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Antioxidant Activity of a Novel Phosphatidyl Derivative of Vitamin E in 
Lard and Its Model System 

Takuro Koga*(+ and Junji  Teraot 

Noda Institute for Scientific Research, 399 Noda, Noda-shi, Chiba 278, Japan, and National Food Research 
Institute, Ministry of Agriculture, Forestry and Fisheries, Tsukuba, Ibaraki 305, Japan 

The antioxidant activity of a novel phosphatidyl derivative of vitamin E [1,2-diacyl-sn-glycero3-phospho- 
2’-(hydroxyethyl)-2’,5’,7’,8’-tetramethyl-6’-hydroxychroman; PChl was investigated. The induction 
period with PCh was longer than that with the mixture of vitamin E and phosphatidylcholine (PC) when 
lard was allowed to autoxidize a t  60 “C in the dark. There was little difference in the antioxidant 
activities between vitamin E and PCh in an azo compound-induced radical chain reaction of the mixture 
of methyl linoleate and methyl laurate. However, PCh suppressed the occurrence of ferric ion-induced 
oxidation of this model oil more efficiently than vitamin E. Therefore, the inhibition of iron-mediated 
oxidation is likely to be responsible for the superiority of PCh in lard. It is also suggested that the 
synergistic effect of PC is related to the elevation of vitamin E activity for iron-mediated oxidation. 

INTRODUCTION 

Vitamin E (Figure 1) is used for increasing the oxidative 
stability of edible oils and oil-containing foods. A 
considerable number of studies have shown that phos- 
pholipids enhance the antioxidant activity of vitamin E, 
although their own antioxidant activities are insignificant 
(Privett and Quackenbush, 1954; Olcott and Veen, 1963; 
Linow and Mieth, 1976; Bhatia et  al., 1978; Hudson and 
Mahgoub, 1981; Hildebrand et  al., 1984; Dziedzic and 
Hudson, 1984; Kashima et  al., 1991; Oshima et  al., 1993). 
However, there seems to be a disagreement on the 
effectiveness of each phospholipid class because of the 
differences of the oxidation conditions in the individual 
studies. In addition, the mechanism of the synergistic 
effect of each phospholipid is still a subject of discussion. 

We recently succeeded in the synthesis of phospha- 
tidylchromanol as a novel vitamin E analogue [l,a-diacyl- 
sn-glycero-3-phospho-2’-(hydroxyethyl)-2’,5’,7‘,8’-tetra- 
methyl-6’-hydroxychroman; PChl in which a phytyl chain 
was replaced by a phosphatidyl moiety (Koga e t  al., 1994) 
(Figure 1). The peroxyl radical-scavenging ability of this 
compound was found to be close to that of vitamin E. 
Thus, it  is of interest to know the effectiveness of PCh as 
a potential additive for preventing oxidative deterioration 
of edible oils. Furthermore, PCh is a useful compound for 
understanding the mechanism of the synergistic antioxi- 
dant effect between phospholipids and vitamin E. The 
objective of this work is to evaluate the effect of PCh on 
the oxidative stability of lard. We measured the effect of 
vitamin E, phosphatidylcholine (PC), and PCh on the 
oxidative stability of lard and its model system comprising 
methyl linoleate and methyl laurate. 

MATERIALS AND METHODS 

Chemicals. Egg yolk PC was purchased from Sigma Chemical 
Co. (St. Louis, MO). Vitamin E (d-a-tocopherol) was obtained 
from Eisai Co. (Tokyo, Japan). 2,5,7,8-Tetramethyl-6-hydroxy- 
2-hydroxyethy1)chroman (Toc-Et) was kindly supplied from 

* Author to whom correspondence should be addressed 

+ Noda Institute for Scientific Research. 
t National Food Research Institute. 

(telephone 81-471-23-5569; fax 81-471-23-5959). 

002 1-8561 1941 1442-1 29 1$04.501 0 

HO& 

vitamin E 

PCh 

Figure 1. Molecular structures of vitamin E and PCh. 

Kuraray Co. Ltd. (Kurashiki, Japan). Phospholipase D (PLD) 
from Streptomyces lydicus was kindly provided from Honen Co. 
(Yokohama, Japan). 2,2’-Azobis(2,4-dimethylvaleronitrile) 
(AMVN) was the product of Wako Pure Chemical Co. (Osaka, 
Japan). Purified lard without additives was a kind gift from 
Tsukishima Food Industrial Co. Ltd. (Tokyo, Japan). It 
contained trace amounts of water (0.03% by weight) and iron 
(0.03 ppm) as contaminants. The fatty acid composition of the 
lardwasasfollows (bymol): 16:0,26.5%;18:0,7.7%; 18.1,50.1%; 
and 182, 15.7%. Methyl linoleate (99%) and methyl laurate 
(99%) were obtained from Tokyo Chemical Industry Co., Ltd. 
(Tokyo, Japan). Methyl linoleate was purified to remove 
contaminant hydroperoxide by column chromatography (Terao 
and Matsushita, 1986). Other chemicals were of reagent grade. 

Preparation of PCh. PCh was prepared from egg yolk PC 
and Toc-Et by PLD in a biphasic system with diethyl ether and 
aqueous solution (Nagao et al., 1991; Koga et al., 1994). The 
standard reaction mixture contained 2.5 mL of 25 mM egg yolk 
PC and 25 mM Toc-Et in diethyl ether and 25 mL of 10 units 
of PLD and 10 mM CaClz in 10 mM acetate buffer (pH 5.1). The 
enzymatic reaction was performed at 37 ‘C with continuous 
shaking at 120 rpm. After 2 h of incubation, 3 mL of 6 N HC1 
was added to stop the reaction. PCh was then extracted three 
times from the reaction mixture, each with 30 mL of chloroform/ 
methanol (2:l v/v). The combined chloroform layer was washed 
with 20 mL of water and evaporated in a rotary evaporator. The 
residue was dissolved in chloroform/methanol (955 v/v) at a 
concentration of 10 mg/mL and put onto a silica gel column 
(Lichroprep Si 60,4043 pm, Merck, Darmstadt, Germany) that 
had previously been equilibrated with the same solvent. The 
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Table 1. Effect of Additives on Autoxidation of Lard at 60 
OC 

expt 1 expt 2 
inductn antiox inductn antiox 

period' (days) effectb period' (days) effectb 
control 11.0 1.00 8.0 1.00 
PC 9.5 0.86 7.0 0.88 
vitamin E 17.0 1.55 14.0 1.75 
vitamin E + PC 21.0 1.91 17.5 2.19 
PCh 28.5 2.59 22.5 2.81 

0 Induction period was defined as the days required to increase 
the weight of oil by 1%. Data are the average values of two samples. * Values were calculated on the basis of the induction period of the 
treated us control. 

product was eluted at a flow rate of 1.8 mL/min and fractionated 
to each 1.0 mL. Each fraction was monitored by developing TLC 
plates (silica gel 60, Merck) with chloroform/methanol(8:2 v/v). 
Phospholipids were visualized by spraying with Dittmer's reagent 
(Dittmer and Lester, 1964). Fractions containing PCh alone were 
collected and redissolved in methanol after evaporation. PCh 
was obtained at the yield of 48%. The purity of PCh was 
estimated to be approximately 98 % by high-performance liquid 
chromatography (HPLC). The purified PCh synthesized from 
1,2-dimyristoyl-sn-glycero-3-phosphocholine was identified as 1,2- 
dimyristoyl-sn-glycero-2'-(hydroxyethyl)-2',5',7',8'-tetramethyl- 
6'-hydroxychroman by spectral data (Koga et al., 1994): SIMS- 
MS [m/z 825 (M + H+)]; '3C NMR (67.9 MHz, CDCb) 6 62.85 

and 173.90 (CO ester), 34.48-22.99 (CHz), 14.22 (CH3 terminal), 

69,120.93 (C-7'),122.51 (C-8'); IR (KBr, cm-l) 1745 (C=O), 1457 

Measurement of Oxidative Stability of Lard. Antioxidanta 
dissolved in n-hexane were added to the purified lard at a 
concentration of 0.4 pmol/g. The oils containing antioxidant 
solution were evaporated with a rotary evaporator at 30 OC for 
30 min and then in uucuo for 1 h to remove n-hexane completely. 
One gram oil was measured accurately and spread out in a glass 
dish (90-mm diameter). These dishes were stored at 60 "C in the 
dark under circulating air. The weight grain was recorded at an 
appropriate interval (Olcott and Einset, 1958). 

Measurement of Oxidation of Methyl Linoleate. The 
antioxidant and AMVN were dissolved in a solution of chloroform 
andmethanol (2:1v/v) andwereplacedinatesttube. Thesolvent 
was removed with a stream of nitrogen and then in uacuo. The 
residue was dissolved in the mixture of methyl linoleate and 
methyl laurate (1585 by mol) followed by mixing with a vortex 
mixer for 30 s. When the oxidation was initiated by ferric ion, 
1.25 pmol for Fe(NO3).9H20 dissolved in water (2 pL) was added 
to the mixture of methyl linoleate and methyl laurate (1 mL) and 
dispersed by a vortex mixer for 30 s followed by ultrasonic 
irradiation in a Heat System sonifier (Model W-380, Farmingdale, 
NY) for 1 min. The reaction mixture was incubated in the dark 
at 37 OC with continuous shaking at 120 rpm. At appropriate 
intervals, aliquota of the reaction mixture were withdrawn and 
injected into the HPLC column to determine methyl linoleate 
hydroperoxides (MeL-OOH). The HPLC conditions were the 
same as described previously (Terao and Mataushita, 1986). 

(CH20, ~ n - 1 ) ,  70.78 (CHO, ~n-2),  63.86 (CH20P, ~n-3), 174.27 

73.63 (C-2'), 32.40 (C-39, 20.92 (C-4'), 117.25 (C-59, 145.40 (C- 

(-OH), 1246 (P=O), 1027 (Pa-C). 

RESULTS 

Effect of PCh on the Oxidative Stability of Lard. 
Purified lard was stored at 60 "C in the dark, and the 
weight gain was measured. The end of the induction period 
was easily recognized by a sharp weight gain. The 
induction periods of lard with and without antioxidants 
were defined as the days required to increase the weight 
of the oil by 1 76 and summarized in Table 1. The addition 
of vitamin E increased the induction period. Although 
the induction period was slightly shortened by the addition 
of PC, the combination of vitamin E and PC apparently 
increased the induction period. Thus, PC acted as a 
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Figure 2. Effecta of vitamin E, PC, and PCh on AMVN-induced 
oxidation of the mixture of methyl linoleate and methyl laurate. 
The reaction system consisted of additives (20 nmoVmL) and 
AMVN (50 nmoVmL) in a mixture of methyl linoleate and methyl 
laurate (15:s by mol) and was incubated with continuous shaking 
at 37 OC in the dark. (-) Autoxidation; (0) no addition; (0) PC; 
(0 )  vitamin E; (H) vitamin E and PC; (A) PCh. 
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Figure 3. Effecta of water on the inhibition by vitamin E and 
PCh of AMVN-induced MeL-OOH formation in the mixture of 
methyl linoleate and methyl laurate. The reaction system 
consisted of additives (20 nmol/mL) and AMVN (50 nmol/mL) 
in a mixture of methyl linoleate and methyl laurate (1585 by 
mol), with or without water (0.5% v/v), and was incubated with 
continuous shaking at 37 "C in the dark. (0) Vitamin E; (0) 
vitamin E in the presence of water; (0)  PCh; (m) PCh in the 
presence of water. 

synergist with vitamin E. The induction period with PCh 
was the longest among all experiments. 

Antioxidant Activity of PCh on the Radical Chain 
Reaction of the Mixture of Methyl Linoleate and 
Methyl Laurate. Antioxidant activity of PCh or other 
compounds was monitored by measuring the accumulation 
of MeL-OOH, and a typical example is illustrated in Figure 
2. A lipid-soluble radical initiator, AMVN, was added to 
accelerate the chain propagation reaction of autoxidation 
(Niki, 1990). Vitamin E retarded the accumulation of 
MeL-OOH with a clear induction period. PC showed 
neither inhibitory effect in ita own right nor synergistic 
effect with vitamin E. On the other hand, the inhibition 
of the accumulation of MeL-OOH by PCh was comparable 
to  that of vitamin E. The inhibition by PCh was weakened 
by the addition of 0.5% (v/v) of water to the mixture, 
although the antioxidant activity of vitamin E was not 
affected (Figure 3). 

Antioxidant Activity of PCh on Ferric Ion-Induced 
Oxidation of the Mixture of Methyl Linoleate and 
Methyl Laurate. The mixture comprising methyl li- 
noleate and methyl laurate was oxidized by the addition 
of ferric ion dissolved in water. Ferric ion accelerated the 
accumulation of MeL-OOH as shown in Figure 4. Al- 
though vitamin E could suppress the accumulation of 
MeL-OOH, MeL-OOH increased gradually with the 
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Figure 4. Effects of vitamin E, PC, and PCh on ferric ion- 
induced oxidation of the mixture of methyl linoleate and methyl 
laurate. The reaction system consisted of additives (20 nmol/ 
mL), Fe(N03)3*9HzO (50 nmol/mL), and water (0.25% v/v) in a 
mixture of methyl linoleate and methyl laurate (1585 by mol) 
and was incubated with continuous shaking at 37 O C  in the dark. 
(-) Autoxidation; (0) no addition; (0) PC; (0) vitamin E; (D) 
vitamin E and PC; (A) PCh. 

elapse of incubation time. Egg yolk PC did not show any 
inhibitory effect in this system. However, MeL-OOH 
accumulated more slowly in the presence of PC and vitamin 
E than in the presence of vitamin E alone. PCh completely 
suppressed the accumulation of MeL-OOH throughout 
the incubation time. 

DISCUSSION 

It is well-known that phospholipids exert a synergistic 
antioxidant action with vitamin E in edible oil. Some 
workers have suggested that phospholipids enhance the 
effectiveness of vitamin E (Linow and Mieth, 1976; 
Hildebrand e t  al., 1984; Ishikawa et al., 1984; Kashima et  
al., 1991). I t  is also implied that the synergistic effect of 
phospholipids is derived from chelation of metal ions 
(Hudson and Mahgoub, 1981). However, little is clarified 
about the mechanism of the synergism by phospholipids 
and vitamin E. 

In our results, PC itself had a prooxidant action in both 
the autoxidation of lard (Table 1) and the accelerated 
oxidation of the model oil (Figures 2 and 4). The pro- 
oxidant effect of PC seems to be due to the presence of 
polyunsaturated fatty acids in egg yolk PC used in this 
experiment, as pointed out by Husain et  al. (1986). 

PCh is a novel phospholipid containing a chromanol 
structure which is responsible for the radical scavenging 
activity of vitamin E (Burton and Ingold, 1981). Our 
preceding work demonstrated that the ability of PCh as 
a chain-breaking antioxidant is comparable to that of 
vitamin E (Koga et al., 1994). In addition, PCh may possess 
a property of synergism of phospholipids and vitamin E 
because their structures are included in its molecule. The 
result that PCh prolonged the induction period more 
efficiently than vitamin E (Table 1) indicates that PCh 
itself exerts this synergism. Interestingly, the antioxidant 
activity of PCh was more effective than that obtained by 
the combination of vitamin E and PC. 

In general, edible oils contain a trace amounts of iron 
and water as contaminants. The lard used in this study 
also contained iron (0.03 ppm) and water (0.03%). It is 
known that metals such as iron and their derivatives are 
mostly responsible for the initiation of autoxidation of 
edible oils (Pokorny, 1987). For example, the reaction of 
iron with preformed lipid hydroperoxides (LOOH) yields 
chain-initiating lipid alkoxy1 radicals (LO') or lipid peroxyl 
radicals (LOO') as shown in the following equations 
(Schaich, 1992). 
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(1) 

(2) 

LOOH + Fe3+ - LOO' + H+ + Fe2+ 

LOOH + Fez+ - LO' + OH- + Fe3+ 

This reaction is likely to occur in lard, resulting in radical 
chain oxidation. Vitamin E is known to act as chain- 
breaking antioxidant by scavenging chain-propagating 
LOO' (Burton and Ingold, 1981; Niki et  al., 1984). Vitamin 
E may also suppress the iron ion-catalyzed initiation 
reaction by scavenging chain-initiating LO' or LOO'. Thus, 
we measured the antioxidant activity of PCh on an azo 
compound-mediated radical chain reaction and on a ferric 
ion-mediated initiation reaction. The model system for 
lard consisted of methyl linoleate and methyl laurate, in 
which the ratio of methyl linoleate was adjusted to the 
linoleic acid content in lard. AMVN used here is a lipid- 
soluble azo compound and thereby causes radical chain 
reaction by generating peroxyl radicals in the lipid phase 
(Barclay et  al., 1984a; Yamamoto et  al., 1984). Vitamin 
E and PCh can act as chain-breaking antioxidant because 
both compounds possess a peroxyl radical scavenging 
activity (Koga et  al., 1994). On the other hand, no 
antioxidant activity of PC in AMVN-mediated chain 
oxidation confirms that PC cannot act as chain-breaking 
antioxidant. Furthermore, little synergistic effect of PC 
and little difference on the antioxidant activity between 
PCh and vitamin E were observed in AMVN-mediated 
chain oxidation (Figure 2). It is therefore unlikely that 
the synergistic effect of phospholipid participates in the 
radical chain reaction. 

The antioxidant activity of PCh was lowered by the 
addition of water in the model systems subjected to an azo 
compound-induced radical chain reaction (Figure 3). The 
mechanism of this lowered activity of PCh is not fully 
explained. However, the fact that the inhibition by PCh 
on ferric ion-induced oxidation is superior to that by 
vitamin E (Figure 4) is not based on the activity of chain- 
breaking antioxidant, because this reaction system con- 
tained a trace amoutn of water. Since the anion of 
phosphoric acid in PCh is not compensated by the base, 
PCh seems to be an acidic phospholipid. Therefore, a 
possible mechanism for the effective activity of PCh on 
ferric ion-induced oxidation is that an acidic property of 
PCh acts as an iron chelator similar to phosphatidylserine 
(Yoshida et  al., 1991). In addition, PCh may form reverse 
micelles in oil with a trace amount of water, resulting in 
better accessibility of the chromanol group to the polar 
site where an iron-dependent initiation reaction takes 
place. In fact, it has been reported that phospholipids 
form reverse micelles in apolar solvent (Kanamoto et al., 
1981) and that the addition of a trace amount of water 
increases the aggregation (Barclay et  al., 1984b). Thus, 
the synergistic action of PC may be derived from its 
aggregation to form reverse micelles. 

In conclusion, PCh can act as an effective antioxidant 
for lard. It is likely that its antioxidant mechanism involves 
the synergism between phospholipids and vitamin E. 

ABBREVIATIONS USED 

AMVN, 2,2'-azobis(2,4-dimethylvaleronitrile): HPLC, 
high-performance liquid chromatography; Lo', lipid alkox- 
yl radical; LOO', lipid peroxyl radical; LOOH, lipid 
hydroperoxides; MeL-OOH, methyl linoleate hydroper- 
oxides; PC, phosphatidylcholine; PCh, phosphatidylchro- 
manol; PLD, phospholipase D; Toc-Et, 2,5,7,8tetramethyl- 
6-hydroxy-2-(hydroxyethyl)chroman. 



1294 J. Agric. Food Chem., Vol. 42, No. 6, 1994 

ACKNOWLEDGMENT 

and A. Yamada for technical assistance. 

LITERATURE CITED 
Barclay, L. R. C.; Locke, S. J.; MacNeil, J. M.; VanKessel, J.; 

Burton, G. W.; Ingold, K. U. Autoxidation of micelles and 
model membranes. Quantitative kinetic measurements can 
be made by using either water-soluble or lipid-soluble initiators 
with water-soluble or lipid-soluble chain-breaking antioxidants. 
J. Am. Chem. SOC. 1984a, 106, 2479-2481. 

Barclay, L. R. C.; MacNeil, J. M.; VanKessel, J.; Forrest, B. J.; 
Porter, N. A.; Lehman, L. S.; Smith, K. J.; Ellington, J. J. C. 
Autoxidation and aggregation of phospholipids in organic 
solvents. J. Am. Chem. SOC. 1984b, 106,6740-6747. 

Bhatia, I. S.; Kaur, N.; Sukhija, P. S. Role of seed phosphatides 
as antioxidants for Ghee (butter fat). J. Sci. Food Agric. 1978, 

Burton, G. W.; Ingold, K. U. Autoxidation of biological molecules. 
1. The antioxidant activity of vitamin E and related chain- 
breaking phenolic antioxidants in vitro. J. Am. Chem. SOC. 
1981,103,6472-6477. 

Dittmer, J. C.; Lester, R. L. A simple, specific spray for the 
detection of phospholipids on thin-layer chromatograms. J. 
Lipid Res. 1964, 5, 126-127. 

Dziedzic, S. Z.; Hudson, B. J. F. Phosphatidyl ethanolamine as 
a synergist for primary antioxidants in edible oils. J. Am. Oil 
Chem. SOC. 1984,61, 1042-1045. 

Hildebrand, D. H.; Terao, J.; Kito, M. Phospholipids plus 
tocopherols increase soybean oil stability. J. Am. Oil Chem. 

Hudson, B. J. F.; Mahgoub, S. E. 0. Synergism between 
phospholipids and naturally-occurring antioxidants in leaf 
lipids. J. Sci. Food Agric. 1981, 32, 208-210. 

Husain, S. R.; Terao, J.; Matsushita, S. Effect of browning reaction 
products of phospholipids on autoxidation of methyl linoleate. 
J. Am. Oil Chem. SOC. 1986,63,1457-1460. 

Ishikawa, Y.; Sugiyama, K.; Nakabayashi, K. Stabilization of 
tocopherol by three components synergism involving toco- 
pherol, phospholipid and amino compound. J. Am. Oil Chem. 
SOC. 1984,61,950-954. 

Kanamoto, R.; Wada, Y.; Miyajima, G.; Kito, M. Phospholipid- 
phospholipid interaction in soybean oil. J .  Am. Oil Chem. 
SOC. 1981,58, 1050-1053. 

Kashima, M.; Cha, G. S.; Isoda, Y.; Hirano, J.; Miyazawa, T. The 
antioxidant effects of phospholipids on perilla oil. J. Am. Oil 
Chem. SOC. 1991,68,119-122. 

We thank S. Tokairin for kindly supplying purified lard 

29,747-752. 

SOC. 1984, 61, 552-555. 

Koga and Terao 

Koga, T.; Nagao, A.; Terao, J.; Sawada, K.; Mukai, K. Synthesis 
of a phosphatidyl derivative of vitamin E and ita antioxidant 
activity in phospholpid bilayers. Lipids 1994,29, 83-89. 

Linow, F.; Mieth, G. On the fat-stabilizing properties of phos- 
phatides. Part 111. The synergistic action of selected phos- 
phatides. Nahrung 1976,20, 19-24. 

Nagao, A.; Ishida, N.; Terao, J. Synthesis of 6-phosphatidyl-L- 
ascorbic acid by phospholipase D. Lipids 1991,26,390-394. 

Niki, E.  Free radical initiators as source of water- or lipid-soluble 
peroxyl radicals. Methods Enzymol. 1990,186, 100-108. 

Niki, E.; Saito, T.; Kawakami, A.; Kamiya, Y. Inhibition of 
oxidation of methyl linoleate in solution by vitamin E and 
vitamin C. J. Biol. Chem. 1984,259,4177-4182. 

Olcott, H. S.; Einset, E. A weighing method for measuring the 
induction period of marine and other oils. J. Am. Oil Chem. 

Olcott, H. S.; Veen, J. V. Role of individual phospholipids as 
antioxidants. J. Food Sci. 1963,28,313-315. 

Oshima, T.; Fujita, Y.; Koizumi, C. Oxidative stability of sardine 
and mackerel lipids with reference to synergism between 
phospholipids and a-tocopherol. J. Am. Oil Chem. SOC. 1993, 
70, 269-276. 

Privett, 0. S.; Quackenbush, F. W. Studies on the antioxygenic 
properties of wheat germ phosphatides. J .  Am. Oil Chem. 
SOC. 1954,31, 169-171. 

Pokomy, J. Major factors affecting the autoxidation of lipids. In 
Autoxidation of unsaturated lipids; Chan, H. W.-S., Ed.; 
Academic Press: London, 1987; pp 141-206. 

Schaich, K. M. Metals and lipid oxidation. Lipids 1992,27,209- 
218. 

Terao, J.; Matsushita, S. The peroxidizing effect of a-tocopherol 
on autoxidation of methyl linoleate in bulk phase. Lipids 1986, 
21,255-260. 

Yamamoto, Y.; Haga, S.; Niki, E.; Kamiya, Y. Oxidation of lipids. 
V. Oxidation of methyl linoleate in aqueous dispersion. Bull. 
Chem. SOC. Jpn. 1984,57, 1260-1264. 

Yoshida, K.; Terao, J.; Suzuki, T.; Takama, K. Inhibitory effect 
of phosphatidylserine on iron-dependent lipid peroxidation. 
Biochem. Biophys. Res. Commun. 1991,179, 1077-1081. 

SOC. 1958,35,161-162. 

Received for review September 22, 1993. Revised manuscript 
received February 3, 1994. Accepted March 21, 1994.' 

@ Abstract published in Advance ACS Abstracts,  May 
1, 1994. 


