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Platelet aggregation, thromboxane
production and thrombogenic ratio

in postmenopausal women consuming
high oleic acid-sunflower oil or palmolein

Summary Background Satu-
rated fatty acids exert controversial
effects on platelet aggregation and
eicosanoid production. Aim To in-
vestigate the effect of a dietary ex-
change between palmitic acid and
oleic acid on both platelet aggrega-
tion and thromboxane B2 (TXB,)
production, and on urine TXB,,
prostacyclin I, (PGI, as 6-keto-pro-
taglandin F;0), and the thrombo-
genic ratio (TXB,/6-keto-pro-
taglandin F;) in fourteen
postmenopausal women. Experi-
mental design Women were as-
signed to two consecutive 28-d di-
etary periods that were high in
cholesterol (~400 mg/d) and fat
(~46 %en). In the first period all
subjects followed an oleic acid-rich
diet prepared with high oleic acid-
sunflower oil. This was followed by
a second period rich in palmitic
acid in the form of palmolein. De-
terminations Nutrient intakes,
ADP-platelet aggregation, platelet
TXB, production, urine TXB, and
6-keto-protaglandin F, o were mea-
sured during two dietary periods
and the results obtained correlated
to serum cholesterol, lipoprotein-
cholesterol and peroxides,
apolipoproteins and plasma toco-
pherol. Results The palmolein diet
led to an increase in the platelet ag-

gregation rate (p <0.05) and in the
time for the maximal aggregation
rate (p <0.02). No significant dif-
ferences were observed in platelet
TXB, production. Palmolein in-
creased urine TXB, in pg/mL
(p<0.05) and pg/min (p <0.01),
whereas the thrombogenic ratio
(TXB,/6-keto-protaglandin F; o)
did not change. Most changes were
related to oil change, few to serum
cholesterol level (< or
26.2mmol/L) or age (<or =65 yr).
Conclusions Palmolein diet acti-
vates platelet aggregation more in
normocholesterolemics. Though
palmolein increased thromboxane
and tended to increase prostacyclin
in urine in normo- and hypercho-
lesterolemic women, the thrombo-
genic ratio did not change. These
effects were related to the LDL and
HDL concentration increases and
to the absence of change in the to-
tal cholesterol/HDL-cholesterol ra-
tio found following the dietary in-
tervention.

Key words high oleic acid
sunflower oil - palmolein - platelet
aggregation - postmenopausal -
thromboxane - thrombogenic
ratio - urine prostacyclin and
thromboxane
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Introduction

Postmenopause is considered to elevate the cardiovas-
cular disease risk in women with an increase in small
low density lipoprotein (LDL)-particles, LDL-choles-
terol,and a slight decrease in HDL-cholesterol occurring
[1]. However, platelet aggregation and eicosanoid pro-
duction on postmenopausal women have not been ex-
tensively studied. Although, saturated fatty acids (SFA)
and polyunsaturated fatty acids (PUFA) have been be-
lieved to promote and to protect against arterial thrombi
formation, respectively, recent data confirm the incon-
sistent effect of dietary SFA and o-linoleic acid on
platelet activation [2, 3]. On the other hand, platelet ag-
gregation was distinctly affected by two oils rich in mo-
nounsaturated fatty acids (MUFA) [4]. A promising ap-
proach to assess platelet activation in vivo is the
measurement of thromboxane (TX) metabolites in
urine [5] but results on fatty acids other than n-3 PUFA
on urinary eicosanoids are scarce and controversial
[6-8].

Platelet activation in vitro increased in the presence of
LDL and very low density lipoproteins (VLDL) while
this mechanism was inhibited in the presence of high
density lipoproteins (HDL) [8]. However, SFA have been
found to increase not only the LDL-cholesterol but also
the HDL-cholesterol [9]. Moreover, different studies
showed that the presence of minor compounds could
change platelet activation [4, 10]. High oleic acid sun-
flower oil (HOSO) is rich in tocopherols, whereas pal-
molein is rich in tocotrienols [4]. Both of them may pro-
tect against cardiovascular disease because of their
antioxidant activity [11] and inhibition of platelet ag-
gregation [12], although others did not report that [13,
14].

Due to the controversial dietary effects of SFA and
antioxidants on platelet aggregation and eicosanoid
production, the present study is focused on the effect of
an exchange of oleic acid and tocopherols (from HOSO)
by palmitic acid and tocotrienols (from palmolein) in
postmenopausal women. The interaction of dietary in-
tervention and age, and the correlations between the
changes in lipoprotein, apolipoproteins (Apo), peroxi-
dation and plasma tocopherol levels on changes in
platelet aggregation and eicosanoid production will be
also studied. Moreover, because hypercholesterolemia
has been related to hyperaggregability and hypercoagu-
lability [4, 15], this study also analyzes the effect of basal
plasma cholesterol on platelet aggregation and
eicosanoid production in these postmenopausal
women.

Methods
Subjects

Fourteen postmenopausal nuns were enrolled in the
study. They were part of an enclosed religious commu-
nity with a regular lifestyle and dietary habits. None of
the participants had presented previous cardiovascular,
metabolic or systemic disease, or was taking any drug
that might affect lipid metabolism or platelet aggrega-
tion. All subjects gave their informed consent to be
included in the study. The study protocol was approved
by the Spanish Comisién Interministerial de Ciencia y
Tecnologfa, a Committee for Human Studies at the
University Complutense of Madrid, and was performed
in accordance with the Helsinki Declaration. Some char-
acteristics of the population are shown in Table 1.

Experimental

Participants were assigned to two consecutive 28-d ex-
perimental periods. In the first period, all subjects con-
sumed a diet rich in oleic acid, HOSO being the only
culinary fat. This was followed by a second dietary pe-
riod rich in palmitic acid from palmolein. In a pilot
study we performed in the same community, we used a
crossover design [4]. However the logistics involved in
food preparation and consumption in the community
prevented us from using a crossover design in this study.
For example, food preparation at the community
kitchen was too difficult and time-consuming because
the same food was cooked with two oils. Furthermore,
some members of the community complained because

Table1 Characteristics of the women studied

Mean £ SD Range

Age (y) 629+11.2 46-75
Height (cm) 153+7 142-164
Weight (kg) 543+93 41-70
Body mass index (kg/m?) 232+34 19.6-29.3
Energy expenditure (kJ) 7548 +778 5995-9272
Serum cholesterol (mmol/L) 6.41+1.15 47-8.8
Serum triglycerides (mmol/L) 0.83+0.19 0.53-1.20
HDL-cholesterol (mmol/L) 1.88 +0.40 1.19-2.59
LDL-cholesterol (mmol/L) 378038 2.84-5.87
Apolipoprotein Al (g/L) 1.56 +0.21 1.25-1.98
Apolipoprotein B (g/L) 1.08 £0.21 0.75-1.62
Apolipoprotein All (g/L) 0.35+0.05 0.28-0.46
Systolic pressure (mmHg) 126.4+16.1 100-160
Diastolic pressure (mmHg) 67.9+12.7 60-100
Serum peroxides (mmol/L) 0.85+0.73 0.14-2.27

Values are mean + SD,n = 14
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they thought that they were consuming a less healthy
diet than other members. Therefore, we were concerned
about the feasibility of accomplishing a full-size study
under those circumstances and we opted for the se-
quential design. Subjects maintained their normal pat-
terns of activity and did not consume extra food in their
meals. The compliance to the experimental diets was to-
tal. Moreover, there was no washout between experi-
mental periods because the fact that diet induces stable
changes in lipoprotein-lipids after 4 weeks has been de-
scribed [16] and the average lifespan of circulating
platelets is less that 2 weeks [17].

Diets

During the two consecutive 28-d experimental dietary
periods, menus and individual ratios were maintained.
Experimental diets were assessed for four weeks using
the “precise weighing method”. The cooked weight of in-
dividual portions and table waste were also recorded.
Energy and nutrient intakes were calculated using tables
of food composition for the raw weights of foodstuffs
[18]. The only distinguishing feature of the diets was the
oil used: HOSO (Koipe Co., Andujar, Spain), during the
first period, and palmolein (AGRA S. A., Bilbao, Spain)
during the second period. Both oils were used for cook-
ing (for sautéing, frying and pot-roasting, and the
preparation of fish, egg, vegetable and other stews) and
for salad dressing. Because palmolein is solid at room
temperature, this oil was liquefied by immersing a plas-
tic container with the amount to be used in a water bath
at ~30 °C just before use. To ensure constant consump-
tion of palmolein from salads, participants were advised
to remove any oil remaining on their dishes using small
pieces of bread.

Laboratory analyses

The fatty acid composition was analyzed as previously
described [19]. o-tocopherol and tocotrienol were de-
termined by high-performance liquid chromatography
on a reverse-phase column [20]. Blood was collected
with minimum intrusion after the anthropometric eval-
uation to avoid stress to the volunteers. In order to avoid
damage to the platelets the first 10-mL of blood should
not be used for TX analyses [21]. We used them for bio-
chemistry analyses and the remainder of the sample for
eicosanoid analyses. Moreover, because endothelial cells
can be stressed by venepuncture, potentially affecting
the blood determination of prostacyclin, we determined
this eicosanoid only in the urine.

Serum was separated by low speed centrifugation at
1500 x g, at 4 °C for 30 min within 1-h of sampling. LDL
and HDL were isolated from serum by 21-h density gra-

dient ultracentrifugation at 272,000 x g as previously re-
ported [10]. Total cholesterol was determined in serum
samples and in the LDL and HDL fractions using a Tech-
nicon RA-500 autoanalyzer (Tarrytown, NY, USA) and
standard  enzymatic = procedures  (Boehringer
Mannheim, Mannheim, Germany). Quality controls
(Precinorm reference 225053, and Precilip reference
781827 (Boehringer Mannheim, Mannheim, Germany)
were included in all assays. Serum peroxide and LDL-
peroxide concentrations were determined as thiobarbi-
turic acid-reactive substances [22].

The anticoagulated trisodium citrate blood (9:1 V/V)
was centrifuged at 200 x g for 10 min to prepare platelet-
rich plasma (PRP). Platelet counts on PRP samples were
done in a hemocytometer, diluting PRP with saline so-
lution. No platelet adjustment was needed before analy-
sis because the difference between platelet counts on
PRP samples from both dietary periods were non-sig-
nificant. Platelet aggregation was determined using ADP
(Chromopag ADP. IZASA, Spain) as an aggregating
agent as previously commented on [4]. Data were ex-
pressed as the extent or rate of maximal aggregation at
5 min (cm/5 min), the time required for achieving the
maximal aggregation rate (min), and the time required
for achieving half of the maximal aggregation (min).
ADP-stimulated TXA, synthesis was measured in PRP.
At the end of each dietary period, 24-h urine samples
were collected. TXB,, a stable metabolite of TXA,, was
extracted from PRP and urine samples, while 6-keto-
prostaglandin (PG) F,q, a stable metabolite of prostacy-
clin I, (PGI,) was extracted from urine using a silica col-
umn [10]. These metabolites were determined using
125]-labelled radio-immunoassay kits purchased from
Advanced Magnetics Inc. (Cambridge, MA, USA).

Statistical analyses

The data were compared by a paired Student’s ¢ test. Re-
peated measures ANOVA was used to assess the oil effect
inwomen with a total cholesterollevel < 6.2 mmol/L (nor-
mocholesterolemics) compared with those with a total
cholesterol level >6.2mmol/L (hypercholesterolemics)
and in women aged more or less than 65. Pearson prod-
uct-moment correlations were performed to assess the
influence of the changes in lipoprotein, tocopherol and
serum peroxide concentrations on the changes in platelet
aggregation and eicosanoid production.

Results

Dietary assessment

The major fatty acid composition of HOSO and pal-
molein was: palmitic acid, 4.7 % and 40.6 %; stearic acid
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4.5% and 4.2 %; oleicacid,77.1 % and 40.7 %, and linoleic
acid 11.5% and 12.2%, respectively. Trans fatty acids
were present in small amounts in both oils (elaidic acid
0.02% and 0.16%, trans-linolenic acids 0.07% and
0.57 %, respectively), while myristic acid and a-linolenic
acid were 0.05% and 0.06 % in HOSO but were 1.2 % and
0.16 % in palmolein, respectively. HOSO and palmolein
contained 538 and 96.3mg/kg oil of o-tocopherol
and < 1.0 and 530 mg/kg oil of tocotrienols, respectively.
Daily intakes of macronutrients and different fatty acids
duringbasal and experimental diet periods are presented
in Table 2. The experimental oils provide ~62 % of the to-
tal fat intake in both diets. The diets were normocalorics
(adjusted to the energy women requirements) with an
adequate energy contribution from protein but rather
high from fat and low from carbohydrates (Table 2). It
should be noted that the usual diet of the participants in
this study did notinclude meat or meat productsbutarel-
atively high amount of eggs and whole milk.

The percentages of linoleic and stearic acids were
similar for both dietary periods. However, the pal-
molein-rich period contained a higher percentage of
palmitic acid and a lower percentage of oleic acid. The
fats plus oil food group was the main source of oleic and
linoleic acids, while milk and dairy products were the
main contributors of myristic and a-linolenic acids for
the diet periods. During the palmolein diet, SFA and

Table2 Dailyintake during the high oleic acid sunflower oil dietary period and the
palmolein dietary period

High oleic acid Palmolein diet
sunflower oil diet
Energy (k)/d) 7328+773.3 7265+781.4
% of energy
Protein 11.7£0.4 12.0+0.6
Carbohydrates 42.0+5.8 424+3.1
Lipids 46.4+3.0 458+3.0
SFA (1) 103£1.7 19.6+£1.7
MUFA (1) 27.8+1.6 17.5+0.1
PUFA (1) 4.6+0.2 42+0.2
Major fatty acids
Palmitic acid 50+0.7 144428
Stearic acid 2.8+0.3 27+03
Oleic acid 27.0+1.6 16.7+£1.0
Linoleic acid 40+0.2 3.7+0.2
Linolenic acid 0.33+£0.04 0.2+0.0
Eicosapentaenoic acid 0.05+0.01 0.05+0.01
Docosapentaenoic acid 0.02+0.00 0.02+0.00
Docosahexaenoic acid 0.09+0.01 0.09£0.01
n-3/n-6 ratio 0.12+0.01 0.11£0.01
Cholesterol (mg/d) 401.4+33.9 402.7+34.7

Data are mean values + standard deviations of 14 women. (1): SFA saturated fatty
acids; MUFA monounsaturated fatty acids; PUFA polyunsaturated fatty acids

palmitic acid were mainly provided by the fats plus oil
food group (data not shown).

Lipids and lipoprotein-cholesterol, lipid peroxide
and plasma tocopherol levels

In previous studies [10, 19], it was stated that the same
palmolein diet in respect to the same HOSO diet pro-
duced a significant increase in serum TC (7.31 £1.19 vs
6.21 +1.15 mmol/L; p <0.001), LDL-cholesterol
(4.33£0.94 vs 3.56 £ 0.85 mmol/L; p<0.001) and HDL-
cholesterol (2.24+0.36 vs 1.95 + 0.46 mmol/L; p <0.05).
However, the total cholesterol/LDL-cholesterol ratio re-
mained unchanged (3.28 £0.38 vs 3.28 £0.61). HDL par-
ticles appeared enriched in Apo AII (0.51+0.04 vs
0.37+0.05 g/L; p<0.001) but not in Apo AI (1.65+0.23
vs 1.67 £0.19). The Apo Al/Apo B and the Apo Al/Apo
AIl ratios decreased significantly (1.41%£0.18 ws
1.70£0.24; p<0.001 and 3.23+£0.58 vs 4.64+1.10;
p <0.001). Palmolein diet produced a significant de-

crease in serum  peroxides (0.48%£0.26 s
0.95+0.70 mmol/L; p<0.01), while the a-tocopherol
concentration was not affected (33.5+59 wvs
34.4mmol/L).

Platelet aggregation

Maximal aggregation rate at 5 min was significantly
higher (p <0.05) following the palmolein diet. The time
of the maximal aggregation rate increased (p<0.02)
(Table 3). The time for half the maximal aggregation also
shows significant increases (47.6%, p <0.02; data not
shown). The maximal aggregation rate and the time for
the maximal aggregation was significantly affected by
the type of oil (p<0.05 and p <0.01, respectively) but
not by the serum cholesterol level (Table 3). Oil exchange
increased both the maximal aggregation rate and the
time for the maximal aggregation (p < 0.01 and p <0.05
respectively) only in normocholesterolemic women.
The oil exchange tended to increase the maximal aggre-
gation rate more in women over 65 than in their younger
counterparts (increase of 1.07+1.16 vs 0.34+ 1.56 cm;
not significant). The same was found for the time for the
maximal aggregation rate (increase of 2.17+1.54 vs
1.07 £ 1.21 min; not significant).

Changes in the maximal aggregation rate did not
show any significant correlation with changes in serum
lipid or lipoprotein-cholesterol, peroxides levels, plasma
tocopherol levels and PRP-TXB, (pg/mL). However,
change in the time for the maximal aggregation rate ap-
peared inversely correlated (r=-0.736, p<0.003) to
changes in the urine TXB, (pg/mL) concentrations and
LDL-Apo B (r=-0.625, p<0.02) but positively to the
Apo Al/Apo B ratio (r=0.670; p<0.01).
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Thromboxane B, in ADP-stimulated platelet
rich plasma

TXB, concentration in PRP was not significantly in-
creased after the dietary intervention (Table 3). The type
of dietary oil and the cholesterol level also did not have
any significant effect on TXB, (Table 3). No significant
differences were observed in the change induced by the
dietary intervention on the PRP-TXB, concentration in
women over 65 in respect to women under 65
(+153.2£437.0 vs -52.0 + 386.3). Changes in PRP-TXB,
in pg/mL were inversely correlated (r =-0.534, p <0.05)
with changes in HDL-cholesterol levels.

Eicosanoids in urine

In the palmolein dietary period, 24-h urinary excretion
was significantly higher (p < 0.01) (Table 3). The urinary
TXB, excretion in 24-h in pg/min increased significantly
(p=0.003) following the palmolein dietary period in re-
spect to the HOSO. The concentration of urine 6-keto
PGF, o in pg/mL or pg/min did not change significantly
because of the dietary intervention. The concentration
of TXB, and 6-keto PGF,0.in pg/mL or pg/min appeared
significantly affected (all, p < 0.03) by the oil type but not
by the cholesterol level (Table 3).

Urine TXB, (in pg/mL) change induced by the dietary
intervention was significantly higher in women under
65 than in the older counterparts (+487.8%343.0
vs.+63.1 £302.5; p=0.031). Similar tendency, although
non-significant, was observed for the 6-keto PGF,o in
pg/mL (+344.4+167.9 vs.+122.9+268.1). Changes in
the 6-keto PGF,o. (pg/mL) appeared inversely and sig-
nificantly correlated with changes in plasma Apo B
(r=-0.550, p=0.042), LDL-ApoB (r=-0.619, p=0.018)
and the Apo Al/Apo B ratio (r=0.623, p=0.017).
Changes in the urinary TXB, were highly correlated
(r=0.811, p<0.001) with changes in the 6-keto PGF,o
(both in pg/min). Changes in the urine TXB,/6-keto
PGF, o ratio appeared related to changes in total choles-
terol (r =0.564; p = 0.04) and HDL-cholesterol (r = 0.628,
p=0.016). The thrombogenic ratio change induced by
the dietary intervention was not significantly different
in women under 65 than in women over 65
(+0.204£0.311 vs+0.041 £0.27).

Discussion

This study should be considered a first test in post-
menopausal women of the substitution of a relatively
high percentage (9-10%) of oleic acid by palmitic acid
together with minor compounds present in both oils on
the platelet aggregation and platelet and urinary
eicosanoid production. Both diets presented the same

energy profile and cholesterol content and were rich in
MUFA but the energy contribution of palmitic and oleic
acids were different while those of other SFA and PUFA
were similar. Palmolein presented large amounts of to-
cotrienols and HOSO of tocopherols.

The increase in the maximal aggregation rate should
be firstly related to the higher palmitic acid and lower
MUFA contents of the palmolein diet. From earlier
reviews concerning the effect of dietary fat type, it can
be concluded that SFA promote arterial thrombus
formation, whereas unsaturated fatty acids are not
thrombogenic and may even be antithrombotic [23]. A
significant effect on ADP-induced platelet aggregation
was found in 42 healthy subjects [24] and in type Ila
and IIb hyperlipoproteinemic patients [8]. These au-
thors also found that ADP-induced aggregation and
serotonin release were increased when washed platelets
were incubated with isolated VLDL and LDL but de-
creased in the presence of high HDL [8]. However, in the
present study, changes in the platelet maximal aggrega-
tion rate did not appear related to changes in LDL-
cholesterol or in HDL-cholesterol levels. Furthermore,
the increase in the PRP maximal aggregation rate due
to the dietary intervention was relevant in the normo-
cholesterolemic population (+49%) but irrelevant
(-1.4%) in the hypercholesterolemic one. Disagreement
also exists on the effects of tocotrienols on platelet ag-
gregation. Some authors described the reduction of the
in vitro platelet aggregation by tocotrienols [12] but
those results disagree with those found by others [13].
In the present study, changes in PRP maximal aggrega-
tion rate did not appear related to serum or LDL-per-
oxides, tocopherol or tocotrienol levels. In our study,
women received about 30 mg of tocotrienols/day dur-
ing the palmolein diet, an amount that seemed to in-
crease the time for maximal aggregation in normocho-
lesterolemics but not in hypercholesterolemic women
in which tocotrienols would not be enough to counter-
balance the hyperaggregating effect of SFA. No differ-
ences in aggregation velocity between diets rich in
palmitic acid and in oleic acid have been described [2].
Tocotrienols accumulate more readily in platelets than
in plasma, and at low collagen concentrations to-
cotrienol supplementation beneficially affected platelet
aggregation reactivity [25]. However, it has been ob-
served that the vitamin E has no effect on platelet ag-
gregation, even at the concentration of 10-* uM and for
a long incubation time [26].

The measurement of the platelet TXB, level in vitro
assesses the capacity for TXA, production under maxi-
mal stimulation. The dietary intervention resulted in a
non-significant increase of PRP-TXB, levels. It has been
suggested that TXB, production should be produced as
a consequence of the increase in LDL particles and this
effect can be counterbalanced by the increase in HDL [8,
28]. In fact, changes in HDL-cholesterol were inversely
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correlated with changes in PRP-TXB, in the present pa-
per.
An optimal balance of the TXA,/PGI, ratio may be
important in the prevention of thrombotic conditions.
Evidence indicates that dietary fatty acids can alter this
balance [6]. Thus, the noted tendency for the urinary ex-
cretion of the TXA,/PGI, ratio to increase in normocho-
lesterolemic women following the palmolein diet in re-
spect to the HOSO diet might be critical. In contrast with
the present results, others have found a lower TXA,/PGI,
after the palmolein period compared to the HOSO pe-
riod [28].

The increase in TXA, has been related to increase in
blood pressure [24]. However, an increase of urinary vol-
ume due to the higher arterial pressure induced by SFA
has also been reported [29].In the present study the uri-
nary TXB, excretion increased significantly after the di-
etary exchange with no significant modification in 6-
keto PGF o0 excretion and the thrombogenic ratio. In
contrast to present results, the dietary replacement of
palmitic acid by oleic or linoleic acids has been shown
to increase the urinary excretion of TXB, [7]. Others did
not find any differences in 24h 6-keto prostaglandin F,o
excretion between the SFA and MUFA diets [24]. It has
been reported that LDL inhibited the PGI, synthesis by
endothelial cells, while HDL significantly enhanced the
transformation of PGH, to PGI, [30]. Present results
suggest that correlations are related to Apo B and the
ApoAI/ApoB ratio changes in the case of changes in
PGI,. We are far from knowing the reasons for the dis-
crepancy in results found in normo and hypercholes-
terolemic women in urinary TXB, excretion.

With the exception of urine TXB, levels that in-
creased more in younger postmenopausal women fol-
lowing the dietary intervention, age did not seem to ex-
ert any relevant effect on the urinary eicosanoid
production and in the thrombogenic ratio. Although it
has been proposed that the HDL rich in Apo AII are in-
volved in the progression of fatty streaks and thus in-
crease CHD risk [31], present results do not suggest any
significant effect of the changes in Apo AIl on changes
in platelet aggregation and eicosanoid production.

In conclusion, dietary intervention affected the
platelet aggregation and urinary TXB, production more
in normocholesterolemics than in hypercholes-
terolemics suggesting that the consumption of HOSO
should be preferred to that of palmolein. Nevertheless,
the thrombogenic ratio was not affected by the dietary
intervention. Changes in platelet sensibility and prosta-
cyclin excretion suggest that they were modulated by the
changes produced in serum LDL levels while those of the
thrombogenic ratio were by the changes in HDL levels.
More studies are needed to understand the in vivo effect
of SFA diets on thrombogenic risk and the relationship
between serum cholesterol, serum peroxides, platelet ac-
tivation and eicosanoid production.
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