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Human aortic endothelial cells (HAEC) were used to investigate the protective role of vitamin E (a-tocopherol)
against oxLDL in vitro. HAEC exposed to oxLDL (200 mg LDL protein/mL) significantly decreased cell viability
by 36%. HAEC presupplemented with 14, 28, and 53mM a-tocopherol in the media dose-dependently increased
cell resistance to cytotoxic injury from oxLDL (200mg protein/mL) as reflected by the number of cells remaining
attached to the flask: 3.33 105, 3.83 105, 4.93 105, and 5.23 105, respectively, versus 5.13 105 in control
cultures. Prostacyclin (PGI2) produced by HAEC increased after 12-hr incubation with oxLDL, correlating
positively with cell damage and negatively witha-tocopherol concentration in the cells. Under the same
conditions after a 22-hr incubation, a significant decrease in PGI2 production was observed only in HAEC
pretreated with a higha-tocopherol concentration [unsupplemented HAEC: 8396 296 pg/mL versus
a-tocopherol supplemented (53mM): 241 6 79 pg/mg]. Interleukin-1b production was not detected in HAEC
under control conditions or after exposure to oxLDL. HAEC supplemented witha-tocopherol but not exposed to
oxLDL maintained significantly highera-tocopherol concentrations compared with those exposed to oxLDL.
Under phase contrast microscopy, HAEC showed a pronounced elongation of their normal cobblestone
morphology after oxLDL exposure; this change was reduced bya-tocopherol pretreatment. Thus, supplemen-
tation witha-tocopherol protected HAEC by reducing the cytotoxic effect of oxLDL, modulating PGI2 production
without having any effect on IL-1b. (J. Nutr. Biochem. 9:201–208, 1998)© Elsevier Science Inc. 1998
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Introduction

The risk of atherosclerosis is increased when plasma levels
of LDL-cholesterol exceed 160 mg/dL.1 However, the
cellular and molecular mechanisms linking hypercholester-
olemia and elevated LDL to atherosclerosis remain unclear.

The oxidative modification of LDL (oxLDL) may play a
critical role in the pathogenesis of atherosclerosis2 as
suggested by in vivo observations including the presence of
epitopes of oxLDL in atherosclerotic lesions,3,4 and ele-
vated titers of circulating auto-antibodies against oxLDL in
patients with carotid atherosclerosis.5

The modification of LDL seems to be a prerequisite for
its uptake by macrophages;2 when LDL is incubated with
cultured endothelial or smooth muscle cells, it is taken up
much more rapidly.6 oxLDL is taken up by macrophages via
scavenger receptors,7 which can lead to a massive accumu-
lation of cholesterol ester and the formation of a foam
cell.2,8 LDL is susceptible to free radical-mediated oxida-
tion both in vitro and in vivo.9,10 The modification intro-
duced in LDL during incubation with all major cell types
present in the arterial wall,6,11,12and in cell free systems13

is attributable to the oxidation of lipids that subsequently
modify the protein.13,14
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Injury to endothelial cells (EC) represent one of the early
events in the pathogenesis of atherosclerosis.15,16 Injury to
vascular endothelium increases vessel wall permeability and
accumulation of macromolecules in the subendothelial
space.17 The close association of lipid peroxidation events
with cytotoxicity observed in vitro suggest that this phe-
nomenon may be an important mechanism in the develop-
ment of atherosclerosis. oxLDL has been shown to be
cytotoxic for EC18 and smooth muscle cells14 and to impair
endothelium-dependent arterial relaxation.19 Furthermore,
oxLDL enhances the adherence of monocytes to EC20 and
stimulates transcription and secretion of monocyte chemo-
tactic protein-1 (MCP-1) by cultured human aortic EC
(HAEC) and smooth muscle cells.21 In response to oxida-
tive stress induced by oxLDL EC produce prostacyclin
(PGI2), which is a vasodilator and potent anti-aggregator of
platelets.22–24Therefore, formation of oxLDL in the arterial
wall may have a profound effect on HAEC production of
chemotactic factors, cytokines, growth factors, and PGI2,
known to play important roles in the development and
progression of atherosclerosis.

Epidemiologic data, clinical trials, and studies of animal
models suggest that dietary and supplemental vitamin E
reduce the risk of cardiovascular disease.25 Vitamin E is the
principal fat-soluble antioxidant in membranes, where it
serves to protect lipids and membrane-bound enzymes from
oxidative modification26–28and also has modulatory effects
on the oxidative signal transduction pathway in the EC.29,30

Vitamin E also protects EC from oxidative stress damage
induced by lipid peroxides in vitro.31 Investigations explor-
ing the effect of oxLDL on aortic endothelial cells from
healthy human, i.e., HAEC, one of the principal vascular
cells directly involved in the atherosclerotic process, are
lacking. In addition to its role as an antioxidant in LDL,13

vitamin E may contribute to the reduction of risk of
atherosclerosis by increasing HAEC resistance to oxLDL
cytotoxicity. Therefore, the goal of this study was to
investigate the role of vitamin E on protecting HAEC when
exposed to oxLDL.

Methods and materials

Human aortic endothelial cell culture

HAEC were purchased from Clonetics Laboratories (San Diego,
CA USA) and cultured in M-199 medium (Gibco, Grand Island,
NY USA) containing 5% fetal bovine serum (FBS) (Sigma
Chemical Co., St. Louis, MO USA). Cultured media also con-
tained 5 ng/mL endothelial cell-derived growth factor (EDGF)
prepared from bovine retina, 100mg/mL heparin (Sigma), 100
U/mL penicillin, 100U/mL streptomycin, and 1.25mg/mL ampho-
tericin B (Sigma). Cells were seeded into T-25 flasks (Corning,
Corning, NY USA) coated with 1% gelatin; grown to confluence
in 5% CO2, 20% O2; and balance N2 at 37°C; and passaged using
calcium- and magnesium-free Hanks balanced saline solution
(HBSS) (Gibco), 0.05% trypsin, and 0.02% EDTA (Sigma). The
culture medium was replaced every 2 days until the cells attained
confluence. HAEC were cultured in gelatin-coated six-well plates
(Corning), examined by phase contrast microscopy, and photo-
graphed to monitor cell growth and confluence. The 24-hr post-
confluent HAEC from Passage 6 were used for experiments.
HAEC were characterized by the presence of von Willebrand
factor antigen using immunofluorescent microscopy.32 The HAEC

had been tested by the vendor (Clonetics Laboratories) for sterility,
mycoplasma, HIV and HBV infection, normal morphology, and
rate of proliferation.

After treatment of HAEC with trypsin 0.05% for 3 min or until
80% of the cells detached, cell viability was determined using a
hemocytometer after an aliquot of suspended cells was mixed with
trypan blue. Cell viability was expressed as the percent of cells
showing exclusion of trypan blue.

Vitamin E supplementation of HAEC

A stock solution of d-a-tocopherol (Kodak, Springfield, NJ USA)
containing 3–10 mg/mL in ethanol was prepared and stored at
270°C. HAEC were supplemented with d-a-tocopherol by drying
the required amount of stock solution and redissolving with 100%
ethanol to achieve a final concentration of 0.05% ethanol in the
culture media. The d-a-tocopherol-ethanol solution was mixed
with FBS (10% final concentration in the media) and incubated at
37°C for 15 min, mixing gently every 5 min. The FBS solution
containing d-a-tocopherol and ethanol was mixed with M-199
culture media. HAEC were incubated with the medium containing
d-a-tocopherol for 24 hr.

Experimental design

Confluent HAEC grown in six-well plates were incubated in media
M-199 containing 0–54 mM d-a-tocopherol for 24 hr. The media
were subsequently removed, HAEC washed twice with M-199,
and new media containing oxLDL (200mg LDL protein/mL)
added. HAEC were incubated for 12 or 22 hr then washed with
HBSS and removed with 0.05% trypsin. Cells were counted, and
after the addition of 1 mM EDTA and 0.01% BHT, stored at
270°C until vitamin E analysis. Supernatant from the culture was
collected in aliquots and stored at270°C for later determination of
vitamin E, prostacyclin (PGI2), and interleukin (IL)-1b.

Vitamin E determination

The vitamin E (a-tocopherol) content of HAEC was measured by
reverse-phase HPLC. Briefly, after sonication, HAEC were sapon-
ified with 30% KOH in the presence of pyrogallol at 50°C for 30
min. Tocol (a gift from Hoffmann-La Roche) was added to the
mixture as an internal standard. Tocopherols were extracted into
2.5-mL hexane containing 0.002% butylated hydroxy toluene
(BHT), dried under nitrogen gas, and reconstituted in 40-mL
methanol. Tocopherols were separated using a 3-mm C18 reverse-
phase column with 100% methanol as the mobile phase.33 Eluted
peaks were detected with a Perkin-Elmer 650-15 fluorescence
spectrophotometer (Norwalk, CT USA) set at 292 nm excitation
and 330 nm emission. Peaks were integrated with a Waters 860
System, and vitamin E concentration expressed as nmol/mg
protein.a-Tocopherol concentration in the media was measured by
HPLC after extracting of 100mL media (mixed with 100mL
ethanol containing tocol) with 0.5 mL hexane containing
0.002% BHT.

PGI2 and IL-1b determination

After the HAEC were incubated with oxLDL for 22 hr, 200mL
aliquots of media were collected and stored at270°C for PGI2 and
IL-1b determination. PGI2 was analyzed by radioimmunoassay
(RIA) for 6-keto-PGF1a, the principal hydration product of PGI2,
as described by Hwang et al.34 and McCosh et al.35 IL-1b in the
media was measured by RIA according to Endres et al.36 and
Lonnemann et al.37 IL-1b concentration was expressed per mL
media and 106 cells.
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Isolation of LDL

LDL (1.019 to 1.063 g/mL) was isolated from plasma by single
vertical spin discontinuous density gradient ultracentrifugation as
described by Chung et al.38 Blood was obtained from normolipi-
demic individuals (,160 mg LDL-cholesterol/dL), in a vacutainer
containing sodium heparin, and centrifuged for 15 min at 2,000
rpm. The density of the plasma was adjusted to 1.21 g/mL by the
addition of solid KBr (0.365 g/mL). Tubes loaded with sample and
gradient were immediately placed in a near vertical tube (NVT) 90
rotor, and centrifuged in a Beckman L7–80M ultracentrifuge at
7°C and 70,000 rpm for 90 min with slow acceleration and
deceleration modes. This procedure yields three lipoprotein frac-
tions banded distinctly, with VLDL at the top, LDL in the upper
middle, and HDL in the lower middle portion of the tube.38 The
isolated LDL was dialyzed using membrane with a cut molecular
weight of 8000 against 150 mM NaCl, 1 mM EDTA at pH 7.4,
filtered and stored at 4°C under nitrogen until used within 4 hr
after isolation. Protein in LDL was measured by the method of
Lowry et al.,39 using bovine serum albumin as standard. The
concentration of cholesterol in isolated LDL was measured using
a commercial diagnostic kit (Boehringer Mannheim, Indianapolis,
IN USA).

Oxidative modification of LDL (oxLDL)

LDL (600 mg LDL protein/mL) was incubated with 10 mM
2,2Õ-azobis-2-amidinopropane (AAPH) at 37°C for 2 hr then
dialyzed against normal saline containing 1 mM EDTA at 4°C for
8 hr by using a membrane with the cut molecular weight of 8,000.
After dialysis, the LDL was sterilized by passing it through a
0.2-mm filter. The extent of oxidative modification of LDL was
determined by measuring its phosphatidylcholine hydroperoxide
(PC-OOH) content. The concentration of AAPH (10 mM) used to
oxidize LDL and the length of the incubation are conditions that
generate a mild oxidized LDL, as other researchers have shown
previously.40 LDL modification was assessed by measuring the
formation of PC-OOH. PC-OOH is oxidation product of phos-
phatidylcholine, which is formed along with cholesterolester
hydroperoxides during LDL oxidation.41 This is the one of the
most sensitive and specific assay to detect very low level of
peroxidation product of polyunsaturated fatty acids of phospholip-
ids in LDL particle. The extent of LDL protein modification was
characterized by gel electrophoresis of native LDL and oxLDL
(see below).

Determination of phosphatidylcholine
hydroperoxide (PC-OOH)

LDL or oxLDL aliquots were extracted with redistilled chloro-
form:methanol (2:1, vol/vol) containing 0.02% BHT. The ratio of
extraction solvent to plasma was 4:1. After centrifugation, the
bottom layer was collected and dried in a rotary evaporator. The
residue was reconstituted in 60mL chloroform:methanol (2:1,
vol/vol) and 20 mL injected into the HPLC. PC-OOH was
measured by HPLC post-column derivatization and detection of
chemiluminescence.42 Briefly, the sample was injected into a
25-cm silica column packed with 5mm particles. PC-OOH was
eluted by applying a mobile phase containing 90% methanol and
10% 2-propanol at a flow rate of 1.4 mL/min. The eluted PC-OOH
was reacted with a chemiluminescence reagent mixture containing
1.21 mM cytochrome C and 8.47 mM luminol (3-aminophthalhy-
drazide) (Sigma) at pH 10.7. The chemiluminescence was mea-
sured with a Tohoku CL-110 detector (Tohoku Electronic Ind.,
Sendai, Japan). The detected peaks were integrated with a Waters
860 system. The PC-OOH standard was synthesized from L-a-
phosphatidylcholine,b-linoleoyl-g-palmitoyl (Sigma) using rose

bengal as a photosensitizer and air to generate singlet oxygen.43

The mixture was irradiated with a high-intensity visible light beam
condensed and guided by fiber optics (American Optical, South-
bridge, MA USA) for 12 hr at ambient temperature. The concen-
tration of standard was calibrated with cumene hydroperoxide
using potassium iodide and the starch reaction.43 A calibration
curve was generated by injecting different concentrations of
PC-OOH standard into the HPLC-chemiluminescence system for
each set of LDL analysis for PC-OOH analysis.

Electrophoresis

Native LDL and oxLDL were examined for Apo B100 modifica-
tion by a denaturing gel system using 5–15% polyacrylamide
gradient gels (Gibco). Fivemg LDL protein samples were loaded
onto gels. The running buffer contained 40 mM Tris-HCl, pH 7.4,
20 mM sodium acetate, 3 mM EDTA, and 0.2% SDS. Electro-
phoresis was performed at 125 V for 70 min. Gels were stained for
4 hr in 25% methanol, 10% acetic acid, and 0.1% coomasie
brilliant blue R-250, and destained overnight in the same solution
without dye.44

Statistical analysis

Analysis of variances followed by Students’t-test comparison was
used to assess the significance of differences of the measured
parameters between treated and untreated HAEC. Data are pre-
sented as mean6 SD with P , 0.05 wasconsidered significant
and denoted by asterisk.

Results

a-Tocopherol supplementation of HAEC

We have shown previously thata-tocopherol is incorpo-
rated into HAEC in a concentration-dependent manner.30

Similarly, HAEC were incubated in the media, which were
supplemented with 0, 14, 28, and 53mM a-tocopherol for
24 hr showed concentration-dependent increases ina-to-
copherol (Figure 1, solid bars). However, when these cells
were exposed to oxLDL,a-tocopherol was consumed by
64, 44, 35, and 46% respectively (P , 0.05) (Figure 1,
hatched bars). oxLDL used in these experiments contained
significant concentration of PC-OOH (6–8 nmol/mg LDL
protein), compared with the control LDL no exposed to
AAPH. The agarose gel electrophoresis of AAPH-oxidized
LDL showed a significant shift in the mobility with appear-
ance of second small band, indicating changes in charges of
protein and some protein fragments attributable to oxidation
(data not shown).

Effect of oxidized-LDL on cell viability

After incubation of HAEC with oxLDL (200mg protein/
mL) for 22 hr, cell viability was significantly reduced from
5.16 0.33 105 cells to 3.36 0.43 105 cells (P , 0.05)
(Figure 2). Concentrations of oxLDL from 100 to 300 mg
LDL protein/mL were tested, and the 200mg/mL dose was
found the most suitable based on cell viability test for these
experiments, without causing extreme cell cytotoxicity
(data not shown). When HAEC were enriched witha-to-
copherol in the media and then exposed to oxLDL, cell
damage was significantly less and cell viability was higher
than in the unsupplemented cells (Figure 2). HAEC en-
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riched with 53 mM a-tocopherol were fully protected
against the cytotoxic effect of oxLDL.

a-Tocopherol consumption during oxLDL exposure

The concentration ofa-tocopherol in unsupplemented
HAEC after incubation with oxLDL was decreased by 64%.
In HAEC presupplemented with 14, 28, and 53mM a-to-
copherol, exposure to oxLDL reduced thea-tocopherol
content of the cells by 44, 35, and 46%, respectively,
compared with HAEC supplemented witha-tocopherol but
not exposed to oxLDL (P , 0.05) (Figure 1). Even though
the percentages ofa-tocopherol consumed were similar,
they represent different concentrations of totala-tocopherol
consumed, being greater in those cells that had higher
concentrations before exposure to oxLDL. The higher
a-tocopherol doses may be associated with a larger number
of a-tocopherol molecules located in the HAEC membrane
interacting with oxLDL to reduce its cytotoxic effect. Thus,
the increased protection provided bya-tocopherol against
oxLDL in a concentration-dependent manner was accom-
panied by an increased utilization ofa-tocopherol.

Effect of oxLDL anda-tocopherol on PGI2 and
IL-1b production by HAEC

Exposure of HAEC to oxLDL for 12 hr increased PGI2
production by 6-fold compared with unexposed controls

Figure 1 a-Tocopherol concentration (mean 6 SD) in HAEC with or without oxLDL and a-tocopherol. Each point represents the mean of two
independent experiments, with triplicates in each experiment.

Figure 2 Effect of oxLDL on HAEC cytotoxicity as expressed by
number of cells remaining attached to the flask (mean 6 SD from
triplicates wells) after 22 h incubation at 37°C. *P , 0.05 compared to
no oxLDL addition. Each point represents the mean of three indepen-
dent experiments, with triplicates in each experiment.
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(839 6 296 vs. 1296 114 ng/mL,P , 0.05) (Figure 3).
In contrast, the oxLDL-induced production of PGI2 by
HAEC pretreated with 53mM a-tocopherol was signifi-
cantly lower than unsupplemented HAEC. However, in-
creasing incubation time with oxLDL to 22 hr, PGI2
production by HAEC increased by 9-fold (Table 1). Pre-
supplementation of HAEC with 14 and 28mM a-tocopherol
was not effective in reducing oxLDL-induced PGI2 produc-
tion relative to controls. Whereas, HAEC presupplemented
with 53 mM a-tocopherol completely prevented oxLDL-
induced PGI2 production (Table 1). Despite substantial
variation in PGI2 data obtained here, the values are consis-
tent with those reported for human saphenous EC exposed
to oxLDL.45 IL-1b production by HAEC (,4 pg/mL) was
not detected in control cultures nor aftera-tocopherol
and/or oxLDL treatment.

Effect of oxidized-LDL on HAEC morphology

After 12 hr of incubation with oxLDL (200mg protein/mL),
HAEC showed changes in their morphology as detected by

phase-contrast microscopy, specifically a pronounced elon-
gation of their normal cobblestone appearance (Figure 4).
However, after 22 hr of incubation with oxLDL, HAEC
showed dramatic changes in morphology. This was associ-
ated with a significant increase in cell death and reduction in
the number of viable cells in the culture (Figure 5b).
Although morphological changes were evident in all ox-
LDL-exposed cells, the extents of the changes and cytotox-
icity attributable to a longer exposure to oxLDL were
relatively lower with increased pre-enrichment of HAEC
with a-tocopherol (Figure 5c–e).

Discussion

HAEC presupplemented witha-tocopherol, protected the
cells from cytotoxic injury induced by oxLDL and de-
creased their production of PGI2, in a dose-dependent
manner. The range ofa-tocopherol concentrations selected
for this study (14 to 53mmol/L) are comparable to plasma
concentrations common among healthy adults (12 to 60mM
with .22 mmol/L usually achieved by supplemental in-
take).46,47 a-Tocopherol has been shown to have a protec-
tive effect against free radical-induced oxidative damage in
several in vitro cell systems including umbilical vein,48

porcine pulmonary artery,49 rat heart muscle,50 and rat
aortic smooth muscle.51 However, the in vitro model used
here, HAEC and oxLDL as a stimulus for oxidative stress,
is particularly relevant to atherosclerosis in human.

As part of the “oxidative modification hypothesis” of
atherosclerosis, oxLDL in addition to its cytotoxic effect on
the EC, it can stimulate HAEC to produce monocyte
chemotactic protein 1 (MCP-1), and increases recruitment
of monocytes into the arterial wall.52 As a corollary of this
hypothesis, antioxidants that protect HAEC from oxLDL-
induced effects, should limit the development of atheroscle-
rosis.25,53

Figure 3 PGI2 production (mean 6 SD) by HAEC after 12 hr incuba-
tion with oxLDL and/or a-tocopherol. *P , 0.05 compared to other
treatments. Each point represents the mean of three independent
experiments, with triplicates in each experiment.

Table 1 Prostacyclin (PGI2) production by HAEC after 22-hr incuba-
tion with oxLDL

Treatment
group oxLDL (mg/mL)

Presupplemented
vitamin E (mM) PGI2 (pg/mL)1

a (control) 0 0 129 6 114
b 200 0 1128 6 978*
c 200 14 2280 6 1482*
d 200 28 941 6 1307
e 200 53 195 6 189

1Values are mean 6 SD.
*P , 0.05 compared to control and treatment e.

Figure 4 Phase contrast photomicrographs of HAEC incubated for
12 hr without oxLDL (a), or with oxLDL (b). Each phase contrast
photomicrograph is representative of four independent experiments,
with triplicates in each experiment.
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Cell-mediated oxidation of LDL has been demonstrated
by all the major cell types present in the vascular wall
including EC, smooth muscle cells, and monocyte/macro-
phages.54,55Cell-mediated oxidation of LDL in cell culture
systems is dependent on the presence of trace amounts of
transition metal ions in the medium.56 Consistent with in
vitro studies, atherosclerotic lesions contain Fe31 and Cu21

sufficient to promote lipid peroxidation.57 AAPH-mediated
LDL oxidation results in the formation of significant
amounts of phospholipid and cholesterolester hydroperox-
ides in the absence of metal ions, which could interfere with
the effect of oxLDL on HAEC. Oxidation of phospholipids
to PC-OOH and related compounds like lysophosphosphati-
dylcholine has been shown to stimulate EC to produce
adhesion molecules.58 PC-OOH has been found to be
augmented in plasma from individuals with hypercholester-
olemia.59 Therefore, oxLDL used in these experiments
contained significant amounts of PC-OOH and other oxida-
tively modified products known involved in the pathogen-
esis of atherosclerosis.

PGI2 produced by EC has anti-aggregatory and vasodi-
latory effects on the vascular system and decreases adhesion
of polymorphonuclear cells (PMN) to EC in vitro.60 PGI2
may serve to protect against noxious stimuli that induce
inflammatory and necrotic responses.61 Under normal phys-
iological conditions the secretion of PGI2 is extremely low
in humans62 but its production is increased by stresses
associated with atherosclerosis and platelet activation.24,62

The increased production of PGI2 in response to stimuli
reflects an active protective process against stress and/or
cell injury. This is supported by studies using drugs24,63and
sheer stress.64 Consistent with these observations, the pro-
duction of PGI2 by HAEC in response to oxLDL exposure
in this study also supports the concept of a protective
response of EC to stress. The levels of PGI2 secreted by

HAEC under these conditions are consistent with those
reported for human saphenous EC exposed to oxLDL.45

IL-1b is a mediator of cell defense and has been
implicated in the pathogenesis of vascular disease.65,66

IL-1b, through autocrine or paracrine signaling, may induce
EC secretion of chemotactic factors and adhesion of mono-
cytes and lymphocytes to the arterial EC and accumulation
in the intima.66–68We have reported that HAEC production
of IL-1b increases with oxidative stress and pretreatment of
the cells witha-tocopherol reduces the subsequent injury
along with decreases in IL-1b production.69 Thomas et al.70

reported that oxLDL may preferentially stimulate human
blood mononuclear cells to release IL-1b. In this study even
though 12 to 22 hr exposure to oxLDL induced cytotoxicity
in HAEC, we observed no changes in IL-1b production. It
is possible that oxLDL might have inactivated IL-1b gene
through inactivation of oxidant sensitive nuclear transcrip-
tion factor-kB signaling pathway,71 which remains to be
determined.

Dietary vitamin E supplementation has been shown to
increasea-tocopherol concentrations and antioxidant capac-
ity of LDL, blood cells, and other tissue.72–74a-Tocopherol
may possess antiatherogenic properties unrelated to its
action on LDL oxidation.75 Our observation indicate that
a-tocopherol protection of HAEC against cytotoxic effect
of oxLDL is another potential mechanism by which gener-
ous intake of vitamin E may contribute to the reduction of
risk of cardiovascular disease as reported by epidemiolog-
ical and clinical trials.76

In conclusion, our data demonstrate that enrichment of
HAEC with a-tocopherol protects these cells from the
cytotoxic effect induced by oxLDL and modulates PGI2
production without any significant effect on IL-1b produc-
tion. Although the significance of oxLDL as a causal factor
in the pathogenesis of atherosclerosis has yet to be estab-

Figure 5 Phase contrast photomicrographs of HAEC incubated for 22 hr without oxLDL (a), or with oxLDL (b), and/or pre-supplemented with
a-tocopherol in media at concentrations of 14 mM (c), 28 mM (d), and 53 mM (e). Each phase contrast photomicrograph is representative of four
independent experiments, with triplicates in each experiment.
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lished in vivo, these findings may be important in defining
the mechanism of protective effect ofa-tocopherol for
atherosclerosis as indicated by epidemiological studies.
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