb, d Total fatty acid b,d 
(nmol mF 1 ) (/zmol mFa ) 0zmol ml -a ) 

O-Acyl lipid 

Percentage composition d (wt %) 

16:0 18:0 18:1 18:2 20:4 22:6 

Folch 1.84 • 0.09 2.67 • 0.13 2.57 • 0.14 22 19 22 13 19 4 
SDS (raM)e: 13 3.09 • 0.43 3.06 -+ 0.13 2.80 -+ 0.03 22 20 22 13 20 3 

27 3.15 • 0.50 3.29 • 0.10 2.80 -+ 0.03 21 21 21 11 21 6 
40 3.04 -+ 0.67 2.62 +- 0.08 2.46 • 0.03 20 21 21 12 21 5 
80 2.56 + 0.51 3.03 -+ 0.10 0.44 -+ 0.03 16 25 21 8 25 4 

afresh blood sample from AW. SDS extractions were carried out on crude ghosts (without added phosphate- 
buffered ascorbate), and the Folch extraction was carried out on washed ghosts, as described in Materials and 
Methods. 

bLipid values refer to concentrations in 1 ml of packed RBC. 
CDetermined by HPLC. Each value is the mean and difference from the mean of the 2 results obtained con- 

secutively with the fluorescence and UV detectors, respectively. 
dDetermined by GC after base-catalyzed transesterification (see Materials and Methods). Each cholesterol and 

total fatty acid value is the mean and difference from the mean of 2 results. 
e~nal  concentration of SDS after the addition of ethanol. The concentration of ghosts corresponds to 

0.25 ml of packed RBC per ml of aqueous ethanol, i.e., a 4-fold dilution of the original packed RBC. 

t he  Fo lch  m e t h o d  and  pe rhaps  sl ightly be t te r .  
With f inal  SDS c o n c e n t r a t i o n s  in t he  13-40 mM 
range,  the  to ta l  f a t t y  acid ex t r ac t ed  and  its 
c o m p o s i t i o n  agree well w i th  the  resul ts  ob-  
t a ined  b y  the  Fo lch  m e t h o d .  The s imilar i ty  in  
c o m p o s i t i o n  suggested t h a t  t he  same types  of 
phospho l i p id  were be ing  ex t r ac t ed  in the  same 
p r o p o r t i o n  by  b o t h  the  SDS and  Fo lch  m e t h -  
ods. This  was c o n f i r m e d  by  TLC for  PC, PE, PS 
and  SP, which  were f o u n d  to be p resen t  in 
qual i ta t ive ly  similar p r o p o r t i o n s  in l ipid ex- 
t r a c t ed  by  the  two  methods .  At  h igh SDS 
c o n c e n t r a t i o n s  t he re  is, once  again, a dras t ic  
decrease  in the  t o t a l  f a t t y  acid and  a pro- 
n o u n c e d  change in i ts compos i t i on .  

SDS was no t  f o u n d  by  TLC in t he  n - h e p t a n e  
ex t r ac t  of  l ipids f r o m  RBC ghosts.  

SDS Extraction of Lipid from Rat Liver Homogenate 

The resul ts  p re sen ted  in Table  3 show tha t  
ra t  liver h o m o g e n a t e  can be ex t r ac t ed  success- 
fu l ly  by  the  SDS m e t h o d ,  and t h a t  this  m e t h o d  
is clearly super ior  no t  0n ly  in t ime  and  l abor  
bu t  also in t e rms  of  i ts r ecovery  of  ~ - tocophero l ,  
cho les te ro l  and  p r o b a b l y  to ta l  f a t t y  acid,  
c o m p a r e d  to  t he  Bligh and  Dyer m e t h o d .  Note  
t h a t  recoveries  are insensi t ive  to a r e m a r k a b l y  
wide  range  of  SDS c o n c e n t r a t i o n s  (ca. 12.5-ca. 
50  mM in the  aqueous  e thano l ) .  With th is  t ype  
of  t issue,  as wi th  t he  o the r s  we have examined ,  
t o o  h igh  a c o n c e n t r a t i o n  of  SDS ( > 5 0  m M)  
adverse ly  af fec ts  the  to ta l  f a t t y  acid recovered  
and,  once  again, causes a d rama t i c  change in the  
f a t t y  acid c o m p o s i t i o n  (Table  3). 

SDS was no t  f o u n d  b y  TLC in an  n - h e p t a n e  
l ipid ext rac t .  

Other Observations Pertinent 
to the SDS Extraction Method 

Lipid ex t rac ted  f rom RBC ghosts  and  ra t  
l iver by  the  SDS m e t h o d  general ly  gave signifi- 
cant ly  " c l e a n e r "  HPLC traces  w h e n  ana lyzed  
for  v i tamin  E t h a n  did the  co r r e spond ing  
Fo lch  or  Bligh and  Dyer  l ipid ext rac ts .  (Also,  
the  p rob l em wi th  over- long i n d u c t i o n  per iods  
t h a t  we have occas ional ly  expe r i enced  in t he  
i n h i b i t e d - a u t o x i d a t i o n  m e t h o d  (13)  has  n o t  
b e e n  e n c o u n t e r e d  w i th  l ipid ex t r ac t ed  f rom 
hemoglob in - f r ee  ghosts ,  t h o u g h  i t  m a y  occur  in  
l ipid ex t r ac t ed  f rom h e m o g l o b i n - c o n t a m i n a t e d ,  
a s co rba t e -p ro t ec t ed  ghosts  (13) . )  Ex t r ac t i ons  
p e r f o r m e d  wi th  SDS o b t a i n e d  f rom Bio-Rad 
showed  a f luo rescen t  i m p u r i t y  in t he  HPLC 
c h r o m a t o g r a m s  which  did no t ,  however ,  
in te r fe re  wi th  the  a - t o c o p h e r o l  or in t e rna l  
s t anda rd  peaks.  This i m p u r i t y  was n o t  p resen t  
in  the  SDS f rom BDH. 

The  effects  of  o m i t t i n g  SDS or  e t hano l  or  
b o t h  u p o n  lipid recovered  f rom MLV are 
p resen ted  in Table  4. It  can be  seen t h a t  a 
subs tan t i a l  p r o p o r t i o n  of  the  l ipid can be  
ex t r ac t ed  wi th  n - h e p t a n e  alone,  i.e., w i t h o u t  
the  add i t i on  of  SDS or  e thano l ,  a l t h o u g h  in 
this  case i t  is more  d i f f icul t  to  o b t a i n  a separa- 
t i on  of  t he  aqueous  and  organic  layers.  (This  
p r o b l e m  was even m o r e  severe w h e n  an  a t t e m p t  
was made  to  ex t rac t  p lasma lipid w i th  n - h e p t a n e  
a lone . )  If  t he  SDS ex t r ac t i on  p r o c e d u r e  is used 
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TABLE 3 

Effect of SDS Concentration upon Recovery of  Lipid from Rat Liver Homogenate 
Comparison with Bligh and Dyer Extraction a 

O-Acyl lipid 

Composition (wt %) 
Method c~-Tocopherol Cholesterol Total fatty acid 

(nmol g-a) (pmol g-l) (/~mol g-a) 16:0 18:0 18:1 18:2 20:4 22:6 

Bligh-Dyer (1) 27 -+ 12 4.56 + 0.10 62.4 + 0.7 20 18 10 25 21 7 
Bligh-Dyer(2) 20 + 6 3 .52+0 .10  52.2 + 5.1 19 19 8 25 24 5 
SDS(mM)~ 12.5 36 + 9 5.49-+0.10 57.3-+ 3.4 19 20 8 22 26 5 

20.0 35 -+ 10 6.00 + 0.31 67.9 • 4.1 18 20 8 23 26 6 
25.0 34 + 8 5.80 + 0.21 65.1 + 4.1 18 19 8 22 25 7 
50.0 35 + 9 5.90+ 0.31 59.3 + 1.7 18 20 8 24 26 4 

100.0 37 -+ 11 5.49 + 0.10 24.9 + 0.7 17 16 11 30 21 5 
150.0 c 40 • 15 4.45 • 0.16 9.9 • 0.3 24 3 21 34 11 6 

Change +5 - 1 7  +13 +12 -15  +1 

aLipid concentrations refer to 1 gm of liver (wet weight). The aqueous homogenate contained 0.25 gm liver 
per ml. ~-Tocopherol, cholesterol and O-acyl lipid were determined in the usual way (see Materials and Methods). 

bFinal SDS concentration after the addition of ethanol. The homogenate (1 ml) was extracted with SDS solu- 
tion (1 ml; 0.05-0.40 M)/ethanol (2 ml)/n-heptane (2 ml) (see Materials and Methods). The final liver concentra- 
tion was 63 mg mF a . 

Cl ml of  homogenate was extracted with 0.4 M SDS (3 ml)/ethanol (4 ml)/heptane (2 ml). The final liver 
concentration was 31 mg mF I . 

TABLE 4 

The Effect of Omitting Ethanol or $DS, or Both, upon Recovery of Lipid from MLV a 

SDS 
O-Acyl 

Volume Final concentration Ethanol Water c~-Tocopherol Cholesterol fatty acid 
(ml) (mM) (ml) (ml) (nmol mF 1 ) (/~mol mF I ) (/~mol m1-1 ) 

Control b . . . .  94.0 3.79 20.0 
MLV c 1 2 2 0 86.6 3.18 19.0 
MLV c 0 0 2 1 91.0 3.47 20.3 
MLV d 0 0 0 0 79.2 3.68 16.8 
MLV e 1 40 0 0 _e _e _e 

aVolumes of SDS solution, ethanol and water indicate the amounts of  each that were added to 1 ml of 
aqueous MLV suspension containing a-tocopherol, cholesterol and egg lecithin. Lipid was extracted into 2 ml of 
n-heptane (see Materials and Methods). Lipid concentrations refer to 1 ml of aqueous MLV suspension, 

bLipid values were determined directly from a 1 ml aliquot of the dichloromethane stock solution (see 
Materials and Methods). 

CLayer separation was not readily obtained. See footnote "f ,"  Table 1. 
dRequired 15 rain centrifugation. 
elapid values could not be determined because the emulsion did not separate into distinct aqueous and 

organic layers during centrifugation. 

o n  the  MLV,  t h e n  e t h a n o l  c a n n o t  be o m i t t e d  
s ince,  w i t h o u t  e t h a n o l ,  t he  lipid/SDS/n-heptane 
e m u l s i o n  does  n o t  sepa ra te  c lear ly  i n to  t w o  
phases  o n  c e n t r i f u g a t i o n  (Tab le  4).  

A l t h o u g h  p l a s m a  lipids can be  success fu l ly  
e x t r a c t e d  w i t h o u t  SDS us ing  o n l y  e t h a n o l  and  
n - h e p t a n e ,  o u r  a t t e m p t s  to  e x t r a c t  c rude  RBC 
ghos t s  in t he  s a m e  way  were  unsucces s fu l .  

F o r  q u a n t i t a t i v e  w o r k  o n e  m u s t  k n o w  t h e  
v o l u m e  o f  t he  o rgan ic  phase  c o n t a i n i n g  t h e  
e x t r a c t e d  lipid. I n  s y s t e m s  e m p l o y i n g  e q u a l  

v o l u m e s  (2 ml )  o f  a q u e o u s  so lu t ion ,  e t h a n o l  
a n d  n - h e p t a n e ,  t h e  r e c o v e r y  of  t he  organic  l ayer  
was  f o u n d  to  be  95-97 .5% (1 .90-1 .95  ml) .  

DISCUSSION 

General Considerations: SDS Method vs. Folch 
or Bligh and Dyer Methods 

The  c o n t r o l  e x p e r i m e n t s  c o n d u c t e d  w i t h  
p l a sma  and  MLV,  as well  as t he  c o m p a r i s o n s  
w i t h  t h e  e x t r a c t i o n  resu l t s  o b t a i n e d  b y  t h e  
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traditional methods of Folch for RBC ghosts 
and Bligh and Dyer for liver homogenatel show 
very clearly that the SDS method as outlined 
herein provides an extremely rapid ( r  min), 
mild, clean and efficient method for extracting 
lipid. 

Within certain upper and lower limits, the 
values for which depend upon both the type of  
lipid and the nature o f  the lipid extracted, the 
recovery of  lipid is independent of the SDS 
concentration. 

These limits are widest for rat liver (0.25 g 
of liver suspended in 4 ml of aqueous ethanol, 
see Table 3). For o~-tocopherol no upper or 
lower limits were established, and the yield of 
cholesterol decreased slightly at final SDS 
concentrations greater than 100 mM, while the 
yield of O-acyl lipid decreased fairly precipi- 
tously at SDS concentrations greater than ca. 
50 raM. Although the recovery of O-acyl lipids 
from RBC imposes narrower limits on the 
concentration of  SDS, these limits are neverthe- 
less sufficiently broad to be useful for routine 
extraction of  total lipid. 

As a practical guide, RBC may be extracted 
by successively adding and mixing SDS (1 ml; 
40-80 raM), ethanol (2 ml) and n-heptane 
(1-2 ml; vortex stir for 30-60 sec) with crude 
ghosts suspended in 5 mM phosphate/5 mM 
ascorbate (ca. 1 ml; pH 7; packed RBC volume 
originally 1 ml), followed by brief centrifuga- 
tion. Rat liver homogenate (1 ml; I part liver to 
3 parts water) is extracted in the same way 
using SDS (1 ml; 40-200 raM), ethanol (2 ml) 
and n-heptane (1 ml). 

The "cleanness" of the SDS method is 
apparent not only in the significant reduction 
of contaminants in the HPLC analyses for 
vitamin E and by the absence of TLC-detect- 
able amounts of  SDS in the n-heptane extracts, 
but also from the fact that the n-heptane 
extracts of RBC ghosts heavily contaminated 
with hemoglobin are colorless, i.e., the iron- 
containing porphyrins that normally contami- 
nate the RBC lipids extracted with chloroform/ 
methanol are excluded from the SDS/ethanol/ 
n -heptane lipid extract. 

Preliminary experiments indicate that vita- 
min E can be extracted directly from either 
fresh or frozen RBC by the SDS method 
without first making ghosts. For example, rat 
RBC (1.0 ml; hematocrit ca. 50%) suspended in 
5 mM ascorbate/5 mM phosphate-buffered saline 
(1 ml) were treated with SDS (5 ml; 0.1 M), 
ethanol (7ml),  and n-heptane (I-2 ml). The 
recovery of  vitamin E was found to be the same 
for both fresh RBC and RBC stored frozen in 
the ascorbate/phosphate-buffered saline. 

The amount of  n-heptane used is not critical. 

This offers the potential for a modest, initial 
concentration of lipids by using a volume of 
n-heptane which is less than the volume of the 
original tissue. Other alkanes can be substituted 
for n-heptane, and it seems likely that certain 
other combinations of solvents also could be 
employed successfully. However, the depen- 
dence of lipid recovery upon the proportion of 
ethanol used and the effect of ethanol substitu- 
tion by other alcohols have not been investi- 
gated. 

The successful application of the SDS 
method to rat liver homogenate strongly 
suggests that the method has general applicabil- 
ity. A preliminary confirmation of the gener- 
ality, speed and efficiency of the method 
has been obtained using aqueous homogenates 
of lung, heart, muscle, kidney, testes and brain 
tissue from a rat. The extractions of  all six of 
these homogenates were accomplished in 20 
min (1 ml homogenate/1 ml 0.1 M SDS/2 ml 
ethanol/2 ml n-heptane), and the results for 
~-tocopherol, cholesterol and O-acyl fatty 
acid were all at least equal to the results ob- 
tained by the method of Bligh and Dyer. 
Details of this work will be published at a later 
date. 

It seems likely that the SDS method also 
could be used for the extraction and analysis of  
other minor, but important, lipid components 
such as/3-carotene, ubiquinone and vitamins A, 
D and K. 

We also have explored the use of Triton 
X-100 but found it to be much less satisfactory 
than SDS both because of poor phase separa- 
tion and because there were a multitude of 
unidentified peaks in the HPLC chromatogram. 

Factors Affecting Recovery and Composition of Lipid 

Studies of the solubilization of pure PC 
vesicles and of biological membranes with 
detergents have provided evidence for differen- 
tial complexation of the various components of 
membranes and for the eventual formation of 
Soluble mixed lipid-detergent micelles and 
lipid-protein-detergent complexes (29-36). These 
observations help explain some of  our experi- 
mental results. For example, the recovery of 
total O-acyl lipid from MLV and RBC declined 
to zero at the higher concentrations of SDS 
(Figs. 1 and 3), whereas its recovery from 
plasma declined by only ca. 30-40% and then 
reached an approximately constant value (Fig. 
2). We suggest that these results are due to the 
fact that when there is sufficient SDS present 
to produce mixed lipid-SDS micelles, the more 
polar phospholipid is preferentially retained in 
these micelles upon addition of  ethanol and 
n-heptane, whereas the less polar lipids (e.g., 
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tocopherol,  cholesterol, cholesteryl esters and 
triglycerides) are partitioned predominantly 
into the n-heptane. Since plasma contains 
triglycerides and cholesteryl fatty acid esters 
but RBC and MLV do not, the total O-acyl 
fatty acid value does not decline to zero for 
plasma but does for the RBC and MLV. Pre- 
sumably the change in composition of  the 
plasma-derived fatty acids with changing SDS 
concentration (Table 1) reflects differences in 
the fatty acid composition of the phospho- 
lipids, triglycerides and cholesteryl esters. 

The dependence of phospholipid recovery 
upon SDS concentration shows a considerable 
variation with the nature of the material being 
extracted. MLV were found to be the most 
sensitive and the rat liver homogenate the least 
sensitive. This phenomenon appears to be 
related to the relative amount of protein 
present in each material. This is not too sur- 
prising since it is known that SDS binds strongly 
to proteins (29,30,37-40). We suggest that the 
protein acts as a kind of "buffer"  or "sponge" 
which allows a considerable quantity of SDS to 
be added before the concentration of free, 
monomeric SDS reaches the CMC. 3 This will 
occur only after complete saturation of the 
protein. Rat liver shows the greatest range of 
acceptable SDS concentrations because it 
contains the most protein, while the "buffer"  
effect is inoperative in MLV because they 
contain no protein. 

It will be clear from the foregoing that the 
upper SDS concentration limit at which phos- 
pholipid recovery begins to decline will depend 
to some extent on the tissue extracted, since it 
depends on the concentrations of both lipid 
and protein. 

The marked changes that occur in the total 
fatty acid composition at the higher SDS 

3 Even in the absence of protein and lipid, the CMC 
will not be the same as in water since it is influenced 
by ethanol (41,42) and by ions from buffers and dis- 
solved salts (29,42,43). 

4We have shown by a comparison of vitamin E, 
O-acyl fatty acid, cholesterol and phosphorus values 
that extraction of plasma with ethanol]n-octane is at 
least as efficient as the Folch method. The latter 
method has been reported to provide near-quantitative 
yields of lipid (23,24). 

We have found that ethanol]hexane quantitatively 
extracts a-tocopherol dissolved in aqueous SDS 
micelles. 

Alcohol/alkane mixtures have been used previously 
for the quantitative recovery of neutral lipid from liver 
(46) and microsomes (47) and also have been found to 
be suitable for replacement of chloroform/methanol in 
the Folch method (48). 

5 Although a rapid procedure for specifically meas- 
uring vitamin E in tissue and plasma using acetone has 
been reported recently (49), the insolubility of phos- 
pholipids in acetone precludes the use of this method 
for determining levels of peroxidizable lipid. 

concentrations that are associated with declin- 
ing phospholipid recovery from plasma, RBC 
and rat liver (Tables 1, 2 and 3) show that the 
nature of the phospholipid affects its partition- 
ing between the mixed miceUes and the n- 
heptane. This effect can be attributed, in part, 
to differences in the nature of the phospholipid 
head groups, since it has been shown (36) that 
there are differences in the rates of SDS solu- 
bilization of PC, PE, PS and SP from RBC ghost 
membranes. Results obtained with MLV at 
concentrations of SDS associated with rapidly 
declining O-acyl lipid recovery (data not 
shown) indicate that the nature of the fatty 
acid tail must also play some role since the 
MLV contain only one type of phospholipid, 
PC. These latter results indicate that retention 
in the mixed miceUes of  the aqueous phase is 
favored for PC containing palmitic acid and is 
disfavored for PC containing arachidonic acid. 

CONCLUSION 

The results presented here indicate that the 
combination of the well-known property of 
detergents to dissociate and solubilize mem- 
brane proteins (29,30,37,38,44,45) with the 
extraction capabilities of aqueous alcohol/ 
alkane mixtures 4 provides a promising alterna- 
tive for general lipid extraction. The mildness 
and speed of the new method are important 
for the recovery of small quantities of labile 
compounds such as vitamin E. Provided the 
concentration of SDS is kept within certain 
rather broad limits, excellent recoveries of 
O-acyl lipid are obtained, s Higher concentra- 
tions of SDS appear to offer a way of sepa- 
rating phospholipids from less polar compounds 
such as cholesterol, cholesteryl esters, triglyc- 
erides, tocopherols, etc., as indicated by the 
results obtained for plasma and MLV. 
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