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Changes Produced in the Antioxidative Activity of
Phospholipids as a Consequence of Their Oxidation
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The antioxidative activities of native and oxidized soybean phosphatidylcholine (PC), phosphati-
dylthanolamine (PE), and phosphatidylinositol (Pl) in the protection of soybean oil heated in the dark
under air at 60 °C were studied in an attempt to clarify the consequences that phospholipid oxidation
has on antioxidative activities. The three native phospholipids protected the oil when assayed at 200
ppm, and phospholipid oxidation decreased the antioxidative activity of both PC and Pl. However,
slightly oxidized PE was more antioxidative than native PE, most likely as a consequence of the
formation by amino—carbonyl reactions of pyrrolized phospholipids, which were determined and for
which antioxidative properties are known. Nevertheless, further increases in PE oxidation produced
a decrease in its antioxidative activity. These results suggest that two opposite reactions are competing
in the antioxidative activity of amino phospholipids upon oxidation: fatty acid chain oxidation, which
decreases phospholipid antioxidative activity, and amino—carbonyl reactions, which produce deriva-
tives with antioxidant properties. This last property may be useful to increase the antioxidative activity
of commercial lecithins containing amino phospholipids.
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INTRODUCTION by column chromatography on silicic acid/silica gel (1:1) using
Antioxidative properties of phospholipids have been dem- chloroform/methanol (6:1), (9:1), and (1:1), respectively, as eluent. The
onstrated through their addition to processed vegetable oils anddentity and purity of the obtained phospholipids were confirmed by
animal fats (12). These properties have been proposed to be a HPLC and'H and™*C NMR spectroscopy. Each phospholipid exhibited
consequence in (i) synergism between phospholipids and? Single peak in HPLCIG) and the characteristiéi and*C signals
tocopherol (3,4); (i) chelation of pro-oxidant metals by of their polar heads16). The fatty acid composition of PC was as

e . . follows: palmitic acid (3.6%), stearic acid (2.3%), oleic acid (8.3%),
phosphate groups (B); (iii) formation of Maillard-type products linoleic acid (75.9), and linolenic acid (9.9%). The fatty acid composi-

between amino phospholipids and oxidation products (7); and tion of PE was as follows: palmitic acid (19.8%), stearic acid (3.2%),
(iv) action as an oxygen barrier between oil and air interfaces gjeic acid (7.6%), linoleic acid (61.6), and linolenic acid (7.8%). The
(8). However, phospholipids are also very easily oxidized (  fatty acid composition of Pl was as follows: palmitic acid (29.6%),
10), and these oxidative processes are likely to modify some of stearic acid (6.5%), oleic acid (8.4%), linoleic acid (47.7), and linolenic
the phospholipid properties responsible for their antioxidative acid (7.8%).
activities. To our knowledge, no previous studies have been Refined soybean oil was obtained from our Institute’s pilot plant
undertaken to determine the changes produced in phospholipid(instituto de la Grasa, CSIC, Seville, Spain). 2-Thiobarbituric acid
antioxidant properties following oxidation. monohydrate was purchased from Sigma Chemical Co. (St. Louis, MO).
In an attempt to clarify the consequences of oxidative process- Other reagents and solvents used were of analytical grade and were
es in phospholipids, the present study determines the antioxi-Purchased from reliable commercial sources.
dative activities of the three major phospholipids of soybean  Phospholipid Oxidation. The peroxidation of the phospholipids was
lecithin when added to soybean oil in both their native forms achieved as described previoushyl]. Briefly, the phospholipid solution o
and after oxidation. In addition, the nonenzymatic browning of Was evaporated to dryness under vacuum so that the phospholipid
phospholipids with oxidation was also studied because of the formed at_hln layer on the |ns!d¢ surface ofagound-bottom flask, which
P . . was then incubated under air in the dark at°€0
well-known contribution of phospholipids to nonenzymatic food o ) ] o .
browning (11,12) and the formation in these reactions of Peroxidation was evaluated by using the thiobarbituric acid-reactive

. . . .. . substances (TBARS) assay as described by Kosugi et d), which
heterocyclic residues (13) with antioxidant propertid4, (5). was slightly modified. Briefly, samples were diluted with water (600

EXPERIMENTAL PROCEDURES uL) and treated with 1.1 mL of acetic acid (20% solution, pH 3.5), 1.3
mL of thiobarbituric acid (0.71% solution), and 4@ of BHT (0.8%
solution in acetic acid). Solutions were heated at 10Cor 60 min,
then cooled, and, finally, extracted with 3 mL afbutyl alcohol.

* Author to whom correspondence should be addressed [telephone ~ Organic layers were separated by centrifugation, and TBARS were
(34) 954 611 550; fax-(34) 954 616 790; e-mail rzamora@ig.csic.es]. determined by fluorescence usiigk = 535 nm andlem = 550 nm.

Materials. Phosphatidylcholine (PC), phosphatidylethanolamine
(PE), and phosphatidylinositol (PI) were isolated from soybean lecithin
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Figure 2. IP of soybean oil heated under air in the dark at 60 °C and not
treated (control) or treated with 200 ppm of PC, PE, PI, and BHT. IPs
were determined for both native (slashed bars) and oxidized phospholipids
(open bars).

Phospholipid pyrrolization, which was determined as described

Figure 1. Effect of native soybean PE (O), oxidized PE (a), and BHT
(V) added at 200 ppm on soybean oil oxidation (O0) measured as TBARS
formation.

previously (18), was employed as an index of nonenzymatic browning 1441 o0 A
development (19). Briefly, samples were diluted with 150 mM sodium \
phosphate, pH 7.0 (1 mL), containing 3% of sodium dodecyl sulfate, 1364°° & @
and treated with 16@L of Ehrlich reagent [the reagent was prepared 2 fele) \O\
by suspending 200 mg @i(dimethylamino)benzaldehyde in 2 mL of 5 Q
ethanol and adding 8 mL of 1.25 N HCI]. The resulting solution was o 1284
incubated at 45C for 30 min. The absorbance of the maximum at -
~570 nm was measured in the next 4 h against a blank prepared under 120 o\o/O
the same conditions but withopt(dimethylamino)benzaldehyde. : ‘ : : :

Mesurement of Antioxidative Activity. Soybean oil with no 20004 B
phospholipids was compared with samples containing native or oxidized o
phospholipids or BHT, which were dissolved in the oil at 200 ppm. ] %\
Oil samples (10 g) were weighed into 9020 mm Petri dishes and g 15004 %\
oxidized for 18 days under air in the dark at 8D. Peroxidation was 1%} §\
evaluated by using the TBARS assay as described above. For 5:: 1000+ & §\§
comparison purposes, both induction periods (IPs) and protection g 2 e
indexes (PInds) were employed. IPs were determined (in hours) by E 5001 &
using the method of tangents to the two parts of the kinetic curve. < of
PInds were determined, at the end of the incubation period, according ' ‘ ' % ' 'C
to the following equation (20): W 3000+ P

5 /gb 2 @\\%
PInd= 100— [100 x (IP sample— IP BHT)/(IP oil — IP BHT)] g 2250+ ?9
@ =

PInd is the percentage of protection of the tested antioxidant in relation ‘;’ 1500 OQ;@/
to BHT. Thus, a PInd equal to 100% meant that the compound tested N g ©
was as effective as BHT. PInd equal to 0% meant that the compound Té 750+ /D
tested had no protective effect. A Plnd O meant that the tested < =
compound had a pro-oxidant effect. 0 72 144 218 288

Statistical Analyses.TBARS a_nd pyrrole determinations are ex- PE oxidation time (h)
pressed as meah standard deviation (SD) values of three experiments.
IPs were calculated from the mean kinetic curves of the three experi- Figure 3. Effect of PE oxidation time on (A) IP of a soybean oil heated
ments. Statistical comparisons among different groups were made usingunder air in the dark at 60 °C and treated with 200 ppm of the phos-
ANOVA. When significant~ values were obtained, group differences  pholipid, (B) TBARS formation, and (C) formation of pyrrole derivatives.
were evaluated according to the StudeNewman—Keuls test (21).
AII statistical procedures were cgrried out usidigmer of Biostatis- This phospholipid protection changed when phospholipids
tics: The Program22). The significance level was < 0.05 unless  \yere oxidized Figure 2). Thus, the protection offered by either
otherwise indicated. oxidized PC or PI decreased with oxidation (the PInds for PC
and PI oxidized for 96 h were 31.6 and 4.3%, respectively).
On the other hand, slightly oxidized PE was more antioxidant
Changes in Phospholipid Antioxidative Activities Follow- than native PE. Thus, the PInd determined for an oxidized PE
ing Oxidation. As expected, the addition of 200 ppm of PC, having 674+ 66 nmol of TBARS/mmol of PE was 74.8%.
PE, or Pl to a soybean oil increased the IP of the oil when heated Effect of Oxidation Degree on Antioxidative Activity of
under air in the dark at 60C. Figure 1 shows the typical curves  PE. In contrast to PC and PI, for which the antioxidative activity
obtained for the TBARS determined in the oil with or without decreased with oxidation, the antioxidative activity of PE
the addition of the phospholipids. The IPs calculated for the oil depended on its oxidation degrdeédure 3A). Thus, the native
treated with the different phospholipids assayed are collected PE antioxidative activity (PInd- 45%) was maintained during
in Figure 2. Although the three phospholipids protected the oil, the first 12 h of oxidation at 60C and, then, increased to Pind
this protection was more effective for PC (Plrdb8.8%) than ~ 73%. This increased protection was observed between 24
for PE (PInd= 45.2%), and PI exhibited only a small protection and 48 h of oxidation and, then, decreased to a PInd analogous
(PInd = 5.2%). to that of native PE (between 54 and 96 h of oxidation). A

RESULTS
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Scheme 1. Production of Reactive Carbonyls during PE Oxidation and the Later Formation of Pyrrolized Phospholipids by Amino—Carbonyl
Reactions?
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@R is the phospholipid without the polar head; R; and R, are fatty acid chains; and Rs; and R, are alkyl chains.

further oxidation of PE decreased its antioxidative activity, suggesting that in amino phospholipids, two types of reactions
which was almost null (PInd= 5—10%) after>192 h of are competing: the decrease in antioxidative activity produced
oxidation. as a consequence of fatty acid chain oxidation and the increase
The oxidation degree of PE as a function of oxidation time in antioxidative activity produced as a consequence of amino
is collected inFigure 3B. TBARS increased exponentially —carbonyl reactions.
during the first 78 hi2 = 0.994) and, then, decreased also in All of these results confirm the complexity of the antioxi-
an exponential wayrf = 0.992). There was not a relationship  dative activity of phospholipids, which seems to be the result
between the antioxidative activity of PE and its oxidation degree of diverse phospholipid properties. Among them, the ability of
during the first 78 h. However, after that, both IP and TBARS amino phospholipids to produce heterocyclic residues with
decreased in parallel & 0.972,p < 0.0001). The increase in  antioxidative properties should be considered. This ability can
the PE antioxidative activity was produced in the first steps of be employed, for example, to increase the antioxidative activity
the oxidative process, when TBARS values were in the range of lecithins that are usually employed as food additives,
of 400—675 nmol of TBARS/mmol of PE. analogously to the increase in the stability observed for lipid/
Phospholipid fatty acid chain oxidation produces reactive protein samples submitted to slight oxidation (24).
carbonyls, which are able to react with the primary amino grou
of eitheyr native or oxidized PE, producing ?)yrroli)z/ed phogpho? ABBREVIATIONS USED
lipids (Scheme 1) 13, 18). Therefore, PE pyrrolization should IP, induction period; PC, soybean phosphatidylcholine; PE,
be expected as a function of oxidation tinféigure 3C). In soybean phosphatidylethanolamine; Pl, soybean phosphatidyli-
contrast to TBARS production, an almost linear increase ( hositol; PInd, protection index; SD, standard deviation; TBARS,
0.96,p < 0.0001) of pyrrolized PE was observed for the first thiobarbituric acid-reactive substances.
108 h of_OX|dat|on, and this was f_oIIo_wed by a slow decrease. ACKNOWLEDGMENT
The maximum values of PE antioxidative activity were observed

when the pyrrole content was in the range of 80200 nmol We are indebted to José L. Navarro for technical assistance.
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