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ABSTRACT

Ascorbic acid (vitamin C) is a water-soluble micronutrient required for multiple biological functions.
Ascorbic acid is a cofactor for several enzymes participating in the post-translational hydroxylation of
collagen, in the biosynthesis of carnitine, in the conversion of the neurotransmitter dopamine to
norepinephrine, in peptide amidation and in tyrosine metabolism. In addition, vitamin C is an important
regulator of iron uptake, It reduces ferric Fe’" to ferrous Fe’" ions, thus promoting dietary non-haem iron
absorption from the gastrointestinal tract, and stabilizes iron-binding proteins. Most animals are able to
synthesise vitamin C from glucose, but humans, other primates, guinea pigs and fruit bats lack the last
enzyme involved in the synthesis of vitamin C (gulonolactone oxidase) and so require the presence of the
vitamin in their diet. Thus the prolonged deprivation of vitamin C generates defects in the post-translational
modification of collagen that cause scurvy and eventually death. In addition to its antiscorbutic action,

vitamin C is a potent reducing agent and scavenger of free radicals in biological systems.
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OZET

Askorbik asit, suda ¢oziinen c¢oklu biyolojik fonksiyonlari olan bir mikrobesindir. Kollajen
hidroksilasyonu, karnitin biyosentezi, dopaminin norepinefrine c¢evrimi, peptid amidasyonu ve tirozin
metabolizmasina katilan ¢esitli enzimler icin bir kofaktordiir. Ayrica vitamin C demir aliminda onemli bir
regiilatordiir, ferrik demiri ferro formuna rediikler ve béylece gastrointestinal sistemden diyet nonhem demir
absorbsiyonunu saglar ve demir bagh proteinleri stabilize eder. Bir¢ok hayvan glukozdan vitamin C

sentezleyebilir fakat insanlar, diger primatlar, kobay ve yarasalarda vitamin C sentezinde gerekli olan
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gulonolakton oksidaz enzimi eksik oldugundan diyetlerinde bu vitamine gereksinim gosterirler. Nitekim uzun
stireli askorbik asit yoklugu kollajenin post-translasyonel modifikasyonunda defekte neden olup skorbiite ve
sonunda 6liime yol acabilir. Antiskorbutik etkisine ilaveten vitamin C biyolojik sistemlerde potent bir

rediikleyici ajan ve serbest radikal temizleyicisidir.

Anahtar kelimeler: Askorbik asit, Vitamin C, Antioksidan, Oksidatif stres

INTRODUCTION

Ascorbic acid is involved in many physiological functions in living organisms. Its role in the
synthesis of collagen in connective tissues is well known (1-4). The absence of wound healing and
the failure of fractures to repair are classically recognized features of scurvy. These features are
attributable to impaired collagen formation due to lack of vitamin C. Ascorbic acid is a strong
reducing agent and readily oxidizes reversibly to dehydroascorbic acid. Studies on the interactions
of ascorbic acid with various chemicals and metal ions have indicated that ascorbic acid and its
oxidation product dehydroascorbic acid, as well as its intermediate monodehydroascorbic acid free
radical, may function as cycling redox couples in reactions involving electron transport and
membrane electrochemical potentiation (5,6). Research on the electron transport and redox
coupling reactions has been the subject of numerous biochemical studies. For example, ascorbic
acid has been shown to participate in many different neurochemical reactions involving electron
transport. Neurons are known to use ascorbic acid for many different chemical and enzymatic
reactions, including the synthesis of neurotransmitters and hormones (6,7). Studies on the
interactions of extracellular ascorbic acid with various plasma membrane proteins suggest that

ascorbic acid may function as a neuromodulator (6).

In a variety of other functions, the role of ascorbic acid in cellular metabolism can be
accounted for by its reducing properties to protect cellular components from oxidative damage. It
acts as a scavenger for oxidizing free radicals and harmful oxygen-derived species, such as the
hydroxyl radical, hydrogen peroxide, and singlet oxygen (5-7). Certain biochemical reactions are
known to be stimulated by the prooxidant activity of ascorbic acid. The bactericidal and antiviral
activity of ascorbic acid in aqueous solution is presumably attributable to its prooxidant properties
(1,5-7).

History of ascorbic acid

At the begining of the twentieth century, the investigations of Holst and Frolich and the

concepts of Funk set the stage for resolving the cause of scurvy. In 1907, Axel Holst with the help

of Theodor Frolich, both from Norway, reported that the diseases “ship beriberi” (scurvy) and
infantile scurvy could be produced experimentally in the guinea pig (6) by feeding a simple diet of
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oats, barley, rye, and wheat. Feeding the guinea pigs fresh apples, fresh potatoes, fresh cabbage, or

fresh lemon juice prevented the disease.

The classical ascorbic acid deficiency disease, scurvy, was demonstrated by Lind to be a
dietary deficiency resulting from lack of fresh fruit and vegetables (6). Results of a clinical
experiment indicated that scorbutic patients recovered from the disease by drinking lemon juice.
The history of vitamin C is associated with the cause, treatment, and prevention of scurvy. The
early signs of scurvy include weakness and lassitude. These are followed by swelling of the legs
and arms, softening of the gums, hemorrhages from the nose and gums and under the skin, and
extensive degeneration of bone and cartilage. Scorbutic patients are highly susceptible to infection.
This vitamin C deficiency disease affected many people in ancient Egypt, Greece, and Rome. In the
Middle Ages, it was endemic in Northern Europe during winters, when fresh fruits and vegetables
were unavailable. It affected long sea voyages by outbreaks when vitamin C in rations became

depleted (6, 8-12).
Molecular structure
L-ascorbic acid is a dibasic acid with an enediol group built into a five membered

heterocyclic lactone ring. The chemical and physical properties of ascorbic acid are related to its

structure (2, 5, 13).

The structure of dehydroascorbic acid, the first oxidation product of ascorbic acid (Fig.1),
has been analyzed by x-ray crystallography to be a dimer. Electrochemical studies have indicated

that ascorbic acid and dehydroascorbic acid form a reversible redox couple.
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Figure 1. Ascorbic acid and dehydroascorbic acid. Ascorbic acid is the reduced form of vitamin C. The
oxidized form, dehydroascorbic acid, can be reduced back to ascorbic acid by glutathione (GSH)(2, 9).
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The ascorbic acid molecule consists of two asymmetric carbon atoms, C-4 and C-5 (5).
Therefore, in addition to L-ascorbic acid itself, there are three other stereoisomers: D-ascorbic acid,
D-isoascorbic acid, and L-isoascorbic acid. These three isomers have very little or no antiscorbutic

activity (14-18).
Biosynthesis

The biosynthesis of ascorbic acid in animals is included in the glucuronic acid metabolic
athway. The metabolic pathway is involved in the metabolism of sugars under normal and disease
conditions, and in regulation of physiological functions. It is an important pathway for major

detoxification processes. The activities of the synthesizing enzymes vary from species to species
(D.
Most animals can convert D-glucose into L-ascorbic acid. Humans and other primates,

guinea pigs, Indian fruit bats, some fish and birds, and insects are unable to produce ascorbic acid

endogenously.

Most of research on ascorbic acid synthesis in animals has been carried out using rats. D-
glucose is converted into L-ascorbic acid via D-glucuronic acid, L-gulonic acid, L-gulonolactone
and 2-keto-L-gulonolactone as intermediates. Studies with radioactive labeling technique have
indicated that, in the synthetic pathway, inversion of C-1 and C-6 takes place between D-

glucuronic acid and L-gulonic acid, while the D-glucose chain remains intact.

Animals that cannot synthesize ascorbic acid endogenously lack the oxidizing enzyme L-
gulono-y-lactone oxidase. This enzyme is required in the last step of the conversion of L-gulono-y-
lactone to 2-oxo-L-gulono-y-lactone, which is a tautomer of L-ascorbic acid and, transforms

spontaneously into vitamin C (19, 20).

Certain microorganisms are able to synthesize ascorbic acid or one of its isomers. A
bacterial-origin enzyme, L-gulono-y-lactone dehydrogenase, which catalyzes the oxidation reaction
of the synthesis of ascorbic acid, has been isolated and characterized (5,6). The physical and

chemical properties of this enzyme are entirely different from those of eucaryotic organisms.
Metabolism

Ascorbic acid is metabolized in the liver, and to some extent in the kidney, in a series of
reactions. The principal pathway of ascorbic acid metabolism involves the loss of two electrons (5-
7). The intermediate free radical reversibly forms dehydroascorbic acid, leading to the irreversible

formation of the physiologically inactive 2,3-diketogulonic acid (21,22) Diketogulonic acid may be
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either cleaved to oxalic acid and threonic acid, or decarboxylated to carbon dioxide, xylose, and
xylulose, leading eventually to xylonic acid and lyxonic acid. All of these metabolites and ascorbic

acid itself fare excreted in the urine (23).
Redox metabolism of ascorbic acid

In addition to its antiscorbutic action, vitamin C is a potent reducing agent and scavenger of
free radicals in biological systems (24-27). Briefly, mono-anion form (ascorbate) is the
predominant chemical species at physiological pH. Ascorbate readily undergoes two consecutive,
yet reversible, one-electron oxidations to generate dehydroascorbate (DHA) and an intermediate,
the ascorbate free radical (AFR) (Fig.2). AFR is, however, a relatively unreactive free radical, with
a reduction potential considerably low compared to the a-tocopherol radical, the glutathione radical
and virtually all reactive oxygen and nitrogen species that are thought to be involved in human
disease (e.g. superoxide anion, hydroxyl radical, hydroperoxyl radicals, singlet oxygen, nitrogen

dioxide, nitroxide radicals and hypochlorous acid) (24, 28, 29).
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Figure 2.The equilibrium and redox species in the ascorbic acid-dehydroascorbic acid system (11, 24)
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Ascorbic acid availability and transport

Ascorbic acid is water-soluble and is well absorbed from the gastrointestinal tract. Mean
plasma ascorbic acid levels are 50-60 pM for healthy, well-nourished, non-smoking individuals
(24-30). Plasma levels can be increased by long-term vegetarian diet (31,32) and by oral
supplementation up to approximately 100 uM; (30, 33, 34). Higher plasma levels are not observed
even with supplemental doses higher than 500 mg/day due to efficient vitamin C excretion in the
urine (35). Some studies have shown that the increase in plasma vitamin C was accompanied by an
increase in the intracellular levels of the vitamin (34); however, this increase is often not dose-
dependent (24), presumably due to cellular saturation. Thus it is known that the intracellular
vitamin C concentrations of neutrophils, monocytes and lymphocytes saturate at lower

supplementation doses than human plasma (35).

Cellular vitamin C transport has been studied in vitro and occurs by two distinct mechanisms
(24,36). Ascorbate enters mammalian cells via a family of specific transporters in a process driven
by the sodium electrochemical gradient. Absorption of vitamin C occurs primarily in the distal
intestine via active transport through an ascorbate transporter termed the sodium-dependent vitamin
C transporter-type 1 (SVCT1, gene product of slc23al). This transporter is also present in the renal
proximal tubules, where it serves to reabsorb filtered ascorbate. Ascorbate circulates in blood at 30-
60 uM, but its concentrations in most cells are considerably higher. This is due to its active
transport by another ascorbate transporter isoform, termed the SVCT2 ( gene product of slc23a2).
The SVCT2 is present in most tissues in the body, including brain, lung, liver, and cardiac and
skeletal muscle. Plasma concentrations of ascorbate are limited to about 120 uM due to saturation
of absorption, uptake into tissues, and failure of complete reabsorption in the kidney (36). Notably,
the oxidized form (DHA) is transported into the cells faster than the reduced form by facilitated
diffusion through several isoforms of the glucose transporter (GLUT) (37-39), a process that can be
inhibited by glucose in some but not all cell types (24).

The roles of ascorbic acid in biological pathways

Free radicals are produced through biological processes and in response to exogenous
stimuli, and controlled by various enzymes and antioxidants in the body. Oxidative stress occurs
when free radical formation exceeds the ability to protect against them, what can lead to tissue
injury after trauma, inflammatory events and chronic conditions, such as atherosclerosis,
degenerative disease and cancer (40). Vitamin E, vitamin C, and (-carotene, often referred to as

“antioxidant vitamins”, have been suggested to limit oxidative damage in humans, thereby
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lowering the risk of certain chronic diseases. In epidemiological studies, cardiovascular disease is

associated with low plasma concentrations of L-ascorbic acid, tocopherol and -carotene (40,41).

Ascorbic acid is involved in the metabolism of several amino acids, leading to the formation
of hydroxyproline, hydroxylysine, norepinephrine, serotonin, homogenistic acid, and carnitine
(5,42). Hydroxyproline and hydroxylysine are components of collagens, the fibrous connective
tissue in animals. Collagens are principal components of tendons, ligaments, skin, bone, teeth,
cartilage, heart valves, intervertebral disks, cornea, eye lens, and the ground substances between
cells. When collagen is synthesized, proline and lysine are hydroxylated posttranslationally on the
growing polypeptide chain. Hydroxyproline and hydroxylysine are required for the formation of a
stable extracellular matrix and cross-links in the fibers. The subsequent triple helix quaternary state
of physiologically effective collagen can only be achieved if the requisite proline and lysine
residues have been hydroxylated. A deficiency of ascorbic acid reduces the activity of two mixed-
function oxidases, prolylhydroxylase and lysyl hydroxylase, which hydroxylate proline and lysine.
The role of ascorbic acid is probably to maintain the iron cofactor in a reduced state at the active
sites of the hydroxylases. Some collagen forms in the absence of ascorbic acid, but the fibers are

abnormal, resulting in skin lesions and blood vessel fragility, characteristics of scurvy (3-5, 43, 46).

L-ascorbic acid can also modulate cell growth and differentiation.L-ascorbic acid reduces or
stimulates the growth of tumor cells, depending on the cell type. The inhibitory effect is not
specific for the biological active isomer of L-ascorbic acid, and isoascorbate and D-ascorbic acid
are more effective in reducing cell growth than L-ascorbic acid (47). L-ascorbic acid and a-
tocopherol, alone or in combination, induced proliferation and DNA synthesis and also antagonized
the anti-proliferative effects of oxLDL in human arterial endothelial cells, whereas the proliferation
of VSMC was inhibited (48). Thus, L-ascorbic acid and a-tocopherol may act “preventive” on
atherosclerotic plaque formation first by promoting re-endothelization and then by inhibition of

VSMC proliferation (41,49).

Ascorbic acid regulates and participates in enzymatic reactions and transport for
neurotransmitters and in hormone biosynthesis (43, 46). In the biosynthesis of a variety of
neurochemicals, ascorbic acid is involved in many of the hydroxylation and decarboxylation
reactions. Tyrosine is normally catabolized to fumaric and acetoacetic acid via homogenistic acid.
Animals deficient in ascorbic acid metabolize tyrosine incompletely. In another metabolic pathway,
tyrosine is metabolized in the presence of ascorbic acid to catecholamines by hydroxylation and
decarboxylation, forming dopamine, norepinephrine, epinephrine, and adrenocrome. Ascorbic acid

is directly involved in the dopamine-B-hydroxylase reaction to produce norepinephrine. The
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ascorbate free radical may be the primary product of the oxidation. The catecholamine biosynthesis
occurs in the adrenal glands and the brain, both with relatively large amounts of ascorbic acid.
Ascorbic acid protects catecholamines by direct chemical interactions and by elimination of
adrenocrome, a toxic product of catecholamine oxidation, which has been linked to certain mental

diseases (1,3-7).

The hydroxylation of tyrosine to catecholamines and the hydroxylation of phenylalanine to
tyrosine seem to involve the folic acid derivative tetrahydrobiopterin as an electron carrier, and the
recycling of ascorbic acid. Ascorbic acid may function to restore this substrate from the oxidized
dihydrobiopterin. It has been suggested that dopamine--hydroxylase works in conjunction with

monodehydroascorbate reductase to recycle tetrahydrobiopterin (6,44).

The synthesis of serotonin, a neurotransmitter and vasoconstrictor, involves the
hydroxylation and decarboxylation of tryptophan. The initial hydroxylation step, catalyzed by
tryptophan hydroxylase, is thought to require ascorbic acid. The cosubstrate for the hydroxylase is
tetrahydrobiopterin. Again, it has been suggested that ascorbic acid is able to restore this substrate

from its oxidized form, dihydrobiopterin (1,44).

Carnitine is a component of heart and skeletal muscles, liver, and other body tissues. It is
essential for the transport of energy-rich activated long-chain fatty acids, from the cytoplasm across
the iner mitochondrial membrane to the matrix side, where they are catabolized to acetate.
Carnitine is synthesized from lysine and methionine by two hydroxylases through a series of
reactions that require ferrous iron and ascorbic acid for full activity (50). A deficiency of vitamin C
can decrease the rate of carnitine biosynthesis, decrease the efficiancy of renal reabsorption of
carnitine, and increase urinary carnitine excretion; These effects may account for the acumulation

of triglycerides in the blood and the physical fatigue and lassitude in scurvy. (1,3-7,51-53).

Amidation catalyzed by L-ascorbic acid increases the stability and maximal activity of the

hormones oxytocin, vasopressin, cholecystokinin and a.-melanotropin (41, 54-55).

L-ascorbic acid reduces Fe'" to Fe* from non-heme iron sources and thus enhances iron
absorption (56-57). In the presence of redox-active iron, L-ascorbic acid acts as a pro-oxidant in
vitro and might contribute to the formation of hydroxyl radicals, which eventually may lead to
lipid, DNA or protein oxidation (58). However, no pro-oxidant effect was observed on L-ascorbic
acid supplementation as measured by the amount of DNA damage in presence or absence of iron

(41, 59).
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Inactivation of the protein phosphatase calcineurin by the superoxide anion, and its
protection and reactivation by L-ascorbic acid indicates that reduced iron is required for
phosphatase activity, suggesting that vitamin C may modulate signaling pathways in the

cardiovascular system via activation of calcineurin (41, 60-61).

The chemical and biological properties of L-ascorbic acid suggest that it can act as an
antioxidant in vivo (62). Lipid peroxidation and oxidative modification of low density lipoproteins
(LDL) are implicated in development of atherosclerosis. L-ascorbic acid protects against oxidation
of isolated LDL by different types of oxidative stres primarily by scavenging reactive oxygen
species in the aqueous milieu (63-64). In studies done in vitro, L-ascorbic acid acted as a
synergistic antioxidant together with a-tocopherol to prevent LDL oxidation (65). In addition, in
vitro studies have shown that physiological concentrations of L-ascorbic acid strongly inhibit LDL
oxidation by vascular endothelial cells (66). Adhesion of leucocytes to the endothelium is an
important step in initiating atherosclerosis; leucocyte-endothelial cell interactions induced by

cigarette smoke or oxidized LDL is inhibited by L-ascorbic acid in vivo (67-69).

Superoxide and oxLDL can lead to endothelial dysfunction by inactivation of nitric oxide
(NO), which regulates arterial tone, and inhibits local inflammation, coagulation and cell
proliferation (70-71). Oxidative stress and oxLDL impair endothelial function and vasodilatation
by reducing nitric oxide bioavailability in the artery wall, events that possibly could be prevented
by L-ascorbic acid. However, in a long-term study with vitamin C and E supplementation, coronary
and brachial endothelial vasomotor function did not improve over six months. Although vitamins C
and E tended to reduce F2-isoprostanes in this study, they failed to alter oxLDL formation or
autoantibodies to oxLDL. Thus, long-term oral vitamins C and E did not improve key mechanisms

in the biology of atherosclerosis or endothelial dysfunction, or reduce LDL oxidation in vivo (72).

Ascorbate is a primary antioxidant in that it directly neutralizes radical species. Ascorbate is
not very reactive with prevalent cellular oxidants such as hydrogen peroxide and probably reacts

mostly with hydrogen peroxide breakdown products (2, 73).

Ascorbic acid neutralizes superoxide, singlet oxygen and hydroxyl radical (74-78),
hypochlorous acid (79) and the iodinating activity of the MPO/H202/iodide system (80), but does

not scavenge or neutralize H,O, per se (81).
Regeneration of vitamin E by vitamin C

As long ago as 1941, it was observed that vitamin C increased the antioxidant potency of
vitamin E in lard and cottonseed oil , and in 1968 tappel suggested that vitamin C could regenerate

vitamin E from the vitamin E radical, formed when vitamin E quenches a lipid peroxyl radical (4).
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In 1978, Packer et al (82) confirmed this suggestion. This group found that pulse radiolysis of a
solution containing vitamin E resulted in the formation of a transient species whose absorption
spectrum matched that of phenoxyl radicals, which they identified as the vitamin E radical. If
vitamin C was also present, the absorption spectrum after the pulse was initially that of vitamin E,
but rapidly converted to that of the vitamin C radical. Packer et al. further suggested that vitamin C
could be regenerated from its radical form by NADH-dependent processes. Niki et al. also found
that vitamin C regenerated the vitamin E radical formed by quenching peroxyl radicals generated
by oxidation of methyl linoleate in solution (83). In another study the authors note that these results
are for vitamin E and vitamin C in homogenous solution, whereas in biological systems vitamin E
is found in lipid environments (membranes and lipoproteins) and vitamin C is found in the aqueous

compartment (84).
Regeneration of vitamin C

In regenerating vitamin E from its radical form, as well as in scavenging radicals, vitamin C
forms the semidehydroascorbyl radical, a relatively long-lived radical. It has long been known that
plant and animal tissues contain a NADH-dependent semidehydroascorbate reductase enzyme (EC
1.6.5.4), which can reduce the radical back to vitamin C by using NADH as a source of reducing
equivalents (Fig 3). This enzyme has been found in microsomal membranes from rat liver (85), as
well as in the outer mitochondrial membrane and plasma membrane (86). The
semidehydroascorbyl radical decays almost entirely via disproportionation, to ascorbate and
dehydroascorbate (the two-electron oxidation product of ascorbate). It can irreversibly decompose
to diketogluconic acid, or it can be converted to ascorbate in a glutathione-dependent reaction. The

later occurs both enzymatically and nonenzymatically. (4, 87)

Wells et al. suggest that enzymatic reduction of dehydroascorbate may also be catalyzed by
glutaredoxin (thioltransferase) or by protein disulfide isomerase (88). Protein disulfide isomerase is
a 57 kD protein found on the lumen side of the endoplasmic reticulum, where it is thought to
catalyze rearrangements of disulfide bonds required in native protein folding (89). Mammalian
glutaredoxin is a cytosolic enzyme of MW 12 kD that catalyzes the reduction of ribonucleotide
(90). Both enzymes have been shown to have significant dehydroascorbate reductase activity (4,

89).
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Figure 3. Ascorbate and redox cycling antioxidants. Ascorbate regenerates vitamin E from its radical form,
generating the semidehydroascorbyl radical. This radical can be reduced to ascorbate by
semidehydroascorbate reductase or disproportionate to dehydroascorbate and ascorbate. Dehydroascorbate
can also be reduced to ascorbate by using thiols such as glutathione or dihydrolipoate as a source of reducing
equivalents, whose oxidized forms are then reduced by cellular reduction systems utilizing NADPH or
NADH. NADPH, reduced nicotinamide-adenine dinucleotide phosphate; NADH, reduced nicotinamide-
adenine dinucleotide (82).

Pro-oxidant effect of vitamin C

Paradoxically, ascorbic acid is also known to act as a pro-oxidant in vitro. Mixtures of
ascorbic acid and copper or iron have been used for decades to induce oxidative modifications of
lipids, proteins and DNA (24, 91). Ascorbic acid may contribute to oxidative damage formation by
reducing ferric Fe’* to ferrous Fe*" ions (and Cu®" to Cu"), which in turn can reduce hydrogen
peroxide (H,O,) to hydroxyl radicals. However, in general these vitamin C-mediated Fenton
reactions should be controlled in the human body due to efficient iron sequestration by metal
binding proteins such as ferritin and transferrin. Consequently, it has been argued that the pro-
oxidant effect may not be relevant in vivo (73, 92). Nevertheless, vitamin C supplements have not
been recommended in people with high iron levels or in pathological conditions associated with
iron overload such as thalassemia or haemochromatosis (93). Indeed, a mechanism has been
provided by which vitamin C induces the decomposition of lipid hydroperoxydes to genotoxic
bifunctional electrophiles in vitro without the need for free transition metal ions (24, 94).
Paradoxically, in vitro L-ascorbic acid can also promote the generation of reactive oxygen species
(OH, O,, H,0,, and ferryl ion) in the presence of free Fe’* or Cu*". This pro-oxidant activity
derives from the ability of L-ascorbic acid to reduce Fe’" or Cu®* to Fe*" or Cu’, respectively, and
to reduce O, to O,". and H,0, (41, 95). However, after summarizing the results of in vivo studies
that assessed the oxidation of LDL, lipids and proteins, no pro-oxidant activity contributed to L-

ascorbic acid was evident (41, 92).
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Vitamin C in human disease:

Low levels of plasma vitamin C are known to occur in several conditions of increased
oxidative stres, such as cancer, diabetes mellitus, cataract, HIV infection, SLE (systemic lupus
erythematosus) and smoking habits (96-98). The possible use of vitamin C in cancer therapy and
prevention has been an area of great interest. Thus it is tempting to speculate that vitamin C
supplements, if able to prevent the formation and/or promote the repair of pre-mutagenic oxidative
DNA lesions, could be of use in cancer prevention. In addition, an early report showed that daily
supplementation with vitamin C at high doses (grams) increased the survival time of terminal
cancer patients (99) and it was suggested that vitamin C could have important anticancer properties
(100). Indeed, vitamin C Kkills or inhibits the growth of many tumour cell lines (47) and potentiates
the cytotoxicity of radiosensitising drugs (101). There are also several reports showing that cancer
cell lines are more sensitive to vitamin C than their non-malignant counterparts (102-103).
Regarding cancer prevention, several epidemiological studies have linked the consumption of a diet
rich in fruit and vegetables (and therefore in antioxidants) with lower incidence of many types of

cancer (24, 104-105).

In a recent report, Bjekolovic et al. (106) found no evidence that antioxidants can prevent
gastrointestinal cancer. On the contrary, certain antioxidant combinations (f-carotene with vitamin
A or vitamin E) results in increased patient mortality. Vitamin C, when added alone or in
combination with other antioxidants, did not seem to have an effect on the incidence of

gastrointestinal cancers or on overall mortality.

Epidemiological evidence has also associated fruit and vegetable consumption with lower
risk of cardiovascular disease (CVD) (107, 108). Notably, low plasma levels of vitamin C were
associated with death from CVD (109) and it has been speculated in the literature that vitamin C
may protect against CVD through several mechanisms.Vitamin C enhances endothelium-dependent
vasodilatation, thereby preventing endothelial dysfunction associated with atherosclerosis,
hypercholesterolemia, hypertension, diabetes and smoking. This process seem to involve the ability
of vitamin C to increase the atheroprotective nitric oxide (NO) (110). Thus vitamin C was shown
to enhance the activity of endothelial NO synthase by keeping its cofactor, tetrahydrobiopterin, in a

reduced state and thereby increasing its intracellular availability (24, 111).
Dietary requirement of ascorbate

There has been much discussion concerning the safety of large doses of ascorbic acid and the

amount of vitamin C that needs to be consumed for optimum well-being (112-115). Various
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authorities have recommended amounts varying from 30 to 10,000 mg/day. In humans a daily
consumption of 10 mg of ascorbic acid is usually effective to alleviate and cure clinical signs of

scurvy, but this does not necessarily provide an acceptable reserve of the vitamin (116-117).

The RDA for vitamin C is 60 mg for adult nonsmokers. It is well documented that smokers
have lower serum levels of vitamin C. Consequently, in 1989, the RDA of vitamin C for smokers
was established as 100 mg. From a toxicological standpoint, vitamin C supplementation is

relatively safe, even in megadose levels (i.e., 1-4 g/d) (118).

The current recommended dietary daily allowances for vitamin C are 90 mg for men and 75
mg for women. At intakes of the vitamin about 60 mg/d in both genders, ascorbate begins to appear
in the urine. However, intakes of 250 mg/d and higher are required to saturate ascorbate

concentrations in plasma and contents of white blood cells (2, 119).

CONCLUSION

scorbic acid, more commonly known as vitamin C, is widely regarded as an essential
antioxidant in the human body and has even been called “the most important antioxidant in human
plasma” . Aside from its antioxidant properties, vitamin C has other important functions, such as
the enzymatic function (lysine, proline, and dopamine B-hydroxylase are examples), hydroxylation
of amino acids, and nonenzymatic functions such as increasing gastric iron absorption. As an
antioxidant, vitamin C has two primary actions: First, vitamin C reacts with and inactivates free
radicals in the water-soluble compartments of the body, areas such as the cytosol, plasma, and

extracellular fluid. Second, and perhaps equally important, vitamin C regenerates oxidized vitamin E.
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