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Summary. Several recent studies have indicated the possible beneficial
effects of antioxidants, specifically vitamin E, in primary and secondary
coronary prevention. These studies suggest that a diet enriched in vitamin
E is insufficient to have a significant protective effect, whereas supplements,
in excess of 200 international units (IU) per day, are efficacious in preventing
coronary disease in both men and women. The mechanisms by which vitamin
E may exert its protection are uncertain, but, vitamin E is lipophilic and has
been shown to inhibit the oxidative modification of low density lipoprotein
(LDL), a process thought to be of crucial importance in atherogenesis. We
have also previously shown that a-tocopherol (the biologically most potent
isomer of vitamin E) has important direct effects on vascular endothelial and
smooth muscle cells. In the present study we have investigated the effects of
oral supplements of vitamin E (400 IU per day) on platelet and mononuclear
cell function in patients with hypercholesterolaemia. We found that although
vitamin E supplementation had no significant effect on mononuclear cell
adhesion ex vivo, it had a significant effect on the thrombin-induced platelet
aggregation (P<0.01; ANOVA): 6 weeks after starting the vitamin E supplements,
the mean EC50 for thrombin-induced aggregation increased 132% (P<0.05;
paired t-test) compared to treatment with placebo. The effects of vitamin E on
platelet function may, in part, explain its anti-atherogenic properties.
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Platelets play an essential role in the pathogenesis of
athero-thrombotic disease (Packham & Mustard 1986;

Ross 1993). Healthy vascular endothelium is antithrom-
bogenic due to its elaboration of mediators such as nitric
oxide and prostacyclin which inhibit platelet adhesion
(Tschopp & Baumgartner 1981; Radomski et al. 1987).
The endothelium may become dysfunctional and hence
pro-thrombotic following exposure to cigarette smoke,
high levels of blood cholesterol, hypertension or diabetes
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mellitus. Hypercholesterolaemia is an important and
common risk factor for coronary heart disease. It is
often accompanied by high levels of platelet associated
cholesterol levels (Chetty & Naran 1992), and enhanced
platelet responses to aggregatory factors (Carvalho et al.
1974). Hypercholesterolaemia may also be associated
with increased levels of lipid peroxides which may cause
platelet membrane damage by oxidizing its lipid consti-
tuents (Stringer et al. 1989).

Leucocyte-endothelial cell interactions are an impor-
tant feature of immune surveillance, and are likely to play
a pivotal role in several pathophysiological processes
including atherogenesis (Ross 1993). The adhesion of
leucocytes to the vascular endothelium is mediated by
pairs of regulatable, plasma-membrane associated,
adhesion molecules; one member of each pair is present
on the leucocyte, the other on the endothelial cell
(Springer 1990). Adhesion may be modulated by altering
the expression, or activation state of these molecules. In
vitro treatment of endothelial cells with cytokines such as
interleukin-1 (IL-1) or tumour necrosis factor (TNF) sti-
mulates adhesion molecule upregulation (Pober et al.
1988). These in vitro findings may partially explain the
observations of Poston & Johnson-Tidey (1996) who
have reported increased adhesion molecule expression
in regions of endothelium overlying atherosclerotic
lesions. In contrast, the endothelium derived factor,
nitric oxide, appears to inhibit monocyte adherence
(Bath et al. 1991). The ability of the endothelium to
produce bioactive nitric oxide has been shown to be
rapidly compromised following the induction of hyperch-
olesterolaemia in the rabbit (Stewart-Lee et al. 1994,
1995; Andersson et al. 1994) and this could be pre-
vented, or reversed by antioxidant treatment (Stewart-
Lee et al. 1994).

Supplements of vitamin E, a potent lipid-soluble
antioxidant, have been shown to be associated with
reduced risk of coronary heart disease in men and
women (Rimm et al. 1993; Stampfer et al. 1993).
Vitamin E has also been shown to reduce mortality in
patients with established coronary heart disease
(Stephens et al. 1996). The mechanism by which
vitamin E exerts its effects is unclear, but it has been
shown to inhibit platelet aggregation (Steiner 1983;
Kakishita et al. 1990; Violi et al. 1990, Salonen et al.
1991) and adhesion (Jandak et al. 1988, Steiner 1983).
We have recently shown that another lipid soluble
antioxidant, probucol, reduces mononuclear cell adhe-
sion in an animal model of atherogenesis (Ferns et al.
1993). In this present study we have investigated the
effects of vitamin E supplementation on platelet aggre-
gation and mononuclear cell adhesion ex vivo, in

patients with primary hypercholesterolaemia, using a
placebo-controlled experimental design.

Materials and methods

Materials

Eahy cells were a gift from Dr Cora-Jean Edgell, Uni-
versity of North Carolina, USA (Edgell et al. 1983).
Vitamin E and placebo capsules were kindly donated
by Dr Rupert Mason of Bioglan Ltd, Herts, UK. RPMI-
1640, Dulbecco’s modified Eagle’s medium and foetal
calf serum were purchased from Gibco (Uxbridge, UK).
All other reagents were from Sigma Chemical Co.
(Dorset, UK).

Subjects

Patients were recruited from those newly referred to the
Lipid Clinic at Glenfield General Hospital, Leicester, with
a diagnosis of primary hypercholesterolaemia (serum
cholesterol > 5.7 mmol/l, but< 10 mmol/l and serum tri-
glycerides < 3.3 mmol/l). Exclusion criteria included: a
positive recent smoking habit, diabetes mellitus or
hypothyroidism. Patients taking antihypertensive or
diuretic therapy, steroids or vitamin supplements were
also excluded. Ethical approval was sought from the
Local Ethics Committee and was granted prior to the
start of the trial. Patients were asked to read an informa-
tion sheet, briefly explaining the experimental protocol, at
the same time they were told they would be taking either
the active vitamin E capsules or ‘dummy’ capsules for six
weeks, at which point the capsules would be switched.

Vitamin supplements and blood sampling

Blood samples for baseline lipid levels (total cholesterol,
triglycerides and HDL cholesterol) and antioxidant vita-
min (a-tocopherol, retinol and ascorbate) concentrations
were taken following a 12 hour, overnight fast. Patients
were then given a supply of placebo capsules (containing
soybean oil) for six weeks. This was followed by a six
week period taking vitamin E at a dose of 400 IU per day.
Blood samples were taken every three weeks for the
duration of the study, for the assessment of the para-
meters listed above.

Lipid profiles

Plasma was obtained from fasting blood samples col-
lected into lithium-heparin tubes (1.5 IU heparin/ml) and
centrifuged at 1500 ×g for 10 min at 4 8C. Measurements
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of plasma total- and HDL-cholesterol, and triglycerides
were made using a Kodak Ektachem 700XR Analyser C
series (Eastman Kodak Company, Rochester, USA).
Plasma LDL cholesterol concentrations were estimated
using the Friedwald formula (Friedwald et al. 1972).

Plasma antioxidant vitamin levels

Plasma samples were obtained from lithium heparin
blood samples as described above. Plasma a-tocopherol
and retinol were determined simultaneously by HPLC
using the method of Bieri et al. (1979).

Ascorbate levels were measured using plasma from
samples of EDTA anticoagulated blood (1 mg/ml). Sam-
ples were centrifuged at 1500 ×g for 10 min at 4 8C.
Immediately after harvesting the plasma, ascorbic acid
was stabilized by the addition of an equal quantity of 10%
(w/v) metaphosphoric acid. Samples were vortex mixed,
centrifuged at 1500 ×g for 10 min at 4 8C and the super-
natants collected for storage at – 70 8C for up to one
month. Ascorbic acid was measured by HPLC using a
modification of the method of Lunec & Blake (1985).

Platelet isolation

Whole blood anticoagulated with 1/10th volume of 3.8%
(w/v) trisodium citrate was centrifuged at 200 ×g for
20 min and the upper platelet-rich layer was collected.
Apyrase (final concentration 10 mg/ml) and prostacyclin
(final concentration 0.33 mg/ml) were added to this plate-
let-rich plasma to prevent premature platelet activation,
this was centrifuged at 800 ×g for 15 min The resulting
platelet pellet was resuspended in Ca2þ-free Tyrodes
buffer (10 mmol/l HEPES, 145 mmol/l NaCl, 2.7 mmol/l K
Cl, 1.8 mmol/l MgCl2, 5.55 mmol/l glucose, 5.95 mmol/l
NaHCO3, 0.42 mmol/l sodium dihydrogen phosphate,
pH 7.4) containing bovine serum albumin (2 mg/ml) at
a concentration of 300 ×109/l. Platelets were allowed
to equilibrate at ambient temperature for 1 hour prior to
use.

Platelet aggregometry

Platelet aggregation was measured using the method of
Frantantoni & Poindexter (1990). Briefly, the time course
of platelet aggregation was monitored in 96 well micro-
titre plates by following the change in optical density
using an automated Anthos HTIII plate reader (Labtech
International, East Sussex, U.K.). Increasing concentra-
tions of thrombin were added to quadruplicate wells at a

final concentration ranging from 0 to 2000 Units/l. Cal-
cium chloride was added to each well at a final concen-
tration of 0.033mmol/l. Platelet suspension (135 ml) was
then added to each well giving a final total volume per
well of 150 ml. The initial absorbance at 405 nm of each
well was measured, and subsequent readings taken at
one minute intervals for 20 min The microtitre plate was
maintained at 37 8C throughout the experiment, and
shaken between readings at the maximum speed setting.
The time taken for the optical density of each well to
reach 0.200 was calculated using the BIOLISE software
package (Labtech International). Using this information a
dose response curve was plotted, and the EC50 Units/
litre (U/l) determined.

Mononuclear cell isolation

Whole blood anticoagulated with 1/10th volume of 3.8%
(w/v) trisodium citrate was centrifuged at 200 ×g for
20 min and the upper platelet-rich layer was removed
without disturbing the ‘buffy-coat’. The blood was
restored to its original volume with PBS, and 5 ml aliquots
overlaid onto Ficoll-Paque. Blood mononuclear cells
were prepared as previously described (Bøyum 1968).
In brief the tubes were centrifuged at 400 ×g for 30 min,
the mononuclear cell layer was recovered and washed
twice in 5 volumes of PBS. Immediately prior to use, the
cells were resuspended in serum-free RPMI 1640
medium at a concentration of 6 ×109 cells/l. Prior to
use, cell viability was assessed by trypan blue exclusion,
and on all occasions viability exceeded 95%. The content
of contaminating platelets was low, with a ratio of plate-
lets: mononuclear cells being <1.

EAhy 926 cell culture

The endothelial cells were maintained in Dulbecco’s
modified Eagle’s medium containing 4.5 g/l glucose,
10% foetal calf serum and 100mmol/l hypoxanthine, 0.4
mol/l aminopterin and 16 mmol/l thymidine. Cells were
used between passages 30–40.

Measurement of monocyte adhesion

Mononuclear cell suspensions in serum-free RPMI were
added to endothelial monolayers (6 ×105 MNCs per
well), or cell-free wells (6 ×105 MNCs per well) in 96
well plates. The plates were incubated at 37 8C for
30 min, and nonadherent cells removed by washing
twice with PBS. Monocyte specific adherence was deter-
mined by a modification of the method described by Bath
et al. (1989). This method relies on conversion of a
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colourless substrate tetramethyl benzidine (TMB) to a
blue product by the action of monocyte-specific myelo-
peroxidase activity. The cells contained in each well were
lysed in 100 ml hexadecyltrimethyl-ammonium bromide
(0.5% in PBS; pH 5.0) at 37 8C for 60 min A fresh solution
of TMB (0.1 mg/ml in 0.05 M phosphate citrate buffer (pH
6.0) containing 0.03% sodium perborate) was added to
each well and the plate incubated for 10 min at room
temperature. The reaction was stopped by the addition of
2.5 M sulphuric acid and the absorbance was measured
at 450 nm using an Anthos HTIII microplate reader. A
standard curve of cell number vs absorbance was con-
structed for each batch of MNCs and absolute adhesion
calculated by reference to this curve.

Statistical analysis

Results are expressed as mean þ SEM. Significance
was assessed using ANOVA, and paired t-tests using
Instat software (GraphPAD Inc, USA) on a PC.

Results

Patient characteristics

A total of 28 subjects (male: female ratio 15: 13); mean
age 55.2 62.14 years (range 33–73 years) were
recruited into the study. Their clinical characteristics
are summarized in Table 1. Of the patients recruited 15

had pure hypercholesterolaemia, 13 had a mixed hyper-
lipaemia.

Effect of vitamin E on plasma lipid and antioxidant
vitamin levels

There was no significant change in mean plasma total-,
calculated LDL-, or HDL-cholesterol, triglycerides, or
ascorbic acid and retinol during treatment with placebo
or vitamin E supplementation (Figure 1c-f). Although
plasma a-tocopherol levels were not affected by treat-
ment with placebo, they increased significantly following
3 weeks treatment with vitamin E (P<0.0001,
38.38 6 1.68 mg/l vs. 20.36 6 0.99 mg/l), by six weeks
of supplementation the plasma a-tocopherol levels
had plateaued (P<0.0001, 36.42 6 1.7 mg/l vs.
20.36 6 0.99 mg/l) (Figure 1a). Over the experimental
period there was a substantial increase in plasma a-
tocopherol levels in most of the subjects (range 3–188%)
(Figure 1b).

Effects of vitamin E supplementation on platelet
aggregation ex vivo

There was no significant change in the mean EC50(U/l)
following placebo treatment. After 3 weeks of vitamin
E supplementation, the EC50 increased by approxi-
mately 47% (420.5 6102.9 U/l vs. 278.4 644.1 U/l) but
this failed to reach significance. However, after 6 weeks of
treatment with vitamin E a further increase in EC50(U/l) of
132% was observed (664.0 6103 U/l vs 278.4 644.1 U/l,
P<0.05) (Figure 2). Over the trial period vitamin E was
found to have a significant inhibitory effect on thrombin-
induced platelet aggregation (P<0.01, ANOVA, n¼ 12).

Effects of vitamin E supplementation on monocyte
adhesion ex vivo

The basal adherence of mononuclear cells to confluent
EaHy endothelial cells was approximately12% and 70%
to tissue culture plastic. Neither placebo, nor vitamin E
treatment significantly affected mononuclear cell adhe-
sion over the duration of the study (Figure 3).
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Table 1 –Basal characteristics of the hypercholesterolaemic
subjects.

n 28

mean age 55.2 62.1
M:F ratio 15:13
Pure hypercholesterolaemia 15
Mixed hyperlipidaemia 13

Lipoprotein profile
mean total serum cholesterol (mmol/l) 7.08 60.15
mean HDL cholesterol (mmol/l) 1.29 60.05
mean LDL cholesterol (mmol/l) 4.93 60.15
mean total triglycerides (mmol/l) 1.98 60.15

Plasma antioxidant concentrations
Vitamin A (mg/l) 0.71 60.02
Vitamin E (mg/l) 19.39 60.95
Vitamin C (mmol/l) 60.81 63.76
Dehydroascorbate (mmol/l) 5.85 60.55

Cell Function
Monocyte adhesion to ECs (%) 12.15 61.36
Monocyte adhesion to plastic (%) 70.99 63.16
Platelet aggregability to Thrombin (EC50) (U/l) 286 633

Figure 1. a, Effects of placebo and vitamin E supplementation
on mean plasma a-tocopherol levels (mean 6SEM, *
P<0.0001 vs. baseline or placebo). b, Graph showing the
individual a-tocopherol responses to six weeks
supplementation with vitamin E. Effects of vitamin E
supplementation on: c, plasma lipoprotein cholesterol levels. B
total cholesterol, O LDL cholesterol XHDL cholesterol.
d, plasma triglyceride concentrations. e, plasma vitamin A. f,
plasma vitamin C levels.
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Discussion

Effect of vitamin E supplementation on plasma lipid and
antioxidant vitamin profiles

Treatment with placebo or vitamin E at a dose of 400 IU
per day was not associated with any significant effects on
plasma total-, LDL-, or HDL-cholesterol, or triglycerides.
These findings are consistent with previous reports
(Szczeklik et al. 1985; Salonen et al. 1991), although
others have reported that vitamin E supplements
decrease plasma cholesterol levels (Cloarec et al. 1987).

Mean plasma a-tocopherol levels increased by
approximately two-fold following vitamin E supplementa-
tion at a dose of 400 IU per day, which is similar to that
reported by Princen et al. (1995) using the same dose.
Mean plasma levels of the other antioxidant vitamins (A &
C) were not affected by vitamin E supplementation at this
dose.

Vitamin E supplementation did not affect mononuclear
cell adhesion ex vivo

Over the duration of the present study, vitamin E supple-
mentation at 400 IU per day had no significant effect on
monocyte adhesion ex vivo. This was so whether exam-
ining their adherence to the endothelial cell line, EaHy, or
to tissue culture plastic. A recent paper by Devaraj et al.
(1996) reported that supplementation with 1200 IU per
day vitamin E led to a significant decrease in monocyte
adhesion to human umbilical vein endothelial cells. This
difference could be explained by the use of a much larger
dose of vitamin E in this study and the fact that this group
were looking at adhesion to primary cultured human
umbilical vein endothelial cells as opposed to the cell
line used in our study.

Vitamin E supplementation inhibits thrombin induced
platelet aggregation ex vivo

Vitamin E supplementation, at a dose of 400 IU per day
for six weeks caused a significant increase in the EC50 of
thrombin-induced platelet aggregation, indicative of
decreased platelet sensitivity to the effects of this
agonist. Srivastava (1986) and Fong (1976) have pre-
viously shown that vitamin E inhibits platelet aggregation
in vitro, whilst the effects of vitamin E supplements on
platelet aggregation ex vivo are less clear. Although
Steiner (1983) have reported a small but significant
inhibition of platelet aggregation at high levels of supple-
mentation (up to 1200 IU per day), other groups
(Stampfer et al. 1988; Salonen et al. 1991) failed to
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observe any significant inhibitory effect. However, the
latter studies were performed on healthy volunteers,
whose basal platelet reactivity may be less marked.
Another study of the effects of vitamin E supplementation
at a dose of 600 IU per day for 14 days in patients with
hyperlipidaemia demonstrated that vitamin E inhibited
arachidonic acid and adenosine diphosphate-induced
aggregation (Szczeklik et al. 1985). However, the sub-
jects in their study were more heterogeneous, several
having clinically overt arterial disease. Only four of the
sample population were asymptomatic, while in our
study, none of the patients had evidence of heart dis-
ease. We have not established the mode of action by
which vitamin E inhibits thrombin induced platelet aggre-
gation or whether this inhibitory effect is observed when
other agonists such as collagen, arachidonic acid or
adenosine diphosphate are employed, though
Szczeklik et al. (1985) have reported an inhibition of
archidonic acid and adenosine diphosphate induced
aggregation by vitamin E. It is possible that vitamin E
has a stabilizing effect on the platelet membrane (Steiner
1981) through its interactions with polyunsaturated fatty
acids (Diplock & Lucy 1973). Vitamin E may also alter the
activity of cyclo-oxygenase (Ali et al. 1980) or lipoxygen-
ase (Mower & Steiner 1983), key enzymes in the aggre-
gatory process. A further mechanism by which vitamin E
may inhibit platelet aggregation is via its ability to sca-
venge reactive oxygen species. Previous reports indicate
that these are released during platelet aggregation, and
that antioxidants can inhibit aggregation in vitro
(reviewed by Salvemini & Botting 1990).

Vitamin E in coronary prevention

Our data indicate that vitamin E supplementation may be
beneficial in coronary prevention due to its capacity to
inhibit platelet aggregation. Its effects were observed
within weeks of starting supplements, and this may be
one explanation for the rapid reduction in myocardial
events following vitamin E supplementation observed in
the CHAOS trial (Stephens et al. 1996). Clearly longer-
term benefits may accrue from its effects on LDL oxida-
tion (Steinberg et al. 1989) and smooth muscle cell
proliferation (Konneh et al. 1995).
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