Circulation @

Learn and Live..

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Long-Term Ascorbic Acid Administration Rever ses Endothelial Vasomotor
Dysfunction in Patients With Coronary Artery Disease
Noyan Gokce, John F. Keaney, Jr, Balz Frei, Monika Holbrook, Mariusz Olesiak,
Benoy J. Zachariah, Christiaan Leeuwenburgh, Jay W. Heinecke and Joseph A. Vita

Circulation 1999;99;3234-3240
Circulation is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX
72514
Copyright © 1999 American Heart Association. All rights reserved. Print ISSN: 0009-7322. Online
ISSN: 1524-4539

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://circ.ahajournal s.org/cgi/content/full/99/25/3234

Subscriptions: Information about subscribing to Circulation is online at
http://circ.ahajournal s.org/subscriptions/

Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. Fax:
410-528-8550. E-mail:

journal permissions@l|ww.com

Reprints: Information about reprints can be found online at
http://www.Ilww.com/reprints

Downloaded from circ.ahgjournals.org at University Of Melbourne Library on September 2, 2010


http://circ.ahajournals.org/cgi/content/full/99/25/3234
http://circ.ahajournals.org/subscriptions/
mailto:journalpermissions@lww.com
http://www.lww.com/reprints
http://circ.ahajournals.org

Long-Term Ascorbic Acid Administration Reverses
Endothelial Vasomotor Dysfunction in Patients With
Coronary Artery Disease

Noyan Gokce, MD; John F. Keaney, Jr, MD; Balz Frei, PhD; Monika Holbrook, MS;
Mariusz Olesiak, BS; Benoy J. Zachariah, MD; Christiaan Leeuwenburgh, PhD;
Jay W. Heinecke, MD; Joseph A. Vita, MD

Background—Loss of endothelium-derived nitric oxide (EDNO) contributes to the clinical expression of coronary artery
disease (CAD). Increased oxidative stress has been linked to impaired endothelial vasomotor function in atherosclerosis,
and recent studies demonstrated that short-term ascorbic acid treatment improves endothelial function.

Methods and Results—In a randomized, double-blind, placebo-controlled study, we examined the effects of single-dose
(2 g PO) and long-term (500 mg/d) ascorbic acid treatment on EDNO-dependent flow-mediated dilation of the brachial
artery in patients with angiographically established CAD. Flow-mediated dilation was examined by high-resolution
vascular ultrasound at baseline, 2 hours after the single dose, and 30 days after long-term treatment in 46 patients with
CAD. Flow-mediated dilation improved from 6.63.5% to 10.1x5.2% after single-dose treatment, and the effect was
sustained after long-term treatment (837%), whereas flow-mediated dilation was 847% at baseline and
remained unchanged after single-dose £481%) and long-term (7:94.5%) treatment with placebd&0.005 by
repeated-measures ANOVA). Plasma ascorbic acid concentrations increased from 41.4+12.9 to 11uthoBU.2
after single-dose treatment and to 9536.1 umol/L after long-term treatmen®(0.001).

Conclusions—In patients with CAD, long-term ascorbic acid treatment has a sustained beneficial effect on EDNO action.
Because endothelial dysfunction may contribute to the pathogenesis of cardiovascular events, this study indicates tha
ascorbic acid treatment may benefit patients with CAQirculation. 1999;99:3234-3240.)

Key Words: coronary diseasa endotheliuma vitamins

Endothelium-derived nitric oxide (EDNO) plays a critical that short-term ascorbic acid treatment significantly improves

role in the regulation of vasomotor tone, platelet activity, EDNO-mediated vasodilation in forearm resistance vessels of

and leukocyte adhesion to the vascular WaDNO action is patients with coronary risk factd¥8° and the coronary

impaired in coronary artery disease (CAD) and may contrib- arteries of patients with hypertension.

ute to its clinical expressioh.Recent studies suggest that Although the short-term effects of ascorbic acid on endo-

increased vascular production of superoxide anion contrib- thelial function are well established, the potential role of

utes to impaired EDNO action in atherosclerdsisnother ascorbic acid for long-term therapy for CAD has not previ-

feature of atherosclerosis is vascular accumulation of oxi- ously been examined. The purpose of this study was to

dized LDL (ox-LDL), which is cytotoxic, inhibits NO release  determine whether long-term ascorbic acid supplementation

from endothelial cells, and may inactivate NO direcitly. is associated with sustained improvement in endothelial
A link between these abnormalities and impaired EDNO function and to gain insights into the mechanisms of that

action is supported by studies demonstrating improved endo- effect.

thelium-dependent dilation after treatment with antioxidants,

including ascorbic acid (vitamin CG)2 Ascorbic acid scav- Methods

enges superoxide aniéfjnhibits LDL oxidation}* and also

lays an important role in the control of intracellular redox ; X ) . .
play P Patients with angiographically documented CAER:-1( stenosis

statet _We Pre_ViOUS'V demons_,trated thata singlg oral d_osg of >50%) were eligible for study. Patients were excluded if they had
ascorbic acid improves brachial artery flow-mediated dilation ynstable angina, acute myocardial infarction within 1 week, uncon-

in patients with CAD: Other investigators have also reported trolled hypertension, congestive heart failure, or any other condition

Research Subjects
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that would preclude safely withholding vasoactive medications. TABLE 1. Clinical Characteristics
Other exclusion criteria included clinically significant valvular heart
disease, use of antioxidant vitamins (vitamin C or EBetarotene) Placebo Ascorbic Acid
within 1 month, initiation of cholesterol-lowering therapy within 6 No. 25 29

months, and estrogen replacement therapy. All subjects provided

written informed consent. Age, y 54+9 56=12
Male 25 (100) 17 (81)*
Study P_f0t000| . . _ Prior myocardial infarction 17 (68) 16 (76)
Each subject made 2 visits 3Q days apart. _Subjec_ts were instructed Tobacco use, pack-y 4029 33+33
not to eat or drink on the morning of each visit and, if applicable, not
to smoke for at least 24 hours. All medications were held>$d2 Current tobacco use 6 (24) 5(23)
hours, and all long-acting vasoactive medications were held-&3 Diabetes mellitus 3(12) 7(33)
hours before evaluation. )

During the first visit, vital signs were recorded and fasting blood Hypertension 20 (80) 13(62)
and urine samples were obtained. Flow-mediated dilation of the  Family history of premature CAD 10 (40) 7(33)
brachial artery was determined noninvasively with vascular ultra- Exercise (>3 times/wk) 15 (60) 14 (67)
sound as previously describe# Hyperemia was induced by a cuff » .
that was inflated on the proximal portion of the upper arm to occlude ~ Lipid-lowering agent 14.(56) 12(57)
arterial flow (>200 mm Hg) for 5 minutes and then rapidly deflated. ACE inhibitor 7 (28) 5 (24)
Ultrasou_nd images of the_ bronchial artery were obtained at baseline Aspirin 25 (100) 21 (100)
and 1 minute after deflation. )

In a randomized, double-blind fashion, subjects were then treated  Body weight, kg 89+14 8717

with ascorbic acid (2 g PO) or matched placebo tablets (Leiner  vajues are mean=SD or n (%).
Health Products). Two hours after treatment, vital signs were  «p—0 03 for sex. Diabetes mellitus was defined by history or fasting glucose
recorded, a blood sample was obtained, and the noninvasive assesss. 149 mg/dL; hypertension was defined by history or blood pressure
ment of flow-mediated dilation was repeated. After a 10-minute rest — 440/90 mm Hg.
period, brachial images were obtained before and 3 minutes after
sublingual nitroglycerin (0.4 mg). Nitroglycerin was omitted if the o ) ) )
systolic blood pressure was100 mm Hg or if the subject had ~ To gain insight into the effect of ascorbic acid treatment on
previously had an adverse reaction to nitroglycerin. intracellular glutathione, leukocytes were isolated by density gradi-
Subjects continued their assigned treatment (ascorbic acid 500 ent centrifugation (1-Step, Accurate Chemical and Scientific Co) and
mg/d or placebo) for the next month. They were instructed to take precipitated with 5% metaphosphoric acid before storage7d°C.
their study medication on the morning of the return visit, but all Leukocyte glutathione concentration (oxidized plus reduced) was
vasoactive medications were held as for the initial visit. Vital signs determined with a 5/5dithiobis(2-nitrobenzoid acid)-glutathione
were recorded, blood and urine samples were collected, and thedisulfide reductase kinetic assay as previously descriped.
noninvasive assessment of flow-mediated dilation and nitroglycer-
in-mediated dilation were again performed. Statistical Analyses
Ultrasound images were digitized, and vessel diameter was mea-pata are presented as mez®D unless otherwise indicated. Clinical
sured by use of validated, customized software by personnel blinded characteristics for the 2 treatment groups were compared by the
to both image sequence and treatment assignfridiaiimal hyper- unpairedt test or they test as appropriate. The effect of treatment
emic flow was estimated by use of velocity-flow integrals and vessel on prachial artery diameter, flow-mediated dilation, hyperemic flow,
cross-sectional area as previously described. and the biochemical analyses listed above were compared by
. . repeated-measures ANOVA with post hoc Student-Newman-Keuls
Biochemical Analyses comparison. Statistical analysis was performed with SigmaStat for
Serum total cholesterol, triglycerides, HDL cholesterol, and glucose Windows 2.03 (SPSS Inc).
were determined with an automated analyzer (Hitachi Instruments).

LDL cholesterol was calculated according to the Friedewald formu- Results
la.14 Ascorbic acid concentrations were determined in metaphospho- ] o
ric acid—precipitated plasma that was storee @Z0°C as describet Subject Characteristics

A blinded post hoc analysis was performed to explore the effect of Fifty-five subjects were enrolled. Eight were excluded before

treatment on mark_ers of lipoprotein oxidation and cellular glutathi- the data were unblinded because of poor image quality. One
one with consecutive samples selected at random from each treat-

ment group without regard to clinical characteristics or vascular Sgbject was ?XCI_U(_jed be(?ause his physician i.ni'tiated therapy
function. We determined plasma concentrations of 8-epi-prostaglan- with an ACE inhibitor during the study. The clinical charac-
din F,,, a stable and specific marker of in vivo lipid peroxidatién,  teristics of the remaining 46 subjects are shown in Tables 1

with an ELISA kit (Cayman Corp) and a previously described 54 2 There were 4 postmenopausal women in the ascorbic
sample preparation protoct.

0,0'-Dityrosine and-tyrosine have been reported to be products acid group and none in the Placebo grotp=0.03). Ther.e
of myeloperoxidase- and metal ion—catalyzed LDL oxidation, re- Was a trend toward lower fasting glucose concentration in the

spectively?” Dityrosine levels are elevated in LDL isolated from  placebo groupR=0.10). Otherwise, there were no significant

atherosclerotic lesioriS.We measured urine concentrations of these ifferences in baseline characteristics and no change in these
markers with gas chromatography with stable isotope dilution mass - .

spectrometry. Urine samples (1 mL) were supplemented with 10% characteristics during treatment.

(vol/vol) trichloroacetic acid and centrifuged at 14 000 rpm for 5 .

minutes. Then 0.4 mL of urine supplemented with 1@0 of Brachial Artery Responses

trichloroacetic acid and®C-labeled internal standards was loaded As shown in Figure 1, baseline brachial artery flow-mediated

onto a C18 solid-phase extraction column (3 mL; Supelclean SPE; gilation was similar in the ascorbic acid (6:8.5%) and

conditioned as describ&t)). The column was washed with 6 mL of o . .
0.1% trifluoroacetic acid. Amino acids were eluted with 3 mL of placebo (8.6=4.7%) group$0.11). Flow-mediated dila-

10% methanol, concentrated to dryness under vacuum, and thention improved 2 hours after a single 2-g dose of ascorbic acid
derivatized for analysis. (10.1+5.2%/P<0.05). The improvement was sustained after
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TABLE 2. Effect of Treatment on Fasting Serum Lipids
and Glucose

Placebo Ascorbic Acid
Baseline 1 mo Baseline 1 mo
Total cholesterol, mg/dL 21231 203+20 207+46  204+50
HDL, mg/dL 40+11 44+15 39+9 39+6
LDL, mg/dL 133+30  128+26  123+33  117+30
Triglycerides, mg/dL 212+141  180=103 223+135 218*156
Glucose, mg/dL 108+53 101+17 12651 135+66

All data are mean=SD. There were no significant differences between
treatment groups or visits.

treatment for 30 days with 500 mg/d of ascorbic acid
(9.0+3.7%,P<0.05). In contrast, flow-mediated dilation was
unchanged after single-dose (Z8.4%) and long-term

between groups before or after treatment. There were no
differences in the extent of improvement in diabetic subjects
compared with nondiabetic subjects (data not shown). Ascor-
bic acid also improved endothelial function in both men and

women and in subjects who were and were not receiving
lipid-lowering therapy (data not shown).

Subjects With Abnormal Baseline

Flow-Mediated Dilation

In our previous study, subjects with flow-mediated dilation
<5% derived the most benefit from short-term ascorbic acid
treatment In the present study, there were too few subjects
in this category for meaningful analysis. Therefore, we
examined the subset of 33 subjects (16 placebo, 17 ascorbic
acid) with baseline flow-mediated dilatiorzt10%, which
represents the mean response for healthy individuals in our
laboratory. As shown in Figure 2, flow-mediated dilation

(7.9%4.5%) administration of placebo. The response to ascor-improved from 5.2:2.2% to 8.85.0% (P<0.05) after

bic acid was significantly different from the response to
placebo P=0.005). As shown in Figure 1, there were no

single-dose treatment and to 8.8.8% (P<<0.05) after long-
term treatment. In contrast, there was no change in flow-

significant differences between the ascorbic acid and placebomediated dilation from baseline (6:2.3%) after single-dose
groups in the response to sublingual nitroglycerin after (5.9+2.99%) or long-term placebo treatment (52/5%). The
single-dose (13.0+7.6% versus 11.8+4.5%, respectively) or response to ascorbic acid was significantly different from the

long-term (10.%6.2% versus 13.04.8%, respectively)
treatment.

response to placebd®&0.002). As shown in Figure 2, the
response to nitroglycerin was similar in the ascorbic acid and

As shown in Table 3, there were no differences in baseline pjacebo subsets of patients after single-dose treatment
arterial diameter, hyperemia, blood pressure, or heart rate(11 5+3.60% and 11.1+6.0%, respectively) and long-term
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Figure 1. Effect of short-term and long-term oral ascorbic acid
on flow-mediated dilation (top) or nitroglycerin-mediated dilation
(bottom) of brachial artery in patients with CAD. Subjects under-
went brachial ultrasound examination at baseline, 2 hours after
a single 2-g oral dose of ascorbic acid, and after 1 month of
oral 500 mg/d supplementation. Compared with placebo, ascor-
bic acid treatment improved flow-mediated dilation (P=0.005).
Ascorbic acid had no effect on nitroglycerin-mediated dilation.
Data are presented as mean=SEM and are derived from 21
subjects treated with ascorbic acid and 25 subjects treated with
placebo.

treatment (9.2:4.3% and 12t8.7%, respectively). Baseline
vessel diameter, blood flow, hyperemic response, and hemo-
dynamic parameters for the 2 groups were similar at baseline
and after single-dose and long-term treatment. Subjects with
baseline flow-mediated dilatior10% demonstrated no sig-
nificant improvement after single-dose or long-term treat-
ment (data not shown).

Ascorbic Acid, Total Glutathione, and Markers

of Oxidation

As shown in Figure 3, plasma ascorbic acid concentrations at
baseline were similar in the ascorbic acid and placebo groups
(41+13 and 43+x19umol/L, respectively). Plasma concen-
tration increased to 116+34mol/L (P<0.05) 2 hours after
administration of 2 g o&scorbic acid and to 536 wmol/L
(P<0.05) after 30 days of supplementation with 500 mg/d. In
the placebo group, the plasma ascorbic acid concentration
was unchanged after single-dose 40 umol/L) and long-
term (38220 wmol/L) treatment. By repeated-measures
ANOVA, the response to ascorbic acid differed significantly
from placebo P<0.001).

Blood for ascorbic acid concentration was collected
2.6*1.3 hours after the 500-mg dose of ascorbic acid on the
day of the follow-up visit. In a subset of 5 subjects assigned
to ascorbic acid treatment, blood was collected and the
brachial ultrasound was performed at the time of trough
rather than peak ascorbic acid level (24 hours after the dose).
Plasma ascorbic acid in these subjects was ¥®umol/L at
baseline and 62+1umol/L at 30 days (P=0.08), and
flow-mediated dilation was 4:03.4% at baseline and
8.4+4.3% after 30 days of treatmenP=0.009). These
results suggest that the observed improvement in flow-
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Placebo Ascorbic Acid
Parameter Baseline 2h 1 mo Baseline 2h 1 mo
Systolic blood pressure, mm Hg 132+18 135+17 139+22 145+26 140+23 142+26
Diastolic blood pressure, mm Hg 77+9 78+8 77+10 78+8 78+8 7911
Heart rate, bpm 6111 61+13 60+9 60+9 6011 63+9
Artery diameter, mm 45%+0.6 4.4+0.6 46+0.6 43+0.9 43+0.9 44+0.8
Hyperemic flow, % increase 750340 880310 750260 630310 860440 720380

Data are mean=SD. There were no significant differences in these parameters based on treatment, and no significant change was
observed after treatment in either group by repeated-measures ANOVA.

mediated dilation in the whole group did not represent a

short-term effect of the morning dose of ascorbic acid.

Discussion
This randomized, double-blind, placebo-controlled study

We also examined the effects of long-term ascorbic acid demonstrates that a single oral dose of ascorbic acid improves
treatment on markers of lipid and protein oxidation and brachial artery flow-mediated dilation in patients with angio-
leukocyte glutathione levels in subsets of subjects. As shown graphically proven CAD. This beneficial effect is sustained
in Table 4, there was no evidence that long-term ascorbic acid after 1 month of ascorbic acid treatment. The improvement is

treatment reduced plasma 8-epi-prostaglandincBncentra-

tion, urinary 0,0’-dityrosine, oro-tyrosine and no evidence

particularly notable in subjects with less than normal baseline
flow-mediated dilation. The effect on vasomotor function

that treatment increased leukocyte total glutathione concen-could not be attributed to an increase in the stimulus for

tration. The study had 80% powen=0.05) to detect a

change of 46% for 8-epi-prostaglandin,F21% for 0,0'-
dityrosine, and 50% for leukocyte glutathione.

Il Bascline
Acute
{1 Chronic *

Brachial Artery Dilation (%)

Placebo Ascorbic acid

Brachial Artery Dilation (%)

Placebo Ascorbic acid

Figure 2. Effect of short-term and long-term oral ascorbic acid
on flow-mediated dilation (top) or nitroglycerin-mediated dilation
(bottom) of brachial artery in patients with CAD and baseline
flow-mediated dilation <10%. Subjects underwent brachial
ultrasound examination at baseline, 2 hours after a single 2-g
oral dose of ascorbic acid, and after 1 month of oral 500 mg/d
supplementation. Compared with placebo, ascorbic acid
improved flow-mediated dilation (P=0.002). Ascorbic acid had
no effect on nitroglycerin-mediated dilation. Data are presented
as mean=SEM and are derived from 17 subjects treated with
ascorbic acid and 16 subjects treated with placebo.

dilation (hyperemia) or a change in the capacity of the artery
to dilate to an exogenous source of NO (nitroglycerin). Thus,
the study suggests that single-dose and long-term ascorbic
acid treatments improve the production or bioactivity of
EDNO in the brachial artery of patients with CAD.

The findings of the present study confirm the findings of
our previous study in patients with CAnd extend those
findings to long-term treatment. A similar effect of both
single-dose and long-term (2 g/d for 1 month) ascorbic acid
treatment was recently described in the radial arteries of
patients with congestive heart failufeThose improvements
were reversed by intra-arterid®-monomethyle-arginine
infusion, suggesting a dependence on NO synthHé&ecent
studies have also demonstrated improved endothelium-
dependent vasodilation after the short-term administration of
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Figure 3. Effect of ascorbic acid treatment on plasma ascorbic
acid concentration in patients with CAD. Plasma ascorbic acid
concentration was determined at baseline, 2 hours after a single
2-g oral dose of ascorbic acid, and after 1 month of oral 500
mg/d supplementation. Compared with placebo, ascorbic acid
increased plasma ascorbic acid concentration (P=0.001). Data
are presented as mean+SEM and are derived from 21 subjects
treated with ascorbic acid and 25 subjects treated with placebo.
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TABLE 4. Effect of Treatment on Markers of Oxidation and Leukocyte Glutathione

Placebo Ascorbic Acid
Baseline 1 mo Baseline 1 mo
Plasma 8-epi-prostaglandin Fy,, pg/mL 85+30(7) 72+24(7) 59+27 (8) 81+28 (8)
Urine o,0’-dityrosine, pmol/nmol creatinine 5.8+1.3(6) 6.2+1.9 (6 5.6+1.7 (16) 5.7+1.6 (16)

)
Urine o-tyrosine, pmol/nmol creatinine 4.8+2.4 (6) 6.1+1.0 (6) 6.8+3.2 (16) 6.9+2.7 (16)
Leukocyte glutathione, wmol/g protein 6.82.9 (9 6.4+2.4 (9) 7.6+4.1(7) 6.7+£1.9(7)
All data are mean=SD (n). There were no significant differences between treatment groups or visits. Numbers in

parentheses indicate number of subjects in each group.

ascorbic acid in patients with hypertensiorgdult-onset tion for 2 weeks is associated with a 38% decrease in plasma
diabetes mellitug,or cigarette smokirfgor after a high-fat F, isoprostane&s In a preliminary study, we recently dem-
meal2° One previous study failed to demonstrate improve- onstrated a 13% reduction mo’-dityrosine afterw-tocoph-
ment after long-term treatment with a combination of vitamin erol treatment of healthy adulk$.Thus, despite the limited

E, B-carotene, and ascorbic acid (1 g/d for 1 month) in sample sizes, we could have detected changes in these
forearm resistance vessels of patients with hypercholesterol-markers comparable to those of published data. Clearly, it
emiaz! This apparently discordant finding may reflect differ- remains possible that smaller effects were missed or that
ences in patient population and concurrent therapy and/orthese systemic markers do not fully reflect events in the
differential responses of conduit and resistance vessels. vascular wall.

With regard to mechanism, it has been proposed that In addition to scavenging superoxide anion or inhibiting
ascorbic acid improves EDNO action by scavenging super- LDL oxidation, ascorbic acid could alternatively improve
oxide anion and preventing “inactivation” of N&. This EDNO action by sparing intracellular glutathione, which
explanation is attractive because atherosclerosis and hyperiogether with ascorbic acid is the primary regulator of
cholesterolemia are linked to excess generation of superox-intracellular redox stat& A previous study suggested that
ide, and superoxide reacts with NO and eliminates its biolog- ascorbic acid 500 mg/d for 2 weeks increased red blood cell
ical activity?® One caveat lies in the estimation that only glutathione by 47% in healthy subjeétsin support of the
supraphysiological concentrations of ascorbic acid could importance of glutathione for EDNO action, we recently
make this mechanism relevant in vivo. Although ascorbic demonstrated that augmenting intracellular glutathione im-
acid scavenges superoxide, the bimolecular rate constant forproves brachial artery flow-mediated dilation in patients with
this reaction (3.3X10mol/L™! - s7!) is ~10C times less than ~ CAD.23 Our present study failed to show an increase in
the rate constant for the reaction between superoxide and NOleukocyte total glutathione concentration after ascorbic acid
(1.9%10° mol/L™* - s71).20 Assuming an NO concentration of  treatment, which argues against this potential mechanism.
0.1 to 1 wmol/L adjacent to the endothelial surfatZepne However, consideration should also be given to the possibil-
would predict that an ascorbic acid concentration of 10 to ity that ascorbic acid increased the ratio of reduced to
100 mmol/L would be required to preserve EDNO action. We oxidized glutathione rather than total glutathione, although an
recently confirmed this prediction using an in vitro model of investigation of this possibility would pose logistic problems
superoxide-induced endothelial dysfuncti®@nThus, it is that were beyond the scope of this human study. Another
unlikely that extracellular superoxide scavenging is respon- consideration is that leukocyte glutathione levels may not
sible for the observed effects on endothelial function in the accurately reflect the redox status of the vascular wall.
present study, in which the peak plasma ascorbic acid Our finding that long-term ascorbic acid treatment im-
concentration was 11@mol/L. However, it remains possible  proves flow-mediated dilation may be clinically relevant,
that this mechanism was operative in previous studies in because other interventions that improve endothelial function
which intra-arterial infusion produced plasma concentrations have been linked to a reduction in cardiovascular events.

of 1 to 10 mmol/LS8 There is growing evidence that antioxidant status is relevant
Another potential mechanism for the effect of ascorbic acid to the clinical expression of CAB With regard to ascorbic
on endothelial function is inhibition of LDL oxidatioH. acid, leukocyte concentrations are significantly reduced in

ox-LDL is cytotoxic to endothelial cells and may inactivate patients with angiographically documented CAD compared
NO directly# Moreover, ox-LDL inhibits receptor-dependent  with normal subjectd® We recently demonstrated that low
NO release from endothelial cells, an effect that is attributable plasma ascorbic acid levels are associated with the presence
to formation of lysophosphatidylcholine and altered cell of an unstable coronary syndroifePrevious studies have
membrane signal transductiéh.n the present study, we  suggested that ascorbic acid may reduce cardiovascular risk
found that long-term ascorbic acid treatment did not reduce by lowering blood pressute or raising HDL cholesteré?;
plasma 8-epi-prostaglandinFor urine 0,0’-dityrosine con- however, our randomized, double-blind, placebo-controlled
centration. As noted above, the study had sufficient power to study demonstrated no such effects in patients with CAD. In
detect changes of 46% and 21%, respectively, in thesea population study, low dietary ascorbic acid intake50
markers of lipid and protein oxidation. This power compares mg/d) was associated with increased cardiovascular3®isk.
favorably with available data. For example, smoking cessa- Conversely, other studi@s’2 have shown no benefit with
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increased ascorbic acid intake. Such negative findings haveare Established Investigators of the American Heart Association. We
been explained by the failure to consider a sufficiently low acknowledge the superb technical work of Liza Hunter, Timi

intake level, because tissue stores become saturated with al
intake of only 100 mg/@® It remains unknown whether
ascorbic acid treatment will reduce cardiovascular risk in
CAD patients, but the present study suggests that the bene-
ficial effects of such treatment might occur because of 1,
improved endothelial function.

The present study has several limitations. First, we exam-
ined the brachial artery, and inferences about the coronary .,
circulation must be made with caution. However, a recent
study suggested a close relationship between endothelial
dysfunction in these 2 vascular bedsSecond, on the return B
visit, we examined brachial artery flow-mediated dilation at
the time of peak ascorbic acid concentrattofilthough we
also observed a beneficial effect at the time of trough level in
a small subgroup, we do not have such data for the entire
group. It is notable that Hornig and colleagtfealso showed
improved endothelial vasomotor function after long-term e,
therapy both before and after a dose of ascorbic acid in
patients with congestive heart failure. Third, a number of
these subjects with CAD had relatively normal endothelial
vasomotor function and would be expected to have little
response to an intervention. In addition, there was a nonsig- 8.
nificant trend toward higher flow-mediated dilation in the
placebo group. We addressed these issues by examining the
subgroup of patients with baseline flow-mediated dilation

4.

5.

<10%. In that subgroup, baseline responses were morel0.

similar, and as for the group as a whole, ascorbic acid had a

highly significant effect. Fourth, although our study was ;,;

randomized and double-blind, we acknowledge the possibil-

ity that some unmeasured confounding variable could have 12.

influenced the results. Finally, our exploratory investigation
of the effect of ascorbic acid on LDL oxidation was limited
by the small sample size and focused on systemic (rather than
vascular tissue) markers.

In summary, this randomized, double-blind, placebo-
controlled study demonstrates that both single-dose and g
long-term treatment with ascorbic acid improves endothelial
vasomotor function in the brachial artery of patients with
CAD. The improvement in function was accompanied by a
significant rise in plasma ascorbic acid concentration and a
lack of change in blood pressure, lipoprotein profile, or
systemic markers of oxidative damage. We speculate that

ascorbic acid may improve vasomotor function by enhancing -

the intracellular redox state or by some other undetermined
mechanism. The sustained improvement in endothelial func-
tion may, in part, explain the observed epidemiological
findings linking ascorbic acid intake with reduction in risk of
ischemic heart disease. These results provide further justifi-

cation for trials investigating ascorbic acid therapy and 19.

cardiovascular disease.
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