‘Before the :
FOOD AND DRUG ADMINISTRATION
Washington, D.C. '

In re: Petition for Health Claim:
Vitamin E Dietary Supplements and
Heart Disease

@r

Docket No. 99P-4375 g@,}@

MOTION FORLEAVE TO
SUPPLEMENT COMMENTS WITH NEWLY PUBLISHED SCIENTIFIC
LITERATURE

- Julian M. Whitaker, M.D.; Pure Encapsulations, Inc.; Durk Pearson and Sandy
Shaw; and the American Preventive Medical Association (collectively, “Health Claim
Petitioners”) hereby move to supplement the record in the above-referenced proceeding
with the attached scientific joﬁrnal articles and studies. The articles and studies are
submitted ovér a month in advance of the November 24, 2000 deédlihe set by the agency
(and ordered by the U.S. District Court) for completion of a further evaluation of the
above-referenced claim following FDA’s January 11, 2000 denial of the claim. The |
articles and studies are submitted after the date set by the agency for filing additional
science in this docket; nevertheless, good cause exists for agency review of the -
submission after the agency’s de.adline.

Thréugh diligence the Health Claim Petitioners could ﬁot have filed the studies
and articles in advance of the comment deadline because they have only recently been
published. Moreover, the studies and articles are weighty evidence, in the form of peer-
reviewed scientific literature, that, if omitted from agency analysis, could result in
findings of fact or conclusioné of law that are contradicted by the studies and articles.
The studies and articles reveal that oral supplementation with Vitamin E results in a

reduction in cardiovascular disease risk, and they corroborate the role that lipid oxidation
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and peroxidation modification play in cardiovascular disease etiology and progression. If
FDA elects not to review this scientific literature and suppresses the proposed health
claim based in whole or part on a perceived absence of evidence supporting the claim,
that action would violate the First Amendment. Such an election would ignore proof of
the veracity of the proposed claim at a time when that evidence was available and could
have been reviewed. The agency has more than a month from the date of this filing
before its self-imposed deadline for decision, ample time for it to review the studies and
articles and evaluate their significance. For the foregoing reasons, the Health Claim
Petitioners respectfully request that the agency accept this supplement and the attached
studies and articles for review.

Sincerely,

JULIAN M. WHITAKER, M.D.;

PURE ENCAPSULATIONS, INC,;

DURK PEARSON and SANDY SHAW,

and the AMERICAN PREVENTIVE

MEDICAL ASSOCIATION,

By Counsel:

(e 2N

JonAthan W. Emord
dia A. Lewis-Eng
eanor A. Kolton

Christopher A. Brown

Emord & Associates, P.C.
1050 Seventeenth Street, N.W.
Suite 600
Washington, D.C. 20036
P: (202) 466-6937
F: (202) 466-6938
E-mail: Emordall@erols.com
- Date: October 19, 2000




Before the
FOOD AND DRUG ADMINISTRATION
 Washington, D.C.

In re: Petition for Health Claim: ) ‘
Vitamin E Dietary Supplements and = ) Docket No. 99P-4375
Heart Disease )

)

MEMORANDUM IN SUPPORT OF MOTION

The Health Claim Petitioners respectfully request that FDA review scientific
aﬁicleé and studies described below in connection with its evaluation of the proposed
health claim that is the subject of this rulemaking proceeding.

The scientific articles and studies described below and contaiﬁed in Attachment 1
recently appeared in peer reviewed scientific journals. They provide evidence of
cardiovascular disease risk reduction resulting from oral Vitamin E supplementation and
they corroborate the role that lipid oxidation and peroxidation modification play in
cardiovascular disease etiology and progression. In addition, thé Food and Nutrition
Board (FNB) and the Ihsitute of Medicine (IOM) published its review and analysis of
publicly available scientific evidence citing extensive data supporting the cardiovascular
protective role of vitamin E only this year. Food Nutrition Board and Institute of |

Medicine, Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium and

Carotenoids, Washington, DC, National Academy Press: 2000. (FNB/IOM Repoft). The
FNB and the IOM found credible scientific evidence supporting the role of vitamin E in
reducing the risk of chronic diseases including cardiovascular disease and made the
following assessments:

Vitamin E enrichment of endothelial cellé down-regulates the expression of

intercellular adhesion molecular (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1), thereby decreasing the adhesion of blood cell components to the



endothelium (Cominacini et al., 1997). Vitamin E also up-regulates the expression of
cytosolic phospholipase A2 (Chan et al., 1998; Tran et al., 1996) and ’
cyclooxygenase-1 (Chan et al., 1998). The enhanced expression of these two rate
limiting enzymes in the arachidonic acid cascade explains the observation that
vitamin E, in a dose-dependent fashion, enhanced the release of prostacyclin, a potent
vasodilator and inhibitor of platelet aggregation in humans (Szceklik et al., 1985;
Tran and Chan, 1990).

FNB/IOM Report at 196.

Vitamin E does inhibit LDL oxidation whether induced by cells in culture or by
copper ion in vitro. In addition, vitamin E could affect atherogenesis at a number of
steps, based upon the following in vitro observations:

Vitamin E inhibits smooth muscle cell proliferation through the inhibition of
protein kinase...Vitamin E inhibits platelet adhesion, aggregation, and platelet

- release reactions... Vitamin E inhibits plasma generation of thrombin, a potent
endogenous hormone that binds to platelet receptors and induces
aggregation... Vitamin E decreases monocyte adhesion to the endothelium by
down regulating expression of adhesion molecules.

FNB/IOM Report at 211.

The hypothesis that reactive oxygen species (ROS) and reactive nitrogen species
(RNS) play a role in atherosclerosis rests on a solid basic science foundation and is
strongly supported by studies in animal models. At the clinical level, a variety of
correlational studies and studies of biochemical markers are consistent with the
hypothesis. However, only four published, large-scale, randomized, double-blind
clinical intervention studies have tested the ability of vitamin E to prevent myocardial
infarction. One of these, a secondary prevention trial supplementing with 400 or 800
IU (268 or 567 mg)/day of RRR-a-tocopherol, was strongly positive (Stephens et al.,
1996). The other three, one carried out in a group of high-risk smokers using 50
mg/day of all rac-a-tocopherol (ATBC Cancer Prevention Study Group, 1994) and
two carried out in high-risk cardiovascular patients supplemented with 300 mg/day of
all rac-a-tocopherol (GISSI-Prevenzione Investigaors, 1999)! and 400 IU (268 '
mg)/day of RRR-a-tocopherol (HOPE Study Investigators, 2000)?, were neutral.

FNB/IOM report at 216.

The available data strongly suggests that individuals with diabetes are subject to
increased oxidative stress. However, no clinical intervention trials have tested
directly whether vitamin E can ameliorate the complications of diabetes mellitus. A

' The GISSI-Prevenzione Trial did show a 21% decrease in risk of CHD and 35% decrease in risk of
sudden death, and a 14% decrease in overall mortality with 300 mg vitamin E supplementation.

? HOPE has been criticized for not accounting for the influence of multiple cardiac and anti-platelet .
medications and non-trial use of vitamin E supplementation by both treatment and control groups.



gap remains between the effects of vitamin E treatment on biochemical markers
oxidative stress, clinical efficacy, and validation of a relationship between biomarkers
and clinical outcomes. Studies in humans show that lipid and lipoprotein oxidation
proceed more rapidly in patients with diabetes than in nondiabetic people and that
treatment with vitamin E can partially reverse this process...In theory then,
intervention with vitamin E therapy to inhibit atherogenesis might be more effective
in individual diabetics than in nondiabetics. However, as of this date there are
insufficient data on which to base a recommendation of supplemental vitamin E in
diabetics.

FNB/IOM report at 218.

The FNB/IOM recommendations were focused and based on prevention of classic -
deficiency disease models and they did not include an evaluation of the following
- recently published scientific studies:

1. Boaz M, et al.,, Secondary prevention with antioxidants of cardiovascular
disease in endstage renal disease (SPACE): randomised placebo-controlled trial. Lancet,
2000, 356, 1213-1218. Researchers examined the effect of oral supplementation with 800
IU of vitamin E on the incidence of cardiovascular events in end stage renal disease
(ESRD) patients. This population is especially prone to cardiovascular disease. ESRD
patients have greatly increased oxidative stress and a high rate of mortality due to
cardiovascular events. Their age adjusted mortality rate is 3.5-4 times higher than the
general population with an up to 20 times greater risk of cardiovascular disease. The
double blind placebo controlled study (SPACE) was conducted over a two-year period. 4
The patients who received the vitamin E supplements had a 46% reduction in the primary
cardiovascular endpoint compared to placebo. The vitamin E supplementation group had
a 70% lower incidence of myocardial infarction (fatal and non-fatal). The authors

-explain how the results of this study are consistent with those found in CHAOS. In

addition, they explain the shortcomings of the GISSI and HOPE studies that may account



for differing results. The results of SPACE support the cardiovascular protective role of
Vitamin E supplementation. This study was previously filed by the J oint Health Claim

Petitioners on October 17, 2000, and is not resubmitted here.

2. Islam KN, O'Byrne D, Devaraj S, Palmer B, Grundy SM, Jialal 1. Alpha-
tocopherol supplementation decreases the oxidative susceptibility of LDL in renal failure
patients on dialysis therapy. Atherosclerosis. 2000 ‘May;ISO(l):21 7-24. End stage renal
disease (ESRD) patients are under increased oxidative stress and at high risk of
cardiovascular disease. Researchers examined whether daily dietary supplementation
with oral vitarhiﬁ E (800 IU) can reduce the oxidative susceptibility of LDL in chronié
renal failure patients, both peritoneal dialysis and hemodialysis patients and controls. .
The controlled clinical trial lasted for 12 weeks. The subjects who received vitamin E had
" increased oxidation lag times indicating increased resistance to LDL oxidation and
peroxidation. The authors conclude that daily oral supplementation with 800 IU of

- vitamin E for 12 weeks provides significant protection against LDL oxidation.

3. Jialal I and Abate N, Therapy and Clinical Trials, Current Opin Lipidol. 2000;
11: 93-97. In areview of clinical trials that affect lipid profiles and é_ardiovascular
outcomes, the authors state “much epidemiological data, which appears to be supported
by clinical trials to date, has suggested that tocopherols, especially alpha-tocopherol,
might be beneficial with respect to cardiovascular disease.” Thus, the authors concludé
that the evidence, while not conclusive, supports the proposition that vitamin E may

reduce the risk of cardiovascular disease.

4. Jialal I and Devaraj S. Vitamin E Supplementation and cardiovascular events

in high-risk patients. N Eng J Med. 2000 Jun 22;342(25): 1917-18. In a commentary on



the HOPE study, the authors strongly criticized the HOPE authors’ conclusions and
Stated there is sufficient evidence to support cardioprotective benefits from vitamin E
sui)plementation. As scientists, they note that in a majority of prospective studies a
positive result from vitafnin E supplementation was obtained for either a primary end

point or a secondary end point.

5. Kugiyamé K, etal., Im»pro-vement of endothelial vasomotor dysfunction by
treatment with alpha-tocopherol in patients with high remnant liéoproteins levels. J Am
Coll Cardiol. 1999 May;33(6):1512-8. In a double-blind randomized placebo controlled
study, researchers examined the effects of oral alpha-tocopherol 300 IU/day for four
weeks on endothelial vasomotor functions in brachial arteries of patients with high and
low serum levels of remnants lipoproteins. The flow mediated dilation (FMD) in the
brachial arteries was signiﬁcantly lower in subjects who had high remnant liporpotein
levels than the FMD in those with low remnant levels. Treatment with alpha-tocopherol
significantly increaéed the FMD as cémpared to placebo in subjects With high remnants
lipoproteins levels. The vitamin E did not affect the vasodilatation in response to nitro-
glycerin. The authors concluded that fours weeks of oral Vitamin E supplementaﬁon
improves endothelial vasodilation in subjects who have high remnant lipoprotein levels.
The results of this study support the cardiovascular protective role of Vitamin E

supplementation.

6. Kummerow FA, Olinescu RM, Fleischer L, Handler B, Shinkareva SV. The
relationship of oxidized lipids to coronary artery stenosis. Atherosclerosis. 2000
Mar;149(1):181-90. In this study conducted in a clinical setting, researchers examined

the relationship between lipid peroxides (LPX), acute phase proteins, and total



antioxidant capacity (TOAC) and cardiovascular disease. The researchers examined the
LPX, acute phase proteins and the TOAC in the plasma of angina patients with cardiac
catheterized confirmed stenosis and compared them- to those plasma values obtained from
age and sex matched non-smoking, cardiac disease free patients. The analyses within
different groups of categorical variables revealed that high levels of antioxidant capacity
were associated with a low percentage of stenosis, while highlevelé of LPX, age and
diabetes were all associated with a higher stenosis percentage. The researchers found
LPX concentration to be a dominating factor. The results of this study corroborate the

~ role that lipid oxidation and peroxidation modification play in cardiovascular disease

etiology and progression.

7. Meraji S, Abuja PM, Hayn M, Kostner GM, Morris. R, Oraii S, Tatzber F,
WonischW, Zechner R, Gey KF. Relationship between classic risk factors, plasma
antioxidants and indicators of oxidant stress in angina pectoris (AP) in Tehran.
Atherosclerosis. 2006 Jun;150(2):403-12. In this case controlled study of men with
angina pectoris (AP) and matched controls researchers examined the relationship between
classic risk factors, antioxidant status and indicators related to lipoprotein oxidation and
AP. The AP subjects exhibited a significantly higher index of lipid peroxidation than |
controls. The authors concluded that lipid i)eroxidation independenﬂy contributes to
progression of AP. The results of this study corroborate theb role that lipid oxidation and

peroxidation modification play in cardiovascular disease etiology and progression.

8. Neunteufl T, et al., Effects of vitamin E on chronic and acute endothelial
dysfunction in smokers. J Am Coll Cardiol, 2000, 35: 277-283. In a placebo controlled

randomized study of adult male smokers, researchers examined the effect of oral vitamin



E supplementation on impaired endothelium-dependent vasodilation. The researchers
designed and conducted the trial after previous placebo controlled studies showed that
oral intake of vitamin E improved vascular reactivity in hypercholesteremic men. The
intervention group subjects received daily supplementation of 600IU of all racemic
alpha-tocopherol for four weeks. Compared to placebo, the vitamin E group subjects had
significantly less decline in endothelium-dependent flow-mediated dilation (FMD)' after
acute cigarette smoking. While four weeks of supplementation was not long enough to
affect chronic FMD values, the results of the study demolnstrate a beneficial effect of
vitamin E. In addition the attenuation of transient endothelial dysfunction after acute
smoking correlates with an impro'vement of the antioxidant status under vitamin E
supplementation. The authors conclude that vitamin E exerts a direct tissue effect Which
may account for a cardioprotecive effect independent of its ability to inhibit formation of

oxidized LDL-cholesterol.

9. Ohmura H, Watanabe Y, Hatsumi C, Sato H, Déida H, Mokuno H,
Yaﬁaguchi H. Possible role of high susceptiBility of high-density lipoprotein to lipid
peroxidative modification and oxidized high-density lipoprotein in gepesis of corona;y‘
artery. spasrﬁ. Atherosclerosis. 1999; 142(1):179-84. In a controlled _c_linical trial,
reseafchers examined the relationship between oxidized lipoproteins and the genesis of
coronary artery spasm. The subjects with resting 4angina and atypical chest pain exhibited
lower levels of plasma HDL and higher susceptibility 'of HDL to lipid perokidative
modification as compared to controls. The results of this stﬁdy corroborate the role that
lipid oxidation and peroxidation modification play in cardiovascular disease etiology and

progression.



10. Russo C, Olivieri O, Girelli D, Faccini G, Zenari ML, Lombardi S, Corrocher
R. Anti-oxidant status and lipid peroxidation in peitients with essential hypertension. J
Hypertens. 1998 Sep;16(9):1267-71. In this controlled clinical trial, researchers
examined both the extent of lipoperoxidation in a group of essential hypertensive subjects
compared to matched controls and the status of enzymatic and non-enzymatic anti-
oxidants that potentially are able to modify that condition. In examining the
characteristics of the groups, the researcheré found that'the hypertensive subjects
exhibited lower levels of vitamins A and E, and copper and higher levels of zinc and
plasma malonialdehyde (MDA) and higher GSHPx activity. Other parameters (LDL,
HDL, triglycerides), lifestyle, dietary intake, and alcohol consumption did not différ
between the groups. The authors concluded that the statistical analyses revealed several
significant differences between subjects with essential hypertension and those
normotensive subjects. Essential hypertension is associated with a greater than normal
lipid peroxidation. Impaired antioxidant status or a greater than normal response to
oxidative stress or both are important factors in the pathogenesis of essential hypertension
and/or in arterial damage related to essential hypertension. The results of this study
corroborate the role that lipid oxidation and peroxidation modification play in

cardiovascular disease etiology and progression.

11. van de Vijver LP, et al., Oxidation of LDL and extent of peripheral
atherosclerosis. Free Radic Res. 1999 Aug;31(2):129-39. In a controlled study of the
relationship between peripheral atherosclerosis and LDL oxidation, researchers found
that increased susceptibility of LDL to oxidation'is‘ associated with peripheral

atherosclerosis. That association is demonstrated by a decreased oxidation resistance



time in subjects with peripheral atherosclerosis compared to controls. The results of this
study corroborate the role that lipid oxidation and peroxidation modification play in

cardiovascular disease etiology and progression.

12. Watkins ML, et al., Multivitamin use and mortality in a large prospective
study. Am J Epidemiology 2000 Jul 15; 152 (2): 149-62. In a large prospective study of -
1,063,023 adult Americané over a seven year period, those study participants who had
used oral vitamin supplements had lower death rates from ischemic heart diseases than
those who took no vitamins. The rates of death were even lower for those who consumed
multivitamins in combination with vitamins A, C or E. The authors conclude that the
study results provide evidence that vitamin supplementation, especially when combined
with vitamins A, C and /or E, may reduce death rates from ischemic heart disease in the
general population. The possibility that there are differences other than the use of

vitamin supplements in the self-selected group cannot, however, be ruled out.

13. Yla-Herttuala S. Oxidized LDL and atherogenesis. Ann N Y Acad Sci. 1999
Jun 30;874:134-7. The author presents a comprehensivé review of scientific literature and
concludes that research has provided strong evidence that LDL oXidaﬁon plays an
important role in the pathogenesis of atherosclerosis and cardiovavsc':ular’ diseases. The
author stafes “thefe seems to be no doubt that lipid peroxidation and oxidative damage to
LDL resemble chronic inflammation, which causes various alterations in arterial gene

expression and promotes lesion development.”
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Abstract

Atherosclerotic cardiovascular disease is the leading cause of death in patients with end stage renal disease (ESRD) who have
undergone dialysis treatment. The oxidation of low density lipoprotein (LDL) appears to be a crucial step in the pathogenesis of
atherosclerosis. The increased oxidative stress and attendant increased oxidizability of lipoproteins, such as LDL could contribute
to the accelerated atherosclerosis in dialysis patients. Since o-tocopherol (AT) is the major antioxidant in LDL, the aim of the
present study was to test the effectiveness of RRR-AT supplementation (800 I.U. per day) for 12 weeks on the susceptibility of
LDL to oxidation. The study subjects comprised patients with chronic renal failure on hemodialysis (HD), peritoneal dialysis
(PD), and age and sex matched controls (C). Plasma fatty acids, lipoproteins and AT levels were measured in these subjects before
and after supplementation. Also, LDL AT and oxidizability was studied. LDL was isolated by ultracentrifugation at baseline and
after 12 weeks of supplementatior, and subjected to a 5-h time course of copper catalyzed oxidation. Oxidation was measured by
the formation of conjugated dienes (CD) and lipid peroxides (LP). Supplementation with AT did not alter the plasma lipid or
lipoprotein profile of these subjects. Plasma lipid-standardized AT and LDL AT concentrations were not different among the
groups at baseline. AT supplementation significantly increased plasma lipid-standardized AT (C = 150%, HD = 149%, PD =
217%, P <0.001) and LDL AT concentrations (C = 94%, HD = 94%, PD = 135%, P < 0.003). AT enrichment of LDL resulted in
a significant prolongation in conjugated diene lag phase in all groups (C = 34%, HD = 21%, PD = 54%, P < 0.02). Lipid peroxide
lag phase was also increased significantly in C (27%,) and PD (40%) groups after AT supplementation (P < 0.01). There was a
significant positive correlation between plasma lipid standardized AT and lag phase (r = 0.54, P = 0.0003). Overall, AT decreased
the susceptibility of LDL to oxidation in patients with chronic renal failure but the benefit appears to be greater in patients on
PD. Therefore, AT supplementation may also provide a measure of protection against CAD in patlents with chronic renal failure
on dialysis therapy. © 2000 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Hemodialysis; Peritoneal dialysis; Low-density lipoprotein; Lipid peroxidation; a-Tocopherol; Atherosclerosis; Renal failure

1. Introduction

i icati f systemic
Abbreviations: CAPD, continuous ambulatory peritoneal dialysis; ESRD is a common final complication of sy

ESRD, end stage renal disease; FOX, ferrous oxide—xylenol orange;
HD, hemodialysis; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; OX-LDL, oxidized LDL; PD, peritoneal dialysis; RLP,
remnant lipoprotein; VLDL, very low-density lipoprotein.

* Corresponding author. Tel.: + 1-214-648-9182; fax: + 1-214-648-
8037.

E-mail address: jialal.i@pathology.swmed.edu (1. Jialal)

disorders including diabetes, and hypertension, and var-

ious primary chronic glomerulonephritides, etc. While

there has been a steady increase in the number of
patients developing ESRD, the advent of kidney trans-
plantation and dialysis has prolonged the life span of
ESRD patients con51derably However, the long-term

0021-9150/00/$ - see front matter © 2000 Elsevier Sc:ence Ireland Ltd. All rights reserved.

PII: $0021-9150(99)00410-4



218 K.N. Islam et al. / Atherosclerosis 150 (2000) 217-224

effectiveness of these therapies has been hampered by
the increased incidence of accelerated atherosclerosis in
patients with ESRD. Atherosclerotic cardiovascular dis-
ease is the most common cause of disability and death
in patients maintained on long-term dialysis [1-3]. It
has been reported that the cardiovascular disease in
such patients is 7-fold greater than in the normal
population {I1-3]. It has also been observed that more
than one half of the deaths in dialysis patients could be
attributed to atherosclerotic complications [1-3}. Major
risk factors that may potentially promote atherosclero-
sis in dialysis patients include dyslipidemia, hyperten-
sion and smoking [4]. Patients with chronic renal failure
on dialysis have been reported to have an abnormal
lipoprotein profile characterized by reduced HDL-
cholesterol, moderate hypertriglyceridemia, and in-
creased levels of remnants and lipoprotein(a) [5-10].
Oxidative stress has also been incriminated in the in-
creased cardiovascular morbidity and mortality in pa-
tients with ESRD [11-19]. Evidence for increased
oxidative stress in renal failure include the following:
activation of oxidative metabolism in leukocytes by
dialysis membrane; depletion of antioxidants such as
ascorbic acid, vitamin E, glutathione, glutathione perox-
idase and superoxide dismutase [11], increased MDA
levels in serum, RBC, platelets and peripheral blood
mononuclear cells [12—16]; increased formation of
protein carbonyl and glycation products; and increased
oxidation of VLDL, LDL and increased titer of autoan-
tibodies to oxidized LDL in the plasma of patients on
hemodialysis {17-19]. However, with regard to lipo-
protein oxidation other groups have failed to confirm
this increase [20-23].

Oxidation of LDL is a lipid peroxidation process in
which polyunsaturated fatty acids (PUFASs), mainly
linoleic and arachidonic acid are transformed into lipid
hydroperoxides and then converted to aldehydes [24]. A
wide range of antioxidants, including enzymes (such as
superoxide dismutase and glutathione peroxidase) and
chain-breaking antioxidants (such as ascorbate and o-
tocopherol (AT)) help to prevent LDL oxidation [25].

AT is the most abundant and potent lipid soluble
antioxidant present in LDL and tissues. It is a chain-
breaking antioxidant, trapping peroxyl free radicals.
Several “studies have associated low AT levels with
development of atherosclerosis and a significant inverse
correlation has been found between AT levels and
mortality from coronary artery disease [25-29]. Vitamin
E supplementation has been found to be associated with
a decreased risk of coronary artery disease in men and
women. A recent prospective study of 2002 patients with
coronary artery disease showed that vitaniin E supple-

mentation resulted in a significant reduction in cardio-

vascular death plus non-fatal myocardial infarction.
Various studies have shown the effectiveness of AT in
decreasing LDL oxidation in vitro [25-29]. In vivo

supplementation with at least 400 1.U. per day AT has
been shown to reduce LDL oxidation in healthy men
and women [29]. However, there is a paucity of data on
the effect of AT supplementation on LDL oxidation in
patients on hemodialysis or continuous ambulatory.
peritoneal dialysis. Panzetta et al. [18] showed that 50
LU. per day AT supplementation reduced the suscepti-
bility of LDL to oxidation in hemodialysis patients.
There appears to be no reports on the effect of AT
supplementation in PD patients. Thus, there is insuffi-
cient evidence to conclude that AT supplementation
reduces oxidative susceptibility in chronic renal failure
patients on dialysis. Therefore, the aim of the present
study was to investigate whether dietary supplementa-
tion with AT can reduce the oxidative susceptibility of
LDL in chronic renal failure patients on hemodialysis
and peritoneal dialysis and matched controls.

2. Subjects and methods
2.1. Subjects

The subjects were chosen from a group of chronic
renal failure patients on HD and PD attending the
Renal Dialysis Unit at Parkland Memorial Hospital,
Dallas, Gambro Dialysis Unit, Dallas and Dallas
Nephrology Associates (Fersenius), Dallas. The exclu-
sion criteria were: (1) smoking, (2) ingestion of vitamin
supplements or fish oil, hypolipidemic- drugs, pred-
nisone, anticoagulant therapy, thyroxine, oral contra-
ceptives, antioxidant vitamins for the past 6 months
except for nephrovite (vitamin B, 1.5 mg, B, 1.7 mg, B,
10 mg, B,, 6 mg, biotin 300 mg, nicotinamide 20 mg,
pantothenic acid 10 mg, folate 1 mg, and vitamin C 60
mg); (3) alcohol consumption > 1 oz. per day; and (4)
clinical evidence for cardiovascular disease. No more
than one third of the dialysis patients were diagnosed
with diabetes. The PD group included 17 patients un-
dergoing peritoneal dialysis. The HD group included 16
patients undergoing hemodialysis and the C group in-
cluded 17 healthy controls. The three groups were
matched for age, sex, racial background and body mass
index. In the HD group, the causes of ESRD included
the following: hypertension (n=735), diabetes (n=1),
systemic lupus erythematosis (n = 2), glomerulonephritis
(n=2), reflux nephropathy (n=1), and diabetes and
hypertension (n=15). In the PD group, the causes of
ESRD included the following: hypertension (n=8),
diabetes (n=1), diabetes and hypertension (rn=3),
glomerulonephritis (n =3), IgA nephropathy (n=1),
and chronic pyelonephritis (n = 1). The majority of the

~ time the matched C, HD, and PD patients were studied

together as a group. : :

Fasting blood samples at baseline for isolation of
LDL, the plasma lipoprotein profile, plasma fatty acid
and plasma and LDL AT were collected in tubes
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containing EDTA (1 mg/ml). Blood samples of hemodi-
alysis patlents were drawn immediately prior to initia-
tion of dialysis. All blood samples were collected on ice
and the plasma was separated by low-speed centrifuga-

tion at 4°C. Thereafter, the participants were assigned

to receive RRR-AT capsules at a dose of 800 L.U. per
day for 12 weeks. They were advised to maintain their
usual diet and activities during the 12 weeks and to
report any side effects immediately to the investigators.
The subjects returned to the clinic at 12 weeks. They
continued to take the AT capsules until the day on

- which blood samples were obtained.

The plasma lipid and lipoprotein levels were assayed
by using Lipid Research Clinic’s methodology, except
that cholesterol and triglyceride levels were determined
enzymatically as previously described [29]. Plasma fatty
acids at baseline and after 12 weeks of supplementation
were measured by gas liquid chromatography after
extraction and transmethylation as previously described

[29]. An internal standard (C17:0) was added to all -

samples. Fatty acid standards were obtained from
NuChek Prep. Data are expressed in mmol/l for 14:0,
16:0, 18:0, 18:1, 18:2, 18:3, and 20:4.

The concentration of AT was measured in plasma
and LDL by reverse-phase high-performance liquid

.chromatography following ethanol precipitation and

hexane extraction as previously descried [29]. The
plasma levels of AT were standardized to total plasma
lipids as previously described {29].

LDL (d = 1.019-1.063 g/ml) was isolated by prepara-
tive ultracentrifugation in NaBr-NaCl solution con-
taining 1 mg/ml EDTA as previously described [29].
The isolated LDL was extensively dialyzed against
three exchanges (2, 2, and 1 1) of saline EDTA (150
mmol/l NaCl, 1 mmol/l EDTA, pH 7.4) at 4°C over 24
h. Thereafter the LDL was filtered and stored at 4°C
under nitrogen until protein was measured by the
method of Lowry et al. [29] on the same day using
bovine serum albumin as the standard. LDL oxidation
was undertaken after an overnight dialysis against 1 1
phosphate-buffered saline (PBS), pH 7.4, at 4°C. Thus,

" oxidation studies were performed within 48 h of LDL

isolation by ultracentrifugation. LDL (100 pg/ml) was
oxidized in a cell free system using 5 pmol/l copper in
PBS at 37°C as previously described [29]. The time
course of oxidation was studied over a 5-h period.
Duplicates samples were obtained at 0. 0.5, 1, 1.5, 2, 3,
4, and 5 h. Oxidation was stopped by the addition of
200 pmol/l EDTA and 40 pmol BHT to the samples,
followed by refrigeration.

Two indices of oxidation were used in this study.
Lipid hydroperoxides were quantitated by the FOX
assay [30]. The amount of conjugated dienes formed
during LDL oxidation was determined by measuring
the absorbance of LDL against a PBS blank at 234 nm
following 1:4 dilution of the samples in PBS as previ-

ously described [29]. The data are expressed as the
increase in conjugated dienes over baseline ( AA,s,)
[29]. The rate of LDL oxidation was determined from
the propagation phase of the time—course curve as
previously reported. The lag phase was obtained by
drawing a tangent to the slope of the propagation
phase and extrapolating it to the horizontal axis. The
lag time constitutes the interval from zero time to the
intersection point.

2.2, Statistics

Not all analyses were performed on all subjects en-
tered into the study for a variety of reasons including
patients not showing up, insufficient samples, etc. The
number of subjects in whom data was analyzed is
provided in the Tables and Figures. Results are ex-
pressed as mean + S.D. The Kruskal-Wallis non-para-
metric test was used to assess overall differences
between the three groups for baseline values and re-
sponses to supplementation (post-supplementation-
baseline differences). Follow-up comparisons of
differences between C, HD, and PD were determined
by Wilcoxon rank sum tests, if the Kruskal-Wallis test
was significant. Differences within groups were deter-
mined by Wilcoxon signed rank tests. Pair-wise correla-
tions between variables of interest were determined a
priori and Spearman rank correlation coefficients were
used to- assess these relationships. The level of signifi-
cance was set at «<0.05. Analyses were performed
using SAS (SAS Institute, Cary, NC).

3. Results

Table 1 shows the characteristics of the subjects at
baseline. Both age and body mass index were similar
across the three groups. There were no significant
changes in diet, activity level, or weight while the

- subjects were on supplementation. In addition, none of

the subjects reported any adverse effects of supplemen-
tation, nor did routine laboratory measurements
change. Table 1 also shows the plasma lipid and lipo-
protein profiles of the study participants at baseline and
after AT supplementation at 12 weeks. Both dialysis
groups (HD and PD) had significantly higher plasma
triglycerides and significantly lower plasma HDL-
cholesterol levels at baseline compared to controls.
Furthermore, the HD group had significantly lower
LDL-cholesterol levels relative to controls. Supplemen-
tation with AT had no effect on plasma lipids or
lipoprotein concentrations in any group.

The plasma fatty acid profiles for the subjects are
presented in Table 2. The concentrations of fatty acids
were not significantly different between groups at base-
line, except for significantly higher levels of 18:1 in the
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HD and PD groups. Plasma 18:2 was similar at base-
line in all groups but after AT supplementation the
change in 18:2 was significantly different in HD versus
PD (P <0.05).

Baseline lipid standardized AT levels were not signifi-
cantly different among the three groups. Supplementa-
tion with AT 800 L.U. per day for 12 weeks resulted in
a significant increase in plasma lipid standardized AT
levels in all three groups (Table 3). Similarly, LDL AT
was not different between groups at baseline and in-
creased significantly in the C, HD, and PD groups
(Table 3). Although the PD group appeared to have
greater increases in LDL AT after supplementation,
there were no significant differences in responses be-
tween groups (P = 0.52).

The ratio of plasma AT to plasma polyunsaturated
fatty acids (linoleic and arachidonic acid) was also
calculated. The ratios of AT to PUFA at baseline were
6.6 +3.2,464+1.4, and 6.1 +1.6, for the C, HD and
PD groups, respectively. The hemodialysis patients had
a significantly lower AT/PUFA ratio compared to the
other groups (P =0.04) at baseline. After vitamin E
supplementation, the ratios were increased similarly in
all groups to 12.7+3.7, 12.04+ 3.7, and 15.6 +6.3 in
the C, HD and PD groups, respectively. There was no
significant difference in this ratio between the HD and
PD groups.

The kinetics of LDL oxidation (lag phase, maximum
oxidation and oxidation rate) were quantified from the
time—course curves (Table 4). At baseline the suscepti-
bility of LDL to copper-catalyzed oxidation was similar

Table 1 ) .
Group characteristics and lipid and lipoprotein profile®

Cn=17) HD (n=16) PD (n=17)
Age 394+116 - 384+112 37.2+10.0
Body mass index 273458 240455 ©268+59

(kg/m?)

Total cholestero! (mg/dl)
Week 0 193.04+29.5 166.6 + 44.8 192.6 + 39.6
Week 12 203.2 +£33.9 173.5+37.2 184.5+45.3
Triglyceride (mg}dl)
Week 0* 84.2 +33.7 199.1 £203.5 202.2+4139.4
Week 12 97.7+36.2 202242599 18394889
LDL cholesterol (mg/dl) ‘
Week 0%* 131.2+28.5 99.3 +32.8 121.74+ 39.5
Week 12 138.7 + 34.0 109.8 +33.9 116.1 +45.8
HDL cholesterol (mg/dl) :
Week 0* 50,9 +12.5 35.8+12.3 37.9+20.0
Week 12 51.4 +£13.9 351+ 153

3624142

2 PData are presented as mean + S.D.

* P<0.005, significance in baseline comparisons via Kruskal—Wal-
lis non-parametric test.

** P <0.05, significanice in baseline comparisons via Kruskal-Wal-

lis non-parametric test.

Table 2
Plasma fatty acid profiles for study participants®
C(n=16) HD (n=15) PD (= 16)

14:0
Week 0 0.10 £0.03 0.16 +0.27 0.16 +0.09
Week 12 0.11 £0.05 0.15 +0.21 0.14 £ 0.07
16:0
Week 0 2.3940.39 3.39+284 3.1441.06
Week 12 2.50 4 0.64 3.03+2.16 3.14+0.92
16:1
Week 0 0.22 4+0.11 0.36 +0.41 0.33+£0.22
Week 12 . 026 +£0.14 0.3240.39 0.33+022
18:0
Week 0 0.76 £0.22 0.94 +0.57 0.96 +0.39
Week 12 0.73+0.14 0.93+0.76 0.87 £ 0.26
18:1
Week 0* 2.05+0.58 3.54 +2.65 3.50 +2.05
Week 12 2.19+£0.79 3534418 341 +1.60
18:2
Week 0 3.02+0.61 3.96 +2.85 3.42+0.86
Week 12 3224082 320+ 1.72 3.69

‘ + 1.04%*
18:3
Week 0 0.06 + 0.05 0.09 +£0.10 0.09 +0.07
Week 12 0.06 +0.04 0.09 +0.09 0.08 +0.05
20:4 .
Week 0 0.64 +0.16 0.77 4+ 0.38 0.71 +0.27
Week 12 0.66 £ 0.19 0.70 4 0.25 0.71 £0.27

2 Values are mean + 5.D. and are given in mmol/l.

* P <0.03, significantly different in baseline comparisons via non-
parametric ANOVA.

** P<0.05 change in concentration is significantly different be-
tween HD vs. PD, via Kruskal—Wallxs test; all other comparisons
were non significant.

Table 3
Levels of plasma and LDL AT®

C(n=15) HD (n=15) PD (n=15)

. Plasma lipid-standardized AT (umol{mmol lipid)

Week 0 31111 29409 3.6+ 1.1
Week 12 7.6 £ 2.7 7.3+£2.9* 11.3+9.3*
LDL-AT (nmol/mg protein)
Week 0 214+ 101 179 £ 11.2 21.8+10.5
Week 12.7 | 41.6+22.4%* 34.7 £ 24.1%% 51.2 + 35.6*

2 Data are presented as mean + S.D.

¥ P<0.0001, week O vs. week 12, comparisons were made by
Wilcoxon signed rank test.

** P<0.003, week 0 vs. week 12, comparisons were made by

Wilcoxon signed rank test.

- among the three groups. As shown in Table 4, supple-

mentation with 800 I.U. of AT for 12 weeks resulted in
a significant prolongation of the conjugated diene lag
phase in all groups: C, 34%, P <0.005; HD, 21%;
P =0.0166; and PD, 54%, P = 0.0001. The increase in
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oxidative resistance was greater in the PD group com-
pared with the HD group (P=0.026). A significant
increase in the LP lag phase was also observed in the C
(27%, P =0.0079) and PD (40%, P = 0.0009) but not in
the HD group (20%, P = 0.1937). Supplementation of
control subjects with AT also resulted in a decrease in
the maximum amount of conjugated dienes formed
(P <0.05) and in the rate of formation of both conju-
gated dienes and lipid peroxides (P < 0.05).

Because all three groups had increases in the LDL
lag phase after AT supplementation, the data was
pooled in order to determine correlations. The strongest

Table 4
Effect of AT on LDL oxidation kinetics®
C (n=15) HD (n=15) PD (n=15)
Conjugated dienes lag phase (min)
Week 0 70.74 + 17.91 74.15+12.24 66.94 + 13.33

Week 12 94.63+17.20%*  89.61 £14.35%** 103.12 +26.40™"

Maximum oxidation (nmoljmg protein)
Week 0 394.01 + 68.68 393.75 £92.36
Week 12 356.48+97.85*** 39549 +91.38

380.89 £ 51.42
395.97 £ 112.16

Oxidation rate (nmol/mg protein{min)

Week 0 724 +2.11 7.37+2.10 6.72 +2.27
Week 12 5.59 4 1.85%*+* 7.18 +2.66 5.82 +1.67
Lipid peroxides lug phase (min)

Week 0 79.21 +£20.13 82.45+27.91 80.58 +17.13
Week 12 100.32418.55%** 9885+ 18.17 112.55 +29.42*

Maximum oxidation (nmol/mg protein)
Week 0¥  568.84 +105.24  549.13+139.78  557.39 £ 114.70
Week 12 540.64 £ 196.11  607.88 +156.65  605.33 +136.53

Oxidation rate (nmol{mg protein/min)
Week 0 - 8.63+225 8.94 4 2.06
Week 12 6.86 +2.24*** 9.00 +2.99

8.38 £2.56
7.86+1.80

2 Data are presented as mean + S.D.

* P<0.001, week O versus week 12, comparisons were made by
Wilcoxon signed rank test.

** P<0.005, week 0 versus week 12, comparisons were made by
Wilcoxon signed rank test.

*** P<0.05, week O versus week 12, comparisons were made by
Wilcoxon signed rank test.

t P<0.03, significant difference in delta lag time between HD and
PD, comparison was made by Kruskal-Wallis test.

Table 5
Spearman rank correlation coefficients of AT levels and LDL lag
phase ' '

AAT ALag conjugated

Alag lipid f)er-
dienes oxides
Plasma lipid standardized 0.54* 0.40%*
AT : e
LDL AT 0.23 0.24
* P<0.0005.
** P<0.01

association observed was between changes in conju-
gated diene lag phase and plasma lipid standardized AT
(r=0.542, P=10.0003, n=40). Changes in lipid stan-
dardized AT also correlated significantly with the
change in the lag phase of lipid peroxides (Table 5).
The correlation between LDL AT and lag phase for
either conjugated dienes or lipid peroxides were not
significant.

4. Discussion

Premature atherosclerosis is a major cause of mor-
bidity and mortality in patients undergoing long-term
dialysis. LDL oxidation might be a major mechanism
that results in this premature atherosclerosis. There is
widespread acceptance of the hypothesis that oxidation
of LDL within the arterial wall is a key early event in
the development of atherosclerosis. Increased suscepti-
bility of LDL to in vitro oxidation has been demon-
strated in several groups of patients known to be at
increased risk of developing atherosclerosis [31,32]. To
date, the increased oxidative susceptibility of LDL has
been documented with smoking, hypertension, hyperc-
holesterolemia, diabetes and coronary artery disease
[33]. Some studies have suggested that AT supplemen-
tation can reduce the progression of atherosclerosis in
animal models [25-29]. Since supplementation with AT
can decrease the susceptibility of LDL to oxidation in
human volunteers [25,29] and reduce cardiovascular
end points [34,35], the aim of the present study was to
determine whether dietary supplementation with AT
can reduce the oxidative susceptibility of LDL in pa-
tients on HD and PD. In this study, all subjects were
given AT 800 L.U. per day for 12 weeks. None of the
subjects experienced any side effects as determined by
clinical examination, routine laboratory analysis or di-
rect questioning. Furthermore, in none of the groups
receiving AT was there a deleterious effect on the
plasma lipid and lipoprotein profile. In the present
study we show that supplementation with AT (800 1.U.
per day) for 12 weeks significantly increased plasma
and LDL AT, leading to a significant increase in conju-
gated diene lag time in all groups and lipid peroxide lag
time in the C and PD groups. ‘

The pathogenic mechanisms responsible for the pro-
gression of atherosclerosis in the dialysis population
have not been completely elucidated. Dyslipidemia of-
ten present in patients on long-term dialysis include
hypertriglyceridemia, decreased HDL-cholesterol, in-

" creased levels of RLP and Lp(a) {5-10]. An important

plasma lipid abnormality associated with renal insuffi-
ciency is hypertriglyceridemia. Several reports have
shown that there is a preponderance of small dense
LDL particles in hypertriglyceridemia patients [36—38].
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Small dense LDL is more prone to oxidation than large
buoyant LDL [37,38]. This might explain the increased
LDL oxidation reported by some previous investigators
[18,19]. McEneny et al. [17] and Daerr et al. [39] have
also reported increased peroxidative modification of
VLDL in chronic hemodialysis patients. However, in
the present report, in accordance with most investiga-
tors [21-23], we did not demonstrate an increased
susceptibility of LDL to oxidation. Possible reasons for
this include: most of the dialysis subjects were taking
Nephrovite, they were not severely hypertriglyceri-
demic, plasma 18:1 fatty acids were increased and the
dialysis membrane was biocompatible polysulphane
(high flux) rather than cuprophane. It should be noted
that a nonbiocompatible dialysis membrane may acti-
vate polymorphonuclear leukocyte resulting in° ROS
production which leads to an increased susceptibility of
LDL to oxidation in dialysis patients [40,41]. After
hemodialysis, RBC show increased membrane lipid per-
oxidation, reduced membrane fluidity, and increased
osmotic fragility [42-44]. However, a recent study
failed to show increased lipid peroxidation with
cuprophane dialysis compared to cellulose acetate or
polysulfone membrane dialysis [20].

In patients on chronic hemodialysis therapy, de-
creased levels of water-soluble vitamins have been
mainly attributed to substrate losses induced by dialy-
sis. Ascorbate is generally considered to be a key
aqueous-phase antioxidant, and ascorbate deficiency
may contribute significantly to oxidative stress in these
patients. In contrast, fat-soluble vitamins are bound in
plasma to specific plasma proteins andfor to lipo-
proteins and no elimination is to be expected during
dialysis. Decreased, normal and even increased plasma
concentrations of fat-soluble vitamins, such as vitamin
E, have been described in patients on regular hemodial-
ysis therapy [11,18,45-47]. In our study we found that

the HD group tended to have lower plasma AT levels

at baseline, but there were no significant differences
between the various groups when AT was standardized
for plasma lipids. Furthermore, LDL AT levels were
not significantly decreased. Supplementation with AT
for 12 weeks resulted in a significant increase in plasma
AT in the C, HD, and PD groups, respectively. Simi-
larly, we found LDL AT was not different between
groups at baseline, and increased significantly in all
groups. Although the PD group appeared to have
greater increases in LDL AT after supplementation,
there were no significant differences in responseés be-
tween groups.

The susceptibility of LDL to oxidation in vitro is
widely interpreted as an indicator of its atherogenic
potential and AT is the most abundant antioxidant
present in LDL.[24-26,28] Vitamin E supplementation
(oral or intramuscular) has been shown to decrease
levels of MDA in plasma, RBC, mononuclear cells and

platelets [48-51]. AT supplementation prevents oxida-
tive stress by increasing RBC vitamin E and appears to
improve the efficacy of erythropoietin in hemodialysis
patients [52]. However, these studies appear to be
confined to HD patients. There is scanty data on the ~
effect of AT supplementation on LDL oxidation in
patients on PD. The lag phase correlates inversely with
the severity of clinical atherosclerosis; thus, prolonga-
tion of the lag phase with AT could prove beneficial.
Panzetta et al [18] reported that vitamin E (50 LU. per
day) supplementation in HD patients for 30 days sig-
nificantly increased the lag phase. However, they stud-
ied HD patients only and used a fluorescence method
to measure LDL oxidation. Also, this group adminis-
tered a low dose of Vitamin E (50 I.U. per day) for a
shorter period (30 days). In our study, to obtain a
better appreciation of the effect of AT on LDL oxida-
tion we monitored LDL oxidation by using two differ-
ent indices of oxidative modification, the formation of
conjugated dienes and lipid peroxides and we studied
both HD and PD patients for a longer duration (3
months). Supplementation with 800 I.U. per day of AT
for 12 weeks resulted in a significant prolongation of
the conjugated diene lag phase in the C, HD, and PD
groups. The increase in oxidative resistance was greater
in the PD group compared with HD group. An increase
in the LP lag phase was also observed in the C and PD
but not in the HD group. Since the increment in
conjugated diene lag phase was greater in the PD group
than the HD group and the prolongation of the lipid
peroxide lag phase was only significant in the PD
group, one could speculate that the PD group responds
better to AT therapy. Since LDL AT and the ratio of,
AT/PUFA were not significantly different between the
HD and PD groups, we cannot readily "explain the
greater benefit seen in the PD group. Our findings also
show significant positive correlations between plasma
lipid standardized AT and the lag phase of oxidation
but not with LDL AT. It is unclear why a better
correlation was seen with plasma AT than LDL AT.
However, we have observed this previously [29,53]. It is
possible that enrichment of plasma LDI. and HDL |
with AT reduces preformed lipid peroxides which ap-
pear to be the substrate for copper-catalyzed LDL
oxidation, thus explaining the better correlation with
the LDL lag phase. Also, with a larger sample size
these correlations could become significant.

Our study confirms a significant effect of AT on
plasma and LDL AT, whereas the plasma lipid or
lipoprotein profile remained unchanged after AT ad-
ministration for 12 weeks. AT enrichment of LDL
resulted in a significant increase in conjugated diene lag
time in all groups and lipid peroxide lag time was also
increased significantly in the C and PD groups after AT
supplementation. In conclusion, the results of the
present study show that the supplementation with AT
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increased jts level in the plasma and LDL of subjects on
dialysis and decreased LDL oxidative susceptibility.
The major novel observation as it relates to antioxi-
dants and LDL oxidation is that this is the first study

to show that there is a significant protection of LDL -

oxidation with 800 I.U. per day of AT in both HD and
PD patients. Also, the benefit appears to be greater in
the PD patients. Future studies will be directed at
examining the effect of AT on surrogates of clinical
atherosclerosis.
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Despite serum cholesterol being a strong risk factor for
coronary artery disease (CAD), its predictive power for
stroke is weak. In the Cholesterol and Recurrent Events
(CARE) trial [1°°], the investigators tested the effect of
lipid lowering with the use of pravastatin on cerebro-
vascular events in patients with pre-existing CAD. In a
large study undertaken in 4159 subjects with a mean
total and LDL cholesterol of 209 and 139 mg/dl,
respectively, stroke was a pre-specified secondary end-
point. Subjects were assessed over a median 5 year
follow-up period. Patients were well matched for stroke
risk factors and the use of antiplatelet agents (85% of
subjects in each group). Compared with placebo,
pravastatin lowered LDL cholesterol 32%, triglycerides
14% and raised HDL cholesterol 5% over the course of
the trial. Pravastatin therapy resulted in 2 32% reduction
(P=0.03) in all-cause stroke and a 27% reduction (P=0.02)
in stroke or transient ischemic attack (TIA). All
categories of stroke were reduced and treatment effects
were similar when adjusted for age, sex, history of
hypertension, smoking, diabetes, left ventricular ejection
fraction and a baseline total, LDL and HDL cholesterol
and triglyceride levels. No increase was observed in the
incidence of hemorrhagic stroke in patients on pravas-
tatin compared with placebo. This observation is very
significant, because the CARE study [1*°] is the first to
show clearly, as a defined secondary endpoint, that
pravastatin therapy significantly reduces both stroke and
stroke and TIA after myocardial infarction in patients
with average serum cholesterol levels, despite the high
concurrent use of antiplatelet therapy. Because patients
who have already experienced myocardial infarction are
at an increased risk of subsequent stroke, this is a major
observation in the field of clinical lipidology, and thus
gives greater impetus to lipid lowering in such patients,
not only for reducing cardiovascular events but also
cerebrovascular disease. However, one should emphasize
that the CARE study [1°*], like the Scandinavian
Simvastatin Survival Study, which also showed a benefit
of simvastatin on stroke and TIA, were both secondary
prevention trials. No primary prevention study to date

has shown a significant reduction in stroke and TIA with
the use of lipid-lowering therapy. Another important
chservation in the study is that the reduction of stroke
and TIA with pravastatin therapy was observed despite
the high background use of platelet inhibitor therapy,
which has been documented to protect against cerebro-
vascular disease. To date, no plausible mechanism can
be offered to explain this benefit. However, pravastatin
has effects on the vasculature that have been well
documented, including plaque stability, suppression of
inflammation, improvement 6f endothelial function and
platelet anti-aggregant activity. One could speculate that

“one or more of these mechanisms accounted for the

reduction in stroke and TIA.

It is widely appreciated that inflammation is crucial in
the pathogenesis of the atherosclerotic lesion. C-reactive
protein (CRP) appears to be an independent predictor of
cardiovascular events. In a preliminary study [2**], the
investigators showed, in 66 hyperlipidemic patients after
therapy with either simvastatin (20 mg/day) or atorvas-
tatin (20 mg/day), a significant reduction in CRP levels.
Alchough these results are clearly preliminary, they point
to the added benefit of statin therapy in being ant-
inflammatory. A major weakness of the report is that the
investigators could not compare the effects of the two
statins on CRP levels. It has previously been reported
that pravastatin reduces the risk of recurrent myocardial
infarction in patients with signs of inflammation at
baseline, including elevated levels of CRP. The study,
although preliminary, is provocative in suggesting that
the statin group of drugs, pravastatin, simvastatin, and
atorvastatin have anti-inflammatory effects in addition to
their well-described beneficial effects on the plasma
lipid profile. The superiority of the effects of any of
these drugs on inflammation will only be settled by
future studies.

Tocopherols and tocotrienols are two classes of com-
pounds with vitamin E activity. Each group comprises
four different isomers indicated , §, y and &, which have
different biological activity. Tocopherols are present in
most vegetable oils and are more common in the diet
than tocotrienols, which are found at relatively high
concentrations in palm oil and rice bran oil. Much
epidemiological data, which appears to be supported by
clinical trials to date, has suggested that tocopherols,
especially a-tocopherol, might be beneficial with respect
to cardiovascular disease. The éffects of a-tocopherol

93



94  Bimonthly update Therapy and clinical trials

could be through its effects as an antioxidant (decreasing
LDL oxidation), its anti-inflammatory effects such as
decreasing monocyte activity, the inhibition of platelet
aggregation, improving endothelial function and inhibit-
ing smooth muscle cell proliferation. There is no data to
support a beneficial effect of «-tocopherol on the plasma
lipid profile. However, tocotrienols in various animal
species appear to lower LDL cholesterol, in addition to
their antioxidant activity. This has not been supported
by all investigators. In addition, tocotrienols have been
suggested to have effects on platelet aggregation, which

has also not been confirmed by all investigators.

Mensink e /. {3**] examined in detail, in a randomized,
double-blind placebo controlled trial, the effects of
vitamin E concentrate rich in tocotrienols on the serum
lipoprotein profile and platelet function in men at risk of
cardiovascular disease. The study included 20 men
receiving four capsules a day for 6 weeks, each capsule
containing 35 mg tocotrienol and 20 mg a-tocopherol;
and 20 other men receiving four capsules a day of 20 mg
a-tocopherol only. All men had elevated concentrations
of serum cholesterol (251-309 mg/dl). Compliance was
confirmed by changes in serum tocopherol and toco-
trienol concentrations after the 6 week study. No
significant effect of the tocotrienol-enriched vitamin E
concentrate was observed versus the so-called placebo
(the tocopherol group) with regard to plasma lipid
profile. The study also failed to show a beneficial effect
of tocotrienol on platelet function. The well-conducted
study suggested that, although it had previously been
suggested that tocotrienols might have a beneficial effect
on the plasma lipid profile, especially lowering total and
LDL cholesterol, this did not appear to be the case. A
study examining the effect of the purified «, §, v, and 6-
tocotrienols on the lipid profile in hypercholesterolemic
individuals is urgently needed to settle the question of
whether tocotrienols have a beneficial effect on the lipid
profile.

The recent ‘statin trials’ have provided strong evidence
of a beneficial effect of cholesterol-lowering therapy on
both the primary and secondary prevention of cardio-
vascular disease morbidity and mortality. An important
observation from those trials is that the reduction in
cardiovascular events is evident in the first 6 months of
treatment, a time period probably insufficient to induce
significant anatomical changes of the atherosclerotic
artery. On the basis of these and other experimental
observations, some investigators have proposed that
lipid-lowering therapy has an acute effect on the
stabilization of the plaque, followed by a chronic
remodelling of the atherosclerotic plaque and diseased
artery. Several studies now support the view that lipid-
lowering therapy acutely resolves endothelial dysfunc-
tion and later stabilizes the fibrous cap of the athero-
sclerotic plaque. Dupuis 7 a/. [4°°] evaluated the effects

of cholesterol reduction on endothelial function in
humans. A group of patients with acute myocardial
infarction or unstable angina, who also had hypercholes-
terolemia, were randomly selected to receive either
placebo or pravastatin 40 mg a day. Thirty patients per
group were studied at baseline and at the end of the 6
week treatment period. A reduction in LDL cholesterol
of 33% in the patients on pravastatin was associated with
a significant incredse in the endothelium-dependent
dilation evaluation of the brachial artery, measured using
post-ischemic ultrasound. The short-term study empha-
sized an acute effect of lipid-lowering therapy that may
contribute to improved event rate, and support the
notion that early lipid-lowering intervention should be
used for patients with myocardial infarction or unstable
angina. The study of Dupuis er /. [4°*] did not evaluate
the possible mechanisms involved. A plausible mechan-
istic explanation could be found in a restoration of
endothelial nitric oxide synthase (eNOS) activity and
nitric oxide (NO) production in the endothelium
promoted by treatment with a lipid-lowering agent.
eNOS is the enzyme that synthesizes NO from arginine
in the endothelial cell. It has been observed that the loss
of NO production. is an early manifestation of an
atherosclerotic lesion. This abnormality may be second-
ary to a direct effect of LDL cholesterol. Therefore,
acute LDL cholesterol lowering may account for an
acute amelioration of eNOS activity and vascular
function, which will result in vasodilation. On the other
hand, some investigators suggested that statins may
ameliorate eNOS function directly and independently of
LDL cholesterol lowering.

The hypothesis that statins could directly improve
eNOS was recently explored by Kaesemeyer ef /. [5°]
using pravastatin and simvastatin in a model of cultured
bovine aortic endothelial cells. These investigators
utilized the thoracic aorta of male Sprague-Dawley rats
to study the effect of two statins, simvastatin and
pravastatin, on vasorelaxation function. The authors

found that pravastatin and simvastatin induced vasodila-
The elimination of the

tion in the isolated aorta.
endothelium abolished the effectS of statins. Because
the study model did not involve changes in cholesterol
levels, the vasodilation effect of statins was attributed to
a direct amelioration of endothelial function. NO
production was found to be reduced in cultured bovine
aortic cells perfused with statins. eNOS messenger RNA
was found to be increased by statins, particularly
pravastatin.

Other agents may reverse endothelial dysfunction in
atherosclerotic arteries through the same mechanism of
eNOS activation. Gokee e 4/. [6°°] recently reported a
study on the effects of ascorbic acid administration on
endothelial function in humans with CAD. Forty-six



patients with angiographically established CAD were
randomly assigned to receive single dose (2 g, by
mouth) and long-term (500 mg/day) ascorbic acid
treatment or placebo. The study was double-masked.
The patients were studied at baseline, acutely after
administration of the 2 g dose and after 30 days of
chronic ascorbic acid administration. Flow-mediated
vasodilation was studied by post-ischemic ultrasound
evaluation of the brachial artery. The study showed that
flow-mediated vasodilation improves within 2 h of
ascorbic acid administration, and the effect persists
unchanged with chronic administration of ascorbic acid
in patients with CAD. Although the mechanism was not
evaluated in the study of Gokce ¢ 2/, [6°*], improved
NO production may again be responsible for the
observed effects. The effects of the therapeutic
intervention were independent of changes in plasma
lipid concentrations. '
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The studies discussed above would suggest that an acute
effect of lipid-lowering therapy and antioxidants is the
regression of abnormalities in endothelial NO production
observed in atherosclerotic arteries. This effect has been
related to LDL lowering. However, a direct pharmaco-
logical activity of 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitors or antioxidants, i.e.
ascorbic acid, may also play a significant role. Whatever
the mechanism, the reversal of eddothelial dysfunction
can be obtained very quickly and can result in an acute
improvement of event risk. Therefore, a prompt initia-
tion of lipid-lowering therapy should be advocated in ali
patients diagnosed with CAD.
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acids (methionine, 20%, cystéine, 60% and homocysteine, 46%). However,
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endothelial function with simvastatin therapy might be caused by increasing the
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homocysteine seen with fenofibrates attenuates its benefits with regards to
cardiovascular disease will only be settled by future studies.
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recurrence.
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This study examined the question of a ‘direct’ effect of statins on vascular function.
The effects of fluvastatin on vascular tone, NO production and eNOS mRNA
expression were evaluated in the thoracic aortas of rabbits. This study included
three groups of male rabbits with hypercholesterolemia who were either treated
with atherogenic diet only (group A1), or received a 12 week regular diet after the
atherogenic diet (group A2), or received 12 weeks of regular diet and fluvastatin
after the atherogenic diet (group A3). eNOS mRNA was measured using
competitive reverse transcriptase polymerase chain reaction assays on the
thoracic aorta of the animals. The rabbits treated with reqular diet after the
atherogenic diet period (group A2) had lower eNOS mRNA levels, compared with
the rabbits of group A1 that were fed an atherogenic diet only, thus indicating
progression of endothelial damage. However, despite no reduction in cholesteral,
eNOS mRNA levels did not decrease in the rabbits treated with fluvastatin. These
data would suggest that HMG-CoA reductase inhibitors may have a direct effect
on eNOS mRNA levels, and may therefore maintain normal NO production and
vasodilation response of the atherosclerotic arteries.
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This is an interesting observation with a dietary supplement (tocotrienol-enriched
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. effect of tocotrienol-enriched palm oil was observed on the lipid profile or on

platelet function.
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whereas the extracellular lipid deposition was significantly decreased in the
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surface area in the thoracic aorta and coronaries demonstrated & synergistic effect
of pravastatin and froglitazone on atherosclerosis regression. The two different
mechanisms of action of the two drugs may explain the observed synergisms. The
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Vitamin E Supplementation and Cardiovascular
Events in High-Risk Patients

To the Editor: We would like to comment on the design
and interpretation of the recent study by the Heart Out-
comes Prevention Evaluation (HOPE) investigators on vi-
tamin E supplementation and cardiovascular events (Jan.
20 issue).! Although this study was undertaken in many
geographic areas (the United States, Canada, western Eu-
rope, and South America) with different dietary intakes, di-
etary data (especially on antioxidants) were not reported. In
addition, for no subgroup were plasma levels of vitamin E
provided to confirm supplementation. Whereas the investiga-
tors in the Cambridge Heart Antioxidant Study (CHAOS),
the Alpha-Tocophercl, Beta Carotene Cancer Prevention
(ATBC) study, and the Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico (GISSI) study used
alpha-tocopherol, the HOPE investigators used natural-
source vitamin E, which consists of tocopherols and toco-
trienols. Since alpha-tocopherol is the most potent member
of the vitamin E family, this cculd have a bearing on their
ﬁndmgs, since there is scanty information on the other forms
of vitamin E.

We disagree with the HOPE investigators’ interpretation
of the prospective studies as they related to alpha-tocopher-
ol supplementation. In the majority of the studies, a pos-
itive result was obtained for either a primary end point or
a secondary end point. In CHAOQOS, there was a significant
benefit of alpha-tocopherol with regard to the primary énd
point of cardiovascular death or nonfatal myocardial in-

farction (a 47 percent reduction). Steiner and coworkers?

showed that in patients with transient ischemic attacks, mi-
nor strokes, or residual neurologic deficits, the combination
of alpha-tocopherol and aspirin as compared with aspirin

alone resulted in a significant reduction in ischemic strokes
and recurrent transient ischemic attacks. The ATBC inves-
tigators showed that alpha-tocophcro[ supplcmcntation was
associated with a decrease in the incidence of angina pec-
toris.? In the GISSI study, alpha-tocopherol supplementation
resulted in significant reductions in cardiovascular events,
deaths from cardiac causes, deaths from coronary causes,
and sudden deaths, even though the primary end point was
not significantly affected.* Thus, we believe that the con-
clusions of the HOPE investigators — that the prospective
studies of alpha-tocopherol do not appear to suggest a
benefit — is inappropriate.

ISHWARLAL JiAraL, M.D., PH.D.
SrIDEVI DEVARAJ, PH.D.

University of Texas Southwestern Medical Center
Dallas, TX 75390-9073

1. The Heart Outcomes Prevention Evaluation Study Investigators. Vita-
min E supplementation and cardiovascular events in high-risk patients.
N Engl ] Med 2000;342:154-60.

2. Steiner M, Glantz M, Lekos A. Vitamin E plus aspirin compared with
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Dr. Yusuf replies:

To the Editor: The comments by Jialal and Devaraj do
not alter the primary conclusion of the HOPE study and
two other large trials — that vitamin E has not been shown
to reduce cardiovascular events. First, epidemiologic stud-
fes conducted in North America and western Europe sug-
gested that intake of vitamin E at doses larger than 100 TU
per day for more than two years was associated with lower
rates of cardiovascular disease.! In populations recruited from
these areas, the HOPE study evaluated vitamin E at doses
of 400 IU per day and indicated no evidence of benefit in
preventing cardiovascular events over a period of approxi-
mately five years. Second, the bioavailability and antioxidant
activity of the natural vitamin E preparation used in the
HOPE study have been documented to be at least as good
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as those of synthetic vitamin E.2 Third, Table 4 of our ar-
ticle shows results for the most important composite car-
diovascular end point in four major trials involving more
than 50,000 subjects. No benefit is evident.

Jialal and Devaraj emphasize differences in selected end
points (which are variable among the trials) after a post hoc
analysis of several secondary outcomes. CHAOS?® was rel-
atively small, had imbalances in numerous base-line charac-
teristics, and was relatively short (with a median follow-up
of 1.3 years, a period during which it is unlikely that ath-
érosclerotic clinical events could be prevented). The differ-
ences observed in preventing nonfatal myocardial infarction
in CHAOS were based on very few events and could reflect
a type 1 error. Furthermore, Steiner et al# did not report a
reduction in strokes or myocardial infarction, and the claim
of a reduction in ischemic events is based on few events
and a selective emphasis on the composite end point of is-
chemic (not all) strokes and transient ischemic attacks in the
“final” (not entire) phase of the study. Both GISSI-Preven-
zione,® based on a predefined analysis of all randomly as-
signed patients, and the ATBC study® showed no effect on
the end points used in CHAOS or in HOPE. Therefore, the
overall data from all the studies show no benefit associated
with vitamin E in preventing myocardial infarction, stroke,
or death during five years of treatment. We await the results
of other ongoing trials as well as data from longer-term
follow-up in our trial.

SALIM Yusur, D.PHIL., F.R.C.P.C.

. McMaster University
Hamilton, ON L8L 2X2, Canada
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Tuberculosis in a Child in North Dakota

To the Editor: In an informative report, Curtis et al. de-
scribe extensive transmission of tuberculosis by an-adopted
nine-year-old child (Nov. 11 issue).! However, I think the
authors of the paper and the author of the accompanying
editorial? overlooked a factor that probably was involved in
the development of tuberculosis in this child. It seems clear
that the child was not infected in North Dakota, where the
tuberculosis case rate is about 2 per 100,000 population, but
rather in his native Marshall Islands, where the case rate is
104 per 100,000 population, A tuberculin skin test was per-
formed shortly after his arrival in North Dakota in 1996,
but unfortunately the result was not assessed. He appar-

1918 - June 22, 2000

ently was well at that time, and his tuberculosis developed
two years later.

Tuberculosis is common among persons from the Indi-
an subcontinent who immigrate to the United Kingdom?
in part because in the winter months dark-skinned people
may be deficient in 1,25-dihydroxyvitamin Dj, an impor-
tant immunoregulatory hormone*¢ The Marshall Islands
lie in the Pacific Ocean at a latitude of only 9 degrees north,
where it is never cold enough to require staying indoors or
dressing warmly. North Dakota is at about 46 degrees north,
so there is a great difference in sunlight between the two
locations for several months each year.

Finally, Douglas et al.” have shown that the peak inci-
dence of tuberculosis among persons with dark pigmenta-
tion who immigrate to the United Kingdom is in July (the
month in which the tuberculosis of the source case was
found), in contrast to the winter peak for other respiratory
diseases. Perhaps the reason for the delayed development of
tuberculosis after the winter nadir of vitamin D; is that it
takes several months for a dormant tuberculosis infection
to reactivate and produce sufficient symptoms for the illness
to be diagnosed.

This experience should teach us that when dark-skinned
people immigrate to northern states or Canada from areas
where tuberculosis is common and sunshine abundant year
round, we should be sure that they have adequate vitamin D
to enable their immune system to function properly year
round.

WiLLIAM W. STEAD, M.D.

Arkansas Department of Health
Little Rock, AR 72205-3867
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The authors reply:

To the Editor: Stead suggests a causal relation between
1,25-dihydroxyvitamin D, deficiency and the development
of tuberculosis, on the basis of the temporal peak in the di-
agnosis of tuberculosis among dark-skinned immigrants
from the Indian subcontinent and on the basis of other data
suggesting impaired host defenses.! However, this hypoth-
esis of seasonal vitamin D deficiency is unlikely to account
for the development of tuberculosis in the source case de-
scribed in our report. Tuberculosis was diagnosed in this
child in July, and the disease probably developed before the
winter months. The boy was the source of the tuberculous
osteomyelitis in his mother, whose symptoms started in
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Improvement of Endothelial Vasomotor
Dysfunction by Treatment With
Alpha-Tocopherol in Patients

With High Remnant Lipoproteins Levels
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OBIECTIVES  This study sought to examine whether oral intake of alpha-tocopherol, an antioxidant, could
improve endothelium-dependent vasorelaxation in patients with high remnant lipoproteins

levels.

BACKGROUND Remnant lipoproteins are known to be atherogenic and impair endothelium-dependent
arterial relaxation, but the underlying mechanisms remain unclear. Oxidative stress is a

common feature of various risk factors for atherosclerosis.

METHODS Flow-mediated vasodilation of the brachial artery during reactive hyperemia was
examined by high resolution ultrasound technique before and at the end of 4 weeks
treatment with oral administration of alpha-tocopherol acetate (300 IU/day) or placebo,
which was randomly assigned, in 40 patients with high serum levels of remnants and in
30 patients with low remnants levels in the fasting state (>75th percentile and <25th
percentile, respectively, of the distribution of remnants levels in 150 consecutive
hospitalized patients).

iaz

RESULTS Before treatment, flow-mediated vasodilation was lower in patients with high remnants levels
than in those with low levels (4.1 % 0.3% vs. 6.0 = 0.5%, p < 0.01). Treatment with
alpha-tocopherol but not with placebo significantly increased flow-mediated dilation in
patients with high remnants levels (7.5 = 0.4% after alpha-tocopherol vs. 4.2 * 0.4% after
placebo, p < 0.01). In patients with low remnants levels, alpha-tocopherol was not effective.
The beneficial effect with alpha-tocopherol in high remnants patients was associated with
decrease in plasma levels of thiobarbituric acid reactive substances, an indicator of lipid
peroxidation (6.6 * 0.3 nmol/ml before alpha-tocopherol vs. 4.6 £ 0.3 after alpha-
tocopherol, p < 0.05).

P ST T R R T IS
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CONCLUSIONS  Alpha-tocopherol improved impairment of endothelium-dependent vasodilation in patients
with high remnants levels. The increase in oxidative stress may at least partly contribute to
endothelial vasomotor dysfunction in patients with high remnants levels. (J Am Coll Cardiol

1999;33:1512~-8) © 1999 by the American College of Cardiology

o -

There is increasing evidence that triglycerides and
triglycerides-rich lipoproteins are atherogenic (1-3). We
recently showed that remnant lipoproteins have an impor-
tant and causative role in the impairment of endothelium-
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C09670730 from the Ministry of Education, Science and Culture and the research
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1999, accepted January 21, 1999. :

dependent vasodilation, an early sign of atherosclerosis, in
patients with postprandial hypertriglyceridemia (4,5). How-
ever, the underlying mechanisms for the remnants-induced
endothelial dysfunction remain to be determined. Recent
reports (6—10) showed that the increase in oxidative stress is
a common feature of various risk factors for atherosclerosis
and that oxidative stress mediated by reactive oxygen species
has a causative role in endothelial dysfunction not only in
patients with coronary artery disease but also in patients
with coronary risk factors and free of obvious coronary
atherosclerosis. Thus, we hypothesized that the increase in
oxidative stress may also participate in endothelial dysfunc-
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Abbreviations and Acronyms

apo = apolipoprotein

LDL = low density lipoproteins

TBARS = thiobarbituric acid reactive substances
VLDL = very low density lipoproteins

tion in patients with high levels of remnant lipoproteins.
Flow-mediated vasodilation in brachial artery has been used
as a noninvasive method to assess endothelial function
(7,8,11,12).

“Thus, this study examined effects of oral administration
of alpha-tocopherol, an antioxidant, for four weeks on
eadothelial vasomotor functions in brachial artery of pa-
tients with high and low serum levels of remnants lipopro-
teins in a randomized and placebo-controlled manner.

METHODS

Study population. The study population included 40 con-

secutive patients with high serum levels of remnant lipopro-
t2ins and 30 consecutive patients with low remnants levels,
all of whom underwent diagnostic coronary angiography for
atypical chest pain in Kumamoto University Hospital. This
study excluded patients treated with lipids-lowering drugs,
pharmacologic doses of other antioxidants, angiotensin-
converting enzyme inhibitors or calcium channel blocking
agents at least a month before and during this study.
Clinical features of the study patients are shown in Table 1.
3eta-adrenergic blocking agents, nitrates or diuretics were
used in some of the study subjects with coronary artery
disease or hypertension before and throughout this study,
but there was no significant difference in the rates of each of
these medications used among the study subgroups. Type
III hyperlipoproteinemia was found in two of the patients

Kugiyama etal. 1513
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with high remnants levels. Diabetes mellitus was compli-
cated in 14 of the patients with high remnants levels. The
exact cause of high remnants levels was unknown in the
remaining patients. Patients with previous myocardial in-
farction, congestive heart failure, valvular heart disease or
other serious diseases were also excluded from this study.
High and low serum levels of remnants lipoproteins were
determined as levels >75th percentile (>5.1 mg cholester-
ol/dl) and <25th percentile (<2.4 mg/dl), respectively, on
the basis of the distribution of serum remnants levels in 150
consecutive patients hospitalized in the Cardiology Section
of this hospital, as described in our previous report (4).
Wiritten informed consent was obtained from all patients
before the study. This study was in agreement with the
guidelines approved by the ethics committee at our institu-
tion.

Study protocol. The study patients were randomly as-
signed to have oral intake for 4 weeks of alpha-tocopherol
acetate (300 IU/day, 20 and 15 patients with high and low
remnants levels, respectively) or placebo (similar-appearing
placebo tablet, 20 and 15 patients with high and low
remnants levels, respectively) using a random number table
generated by a computer. All of the patients were blinded to
the content of the tablet. Our preliminary data showed that
this dose of alpha-tocopherol increased its content in the
isolated remnants by two- or threefold. They were advised
to adhere to their usual diet and lifestyle throughout four
weeks. All of the study patients completed the trial. Mea-
surements of vasoactivity in the brachial artery and blood
sampling were performed in overnight fasting state on the
same morning before and at the end of the treatment, in
exactly the same manner before and at the end of the
treatment. All medications were withdrawn 12 h before the
measurements.

Table 1. Clinical Characteristics of Alpha-Tocopherol- and Placebo-Treated Groups in Patients

With High and Low Remnants Levels

High Remnants (n = 40)

Low Remnants (n = 30)

Alpha-Tocopherol Placebo Alpha-Tocopherol ~ Placebo
© (n=20) (n = 20) (n = 15) (n = 15)
" Age (yv) 58321 59.6 = 2.1 61.7 =23 60.8 = 1.9
Men/women 8/12 9/11 6/9 7/8 .
Smokers 8 (40.0) 7(35.0) 6 (40.0) 6 (40.0)
Hypercholesterolemia 7(35.0) 8 (40) 3(20.0) 3(20.0)
Hypertension 6 (30.0) 7 (35.0) 4(26.7) '5(33.3)
Diabetes mellitus 7 (35.0) 7 (35.0) 3(20.0) 3(20.0)
Coronary artery disease 3(15.0) 3(15.0) 2(13.3) 2(13.3)
One-vessel disease 1(5.0) 2(10.0) 2(13.3) 1(6.7)
Two-vessel disease 2(10.0) 1(5.0) 0 1(6.7)
Body mass index (kg/m?) 233+£29 234+28 229=x=17 228+*19

Values are expressed as mean value = SE (in age and body mass index) and number of patients. Values in parentheses indicate
% of total paticnts. Smoker, =10 cigarettes/day for 10 years; hypercholesterolemia =240 mg/dl of serum cholesterol levels;
hypertension, blood pressure =140/90 mm Hg or on an antihypertensive medication; diabetes mellitus, fasting blood glucose
2140 mg/dl or on an antidiabetic medication.
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Measurements of flow-mediated dilation in brachial ar-
tery. Vasodilator responses in the brachial arteries were
measured by use of B-mode ultrasound images with a
7.5-MHz linear array transducer (SSH-160A ultrasound
system, Toshiba Corp., Tokyo, Japan) as validated previ-
ously by our and other studies (7,8,11,12). Measurements
were performed by two observers who were blinded to the
protocols of the study and the subject grouping. The
brachial artery was scanned in the antecubital fossa in a
longitudinal fashion. Optimal brachial artery images were
obtained between 1 and 5 cm above the antecubital crease.
This location was marked, and all subsequent images were
obtained at the same location. The exact distance of the
measured point of the skin surface from the antecubital
crease was recorded in each study subject to ensure that the
same point of the brachial artery was measured 4 weeks
later. Gain setting was optimized at the beginning of the
study and was kept constant throughout the recording
period. After baseline measurements of the diameter and
flow velocity in the brachial artery, a blood pressure cuff
placed around the forearm was inflated with a pressure of
250 to 300 mm Hg for 5 min, and then the cuff was
released. Diameter measurements during the reactive hyper-
ernia were taken 45 to 90 s after the cuff deflation. Then,
sublingual nitroglycerin (300 pg) was administered, and
3 min later the measurements were repeated. Images were
recorded on a super-VHS videocassette recorder (model
BR-S601M, Victor Corp., Tokyo, Japan), and brachial

arterial diameters were measured from the tape with ultra-

~sonic calipers, as described previously (8,11,12). Responses

of the vessel diameters to the reactive hyperemia and
nitroglycerin were expressed as a percentage increase in the
diameter from the baseline value. The diameter responses
were assessed at three points along a 10-mm length of the
artery, and the diameter responses were averaged. Blood
flow was calculated by multiplying the velocity—time integral
of the Doppler flow signal by heart rate and the vessel
cross-sectional area. Increase in brachial blood flow was

calculated as a maximum flow recorded in the first 15 s after -

the cuff deflation and was expressed as a perceritage increase
in the flow from the baseline value.

Measurements of remnant lipoproteins levels. Remnant
lipoproteins levels were measured in overnight fasting se~
rum. Remnant lipoproteins were isolated by the application
of the fasting serum to the immunoaffinity' mixed gel that
contained anti—apolipoprotein (apo)A-1 and anti-apoB-100
monoclonal antibodies (Japan Immunoresearch Laborato-
ries, Takasaki, Japan) as validated in our previous reports
(4,5,13). Cholesterol concentrations in the isolated fraction
were measured by the enzymatic method (4,5,13). Accord-
ing to the analyses with sodium dodecyl sulfate—
polyacrylamide gel electrophoresis, elution profiles with
high performance liquid chromatography, agarose gel elec-
trophoretograms, electron photomicrographs and composi-
tions of lipids and apolipoproteins, the lipoproteins isolated

—
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by this method mainly consisted of remnants of very low

density lipoproteins (VLDL) (data not shown), as demon-
strated in our previous reports (4,5,13). The fasting rem-
nants levels, measured in this study, were found to be well
correlated with the postprandial levels, as shown in our
previous study (4).

Plasma levels of alpha-tocopherol and thiobarbituric acid
reactive substances (TBARS) and measurement of sus-
ceptibility of remnants to oxidative modification. Blood
sampling was performed just before the ultrasound study.
The plasma levels of alpha-tocopherol were determined by
high performance liquid chromatography (14). The plasma
level of TBARS, an indicator of lipid peroxides in plasma,
was determined as previously described (15,16). Briefly,
2.0 ml of trichloroacetic acid-thiobarbituric acid-HCI re-
agent was added to 1.0 ml of sample and vortexed. To
minimize peroxidation during the assay procedure, buty-
lated hydroxytoluene was added to the thiobarbituric acid
reagent mixture. The results were expressed as malondial-
dehyde equivalent content (nmol malondialdehyde/ml plas-
ma). The susceptibility of remnants to oxidative modifica-
tion was determined by measuring Cu?*-induced formation
of conjugated dienes. The conjugated dienes formation in
remnants was assaycd by monitoring the change in absor-
bance at 234 nm in a spectrophotometer as described
previously (17).

Statistical analysis. Data are expressed as mean = SEM.
The effects of the treatment on lipids profiles, hemodynamic
parameters, brachial arterial parameters and plasma alpha-
tocopherol and TBARS levels were compared by two-way
analysis of variance with repeated measures followed by post
hoc testing with Scheffé test by computer statistical software
package SAS, version 6.12 (Cary, North Carolina). Differ-
ence between two means among the subgroups were per-
formed by two-tailed paired or unpaired Student ¢ test, as
appropriate. Difference in frequencies of risk factors among
the subgroups was compared using chi-square test. Statis-
tical significance was defined as p < 0.05.

RESULTS

Clinical characteristics of study patients. Clinical features
and lipids profiles before treatment were comparable be-
tween alpha-tocopherol—treated patients and placebo-
treated patients in either patients with high or low remnants
levels (Tables 1 to 3). Levels of total cholesterol and
triglycerides were significantly higher in patients with high
remnants levels than in those with low remnants levels (total
cholesterol, 212 = 15 mg/dl in high remnants patients vs.
186 * 11 mg/dl in low remnants patients, p < 0.05;
triglycerides; 201 % 19 mg/dl in high remnants patients vs.
101 * 16 mg/dl in low remnants patients, p < 0.01). After
treatments, levels of remnants cholesterol, total choleste;ol,
high density lipoprotein cholesterol, and triglycerides were
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Table 2. Effects of Treatments in Patients With High Remnants Levels

Alpha-Tocopherol (n = 20)

Placebo (n = 20) Two-Way Analysis

of Variance

Before After Treatment Before After Treatment p Value
Remnants cholesterol (mg/dI) 65+ 1.2 62=*11 6.4 +0.5 63+03 NS
"total cholesterol (mg/dl) 214+ 99 21393 210 = 10 206 £ 23 NS
1IDL cholesterol (mg/dl) 49 *+ 4 5058 49 + 4 517 NS
Triglyceride (mg/dl) 196 + 14 189 * 21 205 * 22 200 =19 - NS
Alpha-tocopherol (umol/liter) 23+x12 51 £ 42* 25+ 1.5 23+19 < 0.01
TBARS (nmol MDA/ml) 6.6 +0.3 4.6 = 0.31 6.3+03 6304 < 0.05
Heart rate (beats/min) 61+53 63+ 43 62 *+5.1 62 > 6.5 NS
Mean blood pressure (mm Hg) 88 +5.2 90 +72 88 + 7.1 90 + 6.4 ' NS
Resting arterial diameter {mm) 3.90 +0.19 391 +0.18 3.88 + 0.16 3.89 £ 0.21 NS
Resting arterial blood flow (ml/min) 188 + 10 190+ 9 192 £ 9 193 = 12 NS
"ncrease in arterial blood flow (%) 236 £ 15 237 =20 234 =20 234 £ 17 NS
Dilator response to nitroglycerine (%)  17.3 = 5.4 174+ 5.7 176 x 59 179+ 71 NS

*p < 0.01, p < 0.05 vs. before alpha-tocopherol using two-way analysis of variance followed by post hoc testing with Scheffé test. Values are expressed as mean value + SE.
HDL = high density lipoprotein; MDA = malondialdehyde equivalent content; TBARS = thiobarbituric acid reactive substances. -

not significantly changed as compared with those before
treatments in each of the subgroups (Tables 2 and 3).

Flow-mediated dilation in brachial artery. Before treat-
ment, heart rates, mean blood pressure, baseline arterial
diameter of brachial artery, baseline blood flow of brachial
artery and percentage increase in the blood flow during
reactive hyperemia were comparable between alpha-
tocopherol-treated patients and placebo-treated patients in
either patients with high or those with low remnants levels
/Tables 2 and 3). Flow-mediated dilation of the brachial
artery before treatment was significantly lower in patients
with high remnant lipoproteins levels as compared with that
in those with low remnants levels, but it was comparable
between alpha-tocopherol and placebo groups in patients
with high remnants levels as well as those with low
remnants levels (percentage increase in arterial diameter
from baseline, 4.1 3= 0.2% in high remnants patients with

alpha-tocopherol vs. 4.2 = 0.4% in high remnants patients
with placebo, p = 0.67; 6.2 = 0.7%* in low remnants
patients with alpha-tocopherol vs. 5.8 * 0.3%% in low
remnants patients with placebo, p = 0.21; *p < 0.01 vs.
high remnants patients with alpha-tocopherol, tp < 0.01
vs. high remnants patients with placebo). The dilator
response to sublingual nitroglycerin before treatment was
comparable among the subgroups (Tables 2 and 3).

After treatment, neither alpha-tocopherol treatment nor
placebo treatment affected heart rates, mean blood pressure, -
baseline arterial diameter of brachial artery, baseline blood
flow of brachial artery and percentage increase in the blood
flow during reactive hyperemia in both patients with high
and those with low remnants levels (Tables 2 and 3).
Treatment with alpha-tocopherol significantly increased the
flow-mediated dilation as compared with placebo treatment
in patients with high remnants lipoproteins levels (Fig. 1).

Table 3. Effects of Treatments in Patients With Low Remnants Levels

Alpha-Tocopherol (n = 15) Placebo (n = 15) Two-Way Analysis
of Variance

Before After Treatment Before After Treatment p Value
Remnants cholesterol (mg/dl) 1.8 04 1.9+ 0.5 1.7+ 09 - 17=x01 NS
Total cholesterol (mg/dl) 186 = 11 187 £ 15 185 = 12 182 + 14 NS
HDL cholesterol (mg/dl) 536 54+9 52=*3 52=*3 NS
Triglyceride (mg/dD) 101 = 19 95 + 22 103 = 13 101 * 16 NS
Alpha-tocopherol (umol/liter) 21+19 47 * 5.5* 23. =17 20+ 1.1 < 0.01
TBARS (nmol MDA/mI) 5904 4.4 =037 6.0 = 0.2 62*05 < 0.05
Heart rate (beats/min) 61x6 62 %5 60 =5 60%9 ' NS
Mean blood pressure (mm Hg) 87 %6 877 87 =7 90 =8 NS
Resting arterial diameter (mm) 3.90 = 0.22 391 £0.21 3.91 = 0.18 -390+ 020 NS
Resting arterial blood flow (ml/min) 191 = 14 191 = 11 192 = 13 191 = 15 NS
Increase in arterial blood flow (%) 232 £ 16 232 16 230 + 18 230 =20 NS
Dilator response to nitroglycerin (%)  17.9 = 6.2 181 * 5.9 17.6 £ 6.1 179 £ 7.7 NS

*p < 0.01, Tp < 0.05 vs. before alpha-tocopherol using two-way analysis of variance followed by post hoc testing with Scheffé test. Values are expressed as mean value *+ SE.

Abbreviations as in Table 2.
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Figure 1. Percentage increase in brachial arterial diameter from

baseline during reactive hyperemia before and after treatment with
alpha-tocopherol (open circles) or placebo (closed circles) in
patients with high remnant lipoproteins levels (n = 20 patients in
each treatment) and in those with low remnants levels (n = 15
patients in each treatment). Significant effect of alpha-tocopherol
treatment was observed in patients with high remnant lipoproteins
levels as compared with that of placebo but not in those with low
remnants levels (by two-way analysis of variance followed by post
hoc testing with Scheffé test).

In patients with low remnants levels, alpha-tocopherol did
not significantly increase the flow-mediated dilation as
compared with placebo treatment (Fig. 1). Alpha-
tocopherol treatment also improved flow-mediated dilation
in a subgroup of normocholesterolemic and nondiabetic
patients (<240 mg/dl of serum cholesterol levels,
<(140 mg/dl of fasting blood glucose, no lipids-lowering
medication and no antidiabetic medication) with high
remnant lipoproteins levels (percentage increase in the
arterial diameter, 4.6 =% 0.3% before treatment vs. 7.8 *=
0.8% after treatment, n = 10, p < 0.01). Neither alpha-
tocopherol nor placebo treatment changed the dilator re-
sponse to nitroglycerin in either patients with high or those
with low remnants levels (Tables 2 and 3).

Levels of alpha-tocopherol and TBARS and oxidative
susceptibility of remnants. Plasma levels of alpha-
tocopherol were significantly increased after alpha-tocopherol
treatment in both patients with high and those with low
remnant lipoproteins levels, whereas the levels were not signif-
icantly changed after placebo treatment (Tables 2 and 3).
Treatment with alpha-tocopherol but not with placebo signif-
icantly decreased plasma levels of TBARS in both patients
with high and those with low remnants levels (Tables 2 and 3).
The lag time for Cu?*-induced conjugated dienes formation
of remnant lipoproteins was longer after treatment with alpha-
tocopherol as compared with that after placebo (480 = 58 min
after alpha-tocopherol vs. 230 * 18 min after placebo, n = 5,
p < 0.01). |

DISCUSSION

The present study demonstrated that flow-mediated vaso-
dilation in brachial arteries was impaired in patients with

JACC Vol. 33, No. 6, 1995
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high remnant lipoproteins levels, a result which is consistent

with data observed in human coronary arteries as shown
in our previous report (4). The present study further
showed that oral administration of alpha-tocophero!l for
four weeks increased flow-mediated vasodilation in brachial
artery of patients with high remnant lipoproteins levels as
compared with placebo treatment. The present study also
showed that alpha-tocopherol treatment did not affect
vasodilation in response to nitroglycerin, an endothelium-
independent vasodilator, in either group of patients. Thus,
the present study indicates that alpha-tocopherol improved
endothelium-dependent arterial dilation in patients with
high remnant lipoproteins levels. The improvement of the
endothelial dysfunction is unlikely to be due to changes of
lifestyle and habits, since profiles of plasma lipids, blood
pressure and habits were not altered after treatment as
compared with those before treatment, and placebo treat-
ment in the otherwise identical protocol as alpha-tocopherol
treatment did not affect the endothelial vasomotor function.

Oxidative stress and remnant lipoproteins. Alpha-
tocopherol, a lipid soluble antioxidant, has been shown to
protect endothelial cells against oxidative damage (18-21).
Previous reports showed that alpha-tocopherol supplemen-
tation restored endothelial function in parallel with suppres-
sion of lipid peroxidation in low density lipoproteins (LDL)
in experimental hypercholesterolemic animals (19,21). In
this regard, the present study also showed that the improve-
ment of endothelium-dependent vasodilation was associated
with decrease in plasma TBARS levels, an indicator of lipid

" peroxidation, after alpha-tocopherol treatment in patients

with high remnants levels. This strongly suggests that the
beneficial effect of alpha-tocopherol, as shown in the present
study, was at least partly mediated through prevention of
endothelial function from oxidative stress-induced injury in
patients with high remnant lipoproteins levels. We have
previously shown that oxidatively modified LDL causes
endothelial dysfunction and has an important role in ath-
erosclerotic impairment of various endothelial functions
(15). It has recently been reported that oxidatively modified
remnant lipoproteins caused greater formation of foam cells
in in vitro experiments than native remnant lipoproteins
(22), suggesting that oxidized remnant lipoproteins may
also play an important role in atherogenesis in hyperlipid-
emic patients. Our preliminary study showed that oxidized
remnant lipoproteins exhibited greater impairment of
endothelium-dependent relaxation of isolated rabbit aortas
than native remnants (unpublished data). In patients with
high remnant lipoproteins levels, the prolonged retention of
remnants in the circulation, as a result of the delayed hepatic
uptake and/or the increased hepatic secretion of VLDL
(23,24), may augment susceptibility of remnants to oxida-
tive modification in the arterial intima, leading to increase in

- injurious effects of remnants on endothelial function.

Among antioxidants, alpha-tocopherol is the major antiox-
idant contained in lipoproteins (25). Thus, the improve-
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ment of endothelial function by alpha-tocophero! in the
present study may at least partly occur as a result of
protectxon of remnant lipoproteins against oxidative modx-
fication in the arterial intima.

In patients with low levels of remnant lipoproteins, the
¢ screase in TBARS after alpha-tocopherol treatment was
not associated with an increase in the endothelium-
dependent vasodilation as compared with placebo, though
endothelium-dependent dilation in these patients was not
impaired before treatment on the basis of our data in healthy
adults. The results are in agreement with those in the
previous reports (7-10) showing that the beneficial effect of
ascorbic acid, another antioxidant, on vasomotor function
1 as exerted in only patients with impaired endothelium-
dependent dilation. This presumably may be due to less
oxidative damage on endothelial function in patients with
low levels of remnant lipoproteins. However, it cannot be
completely excluded that alpha- tocophcrol exerted the ben-
eficial effects on endothelial functions in high levels of
remnant lipoproteins independent of its antioxidant action.
In this context, it is interesting that alpha-tocopherol is
«apable of suppressing activity of protein kinase C, which is
suggested to play a role in the impairment of endothelium-
dependent vasorelaxation in atherosclerotic arterial walls
(26,27).

Hypercholesterolemia and diabetes mellitus, independent
factors of endothelial dysfunction, coexisted with high levels
of remnant lipoproteins, as shown in the present and
revious studies (4,28). Thus, there is a possibility that the
beneficial effect of alpha-tocopherol on endothelial function
in patients with high remnants levels may result from the
improvement of endothelial function in patients with hy-
percholesterolemia and/or diabetes mellitus. However, this
possibility cannot explain all of the present data, since
beneficial effect of alpha-tocopherol was observed also in
normocholesterolemic and nondiabetic patients with high

:mnants levels, as shown in the present study.

Measurement of remnant lipoproteins levels.. Remnant
lipoproteins are known to have heterogeneous properties
(4,29). Thus, simple and reliable methods to separate
remnant lipoproteins had not been established. The current
method with immunoaffinity mixed gel containing anti—
apoA-1 and anti-apoB-100 monoclonal antibodies has been
~eported to be capable of isolating apoE-rich VLDL parti-
cles containing apoB-100 together with chylomicron rem-
nants containing apoB-48, neither of which binds to the
immunoaffinity gel (4,5,13,29). This unique anti—apoB 100
monoclonal antibody has been shown to recognize apoB-
100 in LDL and most VLDL but not in apoE-enriched
VLDL (13). Remnants levels in the postprandial state may
be a better predictor (2,30). However, we have recently
‘hown that fasting levels of remnant lipoproteins are an
independent predictor for the presence of endothelial dys-
function in human coronary arteries (4). Thus, the measure-
ment of fasting levels of remnant lipoproteins using the
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current immunoaffinity gel seems to have a good theoretical
basis and could be useful to quantify levels of the athero-
genic triglyceride-rich lipoproteins.

Previous studies. The results of the present study are
compatible with those of previous studies showing beneficial
effects of either vitamin C (7-10), a water soluble antioxi-
dant, or alpha-tocopherol (31) and probucol (32), lipid
soluble antioxidants on the endothelial function. However,
Gilligan and others (33,34) showed negative results on the
effects of antioxidant vitamins. Different backgrounds, such
as the associated risk factors in the study population, may
possibly cause the incompatible results among the studies.

Study limitations. Many assays are available for measure-
ment of lipid peroxidation, but no single assay accurately
reflects free radical generation. Thiobarbituric acid reactive
substances measurement is also susceptible to artifacts
caused by variation in sample lipid content and iron con-
tamination of reagents. In the present study, we prevented
auto-oxidation of the samples by addition of butylated
hydroxytoluene to the samples.

Conclusions. The present study showed that alpha-
tocopherol improved impairment of endothelium-
dependent vasedilation in patients with high remnant li-
poprotems levels. Oxidative stress may at least partly play a

- role in the abnormal endothelial vasomotor function in

patients with high remnant lipoproteins levels.
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Abstract

A total of 1200 patients with angina were cardiac catheterized establishing that 63% had 70-100% stenosis, 12% had 10—69%
stenosis of one or more of their coronary arteries and 25% had microvascular angina listed as 0% stenosis. Prior fo catheterization
10 ml of blood was drawn and the plasma subjected to analysis for the concentration of cholesterol, lipid-peroxides (LPX), total
antioxidant capacity (TAQC), fibrinogen (FB), ceruloplasmin (CP) and activation of polymorphonuclear leukocytes (PMNLs).
Comparisons were made to non-smoking controls without angina. Significant differences in LPX were found between the patients
with 0 and 10-69% stenosis (P < 0.001), with 10-69 and 70-100% stenosis (P < 0.001). and with 0 and 70-100% stenosis
(P <0.001). Under 70 years of age there was a significant difference in LPX between patients with all levels of stenosis and age
and sex matched controls (P < 0.001). Differences in the mean plasma cholesterol concentration for different levels in the degree
of stenosis were not significant, indicating that LPX provided consistent data on the severity of stenosis while the plasma
cholesterol concentration did not. Compared with controls an increase in activation of PMNLs (P <0.01), an increase in
concentration of both FB and CP (P < 0.01) and a decrease in total antioxidant capacity were noted in the plasma of catheterized
patients. In summary the concentration of oxidation products rather than the concentration of cholesterol in the plasma identified
stenosis in cardiac catheterized patients. © 2000 Elsevier Science Ireland Lid. All rights reserved.

Keywords: Oxidized lipids; Antioxidants; Cholesterol; Stenosis of the coronary arteries; Fibrinogen; Ceruloplasmin; Polymorphonuclear leukocytes

products induced damage of cellular membrane, caused
loss of cell viability [8]. inhibited wound-healing re-
sponse of vascular endothelial cells [9] and produced an
increase in cytosolic Ca®* [10]. This increase was asso-
ciated with irreversible morphological changes. Ox-
LDL also induced activation of endothelial recruitment
of leukocytes, enhancement of macrophage cytokine
production and stimulation of smooth muscle cell pro-
liferation [11]. The survival of cells was significantly
reduced [12] when ox-LDL was added into a culture

1. Introduction

Two recent reviewers [1,2] discussed the hypothesis
that low density lipoprotein (LDL) must be oxidatively
modified to oxidized LDL (ox-LDL) in order to trigger
the pathological events leading to atherosclerosis. An
increase in ox-LDL, found in patients with coronary
artery disease [3,4] and in patients subjected to heart
transplants [5], has been credited with an important
role in the initiation and progression of atherosclerosis

[6,7]. The increase in ox-LDL correlated not only with
the extent of coronary artery stenosis but also with the
development of the stenosis [5). These oxidation

* Corresponding author. Tel.: + 1-217-359-0002; fax: + 1-217-333-
7370.

medium,

In vitro studies indicate that oxidation in the plasma
is challenged by a host of defense mechanisms [13]
including ceruloplasmin, fibrinogen, transferrin and al-
bumin {14]. Albumin inhibits both metal and-peroxyl
radical mediated lipid peroxidation of LDL [14,15]. We

”0021-9150/00/5 - see front matter © 2000 Elsevier Science Ireland Lid. All rights reserved.
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found that free and albumin-bound bilirubin (BR) at
the physiological concentration of the bile pigment in
blood plasma could greatly inhibit [16} metal-catalyzed
oxidation of low density lipoprotein (LDL). This was
shown by the reduced thiobarbituric acid reactivity, the
smaller or lack of shifts in electrophoretic mobility, the
less apo B fragmentation and the decreased amount of
cholesterol oxidation products as detected by gas
chromatography.

Sustained presence of lipid peroxides in the circula-
tion is a controversial issue [17-22]. Yla-Hertuala [23]
believes that clinical and epidemiological studies have
provided circumstantial evidence that oxidized LDL as
measured by serum autoantibody levels may be associ-
ated with the progression of atherosclerotic vascular
disease. In the present study with cardiac catheterized
patients with proven angina we analyzed the con-
centration of acute phase proteins, lipid. oxidation
products (LPX) and the total antjoxidant capacity
(TOAC) in their plasma. These values were com-
pared with plasma obtained from age and sex matched
non-smoking, non-cardiac catheterized individuals
(controls) without apparent coronary heart disease
(angina).

2. Methods
2.1. Patient source

- Of the patients admitted to Carle Foundation Hospi-
tal with chest pains, those having an esophageal source
of pain were eliminated during initial examination.
Routine cholesterol screening was carried out on fasted
blood in a Beckman CX-7 autoanalyzer as part of the
initial examination. The autoanalyzer was checked for
accuracy at least eight times daily against a control
furnished by Beckman Inc. An electrocardio-
gram (ECG) was performed. A written informed
consent for the cardiac catheterization and blood tests
was obtained from each patient. Protocol approved
by the research review boards of both Carle Founda-
tion Hospital and the University of Illinois was fol-
lowed.

The videotape of each cardiac catheterized patient
was identified by patient clinic number and was viewed
in a suite equipped with a video viewer which could be
stopped to.evaluate the percentage of stenosis as sug-
gested by Bain and Grossman [24]. During our study
1203 patients were catheterized, revealing that 63% had
70-100% stenosis, 12% had 10-69% stenosis of one or
more of the large coronary arteries and 25% had
no stenosis of any of the large coronary arteries. How-
ever, they had microvascular angina also known as
Syndrome X disease [25-28] which we listed as 0%
stenosis.

2.2. Biochemical determinations

Prior to catheterization 10 ml of blood was drawn
into tubes containing citrate or heparin but no antioxi-
dant. The tube was immediately stored in chipped ice,
transfered to the laboratory and centrifuged at 2800
rpm for 10 min at 4°C. The plasma was subjected to
analyses within minutes after centrifugation for LPX,
TOAC, FB, CP and for polymorphonuclear leukocytes
(PMNLs), listed as the stimulatory index (SI). LPX
analysis was determined according to the thiobarbituric
acid reaction, as described by Duthie [29]. Thiobarbi-
turic acid reactive species (TBARS) were expressed as
pmol malondialdehyde/l plasma. A Medline search in-
dicated that 240 studies since 1994 have relied on this
method to measure the level of oxidation products in
the plasma of animal models and in human diseases. As
Gutteridge and Halliwell [30] have pointed out, lipids
are not the only source for TBARS in the plasma. We
were aware of their precaution. We measured TAOC by
chemiluminescence and expressed the results in arbi-
trary units, using ascorbic acid as standard according to
Popov’s method [31] with one unit of TAOC equivalent
to 4.1 umol ascorbic acid/l.

The separation of cells from blood to obtain a sus-
pension of PMNLs was accomplished by using a two
step discontinuous Percol kit (Sigma). The dilution of
PMNLs to a concentration of 1 x 10° cells/ml was
carried out with Hanks’ balanced salt solution (Gibco,
Life Technol, Grand Island, NY) The chemilumines-
cence technique recommended by Trush [32] was used

~ for the measurement of PMNLs activation by using

zymosan” (Sigma) opsonized with serum [33]. The acti-
vation of leukocytes was expressed as the SI, the ratio
of chemiluminescence value at 12 min after zymosan
addition as compared with an identical sample without
opsonized zymosan [33]. The chemiluminescence (SI)
emission produced by the activated PMNLs was mea-
sured with a Beckman scintillation counter LS 3801
equipped with a single photon counting program and
recorded as U/l

The commonly used techniques for measuring
fibrinogen (FB) and fibrinogen degradation products
(FDP) in the plasma do not discriminate between FP
and FDP as a result of both induce similar impairment
of homeostatic functions [34-37]. In order to test the
inhibitor properties of FB and FDP on oxidation, we
purchased from Sigma (St. Louis. MO) FB type I from
human plasma. This plasma contained = 60% protein
composed of fibrin, fibrinopeptide A and FB degradat-
ing compounds X and Y. The FB was dialyzed against
50 mM Na-K phosphate buffer, pH 7.3., and the
concentration was measured at 280 nm by using a
conversion factor of E(1%)a, = 15. The purified FB
solution was adjusted to 5 mg‘ml. FB was measured
with Sigma kit No. 880-B. and FDP was measured with
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a Sigma kit (Proc. No. 850) and recorded as mg/dl. For

subjects with low FB levels a second technique was

added based on calcium precipitation and subsequent
protein measurement [38]. The FB level was reported as
the total FB and FDP.

Ceruloplasmin (CP) is an acute phase protein that
serves as a circulating scavenger of oxygen derived free
radicals [39]. The CP concentration in the plasma was
determined according to Lehmann et al. [40] and was
expressed in international units U/l

To determine if dietary intake of fatty acid differed
between the patients and controls, we extracted 1 ml of
plasma with 10 ml of chloroform/methanol (2:1). BHT
was added as an antioxidant at a concentration of
0.005% (w/v) to all solvents and all operations were
carried out under nitrogen. The lipid extract was sa-
ponified, acidified and converted to methyl esters. The
composition of fatty acids in each sample was deter-
mined in a Packard Model 428 gas chromatograph
equipped with an all-glass injection splitter and flame
ionization detector. Retention time, peak areas and
relative peak area percentages were determined elec-
tronically using a Hewlett Packard Model 3390A Re-
porting Integrator. Identification of methyl esters of
fatty acids was accomplished by comparing relative
retention times with authentic standards [41].

3. Statistical analysis

The statistical analysis was done with S-PLUS and
SAS statistical software packages. A multivariate logis-
tic regression model was fitted to the data to determine
the significance of each covariate. Student’s paired ¢-
test and Welch modification of the r-test were used for
testing significance. A P-value of less than 0.05 was
taken as the level of significance. The results were
reported as means + SD.

Cholesterol vs. LPX: 0% Slenosis

Cholesterol vs. LPX: 10-69% Stenosis

183

4. Results

A significant difference was found in the means of
LPX between cardiac catheterized patients with 0 and
10-69% stenosis (P < 0.001), between patients with 10—
69 and 70-100% stenosis (P < 0.001) and between pa-
tients with 0 and 70-100% stenosis or 2.87, 3.29 and
3.56 umol/l of LPX, respectively (P < 0.001). Relation-
ships between the plasma cholestero! concentration and
the lipid peroxide concentration (LPX) are provided in
(Fig. 1). The means of plasma cholesterol concentration
at 0, 10-69 and 70-100% stenosis were 201.9 + 40.2,
203.2 4+ 41.9 and 207.0 + 50.6 mg/dl, respectively. The
differences between plasma cholesterol concentration at
all levels of stenosis were not significant (P = (0.94, P =
0.40, P=0.25). LPX, therefore, provided consistent
data on the severity of the stenosis up to 70 years of age
while the plasma cholesterol concentration did not.
Two men age 52 and 54 and one woman age 49 had
plasma cholesterol concentrations of more than 450
mg/dl (Fig. 1c). A total of ten catheterized patients had
cholesterol concentrations below 100 mg/dl. Five men
age 67-79 had plasma cholesterol concentrations rang-
ing between 67 and 98 mg/dl and five women age
24-82 had plasma cholesterol concentrations ranging
between 60 and 96 mg/dl, respectively. Three patients
had plasma cholesterol concentrations below 100 mg/dl
because of cancer [42].

Data on LPX and TAOC are summarized in Table 1.
Up to 70 years of age the LPX concentration increased
-with the severity of the degree of stenosis. However, the
severity of stenosis at 70-100% was as high for 75
patients less than 50 years of age as for 275 patients
more than 70 years of age. The TAOC decreased as the
degree of stenosis increased but was no longer a signifi-
cant factor after 70 years of age. Differences in LPX
and TAOC for 0 and 70-100% stenosis were all signifi-
cant (P <0.001) for age and sex matched cardiac

Cholesterol vs. LPX: 100% Stenosis

o
-3
g- g g
° ©
- 24 [ s 81 ° S 0 ° 5 81
g " ° odﬂ ° = ° ) <
H o PoPe LT, P 2 ot * .0 o K
§ o (ﬁQg o‘g" 2 80‘% ° 9 :‘;
Q @ o e
o g o %28 & 4o E e 38, #o ® ° o g-
g- N 8 B TS g s
° on % ~ 0o © o ognd e ° °
05 Doy o oo io °
° B
. o;o:°°° s ° te g
34 e 28 2 : ° b
. ie !
i H i
; A —- 1
35

Fig. 1. The plasma cholesterol concentration vs. the concentration of oxidation products (LPX) at 0, 10-69 and 70-100% stenosis of 1200 cardiac
catherized patients with angina. At 51-69 years of age the LPX was 2.92 at 0% stenosis, 3.19 at 10-69% stenosis and 3.48 pmol/! at 707100%
stenosis. The plasma cholesterol concentration was 201.9 at 10% stenosis, 203.2 at 10-69% stenosis and 207.5 mg/dl at 70-100% stenosis.
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Table 1

The concentrations of lipid peroxides (LPX) and total antioxidant
capacity (TAOC) in the plasma from the cardiac catheterized patients
and controls®

Degree of Age (years)

stenosis
<50 51-69 . >70

LPX (umolil)

Controls (%) 243 £0.39 2431048 324 +£0.78
32) n (20)

0 2874032 2.9240.36 2.98 +0.39
(89)** (150)** (63)

10-69 3294047 3.19 £ 037 3.42+048
(18)** © 80y (46)

70-100 3.56 £0.36 3.48 +0.39 3.544+0.44
(75)** (400)** 275)

TAOC (Unitsil) )

Controls (%) 21.76 4 3.00 20.80 + 4.05 17.96 + 3.63
(32) D (20

0 20.2542.50 20.134£2.23 19.20 4+ 1.86
(89)** (150) (63)

10-69 18.97 + 1.64 18.87 + 1.68 18.06 + 1.49
(18)y** (80)* (46)

70-100 17.21 £ 1.38 17.73 + 1.50 17.31 +£ 1.78

: (75)** (400)** . (275)

4 The number of people in each group is indicated in parenthesis.
Values expressed as mean + SD. Significantly different as compared
with respective matched control for P<0.05 (*); P<0.01 (**). Tests
of significance used the Welch modification of the /-test.

catheterized patients compared with the controls (Fig.
2). There was a significant difference in LPX between
patients with 0, 10-69. and 70-100% stenosis and
matching control groups younger than 70 years (P <
0.001).

Approximately 51% of the men with 70—100% steno-
sis of the coronary arteries had plasma cholesterol
concentrations below 200 mg/dl, 34% had concentra-
tions between 200 and 240 mg/dl, and only 15% of the
men had plasma cholesterol levels above 240 mg/dl
(Table 2). A similar situation occurred among the
women with 70-100% stenosis of their coronary arter-
ies although the differences were not as great. Approxi-
mately 35% of the women with 70-100% stenosis had
plasma cholesterol values below 200 mg/dl, 32% be-
tween 200 and 240 mg/dl and 33% had plasma choles-
terol values above 240 mg/dl. Therefore, the percentage
of women with 70-100% stenosis with plasma concen-
tration over 240 mg/dl was twice as high than for men

or 32.8 and 14.7%, respectively. Cholesterol values were -

not available for three men and one woman and were
not included in Table 2.

Of the 1199 patients listed in Table 2 data on smok-
ing, diabetes and lipid lowering drugs were available for
1075 of them. Approximately 25% (24.70%) of the men
and 17% (16.80%) of the women with 70-100% stenosis
had been smokers. The incidence of diabetes was higher

among women than men or 29.9 and 18.97%, respec-
tively (P <0.01). It was higher for both women and
men at 10-69 and 70-100% stenosis than at 0% steno-
sis (P < 0.001). At 70-100% stenosis the percentage of
women taking lipid lowering drugs was slightly higher
than for men or 16.8 and 15.8%, respectively. Eliminat-
ing the plasma cholesterol values for the patients taking
lipid lowering drugs did not alter the pattern of the
data presented in Fig. 2. The incidence of hypertension
at 70—100% stenosis was higher among men than .
women or 17.1 and 8.7%, respectively (P < 0.005). The
percentage of previous myocardial infarctions was also
higher in men than women or 4.1 and 3.8%, respec-
tively (Table 2). A logistic regression model was fit to
the data. The main effects model suggested that choles-
terol and smoking based on LPX values were insignifi-
cant in predicting percentage stenosis in the cardiac
catheterized patients. The analyses within different
groups of categorical variables revealed that for women
diabetes was more strongly associated with stenosis
than for men. High levels of total antioxidant capacity
were associated with a low percentage of stenosis. High
levels of LPX, age and diabetes were all associated with
the higher percentage stenosis.

Except for patients at 25-45 years of age the activa-
tion of PMNLs, expressed as the SI in the plasma from
the cardiac catheterized patients, was significantly
higher at all levels of stenosis (P < 0.01) compared with
the controls (Table 3). FB became less significant after
age 70 at 0 and 10-69% stenosis and after age 45 at
70-100% stenosis (P < 0.01) (Table 3). However, all of
the catheterized patients had higher concentrations of
FB in the plasma than the controls. The concentration

. of ceroplasmin (CP) in the plasma was significantly

higher at all age groups in the cardiac catheterized
patients than in the respective age groups of the con-
trols (P < 0.01).

Although there were no significant differences in the
plasma FB concentration between the smoking and the
non-smoking cardiac catheterized patients (Table 4),
there was a significant difference in the CP concentra-
tion (P <0.05) and SI (P <0.01) in the smokers at
70-100% stenosis as compared with non-smoking pa-
tients. Four out of 23 men with 70-100% stenosis and
four out of 23 men and three out of ten women with
0% stenosis below 40 years of age had been smokers.
Except for the diabetics with LPX at 0% stenosis and
FB at 10-69 and 70-100% stenosis (P < 0.05), there

~ were no significant differences in SI. CP. plasma choles-

terol concentration between non-diabetic and diabetic
catheterized patients (Table 5). For patients with mi-
crovascular angina (0% stenosis). diabetes enhanced the
LPX from 2.93 to 3.17 umol/l. Also except for LPX at
0% stenosis, there were no significant differences (P <
0.05) in SI, FB, CP, plasma cholesterol concentration
and LPX between catheterized patients taking lipid -
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lowering drugs and patients not taking lipid lowering
drugs (Table 6). The analyses for the concentration of
the fatty acids in the plasma lipid obtained from the
cardiac catheterized patients and the controls showed
that the mean + SD in the percentage of linoleic and
arachidonic acid was not significant indicating that
dietary lipid intake was not a significant factor in the
development of angina in the cardiac catheterized pa-
tients (Table 7).

5. Discussion

Although Steinberg et al. [19] believe that oxidation
products in the plasma ‘would be swept up within
minutes by the liver’, we found oxidation products at
significantly higher concentrations in the plasma of
cardiac catheterized patients with proven stenosis of
their coronary arteries than in age and sex matched
controls. That the concentration of oxidation products
provided consistent data on the severity of stenosis,
while the plasma cholesterol concentration did not,
indicates that a relationship exists between the concen-
tration of oxidation products in the plasma and the
development of atherosclerosis. Age was not a factor as
70— 100% stenosis occurred at less than 50 as well as at
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70 years of age. The suggestion of Steinberg et al. [19]
that the liver would ‘sweep up’ oxidation products may
be true in healthy persons. However, under pathologi-
cal conditions where the rate of in vivo formation of
oxidation products exceeds the rate of their removal by
the liver, these oxidation products accumulate in the
circulation. As Steinberg et al. have suggested, oxida-
tion products are highly immunogenic and may be
trapped in a space between cells where antioxidant
levels may be low.

Both smoking cigarettes [43 46] and diabetes [47-
49] have been recognized risk factors in persons suffer-
ing from coronary heart disease. However, we found
that the concentration of LPX was such a dominating
risk factor that smokers could not be identified by
measuring only the LPX concentration of the plasma.
Smoking could be identified as a risk factor in cardiac
patients by comparing the concentration of CP and SI
in smokers with 70— 100% stenosis to non-smokers with
70-100% stenosis of the coronary arteries. A previous
study by Hulea et al. [50] indicated that the LPX, FB,
SI and CP were all significantly higher in smokers than
in age and sex matched non-smokers (P < 0.01) in an
apparently healthy population living in urban areas.

Except for patients with microvascular angina (0%
stenosis), LPX was a more significant factor than dia-
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Fig. 2. The concentration of oxidation products (LPX umo!'l) and total antioxidant capacity (TAOC u/l) at 70-100% stenosis — and 0% sten051s
~ =~ in cardiac catheterized men and women compared with non-cardiac catheterized age and sex matched controls ----
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Table 2

The number of men and women with 0, 10-69 and 70-100% stenosis, percentage of smokers, diabetics, hpxd lowering drugs, hypertensives, MI's

and plasma cholesterol concentration below 200, 200-240 and above 240 mg/dl*

Stenosis Men (740) Woman (459)

0% - 10-69% 70-100% 0% 10-69% 70-100%
Number 149 82 506 152 62 244
Cholesterol (%)
<200 mpg/d} 5541 56.10 50.89 4342 41.94 34.84
200-240 mg/dl 30.41 29.27 34.45 34.87 35.48 32.38
> 240 mg/d! 14.19 14.63 14.65 21.71 22,58 32.79
Smokers (%)
Yes 24.16 26.83 24.70 14.47 - 12.90 16.80
No 67.11 62.20 66.21 74.34 75.80 70.08
Unavailable 8.72 10.98 9.09 11.18 11.29 13.11
Diabetics (%) v
Yes 6.70 17.00 18.97 7.89 19.35 29.9
No 85.20 73.17 73.12 82.24 67.74 59.00
Unavailable 8.05 9.76 7.91 9.87 12.9 29.92
Lipid lowering drugs (%)
Yes 5.37 7.32 15.81 5.92 14.52 16.8
No 86.58 82.93 76.09 84.21 74.19 72.13
Unavailable 8.05 9.76 8.10 9.87 11.29 11.07
Hypertensive 2.28 2.05 17.16 6.08 342 8.74
Previous MI 0.22 0.22 4.11 1.52 2.28 3.80

# These data were provided by Sylvia Lofrano from each patient’s chart. Data on smoking, diabetics and lipid lowering drugs were not available
for all patients and were recorded as’the percentage unavailable from patients’ records.

Table 3

The concentration of ceruloplasmin (CP), fibrinogen (FB), and stimulatory index (SI) in the plasma from cardiac catheterized patients and

controls*

Condition Age (years) n SI (UM FB (mg/dl) CP (1U/)

Control 25-45 24 25418 246 + 69 116 +39
46-69 22 28+24 288 +80 120 £ 56
70+ 20 28 + 31 295 + 81 117 + 67

0% Stenosis 25-45 40 40 4 13** 307 £ 72** 167 £33+
46-69 137 39 £ 12%* 354 £ 77** 148 + 18**
70+ 38 41 + 10* 328 + 80 173 £ 32%*

10-69% Stenosis 25-45 7 39+10 339 4 95%* 178 + 20%*
46-69 73 53 + 14** 394 + 97** 204 4 52%*
70+ 27 52 4 10+ 333+ 119 213 + 18**

70-100% Stenosis 25-45 26 54 4 10+* 356 + 80** 213 +£39**
45-69 332 35 4 9% 326 4+ 117 184 + 26**

49 + 11%* 318492 203 + 34**

70+ 209

# Values expressed as mean + SD. Significantly different as compared with respective matched control for P<0.05 (*). P<0.01 (**). Tests of

significance used two-tailed Student’s -test (equal variance assumed).

betes in cardiac catheterized patients with stenosis of
their coronary arteries. The significantly higher inci-
dence of diabetes among women than men (P < 0.01)
and both women and men at 10-69 and 70-100%
stenosis than at 0% stenosis (P < 0.001) indicates that
diabetes is a risk factor in its own right and is an added
risk factor in the complex metabolic process that results
in stenosis of the coronary arteries. That hypertension

among men is hlgher than among women is well known
[51-54].

The favorable influence of lipid soluble antioxidants
in the development of atherosclerosis in animal models
[55-60] supports the hypothesis that lipid oxidation
products are a risk factor for heart disease. In an in

- vivo study [61] we showed that oxidation products were

an atherogenic factor in the development of atheroscle-
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rosis in the arteries of cholesterol-fed rabbits. We com-
pared the atherogenic effects of a diet enriched either
with 0.5% oxidized cholesterol (OC) or with pure
cholesterol (PC) or with PC plus vitamins E and C.
Although the OC and PC diets were equally hyperlipi-
demic and hypercholesterolemic, the severity of
atherosclerotic lesion was in the order: OC>PC>
PC + antioxidants. These data indicated that atheroge-
nesis can result from an excessive accumulation of
oxidation products in the plasma which antloxxdants
can moderate.

We showed in a previous publication [62] that the
hemolytic effect of homocysteine was higher in erythro-
cytes obtained from cardiac catheterized patients with
either 0 or 100% stenosis of the coronary arteries than

in the controls. Homocysteine was able to increase the
activation in vitro of PMNLs when triggered by op-
sonized zymosan. The hemolytic action of homocys-
teine was shown to depend on the ratio of PMNLs to
erythrocytes., This relationship may help to explain the
great individual variations in the hemolytic activity
noticed in blood obtained from cardiac catheterized
patients [63,64] and may also explain the mild anemia
in some patients suffering from cardiovascular disease.
Van der Griend et al. {65] have recently suggested a
combination of low-dose folic acid and pyridoxine for
treatment of hyperhomocystemaemla in patients with
premature arterial disease.

As a result of acute phase proteins in the plasma
increase during inflammation and coronary heart dis-

Table 4
The concentration of ceruloplasmin (CP), fibrinogen (FB), and stimulatory index (SI) of non-smokers and smokers with stenosis®

Condition Group n FB (mg/dl) CP (1UN) SI (U/h
0% Stenosis Non-smokers 150 330+ 86 170 4+ 34 39+12
Smokers 41 325+ 78 165 + 30 39412
10-69% Stenosis Non-smokers 70 337 £ 80 188 £ 28 46+ 12
Smgkers 24 338 +98 194 + 30 45+ 10
70-100% Stenosis Non-smokers 385 o 343+82 199 + 32 51412
Smokers 113 - 345494 208 + 35* 54 4 12%*

* Values expressed as mean + SD. Significantly different as compared with respective matched control for P<0.05 (*); P<0.01 (**). Tests of
significance used two-tailed Student’s s-test (equal variance assumed).

Table 5 .
The concentration of ceruloplasmin (CP), fibrinogen (FB), stimulatory index (SI), cholesterol, and LPX in diabetics®

Condition Age n SI (UMD FB (mg/dl) CP (1U/1) Cholesterol (mg/%) LPX (umol/l)
0% Stenosis Non-diabetics 178 39+12 329484 169 +33 200 + 40 2.9340.36
Diabetics 13 36+8 327490 176 +33 209 + 43 3.17 £ 0.44*
10-69% Stenosis Non-diabetics 74 46 + 11 329 + 80 189 +28 201 +40 3.25+0.36
Diabetics 20 44 + 11 3724+ 104* 195 +27 214 + 41 3.22+0.46
T70-100% Stenosis Non-diabetics 380 St+12 338 + 85 201 +33 - 204 4 46 3.50+0.39
Diabetics 122 53+12 359 4 83* 205+ 34 212+ 57 3.55+£0.47

* Values expressed as mean + SD. Significantly different as compared with non-diabetic of same degree of stenosis for P<0.05 (*); P<0.01 (**).
Tests of significance used two-tailed Student’s 1-test (equal variance assumed).

Table 6 :
The concentration of ceruloplasmin (CP), fibrinogen (FB), stimulatory index (SI), cholesterol, and LPX in patients taking lipid-lowering drugs®
Condition Age ) n S1 (U FB (mg/dl) CP (IU/) Cholesterol (mg;%) LPX (umol/l)
0% Stenosis No lipid drugs 177 39+12 329+ 84 169 +33 20040 293+0.35

Lipid drugs 14 40+9 327487 171 + 34 199 + 36 3.15+£0.55*
10-69% Stenosis No lipid drugs 82 46 + 11 343 488 188 + 28 205+ 42 3.25+0.39

Lipid drugs 12 44 + 11 302 +77 202 + 30 197 £26 3.25+0.32
70--100% Stenosis No lipid drugs 402 52412 343+ 87 201 +33 204 + 48 ' 3.52+0.41

' Lipid drugs 99 50+ 12 340+ 76 202 + 31 212+ 54 347 +£0.39

# Values expressed as mean + SD. Significantly different as compared with non-user of lipid-lowering drugs of same degree of stenosis for
P<0.05 (*); P<0.01 (**). Tests of significance used two-tailed Student’s /-test (equal variance assumed).
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Table 7
Fatty acid composition of plasma from 0 and 100% stenosis of
cardiac catheterized patients

% Fatty acid 0% Stenosis 100% Stenosis Controls
14:0 : 0.9+0.3 09403 1.0+03
16:0 21.5+23 229425 222426
16:1 (n—7) 24409 31+15 21408
18:0 6.2+1.2 50+1.8 68+23
18:1 (n—4) 1.240.3 1.2+04 0.7+0.3
18:1 (n—9) 166+ 1.4 18.4+1.0 151+14.
18:1 (n-7) 1.6+03 1.73+03 1.5+0.2
18:1 (n=95) 04401 0.540.1 0.3+0.1
18:2 (n—6) 29.6+4.3 274 4+4.6 30.84+8.5
18:3 (n—6) 0.7+0.3 0.74+£03 0.5+0.1
18:3 (n—3) ’ - - -
20:2 (n—6) - . - -
20:3 (n—6) 1.84+02 2.140.5 20+0.5
20:4 (n—6) 9.8+29 9.14+2.1 88+1.6
22:2 (n—6) 0.6+0.2 0.6+0.3 0.6+0.2
- 2411 (n—-9) 0.3+0.1 03£01 04402
22:4 (n—95) 0.5+0.1 0.6+0.1 0.610.1
22:5 (n—-3) 1.6 +0.6 1.7+0.6 1.9+0.1
T saturated 29.8+3.0 29.7+3.4 306 +5.0
T mono-unsatu- 21.34+2.0 23.6+2.3 194+23
rated
T poly-unsatu- 445+53 42.1+43 453+ 74
rated
Unsaturated p/s 1.5+03 1.5403 1.6+0.5
ratio )

ease, a relationship may exist between phagocytosing
leukocytes, CP and FB. Under normal physiological
conditions the acute phase proteins, especially FB, do
not significantly influence the activation of PMNLs in
the plasma [33]. But under pathological conditions
when these acute phase proteins are non-specifically
increased, FB may increase the biological activity of
PMNLs as a function of its concentration [33]. In-
creased PMNLSs activity resulted in plasminogen activa-
tion and release of plasmin which triggered additional
fibrinogenolysis [35,36]. A FDP concentration of 200
mg/dl [33] increased SI emission. Fibrin in a similar
concentration partially inhibited the SI emission. We
found activated PMNLs stimulated FB and FDP activ-
ity and increased oxidation products in the plasma.
Weijenberg et al. [66] showed that PMNLs may have a
decisive role in arterial occlusion. They believe that

adhesion of leukocytes (especially activated by PMNLs) -

to the coronary vessel wall, or their incorporation into
thrombi, can have serious consequences as a result of
the release of reactive oxygen species which can pro-
mote atherosclerosis and lysis of erthrocytes [62,64].
CP is a plasma protein that carries 2 95% of the
total circulating copper in the plasma [67]. The presence
of activated PMNLs may also be involved in whether
intact CP increases the oxidation of LDL. Ehrenwald et

al. [67] found highly purified human CP enhanced

copper ion-mediated oxidation of LDL in vitro. They

found CP, degraded to a complex containing 115 and
19-kD fragments, inhibited cupric ion oxidation of
LDL. The antioxidant capability of the degraded CP
was similar to that of other acute phase proteins,
including albumin [16]. These data indicated that the
concentration” of oxidation products rather than the
concentration of cholesterol in the plasma identified
stenosis in cardiac catheterized patients.
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Abstract

Cardiovascular disease (CVD) in general seems to be the leading cause of death in the Eastern Mediterranean Region (EMR)
including Iran. This may be due to classic risk factors such as high triglyceride (TG), high total cholesterol (TC), and low levels
of ‘high density lipoprotein cholesterol (HDL-C). The impact of antioxidants as potentially protective risk factors against early
coronary heart disease (CHD) is unknown in Iran. Therefore, relationships between angina and plasma antioxidants and
indicators of lipid peroxidation were investigated in a case-control study. In this study, 82 cases of previously undiagnosed angina
pectoris (AP), identified by a modified WHO Rose chest pain questionnaire and verified by electrocardiography during treadmill
exercise testing, were compared with 146 controls selected from the same population of over 4000 male civil servants aged 40-60
years. Subjects with AP declared significantly less physical activity and had higher serum TG [means (S.E.M.) 2.32 (0.18) versus
1.61 (0.07) mmol/i] but lower HDL-C {1.01 (0.04) versus 1.18 (0.03) mmol/l] than age-matched controls. Levels of total serum
cholesterol, low-density lipoprotein cholesterol (LDL-C) and lipoprotein(a) [Lp(a)] were not significantly different between the two
groups, while the ratio of LDL-C/HDL-C was significantly higher [4.51 (0.23) versus 3.54 (0.11)] for subjects with AP than for
the controls. There was no significant difference in plasma levels of «-tocopherol, vitamin C, «- and B-carotene. However, retinol
[1.90 (0.06) versus 2.09 (0.05)] and B-cryptoxanthin [0.398 (0.04) versus 0.467 (0.03)] were significantly lower in AP. Furthermore,
angina cases exhibited a higher index of lipid peroxidation than controls (e.g. malondialdehyde, MDA; 0.376 (0.010) versus 0.337
(0.009) pmol/l). On multiple logistic regression analysis, retinol with odds ratio (OR) of 0.644 [95% confidence interval (CI;
0.425-0.978)], B-cryptoxanthin, with an OR of 0.675 (CI; 0.487-0.940), oxidation indices, MDA with OR of 1.612 (95% CI;
1.119-2.322) and LDL-C/HDL-C ratio with OR of 2.006 (95% CI; 1.416-2.849) showed the most significant independent
associations with AP in this group of Iranians. In conclusion, the state of lipid peroxidation as well as the status of special
antioxidants may be co-determinants of AP in Iran, in paralle] with the influence of classical risk factors for cardiovascular
disease. © 2000 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Antioxidants; Lipid peroxidation; Malondialdehyde; Autoantibodies; Lipoproteins; Coronary heart disease

1. Introduction ing The Islamic Republic of Iran [1]. Despite the lack of
accurate mortality data and modern medical care, there

Cardiovascular diseases (CVD) are the leading cause is enough evidence that CVD is increasing in Iran. The
of death in the Eastern Mediterranean Region includ- proportion of deaths due to CVD reached around 38%

in 1989 (1983-1989) [2]. The national survey data have
—_— . suggested that elevated plasma levels of classic risk
* Corresponding author. Present address: National Nutrition Insti- factors such as a high total cholesterol (TC), triglyce-

tute, Vali-Ye-Asr Ave., P.O.Box 19395-4741, Tehran, The Islamic S R . . .
Republic of Iran. Fax: + 98-21-8732097 or -+ 98-21-8736604. - ride (TG) and low" density lipoprotein cholesterol
E-mail address: shokoufehm@yahoo.com (S. Meraji) (LDL-C) might be important underlying causes of this
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increased mortality [3,4]. A recent community-based
programme showed that 64% of a healthy normal
population in Tehran were suffering from some kind of
dyslipidaemia [5].

In industrialized countries, where classical risk fac-
tors for coronary heart disease (CHD) such as blood
. pressure, plasma cholesterol and smoking have been
known for some time, corresponding public education
and other interventions have led to a decline in the
mortality rate in these countries in the last three
decades [6]). However, in the present decade it has been
suggested that other factors such as plasma antioxidant
vitamins and peroxide concentrations play an impor-
tant role in the etiology of CHD including angina
pectoris (AP). Oxidative modification of low density
lipoprotein (LDL) has been inferred to be important in
the development of atherosclerosis, since modified LDL
is readily taken up by macrophages, and as a conse-
quence, leads to foam cell and plaque formation [7,8].
High levels of lipid proxidation were also reported to
be associated with angina pectoris [9,10] and progress-
ing coronary artery disease [7,8,11].

The most abundant diet-derived antioxidants avail-
able in plasma to protect against reactive oxygen spe-
cies are o-tocophero! (vitamin E) and ascorbic acid
(vitamin C) [12]. a-Tocopherol is the major lipophilic
antioxidant present in the outer lipid monolayer of
LDL, which may protect the polyunsaturated fatty
acids against oxidation by accepting electrons to form
a-tocopheryl radicals {13,14], whereas carotenoids [14]
and retinol (vitamin A) [15] are minor lipophilic antiox-
idants. Vitamin C, in the aqueous phase of the plasma,
permits regeneration of a-tocopherol [16]. Cross cul-
tural studies in Europe [17,18], Scotland and Finland
ffor review see Ref. [19]] have revealed an inverse
relationship between the plasma vitamins C and E and
CHD [17,18]. Other studies of large cohorts have
shown that correction of an inadequately low dietary
intake of vitamins E [20] and C [for review see Ref. [19]]
reduces CHD expression.

Although the mortality rate of CHD seems to be
increasing in urban areas of Iran, there has not been
any systematic study on associations of risk factors
with angina pectoris and CHD. A study of previously
undiagnosed AP may provide most valuable informa-
tion on an early stage of CHD with mild or transient
clinical symptoms, which is not yet biased by recent
changes of life style or any other treatment. In Edin-
burgh, AP of middle-aged males was associated with
low plasma levels of vitamins A, C, E and carotene [21].
A small pilot study on young students in Tehran, found
a higher level of plasma malondialdehyde (MDA) as an
indicator of lipid peroxidation, but similar amounts of
a-tocopherol and B-carotene and even higher levels of
some other carotenoids (lycopene, .canthaxanthin,
lutein + zeaxanthin) as compared with a matched group

of Austrians [22]. Results of a household food security
survey in Tehran [23] indicated that 96% of the popula-
tion of Tehran consume vitamin C in excess of and 32%,
consume retinol below the recommended intake [23], of
which only 18% is from meat and dairy products. .

Generally, the dietary habits of Iranians are different
from those prevailing in industrialized countries and
their life style has been influenced to some extent by
war in recent decades. A recent nationwide survey
found that the main sources of carbohydrates are rice

“(at least once a day) and bread (66% of energy comes

from carbohydrates): oil or hard margarine as the main
sources of fat. Twenty two percent of energy was
derived from fat in which saturated fatty acids exceed

the recommended level: the intake of animal protein
was low [24]. Leafy vegetables such as parsley, corian-

" der, dill weed, onions, spinach, horse radish, mint,

watercress and other herbs are traditionally eaten every
day, but other vegetable are consumed to a lesser extent
and all mostly in pickled form. However, tomato puree,
lemon juice and puree from pomegranate and plums
are also used for enhancing the taste, but often requir-
ing prolonged cooking times for stews. Green salad,
yoghurt or pickled vegetables are served with every
meal.

The aim of this study was to identify subjects with
AP among middle-aged males in Tehran and to mea-
sure both classic risk factors, as well as plasma antioxi-
dant concentrations and indicators related to
lipoprotein oxidation as potentially independent predic-
tor risk factors for AP,

2. Material and methods
2.1. Experimental design

The design of the investigation was based on a
case-control study. The selected population consisted of
men aged 40—-60 years who were not taking any medi-
cation for treatment of CHD, hyperlipidaemia, diabetes
or hypertension. They were also not taking vitamin
supplements and had not undertaken recent dietary
changes that might affect their plasma antioxidant
status. Male employees of eleven different Governmen-
tal Organizations in Tehran were screened for previ-
ously undiagnosed AP. More than 4000 questionnaires
were returned. Three hundred reported coronary chest
pain according to a modified Rose chest pain question-
naire [25] and were invited for exercise test with a 97%

- response rate. The ECG revealed abnormalities after

exercise loading in 104 subjects, but only 82 subjects
with horizontal or downslope ST depression of equal or
more than 1 mm in two or more leads, were admitted
to the study. These 82 verified AP cases were matched
with 146 male controls of similar age drawn from the
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remaining population (3700) who had a negative re-
sponse to ther Rose chest pain questionnaire (reconfi-
rmed by telephone), no history of CHD and a negative
electrocardiography exercise test. All subjects com-
pleted documentation with informed consent.

Blood pressure was measured in the right arm after
resting sitting for 10 min, by mercury sphygmo-
manometer. Two measurements of blood pressure were
recorded at 5 min intervals, by a trained person. Height
and weight were measured, and questionnaire data was
collected on food frequency, years of education, num-
bers of cigarettes smoked per day, exercise habits,
walking, past history of reported high BP, diabetes and
dyslipidaemia, in the subjects and their first degree
relatives. Four of the AP cases underwent coronary
artery bypass surgery immediately after angiography.

Exercise testing and all blood sampling was per-
formed during the period September 1997 to mid-
March 1998, before the beginning of spring when
stored fruit supplies gradually decline. In particular, it
was important to finish sample collection before the
celebrations of the Iranian New Year which starts on
21 March and lasts for 2 weeks, when people eat more
nuts, sweets and fruits. The frozen samples were trans-
ferred on dry ice to the University of Graz, Austria, in
early May 1998. The biochemical analyses were com-
pleted by the end of June 1998.

2.2. Materials

All ‘solvents and further specified chemicals were
analytical grade, supplied by Merck (Darmstadt, Ger-
many) or Prochem (Wesel, Germany) or Sigma (St.

Louis, MO). The kit to measure autoantibodies to

oxidized LDL (olLab) was provided by Dr Franz
Tatzber, KEG, Vienna, Austria.

2.3. Methods

2.3.1. Storage of plasma

Blood samples (30 ml) were taken by venipuncture of
the antecubital vein, with brief use of a tourniquet, in
the morning after 12 h fasting. Serum was obtained for
lipid profile. For parameters other than vitamin C,
blood samples containing 1 mg/ml EDTA, pH 7.4, were
centrifuged at 2000 x g for 10 min. The aliquots of
plasma were stored at —80°C for 3-8 months. A
separate aliquot of 0.5 ml of plasma EDTA was mixed
with 0.5 ml of 10% metaphosphoric acid, within 30 min
of venipuncture and stored at — 80°C for assay of
vitamin C.

‘2.3.2. Determination of lipid proﬁle' in serum
Cholesterol was measured by the CHOD-PAP
method. TG by the GPO-PAP method, high density

lipoprotein cholesterol (HDL-C) was determined after
separation with phosphotungstic acid and magnesium
chloride, all using established kit methods from
Bochringer, Mannheim, Germany. LDL-C concentra-
tion was calculated [26]. The methods and results were
validated against the - UK-NEQAS scheme and
Boehringer QC standards.

2.3.3. Determination of lipid soluble antioxidants
Antioxidants were determined as described previ-
ously [27]. Briefly, 0.4 ml of plasma with 0.4 ml of
water were mixed with an equal volume (0.8 ml) of
ice-cold ethanol (containing 0.5 mg/ml butylated hy-

_ droxy-toluene (BHT). A total of 2.0 ml of n-hexane

(stored over bidistilled water containing 20 uM EDTA)
was added and after centrifugation (3000 rpm, 5 min),
a volume of 1.2 ml of hexane phase was transferred into
a brown crimp vial and dried in a speed-vac for 10 min,
at room temperature. The residue was dissolved in 0.3

-m] mixture of ethanol:ethylacetate (10:1 v/v, containing

1 mg/l BHT). A sample (20 nl) was injected into an
HPLC system (Lichrosphere 100 RP18 column, 5 pm,
125 x 4 mm: Merck, Germany). Separation was per-
formed in isocratic mode with a mixture of acetonitrile/
methanol/ethanol/water (60:50:20:2 v/v), containing
0.01% ammonium acetate, flow rate 1.2 mi/min. The
effluent was monitored with two detectors in series, a
UV-VIS detector (L4250, Merck, Hitachi) set to 450
nm for detection of carotenoids and a fiuorescence
detector (Jasco 821 FP) set initially to 325/500 nm for
detection of retinol and after 3.9 min to 292/335 nm for
detection of tocopherols. The intra assay coefficient of
variation was 4-7% for all antioxidants.

2.3.4. Determination of vitamin C. with HPLC

Vitamin C was measured according to the method of
Bui et al. [28]. The frozen plasma-EDTA, in metaphos-
phoric acid, was thawed, mixed for 5 s and centrifuged
on an Eppendorf centrifuge (Hamburg, Germany,
Mod.5415C) at 10000 x g for 4 min. A volume of 0.1
m! of supernatant was mixed with 0.4 ml of HPLC-elu-
ent, centrifuged and injected by the autosampler into
the HPLC System (Lichrosphere 100 RPI8, 5 mm,
250 x4 mm). The HPLC-eluent was prepared by
adding 4.3 ml of 70% perchloric acid and 100 mg
EDTA to 1 1 of bidistilled water. Flow rate was 1
ml/min. The effluent was monitored with an electro-
chemical detector set to + 0.6 V against an Ag/AgCl
reference electrode filled with 3 M LiCl. Peak quantifi-
cation was performed with at least two standard mix-
tures of ascorbic acid. The time between thawing and
HPLC separation did not exceed 3 h.

2.3.5. Determination of MDA in plasma
MDA was determined using a slight modification of
the HPLC method of Rabl et al. [29]. The plasma
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samples were thawed immediately before the assay and
100 1 was mixed with 100 ul water, 300 ul of 0.15 mol
phosphoric acid/l, 10 pl of BHT, 4% methanolic solu-
tion and 100 ul 0.6% thiobarbituric acid (TBA) and
incubated at 95°C for 60 min. The chromogen was
extracted with 1.25 ml butanol-1 and fractionated by
HPLC with fluorometric detection (excitation wave-
length: 525 nm, emission wavelength 550 nm). MDA-
TBA adduct was calibrated with tetramethoxypropane
standard solution.

2.3.6. Measurement of autoantibodies to oLab
Determination of oLLAb (EliTec, Bisamberg, Austria)
was performed according to the method of Tatzber and
Esterbauer, 1995 [30]. Briefly, human LDL (50 pg
protein/ml) in PBS, (pH 7.4), was oxidized with- CuCl,

at a final concentration of 1.66 uM for 24 h. Microtitra-

tion plates were coated using a concentration of LDL
at 5 pg protein/ml (250 pl/well, 1.25 pg protein) in
phosphate carbonate buffer (pH 9.6) overnight. Unspe-
cific binding sites were blocked with 1% bovine serum
albumin (BSA) in PBS (pH 74) for 2 h at room
temperature. The sera of the subjects were diluted 1:21
in PBS and incubated for 2 h at 37°C in the wells
coated with oLDL. After washing, 100 pl of antihuman
IgG horse radish peroxidase conjugate was added to
each well and incubated for 45 min at room tempera-
ture. Tetramethylbenzidine was used as a chromogenic
substrate and the absorbance was read at 450 nm. The
absorbance of samples collected before supplementa-
tion was taken as the 100% value for each subject, the
measurements of oLab obtained after supplementation
were calculated as a percent of this value.

2.3.7. Determination of lipoprotein (a) [Lp(a)] and
apolipoprotein (a) [apo(a)]

Quantitation was performed by a sandwich assay on
~ the DELFIA system (LKB-Pharmacia) [31]. In brief, a
polyclonal rabbit antibody was purified by im-
munoaffinity by passing over a column loaded with
plasminogen, and coated onto 96-well Costar plates.
The purified antibody was free of any detectable cross
reactivity against plasminogen, or other plasma con-
stituents as tested by Western bolt analysis using Glu,-
plasminogen. Non-specific bindings sites were blocked
by exposure to 250 pl of 0.5% (w/v) BSA for 30 min.
Two hundred pl aliquot of the samples were added to
the wells and incubated for 2 h at 20°C. After three
successive washing steps with 50 mM Tris—HCI, pH
7.7, the polyclonal antibody against apo(a), labelled
with Europium (Eu) was added to the wells and incu-
bated additionally for 2 h at 20°C. Fluorescence was
determined in a DELFIA reader after 15 min. Plasma
samples were diluted 1500-3000-fold.

2.4. Statistical analysis

Statistical comparisons between angina cases and the
controls were carried out using unpaired z-tests. The
non-parametric Wilcoxon test was used for comparing
non-normally distributed data. For comparison of the
percentage of smokers and of genetic history in first
degree relatives, chi-squared tests were used. Multiple
logistic regression with a forwards stepwise approach
was used to determine the independent predictors of AP
in the total sample. The following variables were not
normally distributed and were log transformed before
analysis: «, B-carotene, B-cryptoxanthin, y-tocopherol,
olLab, YadijMDA and triglycerides. Variables entered
into the logistic regression included lipid profile, LDL-
C and HDL-C (entered as LDL-C/HDL-C ratio, not
individually, as this term can give more power in risk
assessment [32]), and all the water soluble and lipid
soluble antioxidants and indices of lipid peroxidation,
whether they were statistically significant or not. Corre-
lations between variables were calculated with Pearson .
(denoted r) or Spearman’s rank correlations (denoted
r,), according to whether variables followed a normal
distribution. There was a strong positive correlation
between cholesterol (r = 0.498, P = 0.0001) and triglyce-
ride (r; = 0.440, P = 0.0001) and a-tocopherol, therefore
¢-tocopherol was adjusted for these two parameters
according to the procedure of Jordan et al. [33], before
entering into the logistic regression. There was a weak
correlation between the other antioxidants (e.g. B-cryp-
toxanthin) and TC (r,=0.279, P=0.0001) and TG
(r,=0.014, P=0.841), therefore they were entered
without adjustments. Although, the correlation between
MDA and TC (r,=0.223, P=0.002) and TG (r,=
0.221, P=0.002), were not strong, MDA was adjusted
for both TC and TG according to the procedure of
Jordan et al. [33] in view of the high TG in AP cases.
However, the relationship between MDA and angina
was similar whether or not such an adjustment was
made. The protective and the risk factors for angina
pectoris were evaluated by logistic multiple regression
with adjustment for other variables entering the statisti-
cal model. OR and their 95% confidence limits are
presented as the relative odds associated with a stan-
dard deviation increase in that particular variable. A P
value less than 0.05 was considered significant. All
values shown in the table are mean (S.E.M.). All statis-
tical analyses were performed by using the computer
software SPSS Rel.6.1.2. .

Note: The reason the number of analyses is not
consistent is due either to insufficient plasma for all
analyses for some subjects, or lack of time, as only 2
months were available to complete all the biochemical
analyses. Regarding blood pressure and body mass
index (BMI), their entry did not affect the outcome of
the logistic regression, therefore they were omitted.
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Also, the physical activity value was self-declared and
unmeasurable, of interest but considered less reliable
than the biochemical measurements and it was also
omitted from the logistic analysis.

3. Results
3.1. Anthropometric measurements, smoking and BP

In the present case-control study the apparently
healthy controls were compared with subjects with pre-
viously undiagnosed AP regarding sex, age (40-60),
profession (civil servants of the Governmental staff)
and a medium-low socioeconomic status with similar
mean years of education and a similar BMI around 25.
Also, they declared that they did not drink alcohol.

There was no significant difference in the BP between
these two groups (Table 1) and levels were within the
reference range according to European and National
Cholesterol Educational Program guidelines [34,35].
The percentages of cigarette smokers were similar in the
two groups, however, the percentages of those with a
family history of CHD in first degree relatives, before

Table 1

407

age of 60, were 51gn1ﬁcantly higher (Table 1) in the
angina group than in the controls

3.2. Lipid profile

There were no significant differences in TC and LDL
between the two groups (Table 2). TG (44%) and ratio
of LDL-C /HDL-C were significantly higher (27%) in
the cases than controls (Table 2) and HDL-C was
significantly lower (15%) in the cases than controls.
There was a significant inverse correlation between
HDL and plasma TG (r, = — 0.433, P = 0.0001). It has
been suggested that HDL-C < 1.0 mmol/l and/or fast-
ing triglycerides > 2.0 mmol/l and TC > 5.0 mmol/l are
markers of increased coronary risk [34,35]. Seventy five
percent of either angina subjects or controls had TC >
5.0 mmol/l; 46% of the angina and 24% of controls had
TG > 2.0 mmol/l; and 53% of angina cases and 26% of
the controls had HDL-C < 1.0 mmol/l. Thus, these

classical risk factors occurred at least twice as often in

the angina cases as the controls, in combination with a
lower declared physical activity and an increase in the
family background of premature CHD (P = 0.0055 and
P =0.0063, respectively).

Anthropometric data and blood pressure and smoking habits in controls and subjects with previously undiagnosed angina pectoris (AP), in
Tehran?

Parameter n Control n . Angina P
Age (years) 146 48.4 (0.38) 82 48.7 (0.54) 0.586
EDU 146 14.3 (0.27) 82 13.6 (0.37) 0.068*
BMI 146 24.6 (0.24) 82 25.1 (0.34) 0.207
BP (mmHg)

Systolic . 146 123.5 (1.1) 82 126.6 (1.3) 0.124*
Diastolic 146 77.10 (0.7) 82 78.7 (1.0) 0.269*
Activity (min) 146 270 (20) 82 181 (20) 0.0055*
Smoking %> 5/day 146 13.0% 82 15.9% 0.553**
History of CHD in the Ist relative <60 146 17.1% 82 32.9% 0.0063**

2 Data are presented as mean (S.E.M.). Education by years EDU; weight (kg)/height (m)%; BMI; blood pressure, BP; walking + exercise/week.
Activity (min); smoking more than 5 cigarettes/day considered as smoker. Data were compared with the unpaired z-test.

* Data were compared by non-parametric, Wilcoxon two sample test.

** Data were compared by ¥ test.

Table 2

Serum levels of major lipids in subjects with previously undiagnosed angina pectoris and controls, in Tehran®

Parameter (mmol/l) n Control ’ n Angina P

1C 146 578 (0.09) 82 6.13 (0.15) 0.053
LDL-C 146 3.87 (0.09) 82 4.09 (0.14) 0.215
HDL-C 146 1.18 (0.03) 82 1.01 (0.04) <0.0001*
LDL-C/HDL-C 146 3.54 (0.11) 82 4.51 (0.23) <0.0001
TG 146 1.61 (0.07) 82 2.32 (0.18) <0.0001*
Lp(a) (mg/dl) 140 21.5 (1.7) 79 29.6 (3.5) 0.131*

® Values are presented as mean (S.E.M.). Data were compared with the unpaired ¢-test. Total cholesterol, TC; high dehéity lipoprotein
cholesterol, HDL-C; low density lipoprotein cholesterol, LDL-C; triglyceride, TG; lipoprotein (a), Lp(a). ‘
* Data were compared by non-parametric Wilcoxon two sample test.



408 S. Meraqji et al. / Atherosclerosis 150 (2000) 403-412

Table 3

Comparison of plasma antioxidants and oxidation indices in subjects with previously undiagnosed angina pectoris and controls in Tehran?
Antioxidants (umol/l) n Control n Angina ' P
Vitamin C 141 55.6 (1.9) 80 51.1 2.2) 0.137 -
«-Tocopherol 138 24.0 (0.5) 71 26.3 (1.0) 0.053
a-Tocopherol/TC (umol/mmol) 138 4.21 (0.08) 77 4.38 (0.16) 0.348
Yadj Vitamin E 138 23.3 (0.40) 77 23.5 (0.64) 0.820
y-Tocopherol 138 2.67 (0.13) 77 2.75 (0.19) 0.816*
Retinol 138 2.09 (0.05) 77 - 1.90 (0.06) 0.025
B-Carotene 138 0.391 (0.03) 71 0.352 (0.03) 0.199*
a-Carotene ) 138 0.061 (0.007) 77 0.044 (0.004) 0.462*
Lycopene 138 0.719 (0.024) 77 0.654 (0.036) 0.118
B-Cryptoxanthin . 138 0.467 (0.03) 77 0.398 (0.04) 0.041*
Canthaxantin 138 0.266 (0.007) 77 0.222 (0.020) 0.802
Lutein -+ Zeaxanthin ) 138 0.659 (0.023) 77 0.618 (0.032) 0.296
Oxidation indices MDA (umol/) 111 0.337 (0.009) 77 0.376 (0.010) 0.0001*
YadjMDA 111 0.335 (0.009) 77 0.363 (0.011) 0.0021*
Olab (U/ml) 134 315 (24) 77 362 (33) 0.122*

2 Data are presented as mean (S.E.M.). Data were compared with the unpaired f-test. MDA, malondialdehyde; oLab, autoantibodies to
oxidized LDL; YadjE and YadjMDA, a-tocopherol and MDA were adjusted to mmol/L cholesterol and mmol/L triglycerides according to Jordan
et al. [33]); (Yadj = ¥~ B, (x| —X, o) — By(x,— X, 0), 5.71 mmol TC and 1.36 mmol TG (median control of this population), were taken as standard

value for cholesterol and triglycerides, respectively.

* Data were compared by the non-parametric Wilcoxon two sample test.

3.3. Lp(a)

The mean level of Lp(a) was (37%) higher (P =0.131:
. ns) in the cases than the controls (Table 2). Plasma level
of Lyp(a) above 30 mg/dl was found in 21% of controls
and 33% of angina cases.

3.4. Oxidation indices

Indices of lipid peroxidation such as MDA were
significantly higher (12%) in the cases than controls
(P =0.0001, Table 3). Also, when MDA was standard-
‘ized for lipid [yadjMDA, which incorporated choles-
terol and triglycerides [33]] it was significantly higher in
the cases than controls (P =0.0021). Circulating au-
toantibodies against oLab were also 27% higher in the
cases than controls, but at marginal significance only if
outlying values were excluded (P =0.049, Table 3).
There was no correlation between MDA and oLab
(ry= —0.051, P=0.505).

3‘,5' Vitamin C

Plasma vitamin C level was close to the optimal level
recommended to protect against CHD [19,20,34,36],
with no significant differences between the cases and
controls (Table 3). Plasma vitamin C was positively
correlated with the number of oranges consumed per
day (r =0.271, P = 0.0001). Vitamin C was significantly
correlated ~ with B-cryptoxanthin (r,=0.372, P=
0.0001). '

3.6. Lipophilic antioxidants

Plasma retinol was significantly (9%) lower in the
cases than in controls. B-Cryptoxanthin exhibited no-
ticeable significant differences between the two groups.
The control group had significantly higher B-cryptoxan-
thin (15%) than in the cases (Table 3). B-Cryptoxanthin
was also weakly correlated with the number of oranges
consumed/day (r,=0.217, P=0.002). The plasma
carotene (o—P-carotene) seemed to be similar to the
levels recorded for Austrians [22] and other European
males [21], yet B-carotene did not reach desirable rec-
ommended levels [36]. The absolute amount of a-toco-
pherol was 9.6% higher in the cases than controls, the
difference was not statistically significant. When a-toco-
pherol was standardized for concurrent cholesterol-rich
carriers, the a-tocopherol status within lipids (a-toco-
pherol/TC) as well as lipid standardized a-tocopherol
(YadjE, which incorporates cholesterol and TG [33])
the values were clearly below the recommended desir-
able levels [36], but without any differences between
cases and controls (Table 3). Although B-carotene did
not exhibit any differences between the two groups,
levels were lower than recommended for primary pre-
vention for both controls and cases [36].

3.7. Multiple regression .analyses
Considering all the variables assessed for AP and

controls, plasma levels of retinol, B-cryptoxanthil?,
LDL-C/HDL-C and MDA were independently associ-
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ated with AP in this Iranian population (Table 4). For
one standard deviation (S.D.) increase in retinol and
log, (B-cryptoxanthin), there was a 0.644 and 0.675-fold
decrease in the odds of angina. However, for an in-
crease of one S.D. in log, (YadjMDA) and LDL-C/
HDL-C, there was 1.612 and 2.006-fold increase for
risk of angina, respectively.

4. Discussion

According to the guidelines of the European
Atherosclerosis Society [34] and the National Choles-
terol Education Program [35], the AP cases had ap-
proximately twice the target levels of lipid-related
cardiovascular risk, and the position of the control
population was also not ideal.:

Thus levels of HDL were below the guidelines (53%
of AP and 26% of controls had HDL < 1.0 mmol/l),
TGs were higher (46% of AP and 24% of controls had
TG > 2.0) but levels of TC were not significantly differ-
ent between two groups (75% of AP or controls had
TC > 5.0 mmol/l). Some 75% of the population of
Tehran suffer from some kind of dyslipidaemia [5]. The
levels of HDL were lower, but TG and LDL-C/HDL-C
ratio were significantly higher in the cases than controls
(Table 2). It is well established that high HDL is
considered to be antiatherogenic and associated with
lower risk for CHD [37,38] and miay mitigate the toxic
effect of LDL [39]. On the other hand, an increase in
total triglycerides and a decrease in HDL are reported
to be associated with progression of coronary
atherosclerosis [40]. As generally reported, and in the
present study, TG level was not an independent predic-
tor of AP in the logistic regression, but the ratio of
LDL-C/HDL-C was an independent predictor (OR
2.006: CI 1.416-2.849). This was mainly due to low
levels of HDL which might respond to increases in
physical activity and changes of the dietary habits such
as less reliance on hard saturated margarine [24].

No significant differences in vitamin C levels were
observed between the cases and the controls. The con-

centration of plasma vitamin C was apparently suffi-
cient since it was above the critical threshold of 50
pmol/l suggested for antioxidant protection of LDL
against CHD [36]. It was even 45% higher than levels
reported for an AP group studied in Edinburgh [21].
Indeed, the consumption of vitamin C in Iran is rather
high compared to other vitamins [23] and exceeds the
intake recommended from a household survey [23].
Although it has previously been reported that a—toco-
pherol status (<20-25 pmol/l with «-tocopherol/TC
ratios < 4.25) can play a key role in AP [21] and CHD
[18-20), in this study there was no significant difference -
between levels for angina and controls. In this study,
level of plasma a-tocopherol was 14.5% and the ratio of
a-tocopherol/TC was 19.9% higher than those reported
in the Edinburgh AP study in which vitamin E inade-
quacy was the most prominent risk factor [21]. There-
fore, it was unlikely that any vitamin E inadequacy
specifically contributed to AP in Tehran. Also, there

- was no significant difference in levels of «- and B-

carotene between the two groups although both were
below recommended levels for protection against CHD
[36]. v ;

In contrast to vitamin C, E, and carotene, in the
present study the levels of retinol and B-cryptoxanthin
were significantly lower in the AP than controls (Table
3) and were predictors of AP with OR 0.644 (P=
0.0392) and 0.675 (P =0.0205) for retinol and B-cryp-
toxanthin respectively (Table 4). In this study, the mean
levels of retinol in AP (1.9 umol/l) were 20% below that
found for European population with AP [21] and 10%
below the general recommended levels for protection
against CHD [19]. According to a cross cultural study,
this plasma level of retinol was associated with an
increased mortality rate for CHD [17,18]. The low level
of retinol in this population in Tehran may not only be
due to inadequacy of preformed retinol in the diet [23]
but could also reflect reduced retinol formation from

" carotenoids with potential pro-vitamin A activity such

as o- and B-carotene and B-cryptoxanthin. As there was
no significant difference for the carotenes between the
AP and controls, plasma B-cryptoxanthin might be

Constant 0.553 1.239

Table 4

- Odds ratio (relative risk) of antioxidant, lipid and oxidation indices evolving from Logistic multiple regression analysis with statistical significance®
Variables Regression coefficient (B) S.E. of (B) S.D. of controls OR 95% CI P value
Retinol —0.745 0.361 0.59 0.644 0.425-0.978 0.0392
B-Cryptoxanthin —0.485 0.209 0.81 0.675 0.487-0.940 0.0205
YadjMDA 1.910 0.745 0.25 1.612 1.119-2322 0.0103
LDL-C/HDL-C 0.512 0.132 1.36 2.006 1.416-2.849 0.0001

2 Odds ratios (OR) were calculated for ‘an increase in each variable equivalent to one standard deviation (8.D.) (estimated from control group
data) of the variable. Thus odds ratio was calculated as exp(Bx S.D.). The 95% confidence interval (CI) was calculated as exp{(B + 1.96 x S.E. of
B)xS.D.]. Each OR given was adjusted for all other variables in data. B-cryptoxanthin and YadjMDA were log transformed before entering
multiple logistic regression, because this produced a more normally distributed variable. LDL-C/HDL-C; low/high density lipoprotein cholesterol.
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causally related to the lower level of plasma retinol.
However, although low levels of B-cryptoxanthin were
a weak but significant independent predictor of AP, this
does not necessarily imply any exclusive causal relation-
ship between AP and carotenoids such as B-cryptoxan-
thin. Since P-cryptoxanthin is a relatively specific
marker of consumption of oranges and tangerines [41],
the latter will provide other antioxidants with presumed
CHD-protective properties such as bioflavonoids and
polyphenols [19]. Vitamin A deficiency has been re-
ported in Iran [23] and this study population may
require a higher intake of performed vitamin A such as
oily fish and certain dairy products and its precursors
found in varieties of coloured vegetables.

In the present study, the low levels of retinol and
B-cryptoxanthin in AP were associated at least with a
significantly higher susceptibility towards lipid peroxi-
dation in the AP cases than controls as indicated by an
increase in plasma MDA (Table 3), as reported by
previous studies [9-11]. As we measured MDA in the
presence of BHT, a phenolic antioxidant, MDA precur-
sors or even preformed MDA may at least in part have
occurred in vivo. Increased plasma MDA was an inde-
pendent predictor of AP (OR 1.612; P =0.0103; Table
4). However, in a study of AP in Aberdeen [9], high
levels of plasma lipid peroxidation products were ac-
companied by differences in plasma levels of vitamin E
but not of vitamins C or A. In the present study, high
levels of lipid peroxidation was associated with a lower
plasma level of retinol and B-cryptoxanthin but not
with lower levels of vitamins C and E. In other studies
[19-21), lower levels of vitamins C, E and carotene
were associated with angina and this may be related to
the special dietary habits in different countries. A high
level of lipid peroxidation in the patient in Tehran
could well accelerate the process of atherosclerotic
plaque formation [7,8], particularly in the presence of
low retinol and accelerate AP. It has been shown that
supplementation with vitamin E {42,43}, B-carotene and
retinol retards the process of oxidation [15,22,44]. The
underlying cause of lipid peroxidation is not known,
but it could partly be due to lack of antioxidants, or to
oxidised fat accumulated during processing, storage
and/or cooking. Overall this study supports the hypoth-
esis that lipid peroxidation is involved in AP and CHD
respectively and that cardiovascular health requires the
concurrent adequacy of various antioxidants [9,11,19-
21}

5. Conclusion

A high ratio of LDL/HDL and increased tendency
towards lipid peroxidation, together with low levels of
retinol and B-cryptoxanthin in conjunction with some
genetic disposition of the patients and a low declared

physical ‘activity, may contribute to the promotion of
AP in Tehran. In full accordance with findings from
other authors it is therefore advisable that the Iranian -
people should modify their life style by consuming a
greater variety of fruits and more vegetables and, in
particular, those rich in retinol precursors such as or-
anges, tangerines, carrots as well as sources of per-
formed retinol such as milk and its products and oily
fish. For individuals who have a very low level of
retinol perhaps short term retinol supplementation may
be advisable: long term supplementation can be associ-
ated with toxic effects. Furthermore, it is recommended
that Iranians, and in particular this selected population,
should replace saturated margarine [24] with a moder-
ate intake of less saturated fats such as sunflower-oil
and the more stable olive oil.

Acknowledgements

This study is supported by international Nutrition
Foundation for Promotion of Nutrition Education
(ISFE), in particular Professor Dr P Walter, Switzer-
Jand. Ministry of Health and Medical Education,
Deputy for Research Affairs, Iran. Also, Austrian Sci-
ence Foundation, Project No. SFB 709. We are grateful
to these organizations. Also, we would like to thank for
their invaluable support, the organization and the sub-
jects whotook part in this study. Also, the director Dr
F. Noohi, the research director, Dr M. Maleki, in
Rajaii Heart Hospital, Tehran for allowing the study to
be conducted in this center and Dr F. Safarpour for his
constant help with exercise test. Also, we are grateful to
Dr M. Heydari in Cardiovascular Research Center
Tehran University of Medical Sciences for lipid analy-
ses and Mr M. Shekarloo of Austrian Airline for his
support in transporting the samples without charge to
Austria. Further thanks go to Dr Peter Whincup for his
advice on chest pain questionnaire, Professor K.R.
Bruckdorfer and Professor A. Winder of The Royal
Free and University College Medical School, London
for their advice and support.

References

[1} World Health Organization. Prevention and Control of Cardio-
vascular Disease. Alexandria, Egypt: Ala‘din Alwan, 1995,

[2] National Center for Health and Statistics. Report of Statistical
Mortality Rate. Tehran, Iran: Ministry of Health and Medical
Education, 1991,

[3] Keynejad F, Saffi M. Evaluation of risk factors in CHD patients
based on angiography. Ph.D Thesis, No 4041, Faculty of
Medicine, Shahid Beheshdi University of Medical Education,
Tehran, Iran (1993). .

[4] Ajdari A. Recent information regarding coronary heart disease.
J Coronary Heart Dis 1993;3:555-6.




%
,‘,‘

S. Meraji et al. / Atherosclerosis 150 (2000) 403-412 411

[5] Maleki M, Noohi F, Oraii S, Mohammad K, Eftekharzadeh M,
Mirhaji P, Meraji S. Prevalence of cardiovascular risk factors in
Tehran: Healthy Heart Project. 11th Congress of Iranian Heart
'Association in collaboration with Asian Pacific Society of Cardi-
ology October 1998, pp. 22-25.

[6] Hunik MG, Goldman L, Tosteson AN, Mittleman MA, Gold-
man PA, Williams LW, Tsevant J, Weinstein MC. The recent
decline in mortality from coronary heart disease. J Am Med
Assoc 1997;277:535-42.

[7] Steinberg D, Parthasarathy S, Khoo JC, Witztum JL. Beyond
cholesterol. Modification of low density lipoprotein that in-
creases its atherogenicity. N Engl J Med 1989;320:915-24,

[8] Witztum JL, Steinberg D. Role of oxidatized low density lipo-
protein in atherosclerosis. J Clin Invest 1991;88:1785--92.

[9] Duthie GG, Beattie JA, Arthur JR, Franklin M, Morrice PC,
James WP. Blood antioxidants and indices of lipid peroxidation
in subjects with angina pectoris. Nutrition 1994;10:313-6.

[10] Kostner K, Hornykewycz S, Yang P, Neunteufl T, Glogar D,
Weidinger F, Maurer G, Huber K. Is oxidative stress causally
linked to unstable angina pectoris? A study in 100 CAD patients
and matched controls. Cardiovasc Res 1997;36:330-6.

[11] Mahapatra S, Padhiary K, Mishra TK, Nayak N, Satpathy M.
Study on body mass index, lipid profile and lipid peroxidation
status in coronary ‘artery dxsease J Indian Med Assoc
1998;96:39-42.

[12] Sies H, Stahl W. Vitamins E and C, beta-carotene and other
carotenoids as antioxidants. Am J Clin Nutr 1995;18:401-9,

[13] Burton GW, Ingold KU. Vitamin E as an in vitro and in vivo
antioxidant. Ann NY Acad Sci 1989;570:7-22.

[14] Esterbauer H, Striegl G, Puhl H, et al. The role of vitamin E and
carotenoids in preventing oxidation of low density lipoproteins.
Ann NY Acad Sci 1989;570:254-67.

[15] Livrea MA, Tesorier L, Bongiorno A, Pintaudi AM, Ciaccio M,
Riccio A. Contribution of vitamin A to the oxidation resistance
of human low density lipoproteins. Free Radic Biol Med
1995;18:401--9.

[16] Niki F, Noguchi N, Tsuchihashi H, Gotoh N. Interaction
among vitamins C, E and pB-carotene. Am J Clin Nutr
1995;52(Suppl.):1322S-6S.

[17] Gey KF, Puska P. Plasma vitamins E and A are inversely related .

to mortality from ischemic heart disease in cross cultural epi-
demiology. Ann NY Acad Sci 1989;570:268-82.

{18] Gey KF, Puska P, Jordan P, et al. Inverse correlations between
plasma vitamin E and mortality from ischemic heart disease in
cross-cultural epidemiology. Am J Clin Nutr 1991;53:326S--348.

[19] Gey KF. Vitamins E plus C and interacting conutrients required
for optimal health. A critical and constructive review of epidemi-
ology and supplementation data regarding cardiovascular disease
and cancer. Bio Factors 1998;7:113-74.

[20] Rimm EB, Stampfer MJ, Ascherio A, Giovanaucci E, Colditz
GA, Willett WC, Vitamin E consumption and the risk of coro-
nary heart disease in men. N Engl J Med 1993;328:1450-6.

[21] Riemersma RA, Wood DA, Maclntyre CCA, Elton RA, Gey
KF, Oliver MF. Risk of angina pectoris and plasma concentra-
tions of vitamins A, C and E and carotene. Lancet 1991;337:1-5.

[22) Meraji S, Ziouzenkova O, Resch U, Koschsorur A, Tatzber F,
Esterbauer H. Enhanced plasma level of lipid peroxidation in
Iranians could be improved by antioxidants supplementation.
Eur J Clin Nutr 1997;51:318-25.

[23] Ghassemi H, Koupahi M, Kimiagar SM. Food security in the
Islamic Republic of Iran. A country report. Tehran, 1996
(unpublished).

[24] Kimiagar SM, Gaffarpour M, Houshxar-Rad A, Hormozdyari
H, Zellipour L. Food consumption pattern in the Islamic Repub-
lic of Iran and its relation to coronary heart disease. Eastern
Mediterranean Health J 1998;4:539-47.

[25} Rose G, McCartney P, Reid DD. Self-administration of a ques-
tionnaire on chest pain and intemittent claudication. Br J Prev
Social Med 1977;31:42-8.

[26] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipopritein cholesterol in plasma,
without use of preparative ultracentrifuge.
1972;18:499-502.

[27] Ziouzenkova O, Winklhofer-Roob BM Puhl H, Roob M, Ester-
bauer H. Lack of correlation between the a-tocopherol content
of plasma and LDL, but high correlations for y-tocophero! and
carotenoids. J Lipids Res 1996;37:1936-46.

[28] Bui MH, Sauty A, Collet F, Leuenberger P. Dietary vitamin C
intake and concentrations in the body fluids and cells of male
smokers and nonsmokers. J Nutr 1992;122:312-6.

[29] Rabl H, Khoschsorur A, Colombo T, Tatzber F, Esterbauer H.
Human plasma lipid peroxide levels show a strong transient
increase after successful revasculariazation operations. Free
Radic Biol Med 1992;13:281-8.

[30] Tatzber F, Esterbauer H. Autoantibodies to oxidized low-density
lipoprotein. In: Bellomo G, Finardi G, Maggi E, Rice-Evans C,
editors. Free Radical Series IX. London: Richelieu Press,
1995:245-62.

I31] Frank S, Krasznai K, Durovic S, Lobentanz E-M, Dieplinger H,
Wagner E, Zatloukal K, Cotten M, Utermann G, Kostner GM,
Zechner R. High level expression of various apolipoprotein(a)
isoforms by ‘transferrinfection’: the role of kringle — IV se-
quences in the extracellular association with low density lipo-
protein. Biochemistry 1994;33:12329-39.

[32] Assmann G, Cullen P, Schulte H. The Munster Heart Study
(PROCAM). Eur Heart J 1998;19(Suppl.):A2—-All.

[33] Jordan P, Brubacher D, Moser U, Stahelin HB, Gey KF.
Vitamin E and vitamin A concentrations in plasma adjusted for
cholesterol and triglycerides by multiple regression [published
erratum appears in Clin Chem 1995;41:1547]). Clin Chem
1995;41:924-7.

[34] Wood D, De Backer G, Faergeman O, Graham I, Mancia G,
Pyorala K. Summary of Recommendation of the Second Joint
Task Force of European and other Societies on Coronary Pre-
vention; European Atherosclerosis Society, European Society of
Cardiology, European Society of Hypertension, 1998.

[35] National Cholesterol Education Program Expert Panel. Sum-
mary of the second report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treat-
ment Panel II). J Am Med Assoc 1993;269:3015-3023.

[36] Gey KF. Ten year retrospective on the antioxidant hypothesis of
atherosclerosis: threshold plasma levels of antioxidant micronu-
trients related to minimum cardiovascular risk. J Nutr Biochem
1995;6:206~36.

[37] Miller NE. Association of high-density lipoprotein substances
and apolipoproteins with ischemic heart disease and coronary
atherosclerosis. Am Heart J 1987;113:589-97.

[38] Gordon DJ, Probstfield JL, Garrison RIJ, et al. High-density
lipoprotein cholesterol and cardiovascular disease for prospective
American studies. Circulation 1989;79:8-15.

[39] Mackness MI, Durrington PN. HDL, its enzymes and its poten-
tial to influence lipid peroxidation. Atherosclerosis 1995;115:
243-53.

[40] Korhonen T, Savolainen MJ, Koistinen MJ, Tkaheimio M, Lin-
naluoto MK, Kervinen K, Kesaniemi YA. Association of lipo-
protein cholesterol and triglycerides with the severity of coronary
artery disease in men and women. Atherosclerosis 1996;127:213—
20.

.{41] Mangels AR, Holden JM, Beecher GR, Forman MR Lanza E.

The carotenoid content of foods and vegetables: an evaluation of
analytical data. J Am Diet Assoc 1993;93:284-96.

Clin Chem



412 8. Meraji et al. / Atherosclerosis 150 (2000) _403—412

[42] Reaven PD, Khouw A, Beltz WF, Parthasarathy S, Witztum JL. '

Effect of dietary antioxidant combination in humans. Arte-
rioscler Thromb 1993;13:590--600.

[43] Jialal 1, Fuller CJ, Huet BA. The effect of a-tocopherol supple-
mentation on LDL oxidation (a dose-response study). Arte-
rioscler Thromb Vasc Biol 1995;15:190-8.

f44] Winklhofer-Roob BM, Puh! H, Khoschsorur G, van’t Hof MA,
Esterbauer H, Shmerling DH. Enhanced resistance to oxidation
of low density lipoproteins and decreased lipid peroxide forma-
tion during B-carotene supplementation in cystic fibrosis. Free
Radic Biol Med 1995;18:849-59.



Journal of the American College of Cardiology
© 2000 by the American College of Cardiology
Published by Elsevier Science Inc.

Vol. 35, No. 2, 2000
ISSN 0735-1097/00/$20.00
PII 80735-1097(99)00542-2

Effects of Vitamin E on Chronic and

Acute Endothelial Dysfunction in Smokers

Thomas Neunteufl, MD, Ute Priglinger, MD, Sandra Heher, MD, Manfred Zehetgruber, MD,
Gabor Séregi, MD,* Stephan Lehr,T Kurt Huber, MD, Gerald Maurer, MD, FACC,
Franz Weidinger, MD,} Karam Kostner, MD

Vienna and Innsbruck, Austria

OBJECTIVES

The aims of this study were to determine whether chronic or acute impairment of flow
mediated vasodilation (FMD) in the brachial artery of smokers can be restored or preserved
by the antioxidant vitamin E.

BACKGROUND

Transient impairment of endothelial function. after heavy cigarette smoking and chronic
endothelial dysfunction in smokers result at least in part from increased oxidative stress.

METHODS ‘We studied 22 healthy male smokers (mean = SD, 23 & 9 cigarettes per day) randomly
assigned to receive either 600 IU vitamin E per day (n = 11, age 28 = 6 years) or placebo
(n = 11, age 27 * 6 vyears) for four weeks and 11 age-matched healthy male nonsmokers.
Flow mediated vasodilation and endothelium-independent, nitroglycerin-induced dilation
were assessed in the brachial artery using high resolution ultrasound (7.5 MHz) at baseline
and after therapy. Subjects stopped smoking 2 h before the ultrasound examinations. At the
end of the treatment period, a third scan was obtained 20 min after smoking a cigarette

(0.6 mg nicotine, 7 mg tare) to estimate transient impairment of FMD.

RESULTS Flow mediated vasodilation at baseline was abnormal in the vitamin E (5.3 * 3.8, p < 0.01)
and in the placebo group (6.4 + 3.5, p < 0.05) compared with nonsmoking controls (11.6 =
4.7). Using a two-way repeated measures analysis of variance (ANOVA) to examine the
effects of vitamin E on FMD, we found no effect for the grouping factor (p = 0.5834) in the
ANOVA over time but a highly significant difference with respect to time (p = 0.00665). The
interaction of the time factor and the grouping factor also proved to be significant (p =
0.0318). Flow mediated vasodilation values remained similar after treatment for four weeks
in both groups but declined faster after smoking a cigarette in subjects taking placebo
compared with those receiving vitamin E (p values from successive differences for the
time/group factor: 0.0001/0.0017). The transient attenuation of FMD (calculated as the
percent change in FMD) was related to the improvement of the antioxidant status, estimated

as percent changes in thiobarbituric acid-reactive substances (r = —0.67, p = 0.0024).
Nitroglycerin-induced dilation did not differ between study groups at baseline or after
therapy.

CONCLUSIONS These results demonstrate that oral supplementation of vitamin E can attenuate transient
impairment of endothelial function after heavy smoking due to an improvement of the
oxidative status but cannot restore chronic endothelial dysfunction within four weeks in
healthy male smokers. (J Am Coll Cardiol 2000;35:277-83) © 2000 by the American
College of Cardiology

Endothelial dysfunction occurs at an early stage of athero-
sclerosis and has been observed in coronary and peripheral
arteries of long-term smokers (1,2) as well as after heavy
cigarette smoking (3,4). The precise mechanism of
smoking-related endothelial dysfunction is not well under-

stood and very likely multifactorial. However, recent clinical
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and experimental observations strongly suggest a role of

~oxygen-derived free radicals (5-7). Cigarette smoke con-

tains large amounts of free radicals, which may degrade
nitric oxide released from the endothelium and also
produce highly reactive intermediates, resulting in endo-
thelial injury.

Epidemiologic studies have found an inverse association
between the frequency of coronary artery disease (CAD)
and dietary intake of antioxidant vitamins (8,9). However, 2
possible cause and effect relation between the intake of
antioxidants and a reduction in the complications of CAD
has thus far only been shown for vitamin E (10).
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Abbreviations and Acronyms.
ANOVA = analysis of variance

CAD = coronary artery disease’

FMD = = flow-mediated dilation

LDL-C = low-density lipoprotein cholesterol
NMD = nitroglycerin-induced dilation

TBA = thiobarbituric acid

TBARS = thiobarbituric acid~reactive substances

With regard to the effects of antioxidant vitamins on
endothelial function, controversial results have been ob-
tained. Improvement of endothelial dysfunction in smokers
was noticed in the forearm vasculature after intraarterial

infusion of the watersoluble antioxidant vitamin C (11) and

in the brachial artery after intravenous vitamin C infusion
(12). The beneficial effect of vitamin C supplementation
was associated with a decrease in thiobarbituric acid-
reactive substances (TBARS) as an index of oxidative stress.
In contrast, oral application of vitamin C for one month
showed no beneficial effect on endothelial function in the
forearm vessels of patients with hypercholesterolemia (13)
but resulted in acute improvement of endothelium-
dependent vasodilation in the brachial artery of patients
with CAD when applied at a higher dose (14).

Recently, we demonstrated that the oral intake of vitamin
E, one of the main lipid-soluble antioxidants in human
plasma lipoproteins, in addition to lipid lowering therapy,
restored vascular reactivity in the brachial artery of hyper-
cholesterolemic men (15). In contrast, vitamin E alone
failed to improve endothelial function in forearm circulation
of patients with hypercholesterolemia (13). However, the
effect of vitamin E supplementation on endothelial function
in the brachial artery of smokers is unknown.

In this study, we hypothesized that vitamin E supple-
mentation, through an antioxidant effect, may restore
chronic or preserve acute impairment of endothelium-
dependent vasodilation in the brachial artery.

METHODS

Subjects and treatment. In a randomized, double-blind,
placebo-controlled trial, we studied 22 young, healthy male
smokers (mean * SD, 23 * 9 cigarettes per day) randomly
assigned to receive either all-racemic alpha-tocopherol
(Roche Austria, Vienna), the most active form of vitamin E,
at a dosage of 600 IU (n = 11, age 28 * 6 years) or placebo
(n = 11, age 27 % 6 years) for four weeks. Both substances
were encapsuled without any visible difference and the
ultrasound operator was blinded to the group assignment.
The reliability of medication intake was controlled by taking
pill counts, which revealed no essential irregularities. Two
probands, one in each group, did not complete the study
(withdrawal of consent). Thus, 22 smokers (11 probands in
each group) could be statistically analyzed after conclusion
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of the study. Both study groups were compared with an
age-matched control group of 11 male nonsmokers to
demonstrate that flow-mediated dilation (FMD) at baseline
was abnormal among the smokers. No participant had a
history of hypercholesterolemia, hypertension or diabetes
mellitus. None of the participants took antioxidative drugs
before this study. The investigation conformed with the
principles outlined in the Declaration of Helsinki. Written,
informed consent was obtained from all participants.

Assessment of vasodilation and blood flow. Endothelium-
dependent FMD following reactive hyperemia and
endothelium-independent nitroglycerin-induced dilation
(NMD) were examined in the brachial artery according to
the method desctibed by Celermajer et al. (16). Using high
resolution ultrasound (7.5 MHz linear array transducer),
measurements of the right brachial artery were taken at rest
after lying quietly for at least 10 min, after cuff deflation
completing suprasystolic compression (250 mm Hg for
4.5 min) of the right upper arm and after sublingual

. application of 0.8 mg nitroglycerin. Scans of the brachial

artery were taken proximal to the bifurcation of the radial
and the ulnar artery above the antecubital fossa at end
diastole, incident with the R wave on a continuously
recorded electrogram by the same ultrasound operator.
Diameter measurements were taken from one media-
adventitia interface to the other for at least three times at
baseline and every 30 s following reactive hyperemia and
after administration of nitroglycerin. The maximum FMD
and NMD diameters were calculated as the average of the
three consecutive maximum diameter measurements follow-
ing hyperemia and nitroglycerin, respectively. Vasodilation

- was then calculated as the percent change in diameter

compared with baseline. The impairment of FMD after
heavy smoking (delta FMD) was estimated as the percent
change in FMD values compared with baseline.

In all subjects, blood flow was calculated at rest and
within 15 s after cuff deflation by multiplying the velocity
time integral of the flow signal by the heart rate and the
vessel cross-sectional area (3.14 X D?/4). Reactive hyper-
emia was then calculated as percent change in blood flow
during reactive hyperemia compared with baseline.

Ultrasound measurements ‘were performed at baseline
and after therapy for four weeks. Subjects stopped smoking
2 h before the examinations. At the end of the treatment
period, a third scan was obtained 20 min after smoking a
cigarette (0.6 mg nicotine, 7 mg tare) to estimate transient
impairment of FMD.

The mean range of intraobserver difference for measure-
ments of baseline diameter was 0.10 = 0.07%, that of
%FMD 2.4 = 2.2% and that of %NMD 2.7 = 1.9% as
reported elsewhere (17). '

Determination of lipids and lipoproteins. Cholesterol
and triglycerides were measured enzymatically using assay
kits from Boehringer Mannheim (Mannheim, Germany).

~ High-density lipoprotein cholesterol was measured from the
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Placebo (n = 11)

Vitamin E (n = 11) Controls (n = 11)

Age (yr) 27 = 6 (19-36)
Cigarettes per day 21 = 4(15-30)
Pack-years 15.2 + 11.6 (1.5-31.5)

Triglyceride (mg/dL)
Cholesterol (mg/dL)
"HDL-C (mg/dL)
LDL-C (mg/dL)
Baseline diameter {(mm)
Hyperemia (%)

139 * 94 (53-383)
191 * 40 (111-242)
39 +2(26-50)
124 * 32 (62-173)
© 4.7 % 0.9 (3.9-5.6)
334 + 165 (175-674)

28 * 6 (22-34) 28 5 (19-36)

24 *+ 13 (5-40) —
11.8.+ 9.1 (1.5-38) —
147 = 94 (70-323) 131 * 64 (54~270)
211 x 24 (167-257) 188 + 27 (161-243)

40 = 3 (25~52) 48 = 15 (26~75)
147 * 28 (106-194) 121 + 27 (88-163)
49 *£0.4(4.5-5.8) 4.6 0.7 (3.8-5.5)
386 = 147 (160-496) 359 *+ 180 (154-577)

Controls = nonsmokers; HDL-C = high-density lipoprotein cholesterol; LDL-C =

smokers receiving vitamin E. .
Values are mean % SD (range). No comparisons were significantly different.

supernatant after precipitation with polyethylene glycol
(Reagent A from Immuno A.G., Vienna, Austria). Low-
density lipoprotein cholesterol (LDL-C) was calculated
according to the Friedewald equation.

Alpha-tocopherol measurements in human plasma sam-
ples. The neutral lipid fraction (200 pl) including alpha-
tocopherol, the most active form of vitamin E, was extracted
in a basic extraction system consisting of 200 pl ethanol,
200 ul H,O and 200 ul hexane. The upper organic layer (20
pl) containing alpha-tocopherol was analyzed by high-
performance liquid chromatography using an ExSil 100
20 X 0.46 cm silica column (mobile phase: hexane/1%
ethanol, 1 ml/min) and fluorescence detection (Hitachi, E:
295 nm/Em: 390 nm) (18). Quantitation was performed by
peak area comparison with external alpha-tocopherol stan-

dards of known concentrations. The alpha-tocopherol se-

rum level was then normalized to LDL-C because there is
evidence in the literature that the vitamin E content in
LDL-C and not in the whole plasma correlates with lipid
peroxidation (19,20). The increase of alpha-tocopherol/
LDL-C (delta alpha-tocopherol/LDL-C) under therapy
was calculated as the percent change in alpha-tocopherol/

LDL-C.

Determination of malondialdehyde with thiobarbituric
acid. The measurements of TBARS are based on the
reaction of malondialdehyde, a secondary breakdown prod-
uct of lipid hydroperoxides, with thiobarbituric acid (TBA).
The assay was performed as described previously (21). The
plasma sample was mixed with two volumes of cold 10%
trichloroacetic acid for protein precipitation. Following
centrifugation, the supernatant was mixed with an equal
volume of 0.67% TBA in a boiling water bath for 10 min.
After cooling, the absorbency was measured-at 532 nm, and
concentration of malondialdehyde was calculated from ep-
silon = 153 000 M~ ecm™! (21). Measurements were
performed in duplicate. The decrease of TBARS (delta
TBARS) under therapy was calculated as the percent
change in plasma TBARS levels.

low-density lipoprotein cholesterol; placcho = smokers receiving placebo; vitamin E =

Statistical analysis. Results are expressed as mean * stan-
dard deviation (SD). Differences between groups were
analyzed using one factor analysis of variance (ANOVA)
followed by Scheffe’s test, when comparing all three study
groups (including nonsmoking controls) and Student # test,
when comparing the vitamin E with the placebo group only.
To examine whether FMD can be restored or preserved by
vitamin E, a two-way repeated measures ANOVA with the
group factor vitamin E/placebo and the repeated factor time
(three levels: baseline/after four weeks/after heavy cigarette
smoking) was performed. Successive differences contrasts
between neighboring points in time were calculated as
supportive statistical analyses. Univariate analyses of the
effects of delta alpha-tocopherol/LDL and delta TBARS on
delta FMD as well as of cigarettes smoked per day on
TBARS levels were performed with linear regression. Dif-
ferences were considered significant at p < 0.05.

RESULTS

Clinical and biochemical parameters. No differences were
found among all three study groups with regard to age,
lipids and lipoproteins serum levels (Table 1). Alpha-
tocopherol and TBARS plasma levels at baseline were
stmilar in the placebo and the vitamin E group. Vitamin E
supplementation for four weeks led to significant increases
of alpha-tocophero] serum levels and alpha-tocopherol se-
rum levels normalized to LDL-C as well as of delta
alpha-tocopherol and delta alpha-tocopherol/LDL. The
percent changes of TBARS under therapy were also differ-
ent between study groups (Table 2).

Vasodilation and blood flow responses. Baseline diameter
and increases in blood flow during reactive hyperemia were
similar among the study groups at baseline (Table 1) and
after treatment for four weeks, respectively. Thus, it can be
assumed that the stimulus for endothelium dependent
vasodilation was similar in all study groups and that it was
not influenced by the study medication. Smoking a cigarette
did not effect brachial artery diameter and blood flow.
Comparing the two study groups consisting of male



!

280 Neunteufl et al.
Vitamin E and Endothelial Function in Smokers

JACC Vol. 35, No. 2, 2000
February 2000:277-83

Table 2. Oxidation Parameters and Results of Ultrasound Measurements in the Brachial Artery

. Placebo (n = 11) Vitamin E (n = 11) P
FMD (%)  baseline 6.4 *+ 3.8(0.0-10.9) 5.3 +3.8(0.2-13.9) 0.51
after therapy 6.9 = 3.5 (2.7-13.9) 6.9 * 4.0 (0.8-12.4) 0.98

after therapy and 2.7 * 2.8(0.5-9.1)

acute smoking

after acute smoking
baseline

after therapy
delta TBARS (%) after therapy
alpha-tocopherol (ug/ml) baseline

after therapy
after therapy
baseline

after therapy
after therapy

delta FMD (%)
TBARS (umol/L)

delta alpha-tocopherol (%)
alpha-tocopherol/LDL-C

(pg/100 mg% LDL)

delta dlpha-tocopherol/LDL-C (%)

—0.77 £ 0.31 (—1.51-—-0.34)
0.10 = 0.03 (0.06-0.15)
0.13 = 0.03 (0.08-0.17)
0.36 = 0.42 (—0.13-1.08)

0.17 £ 0.40 (—0.44-0.96)

5.8 £3.2(0.4-11.3) 0.028

—0.12 + 0.37(—0.83-0.44)  0.0002
0.11 * 0.04 (0.06~0.19) 0.66
0.10 % 0.03 (0.06-0.16) 0.056

—0.06 = 0.35(—0.62-0.48)  0.033

12.2 * 3.8 (4.5-19.6) 14.5 * 3.6 (9.6~20.7) 0.17
13.3 £ 3.8 (6.4-20.2) 23.5 £ 6.6 (13.0-32.6) 0.0005
0.07 + 0.24 (—0.34-0.37) 0.62 = 0.27 (0.18-1.07) 0.0002
10.2 = 3.4 (4.5-19.6) 10.7 = 4.3 (9.6~20.7) 0.75
11.0 = 2.9 (6.6-14.8) 16.7 * 6.3 (7.6-28.4) 0.018

0.60 *+ 0.42 (0.08-1.35) 0.035

FMD = flow-mediated dilation; LDL-C = low-density lipoprotein; TBARS = thiobarbituric acid-reactive substances.
delta TBARS, delta alpha-tocopherol and detta FMD = percent changes after therapy and heavy smokmg respectively.
Values are mean = SD (range), p = for comparison of subjects receiving placebo and subjects receiving vitamin E (600 IU).

smokers with an age-matched control group of male non-
smokers, FMD was impaired in both the vitamin E (5.3 =
3.8vs. 11.6 * 4.7, p < 0.01) and the placebo groups (6.4 =
3.5vs. 11.6 * 4.7, p < 0.05).

By performing a two-way repeated measures ANOVA,
we found no effect for the grouping factor (group factor p
value = 0.5834) in the ANOVA over time. With respect to
time, there was a highly significant difference (time factor p
value = 0.0065), and the interaction of the time factor and
the grouping factor also proved to be significant (p =
0.0318), thus confirming the beneficial effect of vitamin E
supplementation (Fig. 1).

Supporting statistical analyses revealed a stronger decline
of FMD values after acute cigarette smoking in subjects
taking placebo compared with those receiving vitamin E (p
values from successive differences for the time/group factor:
0.0001/0.0017) (Fig. 2). However, FMD values did not
change, neither after vitamin E nor after placebo intake for
four weeks, when subjects stopped smoking at least 2 h
before the ultrasound examination (p values from successive
differences for the time/group factor: 0.3099/0.5756).

Nitroglycerin-induced vasodilation was similar in all
study groups at baseline and after the treatment period.

Relationship between oxidative stress, smoking habits
and FMD. Univariate analyses over both study groups
revealed significant inverse correlations between the tran-
sient impairment of FMD after acute smoking (delta FMD)
and the improvement of the antioxidant status (delta
TBARS, r = —0.67, p = 0.0024; delta alpha-tocopherol/
LDL, r = 0.51, p = 0.016; Fig. 3). Alpha-tocopherol serum
levels or delta alpha-tocopherol were not related to the
impairment of FMD. The number of cigarettes smoked per
day correlated with TBARS at baseline (r = 0.49, p =
0.025). No significant correlation was found between pack-
years and TBARS levels. The close correlation between

delta FMD and delta TBARS (r = —0.71, p = 0.031) also

remained following exclusion of the placebo group.

DISCUSSION

This study demonstrates a partially beneficial effect of
vitamin E supplementation on endothelium-dependent va-
sodilation in the brachial artery of male smokers. Vitamin E
supplementation for four weeks prevented the transient
further impairment of endothelium-dependent vasodilation
after acute smoking, while it showed no effect on chronic

FMD
(%)

0 1

baseline 4 weeks therapy

acute smoking

Figure 1. Bar graph showing FMD values of subjects receiving
placebo and of subjects receiving vitamin E (600 IU/day) at
baseline, after therapy for four weeks and after heavy smoking at
the end of the treatment period. Time factor p value = 0.0065.
Group factor p value = 0.5834. Interaction of the time factor and
the grouping factor: p = 0.0318. FMD = flow-mediated vasodi-
lation. Open square = placebo; closed square = Vitamin E.
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FMD FMD
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151 157

104 10

5+ 51
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po smoking acute smoking - no smoking acute smoking
Placebo Vitamin E

Figure 2. FMD values before and after heavy smoking at the end of the treatment period for subjects receiving placebo as well as for
subjects receiving vitamin E (600 IU/day). P values for the time factor = 0.0001; p value for the group factor = 0.0017. FMD =

flow-mediated vasodilation.

endothelial dysfunction in these subjects. In addition, the
attenuation of transient endothelial dysfunction after acute
smoking correlated with an improvement of the antioxidant
status under vitamin E supplementation.

Effects of chronic smoking on endothelial dysfunction.
Endothelial dysfunction has been observed in both periph-
eral and coronary arteries of long-term smokers (1,2). The

precise mechanism of this impairment by chronic smoking .

has not yet been elucidated but may beé related to oxidative
stress. In support of this, cigarette smoke has been shown to
contain large amounts of free radicals such as superoxide
anion and hydroxyl radicals (11,22), agents known to
degrade endothelium derived relaxing factor and to impair

A FMD (%) ®  Vitamin E
14 e} Placébo
° r=-0.67, p=0.0024
° )
0 e Y
* o
®2
e}
5° 9 %
-]—
o
A TBARS (%)
-2 T T 1
-1 0 1 -2

Figure 3. Transient impairment of FMD (delta FMD) after heavy
smoking vs. improvement of the antioxidant status (delta TBARS)
under vitamin E supplementation for four weeks. FMD =
flow-mediated dilation; TBARS = thiobarbituric acid-reactive
substances.

FMD (6). Superoxide anion, in turn, can rapidly react with
nitric oxide to form peroxynitrite, a2 molecule with high
cytotoxic potency (23,24). Moreover, it has been reported
that cigarette smokers have higher rates of in vivo and in
vitro lipid peroxidation (25). Thus, atherogenic effects of

~ smoking may be mediated in part by free radical damage to

lipids, in particular oxidative modification of LDL, which
promotes foam cell formation (26,27), monocyte adhesion
(28,29) and is cytotoxic to vascular cells (30).

Role of antioxidants in smokers. Epidemiologic studies
have shown that plasma levels of antioxidant nutrients, such
as vitamin C and E, are significantly lower in smokers
compared with nonsmokers (31). In the Health Profession-
als’ follow-up study, a reduction in major coronary events
among healthy male subjects taking 100 to 250 1U supple-
mentation of vitamin E per day, with little further benefit at
higher doses, was reported (8). In contrast, in a randomized
therapeutic trial among Finnish smokers, no beneficial effect
on cardiovascular events was observed for either vitamin E
or beta-carotene intake (32). However, the dose of vitamin
E applied in this study (50 mg per day) was below the
protective range suggested in the Health Professionals’
follow-up study. Therefore, a cause-and-effect relation be-
tween vitamin E intake and a reduction in cardiovascular
events has thus far been suggested only for vitamin E
supplementation in patients with angiographically proven
coronary atherosclerosis (10). ‘

Effects of antioxidant vitamins on endothelial function in
smokers. Endothelium-dependent vasodilation in the fore-
arm circulation -of chronic smokers can be improved by
acute intraarterial administration of vitamin C (11). More-
over, Motoyama et al. (12) demonstrated that an acute
impairment of FMD in the brachial artery after heavy
smoking is caused by an increase of oxidative stress within
10 min. This transient impairment of endothelial function
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lasts for =90 min (4) and can be attenuated by intravenous
infusion of vitamin C (12). In contrast, oral vitamin E
supplementation did not improve endothelial function in
the forearm circulation of normocholesterolemic chronic
smokers (33). Our data suggest that the oral intake of
vitamin E for four weeks is not able to reverse chronic
endothelial dysfunction of smokers but does prevent the
transient further impairment of endothelium-dependent
vasodilation in the brachial artery after acute smoking. This
acute effect is likely due to the antioxidant effect of vitamin
E which is supported by its close correlation with '

1) the decrease in TBARS, reflecting attenuation of oxida-
tive stress under vitamin E supplementation and

2) the increase of alpha-tocopherol plasma levels normal-
ized to LDL-C, suggesting reduced lipid peroxidation
under therapy (19,20). Since TBARS are used to mea-
sure actual oxidative stress, it was not surprising that
TBARS levels correlated with the total number of
cigarettes smoked per day and not with the number of
pack-years.

Interestingly, no improvement of chronic endothelial
dysfunction was found, although the oxidative status was
improved. These results are in accordance with previous
observations in the forearm vasculature, in which vitamin E
supplementation failed to improve endothelium-dependent
vasodilation, although the susceptibility of LDL to oxida-
tion could be reduced (34). However, the beneficial effect of
vitamin E supplementation on the impairment of endothe-
lial function after heavy smoking reported in this study is
unlikely due to increased resistance of LDL-C to oxidation,
as this process would last longer than the time elapsed
between heavy smoking and the ultrasound examination
(20). Thus, other mechanisms must be considered, such as
the scavenging of superoxide or an improvement of the
intracellular antioxidant status due to the accumulation of
alpha-tocopherol in the vascular wall and in endothelial cells
in particular (35).

A possible explanation for the discrepancy between the
lack of effect on chronic endothelial dysfunction after
vitamin E supplementation and its beneficial effect on
transient endothelial dysfunction in our study may be the
relatively low degree of oxidative stress while subjects
refrained from smoking before the examination, compared
with the burst of oxidative stress after heavy smoking.
Recently, Heitzer et al. (33) revealed a beneficial effect of
vitamin E supplementation on chronic endothelial dysfunc-
tion selectively in hypercholesterolemic smokers which was
associated with a reduction of elevated autoantibody titers
against oxidized LDL. Alternatively, chronic endothelial
dysfunction caused by smoking may be due to other mech-
anisms not affected by the antioxidant or other properties of
vitamin E. These mechanisms may include an increase in
asymmetric dimethylarginine, an endogenous nitric oxide
synthase inhibitor (36), as well as more long-lasting endo-
thelial cell damage, due to cytotoxic intermediates (23,24).
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Study limitations. A possible drawback of this study may
be that we did not measure TBARS after heavy smoking.
However, an acute increase of TBARS after-heavy smoking
as well as an attenuation of this increase by an antioxidant
has been demonstrated previously (12). In this study,
TBARS levels and alpha-tocopherol serum levels normal-
ized to LDL-C were measured to estimate the attenuation
of oxidative stress under vitamin E supplementation. The
fact that TBARS levels were not significantly different in
both study groups (p = 0.06) is most likely due to the high
SD of this parameter (19). However, differences in delta
TBARS, alpha-tocopherol/LDL-C and delta alpha-
tocopherol/LDL-C strongly suggest an improvement in the
antioxidant status of subjects taking vitamin E. Finally, we
cannot exclude that the duration of vitamin E treatment
may have been insufficient. However, long term vitamin E
supplementation for four months also failed to restore
endothelial function in long-term smokers with a lipid
profile similar to our study subjects (33).

Conclusions. This study demonstrates that oral vitamin E
supplementation can attenuate the transient impairment of

- endothelial function after heavy smoking due to an im-

provement of the antioxidant status, but cannot restore
chronic endothelial dysfunction within four weeks. These
data are consistent with the concept that vitamin E may in
part be beneficial due to direct tissue effects that are different
from the prevention of the formation of oxidized LDL-C.

Reprint requests and correspondence: Dr. Thomas Neunteufl,
Department of Cardiology, University of Vienna Medical School,
Wihringer Gurtel 18-20, A-1090 Vienna, Austria. E-maik
TNEUNTEUFL@pop3.kard.akh-wien.ac.at.

REFERENCES

1. Zeiher AM, Schichinger V, Minners J. Long term cigarette smoking
impairs endothelium-dependent coronary arterial vasodilator function.
Circulation 1995;92:1094-100.

2. Celermajer DS, Sorensen KE, Georgakopoulos D, et al. Cigarette
smoking is associated with dose-related and potentially reversible
impairment of endothelium-dependent dilation in healthy young
adults. Circulation 1993;88:2149-55.

3. Lekakis J, Papamichael C, Vemmos C, et al. Effect of acute cigarette
smoking on endothelium-dependent brachial artery dilation in healthy
individuals. Am J Cardiol 1997;79:529-31.

4. Lekakis J, Papamichael C, Vemmos C, et al. Endothelial dysfunction
after cigarette smoking. Insights on duration of the phenomenon and
development of tolerance {abstr). Circulation 1997;96:1-355.

5. Morrow JD, Frei B, Longmire AW, et al. Increase in circulating
products of lipid peroxidation (F2-isoprostanes) in smokers. N Engl
J Med 1995;332:1198-203.

6. Murohara T, Kugiyama K, Ohgushi M, et al. Cigarette smoke extract
contracts isolated porcine coronary arteries by superoxide anion-
mediated degradation of EDRF. Am J Physiol 1994;266:H874—80.

7. Reilly M, Delanty N, Lawson JA, FitzGerald GA. Modulation of
oxidant stress in vivo in chronic cigarette smokers. Circulation 1996;
94:19-25.

8. Rimm EB, Stampfer MJ, Ascherio A, et al. Vitamin E consumption
and the risk of coronary heart disease in men. N Engl ] Med
1993;328:1450~-6.

9. Stampfer MJ, Hennekens CH, Manson JE, et al. Vitamin E consump-




JACC Val. 35, No. 2, 2000
February 2000:277-83

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tion and the risk of coronary disease in women. N Engl J Med
1993;328:1444 9.

Stephens NG, Parsons A, Schofield PM, et al. Randomized controlled
trial of vitamin E in patients with coronary disease: Cambridge Heart
Antioxidant Study (CHAOS). Lancet 1996;347:781-6.

Heitzer T, Just H, Miinzel T. Antioxidant vitamin C improves
endothelial dysfunction in chronic smokers. Circulation 1996;94:6-9.
Motoyama T, Kawano H, Kugiyama K, et al. Endothelium-dependent
vasodilation in the brachial artery is impaired in smokers: effect of
vitamin C. Am ] Physiol 1997;273:H1644-50.

Gilligan DM, Sack MN, Guetta V, et al. Effect of antioxidant
vitamins on low density lipoprotein oxidation and impaired
endothelium-dependent vasodilation in patients with hypercholester-
olemia. ] Am Coll Cardiol 1994;24:1611-7.

Levine GN, Frei B, Koulouris SN, et al. Ascorbic acid reverses
endothelial vasomotor dysfunction in patients with coronary artery
disease. Circulation 1996;93:1107-13.

Neunteufl T, Kostner K, Katzenschlager R, et al. Additional benefit of
vitamin E supplementation to simvastatin therapy on vasoreactivity of
the brachial artery of hypercholesterolemic men. J Am Coll Cardiol
1998;32:711-6.

Celermajer DS, Sorensen KE, Gooch VM, et al. Noninvasive detec-
tion of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet 1992;340:1111-5.

Neunteufl T, Katzenschlager R, Abela C, et al. Impairment of
endothelium-independent vasodilation in patients with hypercalcemia.
Cardiovasc Res 1998;40:396-401.

Rhys WAT. Simultaneous determination of serum vitamin A and E by
HPLC with fluorescence detection. ] Chromatogr 1985;341:198.
Kostner K, Hornykewycz S, Young P, et al. Is oxidative stress causally
linked to unstable angina pectoris? A study in 100 CAD patients and
matched controls. Cardiovasc Res 1997;36:330—-6.
Dieber-Rotheneder M, Puhl H, Waeg G, et al. Effect of oral
supplementation with alpha tocopherol on the vitamin E content of
human LDL and resistance to oxidation. J Lipid Res 1991;21:1325-32.
Esterbauer H, Cheeseman KH. Determination of aldehydic lipid
peroxidation products: malonaldehyde and 4-hydroxynonenal. Meth
Enzymol 1990;186:407.

Benowitz N. Drug therapy: pharmacologic aspects of cigarette smok-
ing and nicotine addiction. N Engl ] Med 1988;319:1318-30.

Radi R, Beckman JS, Bush KM, Freeman BA. Peroxynitrite-induced
membrane lipid peroxidation: the cytotoxic potential of superoxide and
nitric oxide. Arch Biochem Biophys 1991;288:481-7.

24,

25.

26.

27.

30.

31

32.

33.

34,

3s.

36.

Neunteufl et al. 283

Vitamin E and Endothelial Function in Smokers

White CR, Brock TA, Chang LY, et al. Superoxide and peroxynitrite
in atherosclerosis. Proc Natl Acad Sci USA 1994;91:1044-8.

Miller ER, Appel L], Jiang L, Risby TH. Association between
cigarette smoking and lipid peroxidation in a controlled feeding study.
Circulation 1997,96:1097-101.

Berliner JA, Territo MC, Sevanian A, et al. Minimally modified low
density lipoprotein stimulates monocyte endothelial interactions.
J Clin Invest 1990;85:1260~6.

Rajavashisth TB, Andalibi A, Territo MC, et al. Induction of
endothelial cell expression of granulocyte and macrophage colony-
stimulating factors by modified low density lipoproteins. Nature
1990;344:254-7.

. (luing MT, Paﬂhz:arqrhy SY S[Pinhprg D. Lysonhosphatidylcholine: 2

dvil,; Fartnasarat 2IEINDE.

Lysophospl
chemotactic factor for human monocytes and its potential role in
atherogenesis. Proc Natl Acad Sci USA 1988;85:2805-9.

CYiCnour

. Frostegard J, Haegerstrand A, Gidlund M, Nilsson J. Biologically

modified LDL increases the adhesive properties of endothelial cells.
Atherosclerosis 1991;90:119-26.

Morel DW, Hessler JR, Chisolm GM. Low density lipoprotein
cytotoxicity induced by free radical peroxidation of lipid. J Lipid Res
1983;24:1070-6.

Schectman G, Byrd JC, Gruchow HW. The influence of smoking on
vitamin C status in adults. Am ] Public Health 1989;79:158-62.
The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study
Group. The effect of vitamin E and beta carotene on the incidence of
lung cancer and other cancers in male smokers. N Engl J Med
1994;330:1029-35.

Heitzer T, Herttuala SY, Wild E, et al. Effect of vitamin E on
endothelial vasodilator function in patients with hypercholesterolemia,
chronic smoking or both. ] Am Coll Cardiol 1999;33:499-505.
Gilligan DM, Sack MN, Guetta V, et al. Effect of antioxidant
vitamins on low density lipoprotein oxidation and impaired
endothelium-dependent vasodilation in patients with hypercholester-
olemia. J Am Coll Cardiol 1994;24:1611-7.

Keaney JF, Jr, Guo Y, Cunningham D, et al. Vascular incorporation of
alpha-tocopherol prevents endothelial dysfunction due to oxidized
LDL by inhibiting protein kinase C stimulation. J Clin Invest
1996;98:386-94.

Miyazaki H, Matsuoka H, Cooke JP, et al. Endogenous nitric oxide
synthase inhibitor. A novel marker of atherosclerosis. Circulation
1999;99:1141-6.



‘ ATHEROSCLEROSIS
e AL
' :h_‘ ol
ELSEVIER Atherosclerosis 142 (1999) 179-184

i Possible role of high susceptibility of high-density lipoprotein to lipid
peroxidative modification and oxidized high-density lipoprotein in
genesis of coronary artery spasm

} ' Hirotoshi Ohmura *, Yoshiro Watanabe, Chie Hatsumi, Hitoshi Sato, Hiroyuki Daida,
‘ Hiroshi Mokuno, Hiroshi Yamaguchi

Department of Cardiology, Juntendo University School of Medicine, 2-1-1 Hongo, Bunkyo-ku Tokyo Japan

>— -

Received 22 January 1998; received in revised form 7 July 1998; accepted 5 August 1998

Abstract

Recent study demonstrated high susceptibility of plasma LDL to lipid peroxidative modification in patients with variant angina.
Oxidized stress state, especially oxidized LDL, may induce coronary artery spasm by its impairing effect of endothelium-depen-
dent arterial relaxation, but precise mechanisms remain unclear. Study subjects included 93 patients who underwent coronary
angiographic examination: 12 patients with coronary artery spasm provoked by ergonovine without organic stenosis (group I), 11
patients who did not demonstrate coronary artery spasm or organic stenosis (group II) and 70 patients with organic coronary
artery stenosis (group III). Levels of plasma HDL-cholesterol and apoA-I in group I were similar to those in III but were
significantly lower than those in II, although the other plasma lipid parameters were not different among the three groups. The
levels of TBARS in plasma and HDL were significantly higher in group I than in II or III (2.94 +1.56 vs. 1.91 +0.35 or
2.23 +0.89 nmol MDA/ml and 1.23 +1.00 vs. 0.54 4 0.37 or 0.70 + 0.63 nmol MDA/mg protein; P < 0.05), although the levels
of TBARS in LDL were not significantly different. In the monitoring curve of diene production during copper-induced lipid
peroxidation of HDL, its propagation slope was steeper and levels of maximum diene absorbance was higher in group I as
compared with that in I or III, but not found in those of LDL. These results suggested that high susceptibility of HDL to lipid
peroxidative modification in group I may contribute to the genesis of coronary artery spasm, and oxidized HDL rather than
oxidized LDL is more likely to be related to coronary artery spasm. © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Coronary artery spasm plays an important role in the

pathogenesis of coronary heart disease (CHD) including

variant angina pectoris, acute coronary syndrome and
sudden cardiac death [1-3], although its precise mecha-
nisms remain unclear.

Several studies have demonstrated that oxidized low-
density lipoprotein (LDL) or lysophosphatidylcholine
(Lys-PC) impairs the endothelium-dependent arterial

* Corresponding author. Tel.: + 81 3 38133111, ext. 3303, 3603;
fax: + 81 3 56890627.

relaxation [4-7] and promotes the hyper-reactivity of
coronary artery smooth muscle cells {8]. Recent studies
demonstrated that plasma LDL obtained from patients
with variant angina was highly susceptible to peroxida-
tive modification [9] and they suggested that oxidized
LDL may be related.

‘High-density lipoprotein (HDL) has been considered
as an anti-atherogenic lipoprotein [10-12]. In addition,
it has been reported that HDL may have a direct effect
on release of endothelial-derived relaxing factor or may -.
have a indirect -effect on it secondary to its effect on
endothelial proliferation {13]. These findings suggested
that HDL is also related to its effects on endothelial
function and coronary artery vasoreactivity.

0021-9150/99/$ - see front matter © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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Recently, there is growing evidence that oxidative
modification of HDL could occur in vivo following by
alteration of its conformation biologically and chemi-
cally [14-17]. Subsequently, oxidized HDL reduces its
beneficial properties such as stimulation of cholesterol
efflux from foam cells, and vasoregulatory functions
described above. Moreover, it has also been reported
that. oxidized HDL could directly inhibit endothelium-
dependent vasoreactivity [18]). These results suggested
that oxidized lipoproteins, both LDL and HDL, may
contribute to genesis of coronary artery spasm, while
the possibility should also be considered that generation
of oxidized lipoproteins could reflect an oxidative stress
state predisposing to coronary artery spasm.

To investigate this hypothesis, we measured thiobar-
bituric acid-reactive substances (TBARS) and diene
production during copper-induced lipid peroxidation of
HDL and LDL in patients with or without coronary
artery spasm. -

2. 2. Material and methods
2.1. Subjects

Subjects in this study were selected from consecutive
patients who underwent coronary angiographic exami-

nation to evaluate the coronary artery disease (CAD) .

and cardiac functions between January 1996 and Janu-
ary 1997. The following three groups were identified.
Group [ included 12 patients who had resting anginal
attacks and documented positive ergonovine provoca-
tion test without any significant organic coronary artery
stenosis. Group II included 11 patients with atypical
chest pain who did not have organic coronary artery
stenosis with negative ergonoviné provocation test.
Group III included 70 patients who did not have any
resting anginal attack with angiographically docu-
mented CAD defined as 50% stenosis in at least one of
major branch of coronary artery trees. Patients who
were taking lipid-lowering or anti-oxidant medications
such as probucol and antioxidative vitamins were
excluded. '

All patients who participated in this study gave their

informed consent.

2.2. Coronary angiographic examination and ergonovine
provocation test

Coronary angiographic examination was performed
via right brachial artery or femoral artery by the stan-
dard method, after over-night fasting. Any calcium-
channel blockers were stopped 3 days before the
coronary angiographic examination. Blood pressure
was monitored through the catheter and standard 12-
lead electrocardiograms were recorded continuously

with a 6-channel recorder. Prior to ergonovine provoca-
tion test, a temporary pacing catheter was inserted into
the right ventricle via the peripheral vein. After control
coronary arteriograms were obtained, 0.2 mg er-
gometrine maleate was injected intravenously and re-
peat coronary arteriograms were obtained at 3, 6 min
after injection. If significant changes occurred, which
including anginal attacks or ischemic electrocardio-
graphic changes with a significant vasoconstriction
demonstrated angiographically, coronary arteriograms
were obtained immediately and 2 mg of isosorbide
dinitrate was injected into the coronary artery through
the catheter. _

Coronary artery constrictive changes following er-
gonovine provocation were assessed by quantitative
coronary angiography (QCA) technique (QCA-Cardio-
vascular Measurement System: QCA-CMS, MEDIS
medical imaging systems, Holland). The constrictive
changes of coronary artery by ergonovine provocation
were assessed by QCA technique and were expressed as
percent change of segment diameter from diameter
after nitroglycerin. We defined the coronary artery
spasm to be present as > 50% change of diameter in at
least one of the major coronary arteries.’

2.3. Serum lipid samples and lipoprotein separation

Venous blood samples were obtained by venipunc-
ture with Vacutainer tubes after a 12-h fasting period
for the measurement of serum lipid profile. For separat-
ing the lipoprotein fractions, arterial blood samples
were obtained via catheter sheath into tubes containing
0.04 N ethylenediaminetetraacetic acid (EDTA) dis-
odium salt just before starting coronary angiographic
examination. Plasma was immediately separated by
centrifugation at 3000 rpm for 10-min. Then to obtain
the LDL after removing very low-density lipoprotein
using ultracentrifugation, samples taken from the bot-
tom of the tube were adjusted in density to 1.063 mg/dl
with adequate potassium bromide (KBr) solution and
were then ultracentrifuged at 100000 rpm for 4.5-h at
15°C (Beckman TL100.4 rotor) as previously described
by Havel et al. [19]. After ultracentrifugation, LDL
floating at the top of the tube was removed with pipette
to another stock of tubes. Finally the HDL was ob-
tained in same manner after adjusting the density to
1.21 mg/dl, and it was ultracentrifuged 100000 rpm for
6-h at 15°C.

The stock samples were dialyzed to remove KBr and
EDTA in the 2000 ml volume of phosphate buffer
saline (PBS) with pH7.4 at 4°C in the dark place. After
conclusion of dialysis, quantification of protein was
performed by the Lowry method [20], and stock sam-
ples were stored at 4°C until the time to use for all
oxidation studies. '
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2.4. Lipid pero)cides level and peroxidative modification
of lipoproteins ' '

The lipid peroxides levels were determined by
TBARS [21] in the plasma samples and in each lipo-
protein fraction by using a lipidperoxide test kit
(WAKO Junyaku, Osaka, Japan). This result was ex-
pressed .as nmol malondialdehyde (MDA) equivalents,
The susceptibility of both LDL and HDL to in vitro
oxidation was assessed by the technique described by
Esterbauer et al. [22]. Oxidative modification of lipo-
protein containing 100 pg of protein was initiated by 5
uM CuSO, in final volume of 1 ml PBS at 37°C. The
diene production during copper-induced lipid peroxida-
tion was monitored by the change in 234 am ab-
sorbance at 5-min intervals for 240 min with
spectrophotometer (Beckman DU650). To assess the
susceptibility to peroxidative modification, these results
were expressed as lag time (min), propagation rate
(min~1!) and maximum diene absorbance.

2.5. Statistical method

All results except lipoprotein{(a) [Lp(a)] were ex-
pressed as mean + S.D. Lp(a) was indicated by median
and range. Intergroup comparisons concerning serum
lipid levels except Lp(a), the generation of TBARS in
plasma, LDL and HDL, and the diene production in
LDL and HDL were made with Bonferroni multiple
comparisons test after being analyzed by a one-way
analysis of variance (ANOVA). ‘As distribution plasma
levels of Lp(a) was of highly skewed, the analysis of
those levels was performed with Mann-Whitney’s U
analysis. To compare the prevalence of hypertension,
smoking and diabetes mellitus with each group, y?2 test
was performed.

3. Results
3.1. Population characteristics and plasma lipids

Study subjects included 93 patients who underwent
coronary angiographic examination; 12 patients with
coronary artery spasm provoked by ergonovine without
organic stenosis (group I), 11 patients who did not
demonstrate coronary artery spasm or organic stenosis
(group II) and 70 patients with organic coronary artery
stenosis (group.III). Table 1 shows clinical characteris-
tics of each group. There was no significant difference
in mean age among the three groups. The proportion of
males was significantly higher in group III than in II
(P <0.05), although there was no difference between
group III and I statistically. The- prevalence of hyper-
tension and diabetes mellitus were significantly higher
in group III than in I (P < 0.005). The proportion of

current smokers was not significantly different among
the three groups.

The levels of plasma HDL-cholesterol in group I was
significantly lower than in IT (42 £ 9 vs. 59 + 19 mg/dl;
P <0.05) and was similar to that in group III. The
levels of apoA-I in group I or II were also significantly
lower than in III (116 +12 or 117 +25 vs. 134+19
mg/dl; P <0.05 each). Both the levels of apoB and
Lp(a) were significantly higher in group III than in II
(104 - 19 vs. 90 £ 19 mg/dl and 29.5 (123.7) vs. 23.9
(17.2) as indicated median (range) mg/dl; P < 0.05 and
< 0.005, respectively). The levels of total cholesterol,
triglycerides and LDL-cholesterol calculated by Friede-
wald formula were not significantly different among the
three groups. This result may be explained by excluding
the subjects with taking lipid lowering drugs. These
results demonstrated that patients with CAD seemed to
have conventional coronary risks, could be distin-
guished from the characteristics in patients with coro-
nary artery spasm, which apart from low levels of

" plasma HDL-cholesterol and apoA-I.

3.2. Susceptibility to lipid peroxidative modification

Susceptibility to lipid peroxidative modification was
determined by the levels of TBARS and diene produc-
tion during copper-induced lipid peroxidation, shown
in Table 2. Copper-induced lipid peroxidation was as-
sessed by lag time, propagation rate and maximum
diene absorbance as described previously. The levels of

Table 1
Clinical characteristics and lipid profile in study population®

Group I (n=  Group I (n= Group Il (n=

12) 1n 70)
Age (years) 6019 6147 62+ 8
Sex (M/F) 8/4 7/4 61/9%
HT (%) 258 36 63
Smokers (%) 33 36 41
DM (%) o 9 31
TC (mg/dl) 172 + 31 187 + 36 189 £ 30
TG (mg/dl) 141 +67 130 45 141 + 56
LDL-C (mg/ 104 + 18 103 £ 45 141 + 56
d)
HDL-C (mg/ 42+ 9* 59+19 44 + 13%+
dl)
apoA-I (mg/dl) 116 4+ 12* 134 £ 19 117 £25*
apoB (mg/dl) 97+19 90 + 19 104 + 19*

LP(a) (mg/dl) 253 (85.2) 23.9 (17.2) 29.5 (123.7)**

2 HT, hypertension; DM, diabetes mellitus; TC, total cholesterol;
TG, triglycerides; LDL-c, low-density lipoprotein-cholesterol; HDL-
¢, high-density lipoprotein-cholesterol; apo, apolipoprotein; Lp(a),
lipoprotein(a) each value is expressed as mean + S.D. except Lp(a).
Lp(a) is expressed as'median (range).

* P<0.05 vs. group 1L

** P<0.005 vs. group II.

§ P<0.005 vs. group IIL
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Table 2
Comparison data of oxidative susceptibility among three groups®

Group I Group 11 Group III P value
Plasma TBARS (nmol MDA/ml) 2.94 + 1.56* 1.91 £ 0.35 2.234+0.89 0.027
LDL TBARS (nmol MDA/mg LDL protein) 1.62 +0.74 132 +0.59 - 1.65 £ 0.95 NS
HDL TBARS (nmol MDA/mg HDL protein) 1.23 + 1.00* 0.54 +0.37 0.70 4+ 0.63 0.025
LDL lag time (min.) 46+13 47+8 46+ 10 NS
Propagation rate (min.™!) 0.039 + 0.008 0.041 4 0.007 0.038 £ 0.008 NS
Max. diene absorbance 1.72 £ 0.398 1.57 £0.28 1.5140.33 NS
HDL lag time (min.) 2043 20+7 20+6 NS
Propagation rate (min.~") 0.019 £ 0.005% 0.017 +0.004 0.015 £ 0.005 0.039
Max. diene absorbance 0.66 £ 0.15% 0.57 £0.008 0.52+0.16 0.10

* TBARS, thiobarbituric acid-reactive substances; MDA, malondialdehyde; LDL, low-density lipoprotein; HDL, high-density lipoprotein each
value is expressed as mean + S.D. P value imply group differences analyzed by ANOVA.*P <0.05 vs. group II or group III.

§ P<0.05 vs. group IIL
* P<0.005 vs. group IIL

TBARS in both plasma and HDL were significantly
higher in group I than in II or III (2.94 41.56 vs.
1.91 £ 0.35 or 2.23 + 0.89 nmol MDA/ml; P <0.05 and
1.23 +1.00 vs. 0.54 +0.37 or 0.70 + 0.63 nmol MDA/
mg protein; P < 0.05), although the levels of TBARS in
LDL showed no significant differences. Levels of
TBARS in plasma had positive correlation with those
in LDL or HDL (data not shown). Based on the results
from monitoring the curve of diene production during
copper-induced lipid peroxidation (Table 2), lag time
and propagation rate of LDL were similar in each
group, except that levels of maximum diene absorbance
in group I were higher as compared with those in II1. In
contrast, the monitoring curve of HDL (Fig. 1) demon-
strated that the propagation slope was steeper and
levels of maximum diene absorbance was significantly
higher in group I as compared with the other two
groups, although lag time was not different. These
findings indicated high susceptibility of HDL to copper-
induced lipid peroxidative modification in group I.
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Fig. 1. The monitoring curve of copper-induced lipid peroxidation in
HDL fractions. This monitoring curve shows the formation of conju-
gated dienes of HDL fractions. Mean values of those absorbances in
each group were indicated. The oxidation was performed with 100 pg
protein of HDL in PBS by 5 uM CuSO, at 37°C. The details are
described in the methods.

4. Discussion

The present study demonstrated lower levels of
plasma HDL and high susceptibility of HDL to lipid
peroxidative modification in patients with coronary
artery spasm as compared with those in patients with-
out coronary artery spasm. This result suggested that
oxidized HDL may be one of the contributing factors
to generate coronary artery spasm in vivo rather than
oxidized LDL, at least, in our study population.

HDL is considered as an anti-atherogenic lipoprotein
for its reverse cholesterol transport activity [10—12].
Recently other protective functions of HDL, which
include an anti-thrombotic effects [23], prostacyclin sta-
bilizing activity [24,25], and release of endothelial-
derived relaxing factor to preserve normal endothelial
cell function [13,26—-28], has been postulated. Clinically,
it has already been reported that the low levels of
apoA-I, a major apoprotein in HDL, observed in pa-
tients with variant angina discriminated from normal
control subjects or patients with CAD [29,30]. The
others reported that there was positive correlation be-
tween the levels of plasma HDL-cholesterol and normal
acetylcholine-induced coronary vasodilatory responses
[13], and elevated levels of plasma HDL-cholesterol
ameliorated abnormal vasoconstriction in both angio-
graphically.-smooth and stenotic. coronary artery seg-
ments [28]. In our study, the results of reduced levels of
plasma HDL-cholesterol and apoA-I in patients with
coronary artery spasm were, in part, consistent with
previous studies. Therefore, it may be important to
maintain a certain level of plasma HDIL-C for its
protective functions.

HDL has also been demonstrated to play a possible
role in preventing the generation of oxidized LDL
[31-34] and reversing the inhibitory effect of oxidized
LDL on endothelium-dependent vasoregulation [35].
Oxidized LDL or increased content of Lys-PC in oxi-
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dized LDL has been demonstrated to play an important
role in impairment of endothelium-dependent arterial
relaxation [4-7,18] and potentiate agonist-induced hy-
per-responsiveness of vasoconstriction by direct action
on vascular smooth muscle [8]. Therefore, reduced lev-
els of HDL might facilitate the generation of oxidized
LDL and effect to impair normal vasoregulation coop-
erating with oxidized LDL. In addition, recent clinical
study demonstrated that plasma LDL obtained from
patients with variant angina was highly susceptible to
peroxidative modification [9]. In our study, it showed
significant higher levels of maximum diene absorbance
and tendency toward higher levels of TBARS in LDL
obtained from patients with coronary artery spasm as
compared with patients who had high levels of plasma
HDL-C such as group II, although it seemed to be less
pronounced in association with coronary artery spasm
rather than with those in HDL.

On the other hand, HDL obtained from patients with
coronary artery spasm showed significantly elevated
levels of TBARS, and significantly higher levels of
propagation rates and maximum diene absorbance as
compared with those in patients without coronary
artery spasm. These results suggested that oxidized
HDL, rather than oxidized LDL, may be related to
coronary artery spasm, at least in our study population.
There is growing evidence that oxidative modification
of HDL also could occur in vivo, and alter biologically
or chemically in its conformation, occasionally more
rapidly than those in LDL [36,37]. Subsequently oxi-
dized HDL reduces its beneficial properties such as
stimulation of cholesterol efflux from foam cells [14-
17], anti-oxidative activity [31-34]. In addition, it has
been reported that oxidized HDL could inhibit the
endothelium-dependent vasoreactivity [18] and more-
over oxidized HDL converts itself into a cytotoxic
particle such as oxidized LDL [38,39]. These reports
suggested the possibility that oxidized HDL itself, aside
from an ability of HDL, may be related to dysfunction
of endothelium and/or hyper-reactivity of smooth mus-
cle in coronary artery spasm. It should be also consid-
ered as another possibility that generation of both
oxidized LDL and HDL could be simply reflecting
oxidative stress predisposing to coronary artery spasm.
Some studies have demonstrated that the antioxidant
effect of probucol improved endothelium-dependent
vasoconstrictive responses to acetylcholine, contribut-
ing to spasm in both animal experimental model and
human [40,41]. More recent study has demonstrated
that supplement of antioxidant vitamin E prevented the
occurrence of attacks in patients with variant angina
[42]. These findings indicate clinical expectation that
intervention with antioxidants could prevent coronary
artery spasm in patients and. improve their anginal
symptom.

In conclusion, high susceptibility of HDL to lipid
peroxidative modification in patients with coronary
artery spasm may contribute to. genesis of coronary
artery spasm, and oxidized HDL rather than oxidised
LDL is more likely to be related to coronary artery
spasm. Further studies are needed to elucidate whether
prevention of peroxidative modification of HDL and/or
correcting the levels of plasma HDL-cholesterol and
apoA-I could improve anginal attacks in patients with
coronary artery spasm.
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Anti-oxidant status and lipid peroxidation in patlents

with essential hypertension

Carla Russo?, Oliviero Olivieri?, Domenico Girelli, Giovanni Faccini®,

Background Lipid peroxidation and derived oxidized
products are being intensively investigated, because of
their potential to cause injury and their pathogenetic role
in several clinically significant diseases. The view that an
excess of lipid peroxidation products is present and
relevant in the pathogenesis of human essential
hypertension or in hypertension-induced damage has still
not received definitive support.

Objective To evaluate both the extent of lipoperoxidation
in essential hypertensive patients and the status of
enzymatic and non-enzymatic antioxidants that potentially
are able to modulate it.

Methods We selected 105 newly diagnosed essential
hypertensives among those referred to our hypertension
outpatient clinic and compared them with 100
normotensive controls matched for age. Plasma
malondialdehyde was measured by high-performance
liquid chromatography after reaction with thiobarbituric
acid, as an end product of lipid peroxidation; serum
selenium (Se), plasma copper (Cu) and zinc (Zn),
vitamins A and E, erythrocyte superoxide dismutase and
glutathione peroxidase levels were evaluated as indices
of oxidant balance. Differences between the groups were
tested by Student’s t test and x* test.

Results Compared with controls, essential hypertension
patients had higher malondialdehyde and glutathione
peroxidase activities (P < 0.05 for both) and Zn '

Introduction

Lipid peroxidation and derived oxidized products are
being intensively investigated, because of their potential
to cause injury and their pathogenetic role in several clin-
ically significant diseases [1]. Recent experimental evi-
dence implicates oxygen radical reactions as playing a role
also in the development of high blood pressure in some
animal models [2]. However, the view that an excess of
lipid peroxidation products can be present in humans and
is of relevance in the pathogenesis of essential hyper-
tension has still not received definitive support.

Lipid peroxidation is a reaction whereby molecular
OXygen is incorporated into poly-unsaturated fatty acids
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concentrations (P < 0.001) and lower superoxide

‘dismutase activities (P <0.005), vitamin A (P <0.05) and

E (P <0.001) levels and Cu concentrations (£ < 0.005).
We found no difference between Se levels of essential
hypertensive and control subjects.

Conclusions Essential hypertension is associated with
greater than normal lipoperoxidation and an imbalance in
anti-oxidant status, suggesting that oxidative stress is
important in the pathogenesis of essential hypertension
or in arterial damage related to essential hypertension.
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(PUFA) to yield lipid peroxides. Two general models of
lipid peroxidation may be defined: enzymatic oxygena-
tion of PUFA, which is catalysed by the eicosanoid-
synthesizing enzymes cyclooxygenase and lipoxvgenase,
and non-enzymatic oxygenation of PUFA. The latter
process, named ‘PUFA autoxidation’, is stimulated by
reactive oxygen-containing species and transition metals
and limited by anti-oxidants such as vitamins and free-
radical-scavenger enzymes [3]. A variety of methods has
been employed to detect and quantify lipid peroxidation.
The most widely used is the so-called ' thiobarbituric
acid (TBA) test, based on the reactivity of TBA towards
malondialdehyde, a side product of enzymatic oxygenation
of PUFA and an end product of oxidative degradation of
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PUFA [2). The present study was designed to evaluate
both the extent of lipoperoxidation in a group of essen-
tial hvpertension patients and the status of enzymaric and
non-enzymatic anti-oxidants that potentially are able to
modulace it.

Methods

Patients

Two groups of 105 essential hypertension patients and
100 normotensive controls matched for age and sex were
selected from the population of the same restricted
geographic area (Veneto region, northern ltaly) between
1994 and 1997. For the control group, we used data from
a cross-sectional study of a sample of 100 healthy subjects,
selected as described previously [4]. Briefly, an initial
group of 500 normal subjects was obtained by using tables
of random numbers; a further selection was performed by
the three practitioners operating in the area, who were
familiar with the details of the clinical histories and
lifestyles of the subjects. All subjects known to be
suffering from chronic disease or acute intercurrent illness,
as well as pregnant women and subjects taking any drug,
including contraceptive pills were excluded from our
study. Mean blond pressure levels of the control popula-
tion were 131 = 13/81 £ 6 mmHg.

Essential hypertensive subjects were recruited from
among the 1000 patients referred to our hypertension
outpatient clinic between 1992 and 1996. As described
previously [5], office blood pressure was evaluated by the
same physician with the patient sitting after 5 min of rest,
according to directives of the British Hypertension Society
[6): subjects who had diastolic blood pressures > 95
mmHg during three visits within 3 months, without any
treatment, were recruited. These patients then underwent
24 h ambulatory blood pressure monitoring (ABPM),
performed with a Spacelabs 90207 device (SpaceLlabs
Inc., Redmond, Washington, USA). In accord with the
indications of the first international consensus document
on ABPM [7], we considered patients with daytime blood
pressures > 135/85 mmHg hypertensive. For this group
24h blood pressure levels were 142.5+12/90.5+7
mmHg, daytime blood pressure levels were 145.9 + 13/
92.7 + 7 mmHg and night-time blood pressure levels were
132.6 = 14/83.7 = 8 mmHg. Cuffs of appropriate width and
length were used to avoid overestimation and under-
estimation of blood pressure values; ABPM data sets with
more than 20% technical errors were discarded. Patients
with secondary hypertension and essential hypertension
patients with any other concomitant disease were ex-
cluded from our study.

None of the subjects were institutionalized, eating a
special diet, or taking trace elements or vitamin supple-
ments. A 7-day food record was randomly obtained from

a representative sample of subjects (50 essential hyper-
tensive and 30 normotensive controls), to exclude the
possibility of there being any significant differences in
diet between essential hypertension patients and contro]
subjects.

Biochemical analyses

Erythrocyte superoxide dismutase (SOD), and glutathione
peroxidase (GSHPx) activities, plasma levels of vitamins
A and E, serum level of selenium (Se) and plasma levels
of zinc (Zn) and copper (Cu) were determined as
described previously [8]. Lipoperoxidation was quantified
by the assay of plasma malondialdehyde using a slight
modification of a method published by Carbonneau ¢t &/,
[9]. Briefly, after treatment beforehand of 250 ml plasma

- with 0.44 mol/l H;PO,, protein-free extract was obtained

by perchloric acid precipitation and allowed to react with
TBA in H;PO, for 45min at 100°C. Then high-
performance liquid chromatography (HPLC) separation
was performed on Superspher 100 RP-18 column (150
mm x 4.6 mm; Hewlete-Packard, Palo Alto, California,
USA) with an eluting solution of methanol-phosphate
buffer, 50 mmol/l, pH 6.8 (40: 60, vol: vol), at a rate of
flow of 1.5 ml/min. Malondialdehyde-TBA adduct was
then quantified by ultraviolet—visible spectrophotometry
{at  Apy=532nm; series 1050 spectrophotometer;
Hewlect-Packard).

Statistical analysis

Statistical analysis was carried out with the aid of an Apple
Macintosh SB/30 computer (Apple Co., Cuppertino,
California, USA), using the Systat 5.2.1 program (Svstat
Co., Evanston, Illinois, USA). Differences between the
groups were tested by x* or Student’s t test. P < 0.05 was
considered statistically significant.

Results

In Table 1 we summarize the main clinical and biochem-
ical features of normotensive subjects and essential
hypertension patients. The groups did not differ regard-
ing age, sex, body mass index, smoking habits and
levels of low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein cholesterol and triglvcerides. Con-
versely, plasma malondialdehyde level, GSHPx activity
and plasma Zn concentration were greater, whereas
levels of vitamins A and E, SOD activity and plasma
Cu concentration were lower in essential hvpertension
patients than thev were in controls. Serum Se concen-
rrations in members of these two groups were similar.
Dietary analysis revealed no significant difference
between essential hypertension patients and normo-
tensive subjects in dietary intake of major nutrients
(proteins, lipids, carbohydrates, saturated farey acids,
mono-unsaturated fatty acids and PUFA) and consump-
tion of alcohol (Table 2). :
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Table 1 Clinical and biochemical parameters of essential hypertensive and normotensive subjects

Normotensives Hypertensives

(n = 100) {n=105) Significance?
Age (years) 459+ 16 477+ 11 NS
Sex (male/fermale) 49/51 63/42 NS
Body mass index (kg/m?) 24632 262+ 36 NS~
Smokers {yes/no) 21779 24/81 NS
HOLC (mmol/l) 15103 13103 NS
LOLC {mmoi/) 3.68 + 1.1 395+ 09 NS
Triglycerides {mmol/l} 15107 1.48 + 0.5 ’ NS
Plasma malondialdehyde (mmol/t) 0.65 £ 0.1 0.73:0.2 P < 0.05
Erythrocyte SOD (IU/g haemoglobin) 8339 + 2338 7194 £ 2057 P < 0.005
Erythrocyte GSHPx (IU/g haemoglobin) 6.58 1.5 7.45+2 P < 0.005
Plasma zinc (mmol/f) 14.84 £+ 1.8 1747+ 4.6 P < 0.001
Plasma copper {mmol/l} 169+ 2.3 157 £ 3.4 P < 0.01
Serum selenium (mmol/t) 1.16 £ 0.18 1.13 £ 0.25 NS
Vitamin A {mmol/l) 3.2+£09 28:07 P<0.05
Vitamin € (mumol/l) 41.2 £ 10 325+ 10 P < 0.001

Values are expressed as means + SD. *Student’s t test. HOLC, high-density lipoprotein cholesterol; LDLC, low-density
lipoprotein cholesterol; SOD, superoxide dismutase; GSHPx, glutathione peroxidase.

tatte 2 Dietary parameters

Normotensives Hypertensives
{n = 30) (n = 50)
Total energy intake (J/day) 9643 + 2616 9572 + 4296
Proteins (g/day) 86 + 29 83+23
Lipids {g/day) 76 £ 19 7137
- Carbohydrates (g/day) 302 +£125 - 326 + 19C
SFA (g/day) 25.5 £ 8.1 269 14
MUFA {g/day) 359:15 329:184
PUFA (g/day) 97 +24 . 823
Alcohol (g/cay) 229 £ 200 145.5 2 120

Values are expressed as means £ SO. SFA, saturated fatty acids; MUFA,
mono-unsaturated fatty acids; PUFA, poly-unsaturated fatty acids. All
comparisons are not significant by Student’s t test.

Discussion . :
The result of the present study is that essential hyper-
tension patients have an impairment of anti-oxidant status
or a greater than normal response to oxidative stress, or
both. This was proved both by the complex changes
in levels of several enzymatic and non-enzymatic anti-
oxidants and by the significant increase in amount of
HPLC-separated malondialdehyde, one of the most
reliable markers currently available for evaluating lipid
peroxidation [3]. .

Levels of TBA-reactive substances have been demon-
strated to be greater than normal in animal models of
experimentally induced hypertension {10] and a higher
than normal plasma level of malondialdehyde together
with simultaneously lower than normal levels of erythro-
¢yte SOD and vitamin E had already been observed for
2 small sample of essential hypertension patients [L1].
Authors of no other studies, however, have evaluated all
these variables with such a relatively large sample of
untreated hypertensive subjects and corresponding age-
Matched and sex-matched controls. ’

Since a high amount of oxidative damage has been found
to be involved in many diseases as well as in the process
of ageing [1], particular care was adopted in order to
include only healthy subjects in the contro! group and
subjects suffering only from essential hvpertension in the
patient group. The study was conducted under unce-
stricted living conditions, but subjects taking preparations
containing vitamins or other nutrients that could have
influenced the parameters tested were not admitted.
Dictary intake can also affect the oxidant-anti-oxidant
balance, but analysis of dictary records revealed no differ-
ence in consumption of major nutrients and alcohol
between the groups. Noreover, all people had normal
nutritional indices (body mass index and levels of haemo-
globin, haematocrit and serum albumin; data not shown),
ruling out the possibility that our results may represent
just the effects of different degrees of nutrition. Smoking
was also taken into account, since the reactants present
in cigarette smoke are potential sources of oxidative
degradation both of membrane lipids and of vitamins {1]:
however, the absolute numbers of smokers in the two
groups were similar. Thus, after a careful evaluation of
the majority of factors potentially able to influence the
parameters examined, we could reasonably exclude the
possibility that dietary, demographic or lifestvle habits

could account for the observed differences between

essential hvpertension patients and controls.

One of the most relevant results of our study was the
greater than normal plasma level of malondialdehvde
observed in essential hvpertension patients. This is
probably the most widely discussed parameter of oxida-
tive stress on biological samples. MNalondialdehyde is a
volatile side product of cyclooxvgenase-catalvsed and
lipoxvgenase-catalysed oxygenation of PUFA and the
end product of non-enzymatic oxidative degradation of
PUFA. The labile nature of pure malondialdehyde has,
in practice, made direct measurement of its level diffi-
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cult; however, malondialdehyde can readily be condensed

with TBA to yield a fluorescent red adduct that is easily
detectable. This method is of particular interest bécause
of its relative procedural simplicity and sensitivity, but it
is intrinsically non-specific, because a variety of non-lipid
sources can react with TBA, leading to an overestimarion
of malondialdehyde level {3]. In this study we adopted
all the precautions necessary to maximize the reliability
of the test in terms of sensitivity and specificity [9].
Reaction with TBA was carried out after blood proteins
and other substances that would react with TBA had been
eliminated by precipitation with perchloric acid treatment,
since TBA product reflects the actual lipid peroxidation
when the analysed samples contain exclusively lipids [3].
Subsequent HPLC analysis allowed us to separate the
malondialdehyde-TBA adduct from the other chemically
distinct pigments generated during the test {3,9].

That active lipoperoxidation occurs in essential hyper-.

tension patients is also suggested by the greater than
normal activity of the anti-oxidant enzyme GSHPx. This
cannot be attributed to a greater than normal availa-
bility of its catalytic cofactor Se, since we observed no
difference in levels of this trace element between essen-
tial hypertensives and controls. Rather, it might be due
to induction of production of GSHPx by the high con-
centration of lipoperoxides, the natural substrates for
this enzyme. Such a mechanism had been demonstrated
to occur in wvitro for erythrocyte GSHPx several years
ago {12]. Interestingly, the oxidant-induced increase in
erythrocyte GSHPx activity paralleled the release of mal-
ondialdehyde into the supernatant [13].

An apparent impairment of vitamin E and vitamin A status
was a further condition characterizing our essential hyper-
tension patients. Vitamin E is the main lipid-soluble anti-
oxidant in human plasma and lipoproteins and acts as a
chain-breaking anti-oxidant able to scavenge lipid peroxyl
radicals, which would otherwise propagate the chain reac-
tion of lipid peroxidation. Vitamin A is able to quench
singlet oxygen effectively and is the most abundant lipid-
soluble anti-oxidant in LDL after vitamin E. Authors of
observational studies have often found that low levels of
vitamins associated with high incidence of coronary heart
disease [14,15], due possibly to their ability to prevent
atherogenetic process. Results of previous experimental
studies showed that both vitamins E and A may also influ-
ence vascular function by limiting the oxidation of LDL,
which in turn inactivate endothelium-derived relaxing
factor, the most powerful local vasodilating agent (16].
Furthermore, vitamin E is known to prevent proliferation

of smooth muscle vascular cells and to preserve the normal

endothelium-dependent vessel relaxation via the inhibi-
tion of protein kinase C [17].

Zn and Cu are known to influence lipoperoxidation by
modulating activity of SOD and directly by acting as pro-

oxidants or anti-oxidants, since both have been shown
both to promote [1,3] and to inhibit {18,19] formation of
malondialdehyde. We previously found a higher than
normal concentration of Zn in esseatial hypertensives,
suggesting that they have greater than normal activities
of some Zn-dependen:t enzymes, such as angiotensin
converting enzyme and fatty acid desaturases {5]. A low
concentration of Cu is consistent with the lower than
normal activity of SOD found in our essential hyper-
tension patients. It is of interest to note that similar devi-
ations from normality have been reported to occur in some
animal models of hypertension, in which SOD has been
suggested to play a hypotensive role [18]. As a matter of
fact, intravenous injection of a fusion protein consisting

-of human SOD and a C-terminal peprtide thar is able 1o

localize itself within the endothelium was recently shown
to produce a fall of blood pressure in spontaneously hyper-
tensive rats but not in controls {2]. In addition, nora-
drenaline-induced hypertension in rats was reversed by
administration of SOD [2]. These observations have em-
phasized the role of SOD, suggesting that oxidative stress
on the arterial wall is important in the pathogenesis of
hypertension [20]. Inferred mechanisms could be the
direct destruction of nitric oxide by oxygen free radicals

or the inhibition of production of prostacyclin (prosta-

glandin I,) by lipid peroxides [11].

In conclusion, statistical analyses revealed significant
differences between essential hypertension patients
and controls with respect to almost all the parameters
analysed in our study and each of these complex changes

- was consistent with the view that essential hypertension

is associated with an impairment of anti-oxidant status or
a greater than normal response to oxidative stress, or both.
We therefore concluded thac there is no serious threat to
the validity of this hypothesis. It remains to be deter-
mined whether these events are simply consequences of
tissue damage or are strictly involved in the primary
pathogenetic mechanism of disease. Further appropriate
studies to clarify this issue and to evaluate the possible
favourable effects of anti-oxidant therapeutic strategies
are necessary.
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Oxidized LDL and Atherogenesis®
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ABSTRACT: A brief review of recent findings regarding the role of oxidized
low-density lipoproteins (Ox-LDL) in atherogenesis. Lipid peroxidation and
oxidative damage to LDL make arteries susceptible to chronic inflammation,
which is known to cause alterations in arterial gene expression and promote le-
sion development. Treatment protocols implementing antioxidants for pre-
venting cardiovascular diseases are suggested.

INTRODUCTION

and cnedd tlne dicancaa ramnin tha mainr
aNa CATGIoVASTUar Qiscases remain e major

in the United Smtes and Europe.! High plasma total cholesterol and low d ensity li-

poprotein (LDL) vaines show significant positive refationship to the ucvch‘)pﬁ‘lcut of
atherosclerosis and cardiovascular diseases.2 Recent evidence suggests that oxida-
tion (Ox) of LDL plays an important role in the pathogenesis of atherosclerosis. 23
The purpose of this article is to review recent findings regarding the role of oxidized

LDL (Ox-LDL) in atherogenesis.

C>
@,
v

Peroxidation can damage LDL particies. Several reactive radical species can ini-
tiate lipid peroxidation. These include reactions involving lipoxygenases, superox-
ide anion, hydroxyl radical, peroxynitrate, heme proteins, ceruloplasmin, and
rayeloperoxidase, It has been demonstrated that 15-lipoxygenase, superoxide anion,

peroxynitrate, and myeloperoxidase can oxidize LDLA Peroxymtmte may be

formed in the arterial wall from the reaction of superoxide anion with nitric oxide,

It is also possible that oxidized membrane lipids are transferred to LDL.

In addition to lipids, LDL oxidation also involves the modification of apoprotein
B (ApoB). In Ox-LDL, ApoB is fragmented and contains covalently bound malon-
-dialdehyde and 4-hydroxynonenal conjugates. 2 These reactions change LDL prop-
erties so that it is metabolized through macrophage scavenger receptors.

LDL antioxidant levels do not fully explain individual differences in the suscep-

tibility of LDL to oxidative stress. This likely that other factors, such as fatty acid
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.TABLE 1. Properties of minimally oxidized LDL and fully oxidized LDL

Minimally Oxidized LDL Oxidized LDL

Cellular lipid accumulation No Yes
Reactive aldehyde conjugates in ApoB No Yes
Metaholiem through scavenger receptor No Ves
Metabolism through LDL receptor Yes : No
Stimulates proinflammatory cytokines Yes No
Inhibits endothelial-derived relaxing factor No Yes
Immunogenic No Yes
Cytotoxic o No Yes
Chemotactic for plasma monocytes No Yes

composition and LDL particle size, may also affect LDL oxidation. It has been
shown that small, dense LDL particles are more susceptibie to oxidation than larger
LDL subfractions.” On the other hand, LDL particles enriched with monounsaturat-
ed fatty acids are less prone to oxidation than particles enriched with polyunsaturat-

ed fatty acids.”

ATHEROGENIC PROPERTIES OF OXIDIZED LDL

Ox-LDL can cause lipid accumulation in macrophages and foam cell formation.2
Ox-LDL is also cytotoxic to many cell types and chemotactic for monocyte mac-
rophageq In addition, Ox-LDL can inactivate endothelial cell-derived relaxing
factor.

It is becoming increasingly evident that the biological propemes of minimally
oxidized LDL (MM-LDL) are different from those. of Ox-LDL.% TABLE 1 summa-
rizes some of the properties of MM-LDL :md Ox-LDL. MM-LDL seems to have sev-

eral specific effects on gene expression.® It can stimulate monocyte chemotactic

faotor-1 and macranhaos enlony ctimulating fantar | avecacoion an P o
saliOi=e all Inaliopaage Coiony sumihiating 1alidr-1 c;\plbaaluu nllu activate pIU‘

thrombotic propemes in the vascular wall.® However, MM-LDL can nof cause lipid
accumulation in arterial cells since it is not metabolized through scavenger recep-
tors.2 Ox-LDL appears to be immunogenic, causing autoantibody formation in hu-
mans and in experimental animals. According to preliminary results, presence of
aatoannbodnes may predict the progression  of ~atherosclerosis in human
populations,*

VINDENCE FOR THE PRECENCE QOF QAYIN7Z Zrniny

A2V ALSIANNCAS AXFAN B RRAT X ANIASAWNLL NI \IALLFALILY i ®) ) V)

IN ATHEROSCLEROTIC LESIONS

It has been cle'\rly shown that Ox-LDL is present in atherosclerotic lesions: (1)
LDL isolated from human atheroscierotic lesions, but not from normal arteries, re-
sembles Ox-LDL3; (2) epitopes characteristic of Ox-LDL can be demonstrated in

atherosclerotic lesions by 1mmunocytochemxstry"’, (3) atherosclerotic lesions con-



136 : ANNALS NEW YORK ACADEMY OF SCIENCES

TABLE 2. Evidence for the presence of oxidized LDL in atherosclerotic lesions

References
LDL isolated from atherosclerotic lesions resembles Ox-LDL 3
Epitopes characteristic of Ox-LDL are present in atherosclérotic lesions 10
Atherosclerotic lesions contain immunoglobulins that recognize Ox-LDL 11
Serum contains autoantibodies against Ox-LDL 9,10
Antioxidant treatment reduces atherogenesis in experimental animals 12

tain immunoglobulins that recognize Ox-LDL!!; (4) serum contains autoantibodies
to. Ox-LDLY; and (5) antioxidant treatment reduces the rate of atherosclerotic lesion
development in experimental animals (TABLE 2). Antioxidants shown to be effective
in animal models include probucol,!? a-tocopherol,'3 butylated hydroxytoluene,!4
and diphenylphenylenediamine.!3 It remains to be determined whether small quan-
tities of Ox-LDL are present in plasma.*

CONCLUSIONS

Research has provided strong evidence that LDL oxidation plays an important ~

role in the pathogenesis of atherosclerosis and cardiovascular diseases. There seems
to be no doubt that lipid peroxidation and oxidative damage to LDL resemble chron-
ic inflammation, which causes various alterations in arterial gene expression and
promotes lesion development. Based on current knowledge about the role of
Ox-LDL in atherogenesis, randomized placebo-controlled intervention trials using
antioxidants are warranted to test the hypothesis that increased antioxidant protec-
tion could be useful in the prevention of cardiovascular diseases.
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