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Abstract

Instrumentation was developed to monitor the volatile products oflipid peroxidation in near-real-

time. This was accomplished using a miniature incubator with a cryofocusing inlet and gas

chromatography with a time-of-flight mass spectrometer. The headspace above myoglobin-

induced lipid peroxidation of arachadonic acid in phosphatidyl choline was sampled in order to

quantitate hexanal, a known marker of lipid peroxidation. With an analysis time of less than four

minutes, the rapid preconcentration of volatile products allowed for low detection limits in a

short length of time. Reactions were sampled repetitively, allowing near-real-time monitoring of

the reaction. When phospholipid samples contained no basal levels of hexanal, the production of

hexanal was linear for approximately 40 minutes, and reached concentrations of approximately

1.5 ppm. For phospholipids samples which did contain basal levels of hexanal, the production

was linear for approximately 25 minutes, and reached concentrations of around 5 ppm. The

presence or absence of hexanal in the lipid sample prior to the addition of myoglobin was

therefore essential in determining the linearity, initial rate, and extent of hexanal production

during the reaction.

Introduction

Cell membranes are an integral part of any cell, as the regulation of import and export to the cell

are the main responsibilities. The breakdown of this cell membrane, therefore, can be extremely

hazardous to the cell. One portion of this cell membrane that can easily breakdown is the lipid

bilayer, which can undergo oxidation. Such damage has been shown to interfere with signal

transduction, maintenance of membrane potential, molecular recognition and transport, and

cellular metabolism, each of which has the potential to initiate disease [1-5]. Specifically, lipid
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peroxidation has been linked with a variety of diseases, such as diabetes [6], liver damage [7-9],

heart disease [1, 10-15], cancer [16-20], and kidney failure [21-25]. The relationship between

the peroxidation of the lipid bilayer and these diseases is poorly understood, as is the entire lipid

peroxidation process. Therefore, in order to gain a full grasp of the connection between this

breakdown and disease, it is first essential to more fully comprehend the complexities of lipid

peroxidation.

There are a few methods by which lipid peroxidation is commonly studied. The most popular of

these methods is the TBARS (thiobarbituric acid reactive substances) test. This is a

spectrophotometric test which involves reacting thiobarbituric acid (TBA) with

malondialdehyde, one of the major products oflipid peroxidation [26]. The colored product can

then be analyzed spectrophotometrically to detennine the concentration of malondialdehyde

produced during the peroxidation reaction. However, malondialdehyde is not the only substance

which can react with TBA. Moreover, the TBARS assay has been shown to overestimate

malondialdehyde production from the lipid peroxidation reaction, as it is fonned by the

breakdown of larger molecules during the analytical procedure [27-29]. This lack of specificity

and questionable reliability are definite disadvantages, yet its popularity remains strong due to

the simplicity, sensitivity, and low detection limits ofthe experiment.

Other methods for the analysis of lipid peroxidation have also become more commonly used,

such as methods involving derivatization of the peroxidation products, which can then be

analyzed using chromatographic methods. These methods, like the TBARS test, provide

sensitivity and low detection limits, but include the additional benefit of specificity [30-40].
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Because many products are formed during the process of lipid peroxidation, chromatographic

methods are especially useful because they allow many species to be examined simultaneously.

This is in sharp contrast to the TBARS method, which allegedly only quantitates the

malondialdehyde-TBA product. Unfortunately, these methods sacrifice simplicity, as the

derivatizations can be difficult and time consuming. Both the TBARS test and derivatization

procedures are destructive to the sample.

The determination of underivatized hexanal as a marker of lipid peroxidation via headspace gas

chromatography has found wide application in the food industry [41-44]. Modifications of these

analyses have been used to monitor lipid peroxidation in vitro and in vivo using static and

dynamic headspace [45-47], and solid phase microextraction (SPME) [39]. These methods have

a distinct advantage over other chromatographic procedures, as lengthy cleanup and

derivatization steps are unnecessary, and have demonstrated the potential to elucidate kinetics,

mechanisms, and products of lipid oxidation reactions. However, static and dynamic headspace

methods do not, in general, yield the low limits of detection obtained through derivatization

procedures, unless a preconcentration step is used. This limits the analyses to major products

rather than a full profile. Sorbent trapping in the liquid or vapor phase yields lower limits of

detection, though often at the expense of longer analysis times to allow for sample equilibration

with the sorbent phase.

We have developed instrumentation that allows for the real-time measurement of the volatile

products of lipid peroxidation using a miniature incubator in combination with a cryofocusing

inlet system and gas chromatograph with a time-of-flight mass spectrometer (GC-TOFMS). Each
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Figure 9: The comparison between hexanal peak areas for a 4ppm liquid standard (dashed line) and a
lxlO-13g/mL gas phase sample (solid line).
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Figure 10: Example chromatograms of peroxidation reactions when sample was drawn onto the trap for
(a) 25 seconds, (b) 60 seconds, and (c) 120 seconds.


