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Abstract

The separation of several unsaturated fatty acids and the isomeric hydroperoxides derived from them was examined by
micellar electrokinetic chromatography. Uncharged polyoxyethylene lauryl ether (Brij 35) was used both as a surfactant and
for dynamic coating. A mixed micelle of Brij 35 and SDS made it possible to separate oleic, linoleic and linolenic acids and
nearly all the isomeric hydroperoxides from these fatty acids in a single run in 15 min. The separation of arachidonic acid

and the corresponding hydroperoxides was also possible.
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1. Introduction

The complete characterisation of oils and fats
requires the determination of the individual fatty
acids, some of which, as a result of autoxidation,
may have hydroperoxide groups. Particularly suscep-
tible to autoxidation are oils and fats containing
polyunsaturated acids such as linoleic and linolenic
acids. Hydroperoxides are important in food chemis-
try, since their thermal decomposition products are
largely responsible for rancid odours [1]. In recent
decades hydroperoxides have aiso attracted medical
and biochemical interest. The role of oxidised lipids
in atherosclerosis, for example, is widely discussed
[2-4], and some hydroperoxides from arachidonic
acid are of relevance as intermediates in the bio-
synthesis of prostaglandins, thromboxanes and
leukotrienes [5-7].

Fig. 1 shows the structures of the isomeric
hydroperoxides from oleic, linoleic and linolenic
acids and the non-oxidised acids themselves; Fig. 2
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has the structures of arachidonic acid and its corre-
sponding hydroperoxides.

GC [8-11] or HPLC [12-14] is commonly used to
analyse fatty acids and their hydroperoxides, but the
polarity and the lability of these compounds usually
makes derivatisation necessary for GC. Teng and
Smith have achieved excellent separation by normal-
phase HPLC of the four hydroperoxides derived
from linoleic acid [15]. In recent years CE has also
been applied to the analysis [16~18], and a method
for both saturated and unsaturated fatty acids was
presented by Collet and Gareil [19]. Indirect de-
tection was used in all these studies because satu-
rated fatty acids lack chromophores and fluoro-
phores. The method of Collet and Gareil could not
be extended to arachidonic acid, because this acid
was insoluble in the electrolyte used.

We recently reported the analysis of unsaturated
fatty acid hydroperoxides by MEKC, with Brij 35
being used both for dynamic coating and as the
surfactant [20]. Almost all the isomeric hydro-
peroxides from oleic, linoleic and linolenic acids
were separated and detected directly by UV. The use
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Fig. 1. The isomeric hydroperoxides 4-15 from oleic (1), linoleic (2) and linolenic acids (3).
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Fig. 2. The isomeric hydroperoxides 17-24 from arachidonic acid (16).

of uncharged micelles led, however, to rather long
migration times.

No methods have been reported for the determi-
nation of both the isomeric fatty acid hydroperoxides
and the fatty acids themselves in a single analysis
without derivatization. In the present work the

isomeric hydroperoxide derivatives of oleic, linoleic
and linolenic acids and the non-oxidised fatty acids
themselves were separated by MEKC in a single run
and detected by a UV-photodiode array. Arachidonic
acid and the hydroperoxides derived from it were
analysed in a separate run.
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2. Experimental
2.1. Apparatus

The instrument used for the analyses was a
Beckman P/ACE System 5510 with a photodiode-
array detector and System GoldV810 software
(Munich, Germany). The separations were carried
out at 25°C on an untreated fused-silica capillary
(L=40/47 cm, 1.LD.=50 pm) also purchased from
Beckman; the field strength was 596 V cm ™', Before
each run the capillary was rinsed for 1 min with each
of the following: 0.1 mM NaOH, tridest. water, 0.1
mM HCI, tridest. water, MeOH, 0.1 mM HC], and
tridest. water and finally for 5 min with buffer.
Samples were injected under pressure over 5 s, and
the capillary outlet was the anode in ail runs.

2.2. Reagents and commercial standards

All chemicals used were of p.a. quality. Arach-
idonic acid and trilinolenin were purchased from
Aldrich (Steinheim, Germany), 5(S)-hydroperoxy-
eicosa-6E,8Z,11Z,14Z-tetraenoic acid (17) and
15(S)-hydroperoxy-eicosa-5Z,8Z,117Z,13E-tetraenoic
acid (24) from Cascade Biochem (Berkshire, United
Kingdom). The lipase from Rhizopus arrhizus (EC
3.1.1.3; 50000 Uml~") and the esterase from pork
liver (EC 3.1.1.1; 10 mgml™') were obtained from
Boehringer (Mannheim, Germany). The surfactants
with the exception of SDS and Brij 35 were provided
by M. Schneider (Wuppertal, Germany). The other
chemicals were from Merck (Darmstadt, Germany).
‘Tridest” water (de-ionised and doubly distilled) was
used for the buffer solution, which was sterilised by
filtration through a 0.45-pm cellulose nitrate filter
and de-gassed in an ultrasonic bath. Polyoxyethylene
lauryl ether (Brij 35) and sodium dodecyl sulphate
were used as surfactants and ethanol as organic
modifier. In some runs phthalic acid (ca. 200 pM)
was used as an internal standard for migration times.

2.3. Oxidation of the fatty acids

As reported earlier [20-22] the hydroperoxides
from oleic, linoleic and linolenic acids were prepared
by oxidation with singlet oxygen and after purifica-
tion characterised by NMR spectroscopy.

Linoleic and linolenic acids were oxidised en-

zymatically [23,24] to 13(S)-hydroperoxy-octadeca-
9Z,11E-dienoic (9) and 13(S)-hydroperoxy-octadeca-
9Z,11E,15Z-trienoic acids (13), in order to define
more closely two of the peaks observed.

2.4. Enzymatic hydrolysis of triglycerides

Ca. 1 mg of triglyceride was treated with 3 ml of a
solution containing 400 mM glycylglycine and 15
mM CaCl, at pH 7.5. After the addition of 20 pl of
lipase and 100 pl of esterase, the emulsion was
allowed to react at 37°C for 10 min [25-28]. It was
then diluted with ca. 3 ml of water and extracted
several times with ether. The ether was removed on a
rotary evaporator and the residue taken into 2 m] of
methanol to produce the samples for analysis.

3. Results and discussion

Uncharged polyoxyethylene lauryl ether (Brij 35)
was tested as a surfactant and for dynamic coating of
the fused-silica capillary [20]. To prevent the re-
sulting long migration times a number of anionic
surfactants (SDS, 2-hydroxyalkyl sulphonates, 2-hy-
droxyalkyl sulphonic acids and N-lauroyl amino
acids) were used to form micelles and mixed mi-
celles with Brij 35 at various concentrations, but
only mixed micelles of Brij 35 and SDS led to
acceptable separation of the fatty acids and the
hydroperoxides.

A certain amount of organic modifier was neces-
sary to keep the analytes in solution and to provide
for partitioning them between micelles and elec-
trolyte. Several modifiers were studied (methanol,
ethanol, 1-propanol, 2-propanol, dimethyl sulphox-
ide, tetrahydrofuran, acetonitrile, acetone) at 10, 20,
30 and 40%, and their amounts naturally influenced
the critical micellar concentrations (CMC). The
amount of the buffer was increased so as to maintain
constant concentrations after dilution with the modi-
fier. The migration times increased with the organic
content of the electrolyte. Of the solvents studied,
only methanol gave any separation at a concentration
of 40%. At that concentration of the others, either the
electrical current was interrupted, no micelles were
formed, or the analytes were transported to the
cathodic inlet.

Of all the conditions examined, the best separation
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was achieved with either 30% ethanol or 30% 1-
propanol; migration times of 15 and 45 min, respec-
tively, made 30% ethanol the obvious choice as
organic modifier. The conditions for optimal sepa-
ration and migration times were thus 800 mg1~' Brij
35 and 35 mM SDS in a solution of 70% agueous
buffer (60 mM sodium phosphate, pH 6.3) and 30%
ethanol. These concentrations of Brij 35 and SDS are
far higher than those necessary to form mixed
micelles, which, as determined by the method of
Karger et al. [29], are 25 mgl_l and 1.1 mM,
respectively.

Figs. 3 and 4 show the electropherograms of oleic
(1.3 mM), linoleic (1.3 mM) and linolenic acids (1.2
mM) and the hydroperoxide mixtures from oleic (1.6
mM), linoleic (2.5 mM) and linolenic acids (1.7
mM) obtained at 195 nm and 234 nm, respectively.
The latter electropherogram allowed the identifica-
tion of the signals from conjugated isomers.

The separation of a- and +y-linolenic acids was
also examined, since this is of interest in the analysis
of various oils and fats. Fig. 5 shows that the buffer
system described above gives partial separation of
these isomers.

Another useful application of the same back-
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Fig. 3. Electropherogram showing the separation of oleic (1),
linoleic (2) and linolenic acid (3) and hydroperoxides 4-15 at 195
nm. Electrolyte: 70% sodium phosphate (60 mM, pH 6.3), 30%
ethanol, 800 mg1™' Brij 35 and 35 mM SDS. Capillary: 40/47
cmX50 wm uncoated fused-silica.
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Fig. 4. Electropherogram showing the separation of oleic (1),
linoleic (2) and linolenic acid (3) and hydroperoxides 418 at 234
nm. Electrolyte: 70% sodium phosphate (60 mM, pH 6.3), 30%
ethanol, 800 mg1~' Brij 35 and 35 mM SDS. Capillary: 40/47
cmX50 pm vncoated fused-silica.

ground electrolyte is the separation of arachidonic
acid and the isomeric hydroperoxides derived from
it. Fig. 6 shows the electropherogram of the crude
mixture of arachidonic acid and its oxidation prod-
ucts obtained after 4-h treatment of the acid with
singlet oxygen (the sensitiser, methylene blue, did
not need to be separated before analysis). The
commercial availability of two pure hydroperoxides
made it possible to assign compounds 17 and 24.
The peak at highest migration time was detected with
very low sensitivity at 234 nm and must therefore
represent one or both of the non-conjugated isomers
(18, 23).

The triglycerides of fat samples can be hydrolysed
very mildly by enzymes to the free fatty acids
needed for analysis. Fig. 7 shows the electropherog-
ram from hydrolysis of trilinolenin by this method.

4. Conclusion

The separation of fatty acids and the isomeric
hydroperoxides from these acids by capillary electro-
phoresis has considerable advantages. Because the
method is mild, it is not necessary to derivatise the
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Fig. 5. Electropherogram showing the separation of «- and ~y-
linolenic acid. Electrolyte: 70% sodium phosphate (60 mM, pH
6.3), 30% ethanol, 800 mg | ™' Brij 35 and 35 mM SDS. Capillary:
40/47 cmX50 pm uncoated fused-silica.

acids before analysis. The use of a mixed micelle of
Brij 35 and SDS makes possible the rapid separation
of nearly all the isomeric hydroperoxides from oleic,
linoleic and linolenic acids as well as the non-
oxidised fatty acids themselves in a single run. The
separation of arachidonic acid and six of the isomeric
hydroperoxides derived from it is achieved with the
same buffer in a different run. Further experiments
must show whether the combination of enzyme
hydrolysis with this CE method can be applied to
practical fat samples containing peroxidised tri-
glycerides.
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Fig. 7. Electropherogram showing the enzymatic hydrolysed
products of trilinolenin. Electrolyte: 70% sodium phosphate (60
mM, pH 6.3), 30% ethanol, 800 mg 1™ ' Brij 35 and 35 mM SDS.
Capillary: 40/47 cmX50 pwm uncoated fused-silica.
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