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Effect of Antioxidant Vitamins on Low Dersity Lipoprotein Oxidation
and Impaired Endothelium-Dependent Vasodilation in Patients

With Hypercholesterolemia
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PHILIP R. CASINO, MD, ARSHED A. QUYYUMI, MD. FACC. DANIEL J. RADER, MD,
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Olyectives. The aims of this study were to determine whether
amtioxidant vitamins could reduce the susceptibility of low density

with repeat measurement of both forearm blood flow responsive-
mess to the same agonists and LDL oxidizability.

Results. The maximal Giow in response W acetylcholine was
impaired in patienis compared with that in aormal subjects (9.8 =
78vs. 159 = 3.1 mifmin per 100 ml, p = 0.03), with similar maximal

li (LDL) to and improve endothelivm-
dependent vascdilator in patients with hypercho-
lesterolemia,

Bildpwnd. Allllllls nnd Inn-ani wilh
have vasadilation. In

vitro stodies lw that oxidutively mnlliﬁ:d LDL can impair
nitrie oxide production.

Metkods. Forcarm Dlnnd flow was mensured with strain gauge
plethysmography and brachial artery drug infusious in (9 pa-
tiewts, aged 52 = 9 years, with hypercholesterolemia (mean = SD
total cholesterol 283 + 22 wyg/dl, LDL 197 = 31 mg/dl) and in 14
subjects, aged 48 = 8 years, with normal cholesterol levels (total
cholesterol 169 + 20 mg/dl, LDL 102 % 25 mg/dl). Acetylcholine
(7.5, 15 and 30 pg/min) was utllized as an endothelium-dependent
vasodilator, and sodium nitroprusside (0.8, 1.6 and 32 pgmin)
was used to test enduthellum-independent vasodilation. Cxidative
susceptibility of LDL was by a sp

How to sodium nitroprusside (95 + 42 vs. 90 =
2.8 m¥min per 100 m), p = 8.72). After § month of vitamin theragy,
the onset of LDL oxidatlon was prolonged over buseline measure-
nrents by 71 & 67%, and the maximal rate of cxldation was decreased
by 26 % 25% (both p < 8.001). However, the maximal forearm hload
fow response to acetykcholine remained unchanged from basefine
values fiow after tcholine 90 & 62 vs. 98
7.8 mi/min per 100 m}, p = &.57). This study had 80 power (alpha =
0.05) to exclude a 45% increase ove + baseline value in acetyicholine-
stimuinted flow during vitamin therapy.

Conclusions. Althongh 1 month of administration o antioxidant
vitamin supplements in hypercty ic patients reduced the
susceptibliity nr LDL to axidation, imipairment in endothelial fonc-

nsng of cenjugnted diene production after the addnmn of copper

chloride. Hypercholesterolemic patients then received daily anti-
oxidant vitamin supplements (beta-caroteme [30 mgl, ascorbic
acid [vitamin C] {1,000 mg), vitamin E {800 LU|) for 1 month,

ton ined unaltered. The use of nonvitamin antioddants or
mmnﬁmmmummLDlewls.nsnlllsmmmm
for vascular may be required

to shew a beneficial effect un endothelial vasodilator fanction.
(J Am Coll Cardiol 1994;24:1611-7)

The rale of the endothelium in controlling vascular tone has
been increasingly recognized over the pust decade (1.2). im-
paired cndothelium-dependent vasodilation has been demen-
strated in patients with atherosclerosis (3) and in conditions
predisposing to the development of atherosclerosis, such as
hyperchotesterolemia, even before slrucluml vascular discuse
is establish ‘(4-9)1'h|s ,' | vaso-
dilator resp hok i panems islikely a
of mduced ilability of nitric oxide (9).
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Oxidative modification of luw dcnsny hpoprmem (LDL)
may be imp in the d in
hypercholesterolemic animals and humans (10). Oxidatively
modificd LDL may also impair the function of signal transduc-
tion pathways that link endothelial cell surface receptors to
stimulation of nitric oxide production (11,12). Recent interest
in antioxidant therapy has primarily focused on its antisthero-
genic cfects, whose mechanism is believed (o be the incorpo-
ration of lipophilic antioidant vitamins into the lipoprotein
particle, thus proteciing LDL from the pro-oxidant environ-
ment of the arterial wall. This ctfect could reduce the forma-
tion of foam cells and rctard the development or progression
of atherosclerosis (13). H . protection of LDL from
oxidative modification by antioxidant vitamins conld also im-
prove endothelial production of nitric oxide. Thus, the aim of
this study was to determine whethcr antioxidant vitamins could
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reverse abnormal endothelial function in hypercholesterolemic
patients over a period of time too brief to be likely to affect
atherogenesis.

Methods

Study patients. Hypercholesterolemic patients 18 to 75
years old with fastmg Ioml cholesterol levcls >Eﬂ mydl were
eligible for study. N
olemic patients, 9 men and 10 women aged LY years,
without known atherosclerotic cardiovascular diseasc, were
enrolled. Their lipid profile showed the following values: total
cholesterol 283 + 22 mg/dl, triglycerides 172 + 79 mg/dl, LDL
197 + 31 mg/d! and high-density lipoprotein (HDL) 48 =+
13 mg/dl. All patients were iree from hypmnsmn, diabetes or
ather systemic diseasc and were not receiving modlcanon or
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at 1 ml/min and contimzed throughout drug infusions. Basal
measurements were obiained 3 min after the start of the
infusion. Forearm blood flow was thea measured during
intraarterial infusions of acctylcholine chloride (Sigma Chem-
ical) at 7.5, 15 and 30 pg/min. and sodium nitroprusside at 0.8,
1.6and 3.2 pg/min. Infusion rates (025, 0.5 and 1 mi/min) were
identical for each drug. Each dose of drug was infused for
5 min and forearm blood flow was measured in the last 2 min
of each dose. The order of administration of these drugs was
randomized and a 30-min rest period ensued between infu-
sions,

Tsolstion of LDL. In 14 hypercholesterolemis patients and
8 normal subjects, plasma was separated by low speed centrif-
ugation, To inhibit auto-oxidation, ethylenediaminetetraacetic
acid (EDTA) (1 mg/ml) and butylated hydroxytoluene (BHT)
(4.4 pg/mi) were added to the samples as soon as the plasma

hormone replacement therapy. Three were cig:
No paucnl had taken any cholesterol-lowering agents in the
previous 2 months or any antioxidant vitamin supplements in
the preceding 6 mumhs All pmu:nls had normal findings on
physical i rest {ECG), chest
X-ray study and symptom-limited treadmill exercise test per-
formed with the standard Bruce protocol. No paient experi-
enced angina pectoris or claudication during exercise. Four-
teen healthy volunteer subjects, 6 men and 8 women, aged
48 * 8 years, were aisc studied. Their lipid profile showed the
following valucs: total choll ! 169 = 20 my/dl, triglycerides
83 = 31 mg/dl, LL.L 102 = 25 mg/d] and HDL 50 * 13 mg/dl.
These subjects were screened by clinica! history, ECG and
blood chemistry studics to cnsure the absence of cardiovascu-
lar or other systemic diseasc, and they were riot receiving
medications, vitamin supplements or hormone replacement
therupy.

Protocol. This study was approved hy the National Heart,
Lung. and Blocd Institute Review Board, and all participants
gave written informed consent. Alcohol, caffcine and smokil

was d from the blood cells. To isolate LDL from
plasma, by sequential ultracentrifugation between densities of
1.006 and 1,063 g/ml was performed, as previously described
(15). Before the oxidation assay was begun, individual samples
of LDL were dialyzed in a 400-fold volume of 0.01 molliter
phusphate buffer 0.16 mol/liter sodium chloride (NaCl) solu-
tion (PBS), pH 7.4, with 10 umoliter EDTA {PBS-EDTA) for
24 &, with a change of the dialysis solution after 12 h. LDL
protein determination was performed before the oxidation
asaay by using the BCA method (Pierce) (16).

LDL oxidation asssy. Oxidizability of LDL was asessed
using a specirophotometric technique similar to that described
by Esterbauer et al (17). LDL samples were diluted 1o a final
protein concentration of 50 pg/ml in 1 pmolliter EDTA-PBS.
Ten p of a 0.5 mmol/liter CuCl, solution was added to 1 ml of
LDL (final concentration § umolliter copper chloride
[CuC1;)). Peroxidation of LDL was assessed by using ultra-
violet spectrophotometric absorbance of 234 nm as an index of
con;ugmed diene formaiion after the initiation of oxidation by

were prohibited for 24 h before the study. A cannula (1.75 i in.
[445 cm), 20 gouge, Arrow) was inserted into the brachial
artery of the nondominant arm. A blovd semple for lipid
profiie was obtained. Forcarm bload flow studics were per-
formed by using strain gauge plethysmography, as previously
described for our lnboratory (14}, Briefly, a2 mercury-filled
Silustic sirain gauge J to a pl
EC4, DE Hol ), in turn

(Pharmacia LKB, Biotechnology, Swedcn), was calibrated to
measure forcarm volume changes. A rapid cuff inflator (model
E10, DE Hokanson) was used to acclude venous outflow from
the extremity and & wrist cuff was inflated to 50 mm Hg over
systolic pressure | min before cach measurement to exclude
the hand circulaiion. Forcarm blood flow was expressed as

t was measured a! 10-min intervals for
40 mm and half-hourly thereafier for a total of 7 h. The
change in absorbance with Tespect to time wae divided into
three « ive phascs, as p described: lag time,
propugation phase and d'mnpensallon phase. The lag time
was defined as the interval between initiation of oxidation by
the addition of CuCl, (time 0) and the intercept of the tangent
of the slape of the absorbance curve during the propagation
phase. The propagation phase, in which polyunsaturated fatty
arids of LDL are rapidly converted into conjugated hydroper-
oxides, is represented by the rapid increase in absorbance with
respect to the platean of the lag time. The decompensation
phase is the time period after the poim of maximal absorbance
and is ch fzed by an initial J ir: the absorb
.nr lpproxlmalely 2 b, lollowed by a gradual mr:rense in

duc to .

mimin per 100 mi of forearm vulume. Brachia) artery p
was measured dircctly from the intraarterial catheter (Spacelabs
inodel 90308). Forearm vascular resistance was calculated as the
menn arierial pressure divided by the forearm blood flow and is
expressed as units.

An intraarterial infusion of 5% dextrose solution was begun

of lipid hy
Analytic wethods, Plusma cholesteral and lrlglyrendes
were quantitated by d enzymatic techniques on an
Abbott Laboratories V™S amalyzer. HDL cholesterol was
quantified in plasma after dextran sulfate precipitation. Plasma
beta-carotene and vitamin E levels were measured by high
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Figere 1. Forearm blood flow (epper panel) and resistance 5
flower panel) in response to serial doses of acetylcholine in 1=
14 aormal sub;em (open triangles) and in 19 hypercholes-
terolemic patients at baseline (open circles) and 1 month
after administration of daily aatioxidant vitamin supple-
mcms {beta-carotenc [30 mg], vitamin C (10600 my], vitamin
E |800 FU]) (closed circles). The baseline acetykcholine  §
resporse of hypercholesterolemic patients was lower than 5
that of normal subjects (p < DOI). The acetylcholine B
Tesponse of lrjpcmholcnemlcmlc patients was not altered
by 1 month of ontioxidunt vitamin therapy (p = 026 for &
flow, p = 058 for resistance), Valucs are mean value = 8§ §
SEM. All p values were obrained by analysis of varianee for E g
repeated measures. H] 2
>
E
@
8
w
liquid ch graphy with fi ic detee-

tion (18) Vllumn C levels were measured by the spectropho-
tometric measure of the 2,4-dinitro phenylhydrazine derivative
of d:hydmaseorblc acid {19).
study. After performance of the base-
Ilne LDL oxidzjon assay and forearm flow study, hypercho-
lemic patients ived daily with beta-
carotene (30 mg), vitamin C (ascorbate) (1000 mg) and
vitamin E (dl-alpha-tocopherol acetate) (800 1U) for 4 weeks.
At the end of 4 weeks, paticats retumed 1o the Clinical Center for
blood sampling for repeat studies: LDL isolation for oxidation
assay, measurement of plasma lipid and vitamin levels and
forearm fiow study identical to that performed at baseline.
Statistiel anatysis. Differences between wu means of
continuous data (ages, lipid levels, vitamin levels, LDL oxida-
tion data) were compared by paired or unpaired Student ¢ test
as appropriate. The forcarm flow responses to acelyldu)line
and sodium nitroprusside in the two groups at bascline and in
the hypercholesterolemic patients before and after vmnmm
treatment were compared by analysis of variance for rep
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bars on the tigures represent =1 SEM. A wo-tailed p value <
.05 was accepted s indicating statistical significance.

Results

and sodium nitrop!
side, The forearm vasodilator response to acetylcholine was
significantly lower in hypercholesterolemic patients than in
normual subjects (p < 0.01) (Fig. 1), with a maxime| forcarm
flow of 9.8 + 7.8 mY/min per 100 ml in patients compared to
159 = 8.1 ml/min per 100 mi in normal subjects (p = 0.03).
The relative decrease in forearm vascular resistance with
acetylcholine from a baseline of 37.2 + 24.9 U for patients and
379 = 9.0 U for normal subjects was much lower in patients
thaz in normal subjects (p < 0.01) (Fig. 1). Because hypercho-
lesterolemic patients were slightly older than normal subjects
(52 % 9 vs. 48 = 8 years, p = 0.UB), associntions Letwezn age
and the Icholi

meastires using a multiple linear regression model that in-
cluded dummy variables to correct for variability between
subjects (20). Corelations were performed by Uncar regres-
sion analysis. Data are expressed as mean value =1 SD. Error

] vasodilator resp to were
sought. Ar inverse correlation between age and the moximal
flow response to icholine was present for normal subjects
r=-049,p = 00‘1) but not for hypercholesterolemic

paticats (¢ = 0.005). The maxima) flow in response to acetyl-
choline was lower in male than in feraale hypercholesteralemic
patients (5.9 = 29 vs, 13.4 + 93 mi/min per 100 ml, p = 0.03),
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Figare 2. Forearm blocd flow (spper pawel) and resistance
(lewer pasd) in respanse to scrial doses of sodium nitro-
prusside in 14 normal subtjects (opem Sriangles) and in 19

rcholesterclemic paticats at baselire (open circles) and
1 month afier daily administration of antioxidant vitamin
alemu (clesed circles). Values are mean value *

Basal 0.8 1.8

Sodium Nitroprusside
(ug/min)

whereas it was similar for male and female normal subjects
{15.4 £ 10.0vs. 15.5 =+ 11L0, p = 0.28), The response to sodium
nitroprusside was the same in both groups (Fig. 2), with a peak
flow of 9.5 £ 4.2 mUmin per 100 ml in patients compared to
9.5 + 2.8 mmin per 100 ml in normal subjects (p = 0.72).
Baseline measurement of LDL oxidation. The leg times to
onset of LDL oxidation were similar in patients and normal
subjects (114 * 41 vs, 119 = 16 min, p = 0.68), as were the
maxima! oxidation rates (0.66 vs. 0.60 absorbance/h, p = 0.18).
For normal subjects, the lag time to onset of LDL. oxidation
correlated marginally with the plasma triglyceride level (r =
0,65, p = 0.07) but not with tota! cholesterot (r = 0,00), very
low density lipoprotein {(VLDL) (r = 0.14), LDL {r = 0.24) or
HDL (r = 050) levels. For patients, the lag time of LDL
oxidation correlated marginally with the plasma triglyceride
levels (r = 0.52, p = 0.054) and significantly with the plasma
VLDL {r = 067, p = 0.008) and LDL (r = 0.56, p = 0.035)
levels. Therc was no correlation with the total chol l(r =
0407} or HDL (r = 0.21) levels. Further, there was no
correlation between the lag time 1o onset of LDL oxidation in
hypercholesterolemic patients and their plasma beta-carotene
{r = 0.01), vitamin C (r = 0.40) or vitamir E (r = 0.38) levels.
For both study groups, there was no correlation between the
Iag time to unset of LDL oxidation and the maximal foreanm

32

flow to acetylcholine (r = —0.15 for normal subjects
and r = —0.41 for paticnis).

Vitamin supplements In mic patients,
After 1 -nonth of treatment with beta-carotene, vitamin C and
vium.i.n E :un:lemenn. plasma levels of all three vitamins

d over ine values: bet 021 £ 007
!00.34"' 0,12 mg/dl (p < 0.001); vitamin C1.0 = 03t0 19 =
0.7 mg/idl (p < 0.001); and vitamin E 22 = 0.7 to 35 =
1.9 mg/d] (p = 0.01), The plasma lipid levels (total cholesterol
280 * 43 mg/dL, triglycerides 182 = 114 mg/dl, LDL 192 =
41 mg/dl, MDL 46 * 12 mg/dl) were unchanged from bascline
values.

Effect of vilamin supplements on LDL oxidatien. The
oxidizability of plasma LDL was reduced after | month of
vitamin supplement therapy, with a 71 & 67% increase ia the
Iag time to onset of LDL oxidation (p < 0.001) and a 26 + 25%
decrease in the maximal rate of oxidation (p < 0.001) com-
pared to baseline measurements (Fig. 3). The lag time 10 onset
of LDL oxidation on vitamin supp luted strongly
with the plasma vitamin E levef (r = 0.72, p = 0.003) but got
with the plasma beta-carotenc (r = {.13) or the vitamin C (r =
0.10) level. The lag time to onset of LDL oxidation correlated
significantly with plasma triglyceride (r = 0.73, p = 0.002),
VLDL {r = 0.66, p = 0.009) and LDL (r = 054, p = 0.04)
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Figure 3. Individual lag times to on- 280 5
set of low dmxily lipopmlcin (LDL) — S -
oxidation afier in vitro addition of E % [T}
copper chloride, as assessed by spee- ~ E, 200 .
trophotometric ce at 234-nm o E -
wavelength (left panel) and maximat E 150 '
rates of oxidation (right panel) for  © R -
LDL from 19 hypercholesterolemic 100
paticnts at baseline and 1 month after ’ Iy
daily administration of antioxidant vi- - ~
tamin supplements.

° (1]

Baseling 1 month Bassline 1 month
Lag Time Maximum Rate of Oxidation

levels and inally with the total cholesterol evel (r = 049, line compared with that of nomul subjcm, whereas forearm

p = 0.06) but not with the HDL level (r = 0.15).

Effect of vitamin supplements on forearm vascular re-
sponses. At the 1-month follow-up forearm fiow study during
vitamin therapy, basal blood flow was lower (22 * 0.7vs. 27 =
0.8 ml/min per 100 ml, p < 0.001) and basal forcarm vascular
vesistance higher (45 * 17vs. 36 = 18 U, p << 0.001) than in the
baseline study. Mcan arterial blood pressure was simitar for
both studies (86 = 9 at baseline vs. 88 * 9 mm Hg with
vitamins, p = 0.23). Despite the significant effect of vitamin
therapy on oxidizability of LDL, the vasodilator resporse to
acetylcholine remained depressed (Fig. 1), with the peak
forearm blood fluw of 9.0 * 6.2 ml/min per 100 mi with vitamin
therapy compared 10 9.8 = 7.8 mlimin per 100 ml at buselme
{p = 0.57). The peak forcarm flow resp [ l

flow to the endoth dependent vasoditator
sodium mrmprussrde were similar in the to groups. This
impuirment in acetylcholine-stimulated flow was more pro-
nounced in ntale than in female hypercholesiciolemic patients.
Because oxidatively medificd LDL may inhibit the production
of nitric oxide (11,12). we chose to mensure the oxidative
susceptibility of LDL from hypercholesterolemic paticats nnd
then assess the impact of vitamin supph

on both oxidative susceptibility of LDL and endothelial vaso-
difator function. The susceptibility of LDL to oxidation at base-
line was similar in our hypercholesterolemic patients and normal
subjects, a finding that probably reflects the protective effect of
vn.nmm fmm dietary sources that become incorporated into

was similar beiween bascline and vitamin studies for men (5.9
+ 29 vs. 6.8 = 3.2 mVmin per 100 ml, p = 0.43) and women
(13.4 = 93 vs. 11.0 + 6.0 mi/min per 100 min, p = &.14). The
vasodilator resp to sodium nitroprusside was uachanged
by vitamin supplements (Fig. 2), with peak flows of 94 *

g lipop (17,21-24). However, the heightened re-
feuse and activity of oxygen five radicals in the vessel wall of
hypercholesterolemic patients might rapidly exhaust the protec-
tive effect of distary antioxidant vitamins incorporated into LDL
particles. We hypothesized that antioxidant vitamin supplements
mlght protect LDL from oxidation and improve endothelial

4.7 ml/min per 100 ml with vitamin therapy compared to 9.5 *
4.2 ml/min per 100 ml at baseline (p = 0.81). There was no
corrclation between the time to onset of LDL oxidation and
the maximal forearm flow response to ﬂn.tylcholme (r = 0 06)

The variances for the change in

il of niln: oxide, leadmg to improved vasorelaxation in
I pendent vasodilator agonists.

In hyp Previous

studies pcrfumed in hypemholcslemlcmw patients (4-9) have

o

Y

shown i vasodilation and ni-

Tohnli

forearm fAow were 23.7 for the average

(75, 15 and 30 pg/min) and 515 for the peak .mclylv:hnlme
response. Given the sample size of 19 paticnts, our study has
80% power (alpha = 0.03) to exclude with respect to baseline
values an average increase 245% and a peak increase =47%
in acetylcholine-stimulated forearm flow with vitamin therapy.

Discussion
Consistent with previous reports from our laboratory (9)
and others (6,8), patients with hypercholesterolemia in the
present study exhibited an impaired forearm blood flow re-
sponse to the endothelivm-dependent vasodilator acetylcho-

tric oxide bioavailability. Studies performed on animal arterial
tissue in vitro have provided mslghts mlu the mcchamsms 0f
this ab | endothelial furiction in hyperch

Mangin et al, (11) showed that oxidatively modificd LDL., but
not native LDL, impairs the vasorelaxant response of arterial
rings ta acetylcholine, Shimokawa et al. (12) showed that the
partussis ioxi itive Gi protcin-dependent signal d
tion pathway linked to adenylyl cyclase (urilized by acetylcho-
line and other agonists) is impaired in tissue from hypercho-
lesterolemic snismals with carly atherosclernsis. Keaney et al.
(25) recently reported that vitamin E (approximately 3,000
[U/day) fed to hypercholesterolemic rabbits for 28 days, in-
creasing plasma levels by >600% and aortic tissuc levels by
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10-fold with respect to nnntml levels. pmlonged the Iag tlme of
LDL oxidation and i
of arterial rings from these animals.

hutioxidant vitamins in hypercholesierolemia, These ob-
servations provided incentive for our study investigating the
effect of a combination of antioxidant vitamins previously
shown to reduce the susceptibility of LDL from humans to
oxidation. We found that 1 month of vitamin supplementation
with relatively high du-es of beta-carotene, vitamin C and
viamin E increased plasma levels of these vitamins and

longed the onset of of LDL and d d the
maximal rate of LDL oxidstion from hypercholesterolemic
patients, responses similar to those reported in normal subjects
(26-28) and cigarette smokers (29). The prolongation of time
to onset of LDL oxidation in hypercholesicrolemic patients
correlated strongly with the plasma level of vitamin E after 1
month of administration, but not with plasma levels of the
other vnumms. suggcstlng lhat the mn,or nmlmdnm effect of
the vi we d was p dered by vita-

JACC Vol. 24, No. 7
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dase of vitamin E almost fourfold higher than that used in our

study.

Finally, the lack of enh of ylcholi
stinulated forearm blood flow after antioxidant vitamin sup-
plementation in our study raises the possibility that oxidized
LDL is not entirely responsible for depressed endotheliva-
dependent vasodilation in hypercholesterolemic humans. Su-
y«:roxide anions and other reactive oxygen species produced
within the vessel wall in hypercholesterolemia (39) may be
unaffected by antioxidant vitamins, resulting in persistent
smooth muscle constriction (40) or degradation of nitric oxide
to biologically inactive nitrogen oxide compounds (41). Non-
vitamin antioxidants or antioxidant enzymes or concomiiant
reduction in LDL levels may be required to show improvement
in endothelium-dependent vasodilation in hypercholester-
olemic patients. Additionally, more sensitive techniques may
be required to show longterm changes in forearm vascular
responsiveness.

min E. The strong correlation of the lag umc of LDL oxidation
with triglycerides and VLDL levels in hypercholesterolemic
patients, both before and after vitamin supplementation, may
indicate the importance of triglycerides in determining plasma
vitamin E levels or in the incorporation of vitamin E into the
LDL particle (30). However, despite the beneficial effects of
vitamins on oxidizability of plasma LDL from hypercholester-
olcmlc pntlcnts in our study, the forearm flow response to the

dent vasodilator icholine was not f.a-
pnwed nfu.r 1 mumh of vitamin supplementation.

ins and
There are several potential reasons why we did not see an
improvement in endothelial responsivenes« despite an antiox-
idant cffect of vitamias on plasma LDL. First, with our sample
size of 19 paticnts and the variance of blood flow measure-
ments in fesponsc to acetylcholine, our study rules out a 245%
mﬂease in flow with vitamin |herapy over baselm vallus
dingly, a lesser imp in h

flow could have becn missed by our study, Second, the defect
in endothelial function in hypercholesterolemic patients may
be irreversibie. This possibility is somewhat unlikely as recent
studies have indicated that impaired endothelinm-dependent
vasodilator responscs in hypercholesterolemic paticnts can be
improved by administration of L-arginine, the substrate for
nitric axide production by way of nitric oxide synthase in the
endothelium (31-33), although & recent study (34) did not
confirm this finding. Further, several studics (35—38) mdlcale
that tipid reduction therapy i dotheli
vasodilator function in h hol ic paticnts. Thn'd a
beneficial effect of vitamin supplementation may require
higher doses of vitamins or longer duration of administration
ta permit LDL with greater antioxidant vitamin content to
penetrate the vessel wall and accumulate in sufficient quantity
to affect endothelial nitric oxide production or bioavailability.
In this regard, Keaney et al. (25) showed in hypercholester-
olemic rabbits weighing ~3 kg vascular benefit of a total daily

We are grateful to Myron Wuclawiw, PhDD for statisticm asivice; Diane A. Bader,
RN, Crescence N, Kilcoyne, RN, Marie Kindt and William Schenke for technical
assistance, and Toni Julin for typing the manucript.
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