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ABSTRACT

The role of ascorbic acid or vitamin C has been proposed in the prevention of atherosclerosis.
The possibility is discussed that the antioxidant effect of ascorbic acid might be protective against and
possibly propitious to atherosclerosis, Growing evidence suggests that oxidative modification of low-
density lipoprotein (LDL} may be of particular importance in the pathogenesis of atherosclerosis
because oxidized LDL exhibits proatherogenic effects. In addition to oxidative modification of LDL
hypothesis, inflainmatory process potentiated by cytokines also importantly contributes to the
pathogenesis. These complex mechanisins presumably participate in endothelial injury resulting in
impaired releasing factors, such as nitric oxide (NO} and prostanoids, taking part in abnormal vascular
tone. Therefore, vasoactive substances produced from endothelium and their pathways may be
modulated by both cytokines-and oxidized LDL-induced oxidative stress. Recently, antioxidants have
been deterinined that can prevent LDL oxidation beneficial to the inhibition of atherosclerotic process.
There are accumulating experimental, epidemiological, and clinical evidences of an association
between antioxidant vitamin intake and reduced risk of coronary heart ¢ :ase. In animal models,
ascorbic acid has been shown to attenuate the oxidation of LDL and atherosclerotic lesions. Population
studies suggest an inverse relationship between ascorbic intake and the development of atherosclerosis,
although the effect has not yet been proven in clinical trials. A possible mechanism for the anti-
atherogenic effect of ascorbic acid is the prevention of oxidation of LDL. Furthermore, the potential
effects of ascorbic acid on the metabolism of NO and prostanoids as well as in  : defense on
monocyte adherence might particularly improve endothelial function in atherosclerosis. These finding
should be pursued in basic research studies to elucidate its molecular biological mechanisins,
additionally in clinical epidemiological studies of ascorbic supplementation in populations in order to
verify a role of ascorbic acid for the practical use in clinical medicine.
Key words: vitamin, oxidized LDL, oxidative stress, antioxidants, free radicals, endothelial
dysfunction.
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INTRODUCTION

Atherosclerotic development has been
very likely multifactorial in the pathogenesis
attributed to oxidative stress as well as cellular
hyperadhesiveness, hyperaggregation and im
paired formation of vasoactive substances,
particularly prostacyclin (PGIy), nitric oxide
(NO) and endothelin (ET-1). Vascular endothe
lium, responsive to a variety of pathophysiolo
gic stimuli, plays a crucial role in maintaining
vascular integrity in part by the synthesis and
release of vasoactive mediators influencing
vascular relaxation and contraction. Hence,
dysfunction of endo lial cells is strongly
pointed to be a pathogenetic role in the initia
tion of atherosclerotic vascular disease and its
clinical complications."®

The mechanisms account for inifia

g atherosclerotic lesion have not been
completely clucidated, however the oxidative
modification of LDL hypothesis has been
implicated as a significant cause. Resulting
from the imbalance of subendothelial lipo
proteins and oxidation potential, oxidation
products, especially oxidized LDL (ox-LDL),
set into motion the cascading of oxidative
stress-related vicious cycles initiating foamn
“cell formation and subsequently atherosclerotic
plaque or atheroma formation. The precise
mechanism of oxidative stress, which occurs
when free radical formation exceeds the ability
to protect them, within the vasculature is not
well understood but is probably due to multi
contributors.”'* Free radical-mec ed oxida
tion has been proposed as a mechanism by
which LDL becomes modified in the vascular
wall, leading to increased uptake by macro
phages via the scavenger receptor pathways.
Ox-LDL may promote atherosclerosis by addi
tional mechanisins, including chemoattraction
of monocytes and smooth muscle cells, cyto
toxicity to endothelial and smooth muscle
cells, inhibition of NO, and stimulation of
smooth muscle cell proliferation.'® Moreover,
the damaging free radicals may cause either
direct arterfal wall injury or more may accele
rate secondary processes including depletion
of antioxidants (such as ascorbic acid or o-
tocopherol), protein peroxidation, and activa
tion of phagocyte-platelet-endothelial cell inter
actions. Ox-LDL and free radicals probably
both can inactivate NO."""" Interestingly, adhe
sion mmolecular gene expression and consequent
mononuclear leukocyte recruitment may be
induced by oxidative stress as an imjportant
intracellular signal in the pathogenesis.'
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The inflammatory process, mediated
by adhesion molecules, cytokines such as 1L-
and TNFa, and eicosanoids, also accounts
for the observed endothelial damage leading to
endothelial vasodilator dysfunction in athero
sclerosis. Therefore, abnormal endothelial func
tion has been caused by various mechanisnis,
including oxidative stress and cytokine-induced
the expression of adhesion m¢ cules on the
endothelial cell surface'", adhesion and
migration of monocytes into the subendothelial
space, platelet aggregation, additionally the
impaired formation of NO and prostanoids,
produced via the L-arginine and the cyclooxy
genase (COX) pathway, respectively.” '

Ascorbic acid or vitamin C, a water-
soluble antioxidant has been shown as anti
atherogen that can prevent LDL oxidation and
help to preserve o-tocopherol (vitamin E) in
lipoproteins. This strong reducing agent very
effectively protects lipids in human plasma
against peroxidative damage by scavenging
oxygen-derived free radicals.”>'™"  Also, the
lower production rate of reactive oxygen
species and regulation of intracellular redox
state by ascorbic acid are probably effective
not only in preventing oxidation of LDL but
also by blocking intraceliular redox-sensitive
signal mediating adhesion molecule expression
and presumably COX-2 pathway, additionally
inhibitng free radicals-inactivated NO involved
in atherosclerosis. Thus, ascorbic acid may
improve endothelial vascular function in part
by promoting NO'»'** and prostanoid actions.
Hence, in addition to the effect on cylotoxic
ox-LDL, ascorbic acid presumably have the
possibility to retard damaged endothelium by
protecting against inflammatory mediators
including cytokines, such as IL-1[3, TNFaq, and
prostanoids.?!

However, previous studies provide
limited support for the hypothesis that the
dictary antioxidants vitamin C may slow the
progression of atherosclerosis. Thus, the anti
atherogenic benefits of antioxidant ascorbic
acid in human atherosclerosis remain unproved
by clinical trials, and the long-term effects of
mega-dose ascorbic acid are yet undefined.”?
An important clinical question is the extent to
whether ascorbic acid could prevent or treat
the detrimental effects of atherosclerosis,
Standards of proof should be clarified since
these will definitely provide valuable informa
tion about optimal nutritional intakes as well
as this antioxidant may become an additional
treatment modality against atherosclerosis.
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reaction of lipid peroxidation.w'n'm Both 05"
and H,0, are less harmful than OH" because of
far less reactive but can cause cellular damage
if they are preduced in excess.

The human body has a multipli city of
different antioxidant defenses. However, anti
oxidant  fer a not 100% -effective,
Consequently, depletion of antioxidant defenses
andfor rises in ROS production can tip the
ROS-antioxidant balance and cause oxidative
stress, which may result in tissue injury,
including damage to DNA, lipids and proteins
in the human body.*

The relative importance of damage to
different molecular targets in producing cell
injury or death by imposing oxidative stress
also depends on what degree of stress occurs,
by what mechanisin it is imposed, for ow
leng, and the nature of the system siressed. For
example, lipid peroxidation appears to be a
highly significant consequence of oxidative
stress in injured human arterial walls. How
ever, most cells can tolerate mild oxidative
stress, which often leads to increased synthesis
of antioxidant defense systems.

Oxidative modification of lipoproteins

The free radical chain reaction of
LDL oxidation plays an important role in the
progression of atherosclerosis.”® (Table 1)
Although, the oxidation hypothesis of athero
sclerosis has not yet been definitely proved,
evidence that oxidation is critical to athero
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sclerosis is substantial. Ox-LDL has been
found in human atherosclerotic lesions, and
increased titers of autoantibodies against ox-
LDL are presented in plasma of patients with
atherosclerosis. Studies using the antioxidants
give further evidence of its support.***!

In vitro studies, LDL can be oxidative
ly modified by incubation with endothelial
cells, smooth muscle cells or monocytes-
macrophages in the presence of trace amounts
of transition metal ions such as copper or iron
as it is completely inhibited by metal chela
tors.”

Lipid peroxidation is a chain reaction
that proceeds in three stages, (Figure 2) Firstly,
in the initiation phase, an oxygen free radical
generated elsewhere (macrophage, polymorpho
nucleocyte, etc.)reacts with a PUFA to produce
a lipid radical (L")."*'>* Secondly, in the pro
pagation phase, the lipid radical reacts rapidly
with molecular oxygen to form a peroxyl
radical (LOO"). a chain reaction that is able to
attack another UFA molecule. Although the
initial peroxyl radical is converted to a
hydroperoxide (LOOH), this process produces
a new carbon-centered peroxyl radical. Lastly,
the propagation process continues and accele
rates, consuming PUFAs and producing a
corresponding quantity of hydro-peroxide. The
chain reaction does not stop until the chain-
carrying peroxyl meets and comnbines with
another _})C[’OXYI radical to form inactive
products, ™’

Stage 1. IL-H + OH® = H;0 + L'
2. L'+ 0" = Loo’
3. L0O0* + LOO® = inadive products
Figure2  Lipid peroxidation stage.

It is postulated that ox-LDIL can
inhibit endothelium relaxations and promote
endotheliumn contractions; the consequences
are alteration in vascular tone leading to
vasospasm and thrombus formation, generally
found in patients with coronary artery disease.

Interestingly, peroxides and oxidized
LDL might accelerate cyclooxygenase {(COX)
and lipoxygenase-catalyzed reactions in endo
thelium, leading to enhanced formation of
eicosanoids.'***¢ Eicosanoids, especially the
cyclooxygenase metabolites of arachidonic
acid, are also thought to play a role in the
pathogenesis of atherosclerosis. The studies
have demonstrated that the expression of

COX-2 mRNA in cultured endothelial cells
could be induced by ox-LDL possibly through
the action of fipid hydroperoxides®™, addition
ally the increase in COX-2 expression, known
to occur under pathological conditions>*, was
correlated with an increase in free radical
catalyzed products of arachidonic acid, 8-epi
prostaglandin Fp,*, the isoeicosanoids which
may be formed by either COX-1 or COX-2.%
Thus, oxidative stress caused by ox-LDL could
have profound effects on vascular function by
a variety of mechanisms including the imba
lance of prostaglandins.****
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transduction pathways involved in athero
sclerosis. Hence, an increase in the endothelial
cell oxidative state may sensitize the vascula
ture to otherwise physiologic signals resulting
in abnormally elevated expression of adhesion
molecules such as VCAM-1 and other gene
pro” s involved in the inflammatory
respore= including COX-2 and iNOS expres
sion, !

The role of antioxidant defense in endothelial
vascular dysfunction

The endogenous oxygen species
produced by the cells present in the arterial
wall may cause oxidative damage to cellular
components altering endothelial cell function
as a crucial role in atherogenesis. Recent
findings have suggested a possibility for
pharmacological and nutritional antioxidants in
the prevention of atherosclerosis, 244

Antioxidants can be defined as sub
stances whose presence in relatively ‘low
concentrations significantly inhibits the rate of
oxidation of that substrate. The available for
therapeutic use can be conveniently divided
into natural (physiological) antioxidants nor
mally present in the body, and synthetic
compounds with antioxidant activity.**

Some antioxidants are synthesized in
the human body including enzymes (such as
superoxide dismutase, catalase, and glutathi
one peroxidase) and nonenzymatic antioxidant
free radical scavengers (such as a-tocopherol,
ascorbic acid, B-carotene). These native tissuc
antioxidants form a synergistic, multilevel
defense system against free radical injury.’
Removal of excess O;'” by intracellular super
oxide dismutase (SOD) enzymes is an im
portant physiological antioxidant defense
mechanism.?’ In endothelial cells oth catalase
and glutathione peroxidase enzymes are
involved in removal of ydrogen peroxide
(H,0;). Large amounts of H,0O, are cylotoxic
to cell types, and endothelial cells are no
exception because endothelial cells can be

illed by high concentrations of H,O, by
mechanisms that involve damage to DNA and
proteins caused by free radicals and an
increased concentration of intracellular free
calcium ions.”* However, low concentrations
of H,O, are efficiently dealth with by catalase
and glutathione peroxidase, the enzyines that
metabolise H;0; in the endothelium.

As a result of superoxide that can be
generated by endothelial and phagocytic cells,
whether endothelial cefls release superoxide all
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the time in vivo, or whether only after an insult
(such as ischemia and reperfusion) is unknown.
Because of the damaging superoxide that
reacts quickly with NO to form ONOOT,
consequently superoxide antagonises the vaso
dilatory action of NO as well as superoxide
dismutase, an intracellular antioxidant enzyme
‘ renges superoxide, prolongs the life of
Nolu,u,io

Morecver, oxidative siress-modulated
intracellular redox sensitive regulatory mecha
nisms in the endothelial ce may play a crucial
role in differentially modulating the expression
of the genes participated in the inflammatory
responses such as VCAM-1, affecting mono
nuclear leukocyte accuinulation, including
COX-2 , the inducible enzyme that produces
prostanoids and iNOS, regulating NO synthe
sis.

Therefore, both generally and locally
in tissue, the balance bentween free radical
production and the multilevel defense system
may be critical. In according to the evidence
that endogenous antioxidants do not coinplete
Iy prevent ROS-induced oxidative stress in the
human body, consequently efficient repair
systems are needed and supplementing natural
antioxidant defenses may retard oxidative
damage. ™

It is hypothesized that dietary antioxi
dants may prevent development and slow
progressiwn of atherosclerosis by several
species. LDL oxidation has been established to
be an important step in the atherogenesis, it
may be beneficial that enhancing the endoge
nous antioxidant defense systems within the
LDL particle might decrease oxidation of LDL
and slow the atherogenic process without
producing undesirable effects.”>** Additional
role of antioxidants has been expanded on the
notion of its effect as a potential intracellular
regulatory signal that modulates the expression
of significant inflammatory genes, such as JL-
1p and TNFa.'®*” In according to a therapeu
tically important feature of antioxidants in
atherosclerosis that may be due to direct
alterations in the metabolism and function of
endothelial, smooth muscle, and inflammatory
cells®, consequently, in particular, the endo
genous defense systems may be improved by
micronutrient supplementation with lipophilic
antioxidants such as a-tocopherol and p-
carotene, or by supplementing the aqueous
phase antioxidant capacity with ascorbic acid.
In several animal species, the dictary admini
stration of various antioxidant compounds
reduces the susceptibility of LDL to oxidation
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and retards the development of atherosclero
sis,**** Epidemiologic data also suggests that
decreased levels of micronuirient antioxidants
are associated with an increased frequency of
cardiovascular disease.

Ascorbic acid (vitamin ¢) as antioxidant
defense

Ascorbic acid is the main water-
soluble chain-breaking antioxidant in human
plasma, reacts with superoxide, hydroxyl radi
cals, and singlet oxygen, additionally sparing
other endogenous antioxidants (especially -

copherol) from comsumption.*® It is the only
endogenous antioxidant in plasma capable of
completely inhibiting oxidative modification
of LDL by aqueous peroxyl radicals. Indeed, it
has been shown that the antioxidant capacity
of the LDL particle can be accounted for by «-
tocophercl. There is, however, a synergistic
interaction between ascorbic acid and a-toco
pherol, and o-tocopherc can be regenerated
from the corresponding radical (T") by ascor
bic acid.”":

T* + ascorbate — TH + ascorbate’

The ascorbate free radical, semi
dehydro-ascorbate, is a rather stable and
almost unreactive metabolic intermediate
between ascorbic and dehydroascorbic acid.
Two molecules of ascorbate free radical can be
converted by disproportion inte ascorbate and
dehydroascorbate. Thus, propagation of free
radical reaction is stopped without any toxic
free radic: remainder.”” In the previous
studies, ascorbic acid can compensate for
reduced level of lipophilicantioxidants. **1"*

The current evidence suggests that
ascorbic acid more effectively prevents lipid
peroxidation than any other endogenous
antioxidant in plasma and LDL, including o-
tocopherol, the major lipid-soluble antioxidant
in humans.'®?° The effect of ascorbic acid may
be due to interference with either LDL oxida
tion or a process that is induced by ox-LDL.

It is possible that low levels of ascor
bic acid in the arterial wall may predispose
LDL to oxidation, which could promote athero
sclerosis. Also, the results of several epidemio
logic studies support a role for low plasma
ascorbic acid levels in atherosclerosis. A
significant inverse relationship was found
between plasma ascorbic acid and coronary
artery disease mortality’ as well as human
subjects with low ascorbic levels have een
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reported to have higher amounts of lipid
peroxides in plasma than do subjects with high
ascorbic acid levels. Moreover, previous
studies have suggested that ascorbic acid could
be improve endothelial vasomotor dysfunction
in hypercholesterolemic patients.”

Interestii human endothelial
ce''~ stimulated to generate radicals, ascorbic
acwa recently has been shown to inhibit
vascular cell adiesion molecule-1 (VCAM-1)
induction. VCAM-1, which can be stimulated
by ox-LDL and inflammatory mediators
including IL-1p, lipopolysaccharide (LPS),
and TNFo>'**7, can enhance monocyte
adhesiveness to endothelium and subsequently
induces inflammatory responses in the vessel
wall involved in atherosclerosis.

Furthermore, one crucial pathogenesis
responsible for atheroscleresis is the inducible
COX-2 exerting abnormal prostanoid produc
tion.'“**¢ [t has been documented that the
antioxidant scavenger may modulate in the
signaling pathway, induced by IL-1p and
TNFa, that influences, either directly or
indirectly, on some eukaryotic initiation
factors regulating COX-2 and iNOS expres
sion in rat mesangial cells.*” This also has been
supported by our recently work showing that
ascorbic acid could inhibit 1L-1f-induced
COX-2 expression in cultured human umbili
cal vein endothelial cell (HUVEC)?. nere
fore, the endothelial vascular dysfunction
mediated by the itnbalance prostanoids would
be ameliorated by ascorbic acid. It is possible
that ascorbic acid may be a novel approach for
intervention in cytokine-induced inflam:natory
processes in atherosclerosis.'®’’

How ascorbic acid might impact on athero-
sclerosis.

LD idati

Ascorbic acid has an inhibitory effect
on LDL oxidation by either scavenging peroxy
radicals directly or acting synergistically with
the a-tocophero! endogenous to the particle,
additionally by regenerating the reduced forin
of o-tocopherol back to the active tocopherol
form. The LDL protected by ascorbic acid was
not taken up and degraded by macrophages via
the scavenger receptor mechanism.'®

Ascorbic acid freatment has been
found to increase LDL resistance to oxidation
in vitro in rats that have an iron overload
because ascorbic acid has a significant
inhibitory effect on LDL oxidation mediated
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by metal ion, such as coppper jon 5118

Ascorbic acid also preserved the endogenous

pophilic antioxidants within the LDL
particles («- and y-tocopherol, and B-carotene)
during oxidation with copper.’

I_en jum-deri i I

NO)}

Ascorbic acid has been shown to be
an efficient scavenger of 0;'", including
HOCL and ONOO™.'"'2 This ability
provides one possible explanation for the
beneficial effects of ascorbic acid on endothe
lial function since superoxide anion has ability
to react rapidly with NO and limit the biologi
¢ ictivity of NO. 122023

Ascorbic acid may also improve
endothelial function by the role in the regula
tion of intraceliular redox state, by sparing
intracellular glutathione from oxidative
degradation. Glutathione is an important
source of infracellular reduced thiols and can
be degraded by oxidation to glutathione
disulfide. Under conditions of increased
oxidative stress, depletion of reduced thiol
leads to decreased synthesis of NO in cultured
endothelial cells. Thus, prevention of
glutathione oxidation and therefore increase of
the availability of reduced thiol by intraci ilar
ascorbic acid could improve NO action.”™'

On additional actions:

In according to a s~ ificant initiating
mechanism in atherosclerosis is the increased
interaction of monocytes with endothelial cells
activated to synthesize adhesion molecules,
interestingly, ascorbic acid may have ability to
i ibit VCAM-I induction and monocyte
adhesion in damaged human endothelium in
the inechanism by which ascorbic acid
interferes with P-selectin translocation to the
endothelial ¢ surface in response to
radicals.’® Addition -, it has been established
in the activated endothelial cell that VCAM-1
gene expression by cytokine and noncytokine
inducers is regulated by a redox-sensitive
signal transduction pathway sensitive to
inhibition by antioxidant, potentially regula
ting intracellular redox state®, possibly as
ascorbic acid.

Furthermore, COX pathway evidently
is also a source of free radical O,", which can
potentiate endothelium-dependent contractions
cither by inactivating NO or by direct effects
on vascular smooth muscle’. Additionally, the
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effect of free radicals initiating lipid hydropero
xide on membrane-derived arachinodic acid is
relevant to impaired prostanoid synthesis. In
another important evidence, reactive oxidative
intermediates (ROI)-mediated intracellular
redox state has also influenced COX-2 expres
© ¥ T es st that vascular oxidative
siress can modulate COI  pathway. Since
ROI produced by the mitochondrion, a site
where excessive production of radicals
apparently occur during oxidative stress, may
mediate TNF and IL-1 signaling and up-
regulate the proinflammatory genes of COX-2
and iNOS, therefore the scavenging antioxi
dants may involve in redox-sensitive inhibition
of cytokine-induced COX-2 and iNOS expres
sion.”” In according to the beneficial effects of
ascorbic acid to detoxify reactive oxygen
species and to regulate endothelium
intracellular redox state, hence ascorbic acid
may interfere COX-2 pathway by inhibiting
ox-LDL-induced lipid hydroperoxide and by
interfering with ROI-modulated intracellular
redox state resulting in COX-2 expression.**’

Considering oxidative stress, elicited
by ROI releasing from damaged endothelium,
that can be induced by cytokine and ox-LDL,
therefore ascorbic acid may be prospective to
atherosclerosis not only in the role of ox-LDL-
induced but also in cytokines-stimulated endo
thelial injury. Thus, it has been postulated that
a potential molecular linkage between the
redox state-modulated signaling pathways of
the vascular endothelial cell and abnormal
expression of the genes responsible for inflam
matory process, e.g. VCAM-1, COX-2 and
iNOS™, is possibly notable for oxidation as a
significant intracellular regulatory signal
observed in damaged endothelium early in the
pathogenesis of atherosclerosis. In particular,
ascorbic acid would be specific regulatory
factors that tranduce metabolic signals (i.e.,
oxidation) into nuclear regulatory signals (i.e.,
expression of adhesion molecule genes) that
may have significant therapeutic implications
in atherosclerosis.”

Recommended intakes of ascorbic acid

Worldwide recommended intakes for
ascorbic acid are 30-100 mg/day™®™, which
can achieve plasma ascorbic acid levels
approximately 30-150 pmol/L™*, based on
maintenance of adequate body reserves that
preclude classical scorbutic symptoms.™®** In
smokers receiving up to 1.5 g/day of supple
mental ascorbic acid, serum lipids were
protected from oxidation.” Several epidemio



42

logic studies concluded that plasma concentra
tions of ascorbic acid approximately 50 p
mol/L are associated with decreased risk of
cardiovascular disease.'®'™* At such concen
trations, easily achievable by diet alone, can
strongly inhibit L.DL modification.'® Similar to
the other antioxidants, There is little evidence

toxicity for even multigram daily doses of
ascorbic acid.'™® However, large doses of 1-5
g/day may cause diarrhea, nausea and vomiting.
Large doses tnay also result in precipitation of
oxalate, cysteine, or urate renal stones if the
urine becomes acidic during therapy. Oxalate
also accumulates in patients with chronic renal
failure and those receiving long-term hemodia
lysis,and these individuals should be cautioned
against taking large doses of ascorbic acid.®
Ascorbic acid can be prooxidant in vitro rather
than antioxidant in the presence of transition
metal ions, mixing ascorbic acid with iron ions
can ~2use OH’ generation and lipid peroxida
tion. "' Thus, ascorbic acid is contra
indicated in patients with hemochromatosis
and other conditions characterized by iron
overload.”

Although higher ascorbic acid intakes
may be recommended for certain groups such as
smokers and those under a variety of stresses,
the present data suggests that antioxidant
protection is best served by the variety of
antioxidant substances found primarily in fruit
and vegetables™, additionally dietary guide
lines are beiter for a public health strategy
than recommendation of specific nutrients
intakes. 2%

CONCLUSION

Since various mechanisms evidently
contribute to atherogenesis, in studying isolated
human plaque, one has access only to a single
time peint in what is a complicated disease
process with ongoing, stage-dependent events.
It has been establishd that endothelium, a
crucial vascular structure, produces mediators
and vasoactive substances regulating vascular
tone apparently impaired in atherosclerotic
patients, consequently endothelial damage is
strongly thought to initiate atherosclerotic
lesion."* Oxidative modification of LDL hypo
thesis as well as cytokines-modulated inflam
matory process account for endothelial injury
in the pathogenesis.”"* The reactions involving
free radicals, particularly the oxidation of LDL
in vessel walls, seem to be an important early
step in atherogenesis because ox-LDL promotes
the development of foam celis and endothelial
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injury before the establishment of organized
arterial plaque.*®***” The several mechanisms

we been shown that ox-LDL and inflamima
tory mediators, such as IL- . and TNFa, are
major contributors to the adherence of mono
cytes to endothelium.®™'® Moreover, both
n ¢ and macrophages within the vessel
wall can generate superoxide and hydrogen
peroxide. Peroxynitrite is formed by the
interaction of superoxide and NO resulting in
inactive NO and consequent endothelial
vasodilator dysfunction.'"?*""%2  Also, the
imbalance prostanoids, regulated by COX-2,
crucially participating in vascular tone
dysfunction, can be induced by inflanmatory
mediators. Apparently, in addition to
cytokines, ox-LDL-stimulated oxidative stress
presumably mediates COX-2 pathway leading
to abnormal prostancid synthesis detected in
atherosclerotic patients.'***" Thus, it is very
difficult to discern the possible sequence of
factors contributing to oxidative stress,
inflammatory processes and endothelial
damage. However, if oxidative LDL hypothe
sis is true, antioxidant substances are likely to
exert their effects at the earliest stages of the
atherogenic process. Theoretically, the role of
antioxidants should be evaluated with benefit
to the development of preclinical disease.”2 2%’
A large body of experimer  and epidemio
logical data indicates that antioxidant vitamins
may be able to reduce atherosclerosis.”’** For
the most part, three antioxidants have been
studied: ascorbic acid, o-tocopherol, and [3-
carotene. All three have been shown to
diminish the susceptibility of LDL to oxidation
in vitro. However, the role of dietary
antioxidants in human atherosclerotic disease
remains inconclusive, additionally epidemio
logical data concerning the role that these
substances may play in atherosclerotic disease
are in-consistent with re%ard to both plasma
levels and dietary intake.”

Ascorbic acid, an outstanding antioxi
dant in human plasma, effectively protects
against oxidative stress, caused by ox-LDL
and possibly cytokines, e.g. IL-1p.'"*® On
account of its actions in scavenging free
radicals, ascorbic acid can increase LDL
resistance to oxidation, potentially preventing
lipid peroxidation as well as regulate intra
cellular redox state, possibly improving NO
activity,”™®® Furthermore, it may also inhibit
ox-LDL and cytokines-stimulated monocyte
adhesion.”**! In additional interesting effect of
ascorbic acid is that it may modulate in the
signaling pathway induced by cytokines that
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up-regulate COX-2 expression'®”’, supported
by the evidence of decreased COX-2 expres
sion inhibited by ascorbic acid in IL-1p-treated
HUVEC.*" Thus, this suggests that ascorbic
acid not only prevents the oxidation of LDL
but itself alone may maintain the function of
endothelial cells by other mechanisms,
including inhibiting inflammatory process
responsive to cytokines and COX-2, that
should be explored for further advantage.
However, how much is optimal is another
unanswered question. Laboratory findings may
not have relevance to free-living humans.
Observational epidemiologic studies can ot
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