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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC SEPARATION OF 

HYDROPEROXY-PHOSPHOLIPIDS AND THEIR 
CORRESPONDING HYDROXY-PHOSPHOLIPID 

DERIVATIVES 

Yongping Bao, Rachel Hurst, Gary Williamson 

Department of Biochemistry 
Institute of Food Research, 

Nonvich Research Park 
Colney, Nonvich NR4 7UA, UK 

ABSTRACT 

This paper describes high performance liquid chroma- 
tography (HF’LC) conditions suitable for separating hydroperoxy- 
phospholipids from hydroxy-phospholipids. 1 -stearoyl-2-( 13 - 
hydroperoxy-cis-9, trans- 1 1 -0ctadecadienoy1)-L-3 -phosphatidyl- 
choline, 1, 2 di (13-hydroperoxy-cis-9, trans-1 l-octadec- 
adienoyl)-L-3-phosphatidylcholine, 1 -palmitoyl-2-( 13-hydroper- 
oxy-cis-9, Puns-1 1 -octadecadienoyl)-L-3-phosphatidylethan- 
olamine and their corresponding hydroxy-phospholipid deriva- 
tives were resolved by HPLC on an Ultracarb 5 ODS (20) column 
at 30°C. Each pair of these phospholipids required daerent 
conditions for optimal separation but all used a mobile phase of 
acetonitrile-methanol-water mixture containing 10 mM choline 
chloride. The separation described allows accurate measurement 
of phospholipid hydroperoxide peroxidase activities. 
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INTRODUCTION 

BAO ET AL. 

Lipid peroxidation in biological membranes has been implicated in the 
pathogenesis of various degenerative diseases. The primary products of lipid 
peroxidation are lipid hydroperoxides, which in the presence of transition 
metals are degraded into secondary oxidation products, such as hydrocarbons 
and carbonyl compounds, some of which are cytotoxic.2 Glutathione-dependent 
factors including glutathione transferases and selenium-dependent 
phospholipid hydroperoxide glutathione peroxidase (PHGPx) prevent lipid 
peroxidation. 3-6 The reduction of hydroperoxy-phospholipids to their 
corresponding hydroxy-phospholipids plays an important role both in the 
defense reactions against lipid peroxidation and in the repair of peroxidized 
membranes, and it is the major protective pathway in mammalian cells.73* 

The separation of hydroperoxy- and hydroxy derivatives of membrane 
phospholipids is required not only for studies on the damaging effects of lipid 
peroxidation products, but also for studies on the cellular defense mechanism 
against lipid peroxidation. However, hydroperoxy- and hydroxy-phospholipids 
are not easily resolved by HPLC as reported in many  publication^.^'^-" 
Previously we succeeded in separating 1 -palmitoyl-2-( 13 -hydroperoxy-cis-9, 
trans- 1 1 -0ctadecadienoy1)-L-3 -phosphatidylcholine (PLPC-OOH) and 1 - 
palmitoyl-2-( 13 -hydroxy-cis-9, trans- 1 1 -0ctadecadienoy1)-L-3 -phosphatidyl- 
choline (PLPC-OH) on an Ultracarb ODS column.” In this paper, we show 
that three other major hydroperoxy-phospholipids, 1-stearoyl-2-( 13- 
hydroperoxy-cis-9, trans-1 1 -octadecadienoyl)-L-3-phosphatidylcholine (SLPC- 
OOH), 1, 2 di (1 3 -hydroperoxy-cis-9, trans-1 1 -0ctadecadienoy1)-L-3 -phos- 
phatidylcholine (DLPC-(OOW2), 1 -palmitoyl-2-( 13 -hydroperoxy-cis-9, trans- 
1 1 -0ctadecadienoy1)-L-3 -phosphatidylethanolamine (PLPE-OOH), and their 
corresponding hydroxy-phospholipid derivatives, 1 -stearoyl-2-( 13-hydroxy-cis- 
9, trans-1 l-octadecadienoyl)-L-3-phosphatidylcholine (SLPC-OH), 1, 2 di (13- 
hydroxy-cis-9, trans-1 1 -0ctadecadienoy1)-L-3 -phosphatidylcholine (DLPC- 
(OW2), 1 -palmitoyl-2-( 13 -hydroxy-cis-9, trans-1 1 -octadecadienoyl)-L-3-phos- 
phatidylethanolamine (PLPE-OH), were all baseline separated using modified 
conditions of the separation of PLPC-OOH and PLPC-OH.” 

EXPERIMENTAL 

Materials 

1 -Stearoyl-2-linoleoyl-L-3 -phosphatidylcholine (SLPC), 1, 2-dilinoleoyl- 
L-3-phosphatidylcholine (DLPC), l-palmitoyl-2-linoleoyl-L-3-phosphatidyl- 
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ethanolamine (PLPE), soybean lipoxidase (EC 1.13.11.12, type IV), choline 
chloride, reduced glutathione (GSH), sohum borohydride (NaJ3K) and Triton 
X-100 (peroxide and carbonyl free) were purchased from Sigma. Methanol and 
acetonitrile, used for HPLC, were filtered and degassed. HPLC quality water 
was obtained by purification of distilled water through a Milli Q water purifier 
(Millipore Corp., Bedford, MA, USA). Ultracarb 5 ODS (20) column (250 x 
4.6 mm) was from Phenomenex, UK. 

Preparation and Purification of Hydroperoxy-Phospholipids 

SLPC-OOH, DLPC-(OOH);!, and PLPE-OOH were prepared from SLPC, 
DLPC and PLPE respectively using soybean lipoxidase as described by 
Maiorino et al. * Hydroperoq-phospholipid was separated from unoxidized 
phospholipid by fast protein liquid chromatography (FPLC) on a PepRPC H5/5 
column with a mobile phase of methanouwater gradient. Hydroperoxy- 
phospholipid was eluted with 100% methanol and concentration of a 
hydroperoxide solution was determined by absorbance at 232 nm ( E  = 25,000 
M- 'c~- ' ) . '~  

The molecular ions of DLPC-(OOH)2, SLPC-OOH, and PLPE-OOH were 
confirmed by fast atom bombardment mass spectrometq (Fab-MS) or 
electrospray mass spectrometry (ES-MS). The protonated molecular ions of 
DLPC-(OOH)z, SLPC-OOH, and PLPE-OOH occurred at m/z 846, 818, and 
748. Human liver PHGPx was purified as described previously.'2 

Conversion of Hydroperoxy- to Hydroxy-phospholipids 

SLPC-OOH was converted to SLPC-OH using PHGPx as follows: A 
mixture, containing 0.1 M Tris-HC1, pH 7.4, 2 mM EDTA, 1 mM NaN3, 3 
mM GSH, 0.12% Triton X-100, and 10 pL (0.03 pg protein) PHGPx 
preparation in a final volume of 500 pL, was incubated at 37°C for about 3 min 
and the reaction was started by addition of SLPC-OOH to 25 pM. 

The reaction was stopped by adding 500 pL ice-cold acetonitrile, then 
centnfuged at 11,600g for 2 min to remove any particulate matter prior to 
HPLC analysis. One unit of PHGPx activity is defined as the amount of 
enzyme of producing 1 pmol hydroxy-phospholipid per minute at 37°C. The 
reductions of PLPE-OOH to PLPE-OH and DLPC-(OOH);! to DLPC-(OH);! 
were catalyzed non-enzymatically by NaBK in methanol at 4°C.10315 
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Apparatus and Chromatographic Conditions for HPLC 

The liquid chromatographc system consisted of one model 306 pump 
(Gilson), a 231 autosampler with 410 dilutor, and 621 data master. The 
column oven temperature was set at 30°C. The system was controlled by a 
Gilson 7 15 HPLC controller. 

Separation of SLPC-OOH and SLPC-OH was achieved with the same 
conditions as for separation of PLPC-OOH and PLPC-OH in a previous 
publication.” The column was an Ultracarb 5 ODS (20) column (250 x 4.6 
mm) and the mobile phase was a mixture of acetonitrile-methanol-water at a 
ratio of 50:49.5:0.5, v/v/v containing 10 mM choline chloride. The retention 
times were 24.0 and 26.2 min for SLPC-OOH and SLPC-OH respectively, 
compared to 17.5 and 19.2 min for PLPC-OOH and PLPC-OH as described 
previously.12 For the separation of DLPC-(OOH)z and DLPC-(OH)z, the 
mobile phase mixture was acetonitrile-methanol-water at 50:45 : 5, v/v/v and for 
separation of PLPE-OOH and PLPE-OH the ratio was 55:35:10, v/v/v. The 
flow rate was 0.5 mL/min and the W detector wavelength was 232 nm (0.02 
AUFS). The injection volume was 20 pL. 

RESULTS AND DISCUSSION 

The separations of three pairs of hydroperoxy- and hydroxy- 
phospholipids: SLPC-OOH and SLPC-OH, DLPC-(OOH);! and DLPC-(OH)z, 
PLPE-OOH and PLPE-OH are shown in Fig. 1-3. DLPC-(OOH):! and PLPE- 
OOH have been used as model compounds in several studies but no conditions 
were found which could separate them from the corresponding compounds, 
DLPC-(OH);! and PLPE-OH, by either normal phase or reverse phase 
H ~ L C .  10,11,16 DLPC-(OOH)z and DLPC-(OWZ, and PLPE-OOH and PLPE-OH 
were separated under the conditions described in the Experimental section. 
SLPC-OOH and SLPC-OH were reported to be eluted with identical retention 
time using an Ultrasphere ODS column with a linear gradient of methanol- 
acetonitrile-water from 90.5:2.5:7 to 90.5:8.8:0.7 as a mobile phase.7 However, 
in this paper, we used an Ultracarb ODS (20) which has been widely used for 
analyzing moderately polar compounds. The mobile phase composition of 
methanol-acetonitrile-water was modified to 50: 49.5:0.5, and then baseline 
separation of SLPC-OOH and SLPC-OH was achieved (Fig. 3). According to 
the mobile phase used in these reverse phase HPLC conditions and the 
retention time obtained, we predict that the polarity order is: DLPC-(OOH)2 > 

OOH > SLPC-OH (most polar first). 
DLPC-(OH)* > PLPE-OOH > PLPE-OH > PLPC-OOH > PLPC-OH > SLPC- 
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Figure 1. The separation of a mixture of DLPC-(OOH)2 and DLPC-(OH)2: DLPC-(OH> 
was synthesized from DLPC-(OOH)2 by NaB& reduction. 
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Figure 2. The separation of a mixture of PLPE-OOH and PLPE-OH: PLPE-OH was 
synthesized from PLPE-OOH by NaB€& reduction. 
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Retention time (min) 

Figure 3. The separation of SLPC-OOH and SLPC-OH. SLPC-OOH was converted to 
SLPC-OH using PHGPx (0.03 pg protein in total 5 0 0 ~ 1  reaction mixture at pH 7.4, 
37"C, 15 min). The minor peaks indicated by arrows (I and n) are probably the 9-OOH 
and 9-OH isomers of SLPC-OOH and SLPC-OH. 

The assay for measuring phospholipid hydroperoxide glutathione 
peroxidase activity, based on the separation of hydroperoxy- and hydroxy- 
phospholipids, is superior to a coupled spectrophotometric assay13 and this 
HPLC assay is especially superior for measuring PHGPx activity in crude 
extracts.I2 The separation of hydroperoxy- and hydroxy- phospholipids allows 
evaluation of the extent of lipid peroxidation. It also overcomes some 
drawbacks of the derivatization methods. lX2,' The HPLC conditions for 
separation of hydroperoxy- and hydroxy- phospholipids described in this paper 
may be also applicable to the study of low density lipoprotein (LDL) oxidation 
by analysis of the individual oxidized phospholipid species. 

APPENDIX 1 

Ah breviations 

PHGPx Phospholipid hydroperoxide glutathione peroxidase 
FPLC Fast protein liquid chromatography 
PLPC-OOH 1-palmitoyl-2-( 13-hydroperoxy-cis-9, trans-1 1- 

octadecadienoy1)-L-3 -phosphatidylcholine 
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PLPC-OH 1-palmitoyl-2-( 13-hydroxy-cis-9, trans-1 1- 

SLPC-OOH 

SLPC-OH 

DLPC-(OOH):! 

DLPC-(OH)z 

PLPE-OOH 

PLPE-OH 

octadecadienoyl) - L-3 -phosphatidylcholine 

octadecadienoyl) -L-3 -phosphatidylcholine 

octadecadienoy1)-L-3 -phosphatidylcholine 

L-3 -phosphatidylcholine 

phosphatidylcholine 

octadecadienoy1)-L-3 -phosphatidylethanolamine 

actadecadienoy1)-L-3 -phosphatidylethanolamine 

1 -stearoyl-2-( 13 -hydroperoxy-cis-9, trans- 1 1 - 

1 -stearoyl-2-( 13 -hydroxy-cis-9, trans- 1 1 - 

1, 2 di (1 3 -hydroperoxy-cis-9, trans-1 1 -0ctadecadienoyl)- 

1, 2 di (1 3 -hydroxy-cis-9, trans- 1 1 -0ctadecadienoy1)-L-3- 

1 -palmitoyl-2-( 13-hydroperoxy-cis-9, trans-1 1 - 

1 -palmitoyl-2-( 13 -hydroxy-cis-9, trans-1 1 - 
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