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Abstract 
 

Vitamin C is an acidic molecule with strong reducing 
activity. It is an essential micronutrient in man, due to the 
absence of L-gulonolactone oxidase. Vitamin C has several 
important roles and there are many enzymes utilizing 
ascorbate as a co-factor. Besides, vitamin C protects human 
health by scavenging toxic free radicals and other reactive 
oxygen species (ROS) formed in cell metabolism. On the 
other side, it is well established by in vitro experiments that 
vitamin C is reactive with free iron and other transition 
metals and produces free radicals, while causing oxidative 
damage to biomolecules. The interaction of ascorbic acid 
with transition metal ions could promote their reduction, 
accompanied by increased H2O2 production and 
consequently OH• formation. There is still debate on 
whether supplements of vitamin C could act as antioxidant 
or pro-oxidant in vivo. Recent research suggests that 3 
factors are responsible for the pro- or antioxidant behaviour 
of vitamin C in biological systems, e.g. cellular 
environment:1.) the redox potential of the cellular 
environment (oxidosis/redosis), 2.) the presence or absence 
of transition metals and 3.) the local concentration of 
ascorbate. This may also explain the observed quite specific 
pro-oxidant activity of high dose intravenous vitamin C 
against metal rich malignant tumours. In this paper anti- 
and pro- oxidant effects of vitamin C will be presented and 
their potential impact on cancer prevention and treatment 
will be discussed. 

 
 

1. Introduction 
 
Natural antioxidants are generally considered to 

be beneficial fruit and vegetable components. Vitamin 
C is present in almost all foods of plant origin. It is an 
essential micronutrient in man, due to the absence of 
L-gulonolactone oxidase. Vitamin C has several 
important roles and there are many enzymes utilising 
ascorbate as a co-factor. The term vitamin C refers to 
both ascorbic acid (AA) and dehydroascorbic acid 
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(DHA), since both exhibit anti-scorbutic activity. 
Ascorbic acid, the functional and primary in vivo form 
of the vitamin, is the enolic form of an -ketolactone 
(2,3-didehydro-L-threo-hexano-1,4-lactone). The two 
enolic hydrogen atoms give the compound its acidic 
character and provide electrons for its function as a 
reductant and antioxidant. Its one-electron oxidation 
product, the ascorbyl radical, readily dismutates to 
ascorbate and DHA, the two-electron oxidation 
products. Both the ascorbyl radical and DHA are 
readily reduced back to ascorbic acid in vivo. Because 
of its ability to donate electrons, ascorbic acid is an 
effective antioxidant. The vitamin readily scavenges 
reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) (e.g., hydroxyl, superoxide, singlet 
oxygen, and peroxynitrite, nitroxide radicals, 
respectively) as well as peroxyl and hypochlorite (Frei 
et al., 1989; Halliwell and Whiteman 1997). The one- 
and two-electron oxidation products of ascorbate are 
relatively nontoxic and easily regenerated by the 
ubiquitous reductants glutathione and NADH or 
NADPH. Both the one- and the two-electron 
oxidation products of the vitamin are readily 
regenerated in vivo —chemically and enzymatically—
by reduced glutathione, nicotinamide adenine 
dinucleotide (NADH), and nicotinamide adenine 
dinucleotide phosphate (NADPH) dependent 
reductases (May et al. 1998; Park and Levine 1996). 
In addition to scavenging reactive oxygen species and 
reactive nitrogen species, vitamin C can regenerate 
other small molecule antioxidants, such as -
tocopherol, glutathione (GSH), urate, and -carotene, 
from their respective radical species (Halliwell 1996). 
Many cells possess enzymes that can convert 
dehydroascorbate or ascorbate radical back to 
ascorbate at the expense of GSH or NADH. 
Glutathione dependent dehydroascorbate reductase 
enzymes have been identified in plants and in several 
mammalian tissues. Evidence that GSH and ascorbate 
interact in vivo is provided by studies on animals 
treated with the inhibitors of GSH synthesis 
(Halliwell and Gutteridge 1999). Severe glutathione 
depletion in newborn rats is lethal, but death can be 
prevented by high doses of ascorbate (but not DHA). 

 
 

1.1. ROS Formation in Biological Systems and 
the Role of Metal Ions at Their Formation 

 
With the exception of unusual circumstances such 

as the influence of ionizing radiation, free radicals are 
generally produced in cells by electron transfer 
reactions (Scheme 1). These can be mediated by the 
action of enzymes, or non-enzymatically, often 
through redox chemistry of metal ions (Halliwell and 
Gutteridge 1999). Free radical production in cells can 
be either accidental or deliberate (Halliwell and 
Gutteridge 1999). 

All transition metals, with the exception of 
copper contain one electron in their outermost shell 
and can be considered free radicals. Copper has a full 
outer shell, but loses and gains electrons very easily 
making itself a free radical (Halliwell and Gutteridge 
1985). In addition iron has the ability to gain and lose 
electrons (i.e. Fe2+  Fe3+) very easily. 

This property makes iron and copper two 
common catalysts of oxidation reactions. Iron is 
major component of red blood cells. Many metal ions 
are essential for normal cellular metabolism. 
However, if they are free in the cell and higher 
concentrations this can increase oxidative stress. The 
transformation of less reactive intermediates into 
highly reactive forms needs the participation of free 
metal ions. Oxidative state and bioavailability of 
redox active metals are the key determinants of their 
possibility to form ROS. The reduced forms of metal 
ions are involved in Fenton reaction where OH  
radicals are produced. The oxidative forms participate 
in Haber-Weiss reaction where reduced forms of 
metal ions are generated which can again re-enter 
Fenton reaction (Reactions 6 and 7). 

It  is  clear  that  any  increase  in  the  levels  of  
superoxide anion, hydrogen peroxide or the redox 
active metals (e.g. Fe, Cu, Cr) are likely to lead to the 
formation of high levels of hydroxyl radical by 
chemical mechanisms listed below. Therefore, the 
valence state and bioavailability of redox active metal 
is a key determinant in its ability to participate in the 
generation of reactive oxygen species. 

In Table 1, the most common intracellular forms 
of ROS are listed together with their main cellular 
sources of production and the relevant enzymatic 
antioxidant systems scavenging these ROS molecules. 
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O2 + e  O2
   superoxide anion  (1) 

 
O2

  + e  + 2H+  H2O2 hydrogen peroxide 
(2) 

H2O2 + e  + H+  H2O + OH  

 hydroxyl radical    (3) 
 
OH  + e  + H+  H2O water   (4) 
 
Sum: 
 
O2 + 4e  + 4H+  2H2O    (5) 

Scheme 1. The step-wise reduction of molecular oxygen via 
one electron transfers, producing and also consuming the 
ROS molecules listed in Table 1. 

Due to its strong reactivity with biomolecules, 
OH  is probably capable of doing more damage to 
biological systems than any other ROS (Halliwell 
1987). The radical is formed from H2O2 in a reaction 
catalyzed by metal ions (e.g. Cr(VI), Fe(III)), often 
found in complexes with different proteins or other 
molecules (Nordberg and Arner 2001). This is known 
as the Fenton reaction: 

 

 
(Fenton reaction)     (6) 
 

 
(Haber-Weiss reaction)    (7) 
 
In the presence of ascorbic acid transition metals 

play an important role in the formation of superoxide 
radicals: 

 
Metal(n+1) + O2/AA-  Metal(n) + O2

-•/AA• (8) 
 
AA- = ascorbic acid ion; AA•= ascorbic acid 

radical; see also Figure 1. 
 
 

1.2. Metal Ions and Malignant Tumours 
 

Increased levels of transition metals like iron, 
nickel, chromium, copper and lead are closely related 
to free radical generation, lipid peroxidation, 
formation of DNA-strand breaks, and tumour growth 
in cellular systems. Reports in the last two decades 
are closely relating the presence of transition metals, 
such as iron or copper to free radical generation via 
Fenton /Haber-Weiss-reactions, ascorbate autooxida-
tion, lipid peroxidation processes, and the formation 
of DNA strand breaks (Aust et al. 1985; Mello and 
Meneghibi 1984; Minotti and Aust 1987; Scarpa et al. 
1983). In turn, lipid peroxidation-induced 
malondialdehyde-DNA adducts can accumulate and 
reach high levels in the breast tissue of women with 
breast cancer leading to endogenous DNA 
modifications (Wang et al. 1996). Furthermore, ferric-
EDDA- and –NTAcomplexes have been proven to 
induce free radicals and renal carcinomas in Wistar 
rats demonstrating the key role of transition metals in 
the abnormal proliferation process (Liu and Okada 
1996; Okada 1996). 

In a previous study (Ionescu et al. 2006) the 
accumulation of heavy metals in 8 healthy and 20 
breast cancer biopsies by means of a standardized 
Atomic Absorption Spectrophotometry (AAS) 
methodology was investigated in order to determine 
the correlation to malignant growth in humans. A 
highly significant accumulation of iron (p < 0.0001), 
nickel (p < 0.00005), chromium (p <0.00005), zinc (p 
< 0.00001), cadmium (p < 0.005), mercury (p < 
0.005), and lead (p < 0.05) was recorded in the cancer 
samples when compared to the control group. Copper 
and silver showed no significant differences to the 
control group whereas tin, gold, and palladium were 
not detectable in any biopsies. 

The higher heavy metal concentrations 
encountered in various tumor cells may be used for 
therapeutic interventions with ascorbic acid as already 
reported (Baader 1994, Ionescu 2005a, 2005b, Lode 
1994). Reduction and mobilization of transition 
metals from their storage or transport proteins renders 
them extremely reactive in catalyzing free radical 
reactions according to the equations above (6-8), thus 
leading to apoptosis in tumor cells. 
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Figure 1. Ascorbic acid redox cycle and catabolic pathways. 

 

2.1. The In Vitro Evidence for an Antioxidative 
Role of Vitamin C 

 
At physiological concentrations, vitamin C is a 

potent free radical scavenger in plasma, protecting 
cells against oxidative damage caused by ROS (Carr 
and Frei 1999). The antioxidant property of ascorbic 
acid is attributed to its ability to reduce potentially 
damaging ROS, and forming a relatively stable 
ascorbyl free radical. Ascorbate has the ability to act 

as a reducing agent. One electron donated by 
ascorbate gives ascorbyl radical, also named 
monodehydroascorbate (MDHA) or semi 
dehydroascorbate (SDA). It can be further oxidized to 
give dehydroascorbate (DHA). DHA is unstable and 
breaks down rapidly, producing diketo-L-gulonic acid 
which breakes down to oxalic and L-threonic acid 
(see Figure 1, Ascorbic acid redox cycle). At 
physiological pH the acid form is largely ionized 
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(ascorbate) since the pKa1 of ascorbic acid is 4.25 
(Halliwell and Gutteridge 1999). 

Basic intracellular reaction in which ascorbic acid 
and ROS are involved (McKersie 1996): 

 
2•O2

-+ 2H+ + ascorbate  2 H2O2 + 
+ dehydroascorbate  
 
H2O2 + 2 ascorbate  2H2O + 
+2 monodehydroascorbate  
 
The indirect role of the ascorbate as an antioxidant is 

to regenerate membrane-bound antioxidants, such as 
alpha-tocopherol that scavenge peroxyl radicals and 
singlet oxygen, respectively: 

 
Tocopheroxyl radical + ascorbate   
tocopherol + + monodehydroascorbate 
 
The above reactions indicate that there are two 

different products of ascorbate oxidation: 
monodehydroascorbate and dehydroascorbate which 
represent one and two electron transfers, respectively. 
The monodehydroascorbate can either dismutate 
spontaneously, or is reduced to ascorbate by 
NAD(P)H monodehydroascorbate reductase: 

 
2 monodehydroascorbate  ascorbate +  
+dehydroascorbate 
 
monodehydroascorbate + NAD(P)H  ascorbate  
+ NAD(P) 
 
The dehydroascorbate is unstable at pH greater 

than 6 and decomposes to tartrate and oxalate 
(McKersie 1996). To prevent this, dehydroascorbate 
is rapidly reduced to ascorbate (Figure 1) by 
dehydroascorbate reductase, using reducing 
equivalents from glutathione: 

 
2 GSH + dehydroascorbate  GSSG + ascorbate 
 
In vitro tests performed under physiological 

conditions show a better viability of ascorbic acid 
pretreated cells, which might be the consequence of 
ascorbic acid prevention of oxidant-induced apoptosis 
(Deutsch 1998). In the absence of added metal ions, 
however, vitamin C inhibits the formation of 8-oxodG 

in purified DNA exposed to peroxynitrite or UV light 
(Hu and Shih 1997¸ Fiala et al. 1996). Also the study 
of Panayiotidis et al. (1997) has shown reduced strand 
breakage, as determined by the comet assay in 
lymphocytes. Results of cytotoxicity tests in S. 
cerevisiae cells pretreated with ascorbic acid and 
subsequently treated with Cr(VI) indicate a preventive 
effect of ascorbic acid (Poljsak et al. 2005) regarding 
intracellular oxidation. These results are in agreement 
with those of Blankenship et al. (1997) on CHO cells. 

When sufficient exogenous iron (as ferrous 
ammonium sulfate) is added to plasma to saturate 
transferrin and result in nonprotein-bound, 
bleomycin- detectable iron (BDI), endogenous and 
exogenous vitamin C inhibits rather than promotes 
lipid peroxidation (Berger et al. 1997). 

Overall, in vitro studies have shown that vitamin 
C  either  has  no  effect  (Dabbagh  and  Frei,  1995)  or  
inhibits (Berger et al. 1997; Dasgupta and Zdunek 
1992) metal ion dependent lipid oxidation in plasma 
and other biological fluids. 

 
 

2.2. The In Vitro Evidence for a Pro-Oxidative 
Role of Vitamin C 

 
Ascorbic acid quenches free radicals by providing 

hydrogen atoms that can pair up with unpaired 
electrons on free radicals. In this process ascorbic acid 
becomes an ascorbyl radical, which is relatively 
unreactive toward biomolecules (Buettner 1993; 
Halliwell and Gutteridge 1999). Relatively unreactive 
means that ascorbyl radical is not reactive enough to 
cause damage to biomolecules. However, ascorbic 
acid can also act as a pro-oxidant in the presence of 
transition metals, depending on the environment in 
which the molecule is present (Paolini et al. 1999 ; 
Halliwell 1999). The interaction of superoxide (•O2

-) 
and ascorbic acid with transition metal ions could 
promote their reduction, accompanied by increased 
H2O2 production (Halliwell 1999; Clement 2001; Lay 
and Levina 1998), and consequently OH  formation. 
The ascorbate acts as reducing agent to iron and other 
transition metals, easily permitted by their standard 
redox potentials (Fe3+-ferritin/ ferritin+Fe2+: SRP=-
0.19V; ascorbate -,H+/ascorbate-: SRP=+0.28V) 
(Halliwell and Gutteridge 1999). 

 



John G. Ionescu and Borut Poljsak 

 

6

 

Fe(III) + ascorbate  Fe(II) + ascorbate  
 
Fe(II) + H2O2  Fe(III) + OH  + OH-  
(Fenton reaction) 
 
Ascorbic  acid  reduces  Fe(III)  to  Fe(II)  which  

reduces oxygen to hydroxyl radical (Halliwell and 
Gutteridge 1999). Cells have a not well characterized 
pool of low molecular weight iron (Jacobs 1977; 
Voogd 1992). If these come into contact with 
ascorbate, pro-oxidant effects may occur. The ability 
of ascorbic acid to enhance the release of transition 
metals from protein complexes, and to reduce them to 
catalytic forms, has implicated this compound to be a 
prooxidant as well (Dreosti 1991). Iron and copper are 
essential for cellular life as enzyme cofactors. Thus 
they could participate in the autooxidation of ascorbic 
acid. Vitamin C in the presence of high body iron 
stores, reveals prooxidant properties (Food and Drug 
Administration 1993; Herbert 1993; Simopoulos et al. 
1993.) Vitamin C is especially dangerous in the 
presence of high body iron stores, which make 
vitamin C violently prooxidant (Herbert 1993; 
Simopoulos et al. 1993). The reduction of transition 
metal ions by ascorbate could also have deleterious 
effects via the production of hydroxyl radicals or lipid 
alkoxyl radicals (LO•) by reaction of the reduced 
metal ions with hydrogen peroxide or lipid 
hydroperoxides (LOOH) (Halliwell 1996; Buettner 
and Jurkiewicz 1996). This effect can be prevented if 
enough anti-oxidants e.g. glutathione are available 
(Ionescu, 2002) [Figure 2, Figure 3]. 

However,  due  to  the  capacity  of  metal  ions  to  
undergo one-electron transfers, which enables them to 
become powerful catalysts of autooxidation reactions, 
cells sequestrate these metal ions into proteins since 
metal-bound ions are less effective than free-radical 
catalysts (Halliwell and Gutteridge 1999). Cells must 
establish fine-tuned mechanisms which allow cells to 
accumulate sufficient levels of Fe and Cu for normal 
biochemical reactions, yet prevent the accumulation 
of these metals to levels which unleash their toxic 
effects. Many autooxidation reactions within the cell 
produce superoxide by addition of an electron to 
molecular oxygen (Anderson and Phillips 1999). It was 
reported that O2

-• is produced from ascorbate (AH-) 
autooxidation by dioxygen (Scarpa 1983), yet is has 

been shown (Buettner 1993) that aerobic oxidation of 
ascorbate strictly requires a metal catalyst (Fig. 1). 
Antioxidants, which are reducing agents, capable of 
reacting with molecular oxygen (e.g. ascorbic acid) 
will generate superoxide radicals under aerobic 
conditions. This will dismutate to H2O2 that can enter 
cells and react with superoxide or reduced metal ions 
to form highly damaging hydroxyl radicals (Anderson 
and Phillips 1999). Even though H2O2 production from 
ascorbate and dioxygen is thermodynamically 
favored, a direct oxidation of ascorbate by dioxygen 
does not occur. Thus, the spin restriction of dioxygen 
is  a  kinetic  barrier  that  prevents  the  oxidation  of  
organic biomolecules regardless of thermodynamic 
considerations  (Miller  et  al.  1990).  In  the  absence  of  
transitional metals, the rate constant for the reaction 
of dioxygen with ascorbate has been reported to be 
6x10–7 s-1, which results in an observed second rate 
order constant of approximately 2x10-3 M-1 s-1. 
Mitochondrial respiration keeps O2  0-10 M in the 
cell while intracellular concentration of GSH  1 mM 
(Buettner 1993). 

In the study of Poljsak et al. (2005) it was 
demonstrated that hydroxyl radicals are generated 
following the interaction of Cr(VI) with ascorbic acid 
in vitro. This is believed to involve the reduction of 
the metal ion by ascorbic acid, followed by the 
reduction of oxygen to H2O2/HO•.  Stearns  et  al.  
(1995) found out that the reduction of Cr(VI) by 
ascorbate under physiological conditions produced 
Cr(V) and carbon-based radicals as intermediates 
which reacted with DNA to produce Cr-DNA adducts 
and DNA single-strand breaks, respectively. Low 
concentrations of ascorbate enhance oxygen radical 
activity whilst high concentrations scavenge hydroxyl 
radicals, singlet oxygen and lipid peroxides.  

A study by Anderson et al. (1997) examined 
DNA damage in lymphocytes with comet assay. 
Vitamin C supplementation significantly elevated 
plasma vitamin C concentration, but had no effect on 
oxidative DNA damage either with or without an ex 
vivo hydrogen peroxide challenge. However, a 
statistically significant increase in bleomycin-induced 
aberrations was found after vitamin C 
supplementation. In the study of Green et al. (1994) 
vitamin C acted as a pro-oxidant when added to 
isolated lymphocytes in vitro.  
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Figure 2. The prevention of mercury II induced ascorbate oxidation by reduced glutathione. 

 

 

Figure 3. The prevention of copper II-induced ascorbate oxidation by reduced glutathione. 

Addition of vitamin C to purified DNA or 
isolated nuclei in the presence of redox active metal 
ions in vitro results in single-strand breaks and base 
modifications such as 8-oxodG (Drouin et al. 1996; 

Fischer-Nielsen et al.1992, Hu and Shih 1997).The 
results of Sugiyama et al. (Sugiyama et al. 1991a; 
Sugiyama 1991b; Sugiyama 1991c) on Chinese 
hamster V-79 cells showed increased cytotoxicity of 
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Cr(VI) in ascorbic acid pretreated cells. Addition of Fe2+ 
(but not Fe3+)  and  H2O2 to human serum results in 
rapid generation of hydroxyl radical (Fenton reaction, 
Figure. 4). On the other side, addition of ascorbate to 

Fe3+-loaded serum leads to an immediate increase of 
superoxide generation, through ascorbate 
autooxidation (Figure 5) (Ionescu 2002). 

 
 

 

Figure 4. Iron II / Iron III / H2O2 dependent free radical generation. 

 

3. The In Vivo Evidence for a 
Prooxidative or an Antioxidative Role 
of Vitamin C 

 
The human oxidative biomarkers data on the role 

of vitamin C are controversial and appear 
inconsistent. Some studies examining different 
biomarkers after vitamin C treatment showed a 
vitamin C-dependent reduction in oxidative DNA 
damage, whereas some studies found either no change 
or  an increase in  the levels  of  selected DNA lesions.  
Carr and Frei (1999) examined nine human vitamin C 
supplementation studies, four of them showed a 
reduction in ex vivo or in vivo DNA oxidation 
(Cadenas et al. 1997; Fraga et al. 1991; Lee et al. 
1998; Panayiotidis and Collins 1997), whereas two 
showed no change (Prieme et al. 1997; Anderson et 
al.1997); another three showed a decrease in some 
markers  and  an  increase  in  others  (Podmore  et  al.  

1998; Cooke et al. 1998; Rehman et al. 1998). 
Porkkala-Sarataho et al. (2000) observed that neither 
vitamin E nor vitamin C, nor the combination 
influenced the urinary excretion rate of 7-hydro-8-
oxo-2-deoxyguanosine. In the study of Podmore and 
colleagues (1998) the results of supplemented 
volunteers with 500 mg of vitamin C daily reported 8-
oxogua levels were significantly reduced relative to 
baseline and placebo, whereas the levels of 8-oxoade 
were significantly elevated. Since 8-oxoade is at least 
10 times less mutagenic than 8-oxogua, the authors 
conclude that the overall effect of ascorbate intake is 
“profound protective” (Podmore’s reply to Levine et 
al, 1998). On the same line, Vojdani et al. (2000) 
reported in a placebo-controlled study that increasing 
concentrations of vitamin C administered to humans 
(500mg, 1000mg and 5000mg per day, respectively) 
showed no DNA oxidation products, but a decrease of 
apoptosis and an increase of NK-cell cytotoxic 
activity.
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Figure 5. Iron (III) and ascorbate induced free radical activity in serum. 

In the study from Rehman et al. (1998) volunteers 
were supplemented with iron II (ferrous sulphate) and 
vitamin C and levels of 13 different types of oxidized 
DNA bases in white blood was monitored. There were 
no control groups given either iron or vitamin C 
alone, nor was there a placebo group. Results revealed 
an inverse correlation between mean plasma vitamin 
C concentrations and total oxidative DNA damage. 
This study does not provide compelling evidence for a 
pro-oxidant effect of vitamin C and iron 
cosupplementation on DNA damage, but supports an 
antioxidant effect (Carr and Frei 1999). Inverse 
correlations of lymphocyte ascorbate and glutathione 
concentrations with oxidized DNA bases in another 
study of 105 apparently healthy adults suggest that 
these two intracellular antioxidants protect human 
lymphocytes against oxidative damage (Lenton et al. 
1999). 

Urinary excretion of DNA oxidant damage 
products, which is thought to represent the balance of 
total  body  DNA  damage  and  repair  has  been  
investigated. This is a nonspecific measure used to 
assess changes due to micronutrient status. Except for 
the study by Cooke et al. (1998), no relationships 
between vitamin C intake and urinary markers of 
DNA  damage  were  observed  (DRI  for  vitamin  C,  
Food and Nutrition Board, Institute of Medicine 
2000). 

The five measured DNA and chromosome 
damage ex vivo after supplementing the subjects with 
vitamin C were discussed by the Food and Nutrition 
Board, Institute of Medicine 2000 (DRI for vitamin 
C). Single large doses of vitamin C (1 g/day or more) 
provided protection against lymphocyte DNA strand 
break damage induced ex vivo by radiation or 
hydrogen peroxide (H2O2) as measured by the comet 
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assay (Green et al. 1994; Panayiotidis and Collins 
1997). In contrast, Crott and Fenech (1999) reported 
that a single 2-g dose of vitamin C neither caused 
DNA damage nor protected cells against hydrogen 
peroxide-induced toxicity. Two other studies 
measured DNA chromosome damage after treatment 
of lymphocytes with bleomycin, a test for genetic 
instability. Following vitamin C supplementation for 
two weeks, Pohl and Reidy (1989) found decreased 
chromosome breaks and Anderson et al. (1997) 
reported no effects on DNA damage but increased 
chromosome aberrations. Since the findings of these 
studies were inconsistent, ex vivo damage cannot be 
used to estimate a vitamin C requirement (DRI for 
vitamin C, Food and Nutrition Board, Institute of 
Medicine 2000). 

A study using rats challenged with paraquat 
showed a protective, antioxidant role for vitamin C 
when given before paraquat treatment, but a pro-
oxidant role when given after the challenge, as 
determined by expiratory ethane (Kang et al. 1998). 
Similar effect was reported by Poljsak et al. (1995) on 
vitamin C pre-treated yeast cells which were later 
exposed to chromium. 

Another animal study has reported an antioxidant 
role for vitamin C in guinea pigs co-supplemented 
with vitamin C and iron. In the study of Collins et al. 
(1997) autooxidation of liver microsomes obtained 
from iron-supplemented guinea pigs resulted in 
increased accumulation of MDA compared with 
control animals or animals co-supplemented with iron 
and vitamin C. An important point to note about 
studies in animals that can synthesize vitamin C, such 
as rats, is that the results may not reflect the situation 
in humans. According to Carr and Frei (1999) several 
vitamin C and iron co-supplementation studies, both 
in animals and humans, indicate that vitamin C 
inhibits rather than promotes iron-dependent oxidative 
damage. Similarly, a study carried out in humans to 
assess the effects of simultaneous iron(II) and vitamin 
C supplementation has yielded mixed results with 
respect to various types of oxidized DNA bases in 
leukocytes. Reanalysis of the data from this study 
(Rehman et al. 1998) suggest that vitamin C acts as an 
antioxidant, rather than a pro-oxidant, in vivo in the 
presence of minute amounts of iron(II) in healthy 
volunteers (Carr and Frei 1999). 

Although vitamin C induced Fenton chemistry 
occurs readily in vitro, its relevance in vivo has been a 
matter of some controversy, the main point of 
contention being the availability of catalytic metal 
ions in vivo (Halliwell and Gutteridge 1986). It has 
yet to be proven that oxidative damage in vivo can be 
ameliorated by supplementation with large doses of 
ascorbic  acid.  The  dose  of  ascorbate  which  is  
protective in vitro,  may  not  be  relevant  in vivo 
(Griffiths 2001). According to Simopoulos (1993), for 
genetic reasons more than 10% of American whites 
and perhaps as many as 30% of Afro-Americans have 
high body iron. Vitamin C is known to increase the 
gastrointestinal absorption of nonheme iron by 
reducing it to a form that is more easily absorbed 
(Bendich and Cohen 1990). Individuals with iron 
overload generally have low plasma levels of vitamin 
C, possibly due to interaction with the elevated levels 
of ‘catalytic’ iron in these individuals, and therefore 
vitamin C administration has been proposed to be 
harmful in these people (Halliwell 1996; Herbert 
1994). According to Herbert (1994) for consumer 
protection, every advertisement and label for vitamin 
C and/or iron supplements should warn: “Do not take 
this product until your blood iron status has been 
determined”. Six percent of Americans are in negative 
iron balance, and this product may help them. Twelve 
percent of Americans are in positive iron balance and 
this product may hurt them. 

Intravenous administration of large doses of 
ascorbate (20g) in metal-sensitive atopic eczema 
patients resulted in a worsening for 24-48 hours of 
their clinical symptoms, with increased erythema and 
itching. The simultaneous monitoring of the evolution 
of free radical generation in whole blood and serum 
showed a dramatic increase of superoxide and 
hydrogen peroxide in serum, and a moderate ROS 
increase in whole blood (Figure 6, Ionescu 2002). 

Carr and Frei (1999) analyzed 44 in vivo studies 
done on vitamin C, 38 of them showed a reduction in 
markers of oxidative DNA, lipid, and protein damage, 
whereas only 6 showed an increase in oxidative 
markers. According to Carr and Frei (1999) the 
answer to the question: “Does vitamin C act as a pro-
oxidant under physiological conditions?” appears to 
be ‘no’. However, there is still debate on whether 
supplements of vitamin C could act as pro-oxidants in 
vivo. 
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Figure 6. Free radical activity in (a) venous blood and (b) serum before and after 20 g ascorbate i.v. 

Vitamin supplements taken by millions of people 
do not increase life expectancy and some of them, 
such as beta carotene, vitamin A, and vitamin E may 
raise the risk of a premature death, according to a 

recent review of 67 studies with more than 230,000 
subjects (Bjelakovic et al. 2007). On the other hand, the 
same study concludes that “vitamin C and selenium had 
no significant effect on mortality”. 
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3.1. The Possible Explanation of the Dual Role 
of Antioxidants vs. Pro-Oxidants 

 
Numerous epidemiological studies have shown an 

inverse association between vitamin C intake, or 
plasma status, and the risk to develop different types 
of cancers (Block 1991; Jenner, et al. 1998). There are 
several possible explanations for the potential 
negative effect of antioxidant supplements. Reactive 
oxygen species in moderate concentrations are 
essential mediators of defense against unwanted cells. 
Thus, if administration of antioxidant supplements 
decreases free radicals, it may interfere with essential 
defensive mechanisms for ridding the organism of 
damaged cells, including those that are precancerous 
and cancerous (Salganik 2001). Thus, antioxidant 
supplements may actually cause some harm 
(Vivekananthan et al. 2003; Bjelakovic et al. 2004a; 
Bjelakovic et al. 2004b; Miller et al. 2005; Bjelakovic 
et al. 2007; Caraballoso et al. 2003). Our diets 
typically contain safe levels of vitamins, but high-
level antioxidant supplements could potentially upset 
an important physiologic balance (Vivekananthan et 
al. 2003; Bjelakovic et al. 2004a; Bjelakovic et al. 
2004b; Miller et al. 2005; Bjelakovic et al. 2007; 
Caraballoso  et  al.  2003).  In  the  same  line,  a 
systematic Review and Meta-analysis done by 
Bjelakovic et al. (2007) conclude that long-term 
treatment with beta carotene, vitamin A, and vitamin 
E may increase mortality. There are still many gaps in 
our knowledge of the mechanisms of bioavailability, 
biotransformation, and action of antioxidant 
supplements. 

Selman et al. (2006) suggest different possible 
explanations regarding the general inability of 
antioxidants, including vitamin C, in supplementation 
studies to consistently deliver the promise of 
increased lifespan in animal models, or reduced 
disease risk in humans, could have a varied causality 
(see McCall and Frei, 1999). 

 
(I) Perhaps in vivo vitamin C may act more as a 

pro-oxidant than an antioxidant (Childs et al. 
2001; Rehman et al. 1998), possibly 
necessitating increased activation of the 
defense system to maintain the status quo. 

(II)  Alternatively, vitamin C may successfully 
scavenge ROS (Carr and Frei 1999) but this 

may not be translated into damage reduction 
and lifespan enhancement. Vitamin C may 
negatively affect the endogenous scavenging 
and repair systems, either directly (Nemoto et 
al. 1997; Podmore et al. 1998), or indirectly 
via systems that sense reduced radical 
production. 

 
The ability of vitamin C to decrease the activity 

of endogenous antioxidant systems was reported by 
Selman et al. in 2006. Mice exhibited a significantly 
reduced expression of several genes in the liver linked 
to free-radical scavenging, including Mn-superoxide 
dismutase and glutathione peroxidase in the vitamin C 
treated group. Authors suggest that high dietary doses 
of vitamin C are ineffective at prolonging lifespan in 
mice because any positive benefits derived as an 
antioxidant are offset by compensatory reductions in 
endogenous protection mechanisms, leading to no net 
reduction in accumulated oxidative damage. Carr and 
Frei (1999) suggested that if tissues are already 
saturated due to an adequate intake of vitamin C at 
baseline, subsequent supplementation cannot have an 
effect on tissue vitamin C levels and thus on oxidative 
stress biomarkers. Levine and co-workers (1996) 
investigated the pharmacokinetics of vitamin C and 
found that in healthy humans, tissue saturation 
(measured in peripheral blood leukocytes) occurred at 
vitamin C intakes of ~100 mg/day, which corresponds 
to a plasma concentration of ~50 mmol/l. On the other 
hand Zaidi et al. (2005) reported that a decrease of 
free radical scavenging enzymes such as superoxide 
dismutase (SOD), glutathione-S-transferase (GST) 
and catalase, as well as levels of total glutathione 
(GSH) besides an increase in level of 
malondialdehyde (MDA) may be effectively 
compensated by supplementation with vitamin C. 

Carr and Frei (1999) pointed out that the ability 
of vitamin C to act as a pro- or anti-oxidant depends 
on the moment when the vitamin is added to the 
system (Kang et al. 1998; Otero et al. 1997). For 
example, vitamin C acts as an antioxidant if added 
before initiation of LDL oxidation by copper, but acts 
as a pro-oxidant if added to LDL that is already 
(mildly) oxidized (Otero et al. 1997). Since transition-
metal ions are liberated from metalloproteins as a 
primary mechanism of injury by oxidative damage 
(Halliwell and Gutteridge 1999; Swain et al. 1994; 
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Kang et al. 1998), administration of a powerful 
antioxidant (i.e., powerful reducing agent) after 
oxidative damage has started could promote 
damage—i.e., be pro-oxidant—and the more powerful 
the antioxidant is as a reducing agent, the more 
problems it might cause (Halliwell 2000). As already 
observed in vitro (Ionescu 2002, Figure 2), the 
autooxidation of supplemented vitamin C in the 
presence of transition metals also depends on the 
concentrations of other antioxidants in the system, 
such as reduced glutathione, NADH, NADPH, 
vitamin E. 

A reason why vitamin C and other antioxidant 
supplements would be expected to increase lung 
cancer  and  mortality  in  smokers  ((The)  alpha-
tocopherol/beta-carotene cancer prevention (ATBC) 
study (1994)) is that vitamin C supplements drive 
nicotine out of the blood into the urine (Herbert et al. 
1994), causing smokers to reach for that next cigarette 
(more carcinogens) much faster in order to sustain 
their nicotine ‘high’. 

More studies are warranted in which the effects 
of vitamin C supplementation on more than one 
biomarker of oxidative damage are determined. This 
is particularly important, according to Carr and Frei 
(1999) because several studies in which more than 
one oxidative biomarker was measured showed an 
antioxidant role of vitamin C in respect to lipid 
oxidation, but not DNA oxidation (Hu and Shih 1997) 
or protein oxidation (Frei et al. 1989; Frei, et al. 1988; 
Cross et al. 1993). These discrepancies may be due to 
the differential ability of the various macromolecules, 
i.e., DNA, lipids, and proteins, to bind metal ions and 
the redox activity of the bound metal ions (Halliwell 
and Gutteridge 1986). 

 
 

3.2. Redox Balance and Cancer 
 
The consensus opinion has been that five servings 

of fruits and vegetables containing the above nutrients 
would reduce the incidence of various cancers 
(Hwang et al. 1994; National Research Council 1992; 
Shklar and Schwartz 1994). The ingestion of these 
foods would provide a wide range of phytochemicals 
acting as chemopreventives. Hoffer et al. (2008) 
reported that scientific interest in the interaction 
between ascorbic acid and cancer has increased in 

recent years with evidence that in millimolar 
concentrations—which are attainable only after 
parenteral administration—it is selectively cytotoxic 
to many neoplastic cell lines (Bran et al. 1980; Sestili 
et al. 1996; Chen et al. 2005), potentiates cytotoxic 
agents (Song et al. 1995; Kurbacher et al. 1996; 
Kassouf et al. 2006; Grad et al. 2001; Abdel-Latif et 
al. 2005) and demonstrates anticancer activity alone 
and in combination with other agents in tumor-
bearing rodents (Sarna end Bhola 1993; Verrax et al. 
2006; Taper et al. 2004). Simultaneously, theoretical 
interest has arisen in the potential of redox-active 
molecules to modify cancer biology (Verrax et al. 
2006) especially when administered together with 
cytotoxic drugs (Tetef et al. 1995; Diaz et al. 2005; 
Doroshow 2006). 

DNA mutation is likely a major contributor to the 
age-related development of cancer (Deng et al. 1998; 
Halliwell 2000). Attenuation of oxidative stress 
induced mutations through vitamin C could provide a 
potential cancer prevention mechanism (Li and 
Schellhorn 2007). Paradoxically, ascorbic acid may 
also function as a prooxidant, promoting oxidative 
damage to DNA (Stich et al. 1976). This occurs in the 
presence of free transition metals, such as copper and 
iron, which are reduced by ascorbate and, in turn, 
react with hydrogen peroxide, leading to the 
formation of highly reactive and damaging hydroxyl 
radicals, via the Fenton reaction (Stich et al. 1976). 
The relevance of such abnormal physiological 
conditions in vivo has been questioned, as most 
transition metals exist in inactive, protein bound form 
in vivo (Halliwell and Gutteridge 1986). However, 
ascorbic acid may also display a pro-oxidant activity, 
which is more profound in cancer cells and causes cell 
death, when used at pharmacological concentrations 
(0.3–20 mmol/L, Chen et al. 2005). Increased 
generation of hydrogen peroxide (by ascorbic acid 
autooxidation) in vivo may be exploited as a means 
for inducing tumor-specific cytotoxicity (Gonzales et 
al. 2005). An explanation for this quite specific 
anticancer activity of vitamin C is provided by recent 
research reporting highly increased levels of transition 
metals in malignant tumors (Ionescu et al. 2006; 
Ionescu 2007a; Yaman et al 2005) (Figure 7-9), 
leading to in situ auto-oxidation of the vitamin and 
generation of H2O2/HO• with apoptosis induction. 
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Figure 7. Iron content of 20 breast cancer and 8 control human biopsies. 

 

 

Figure 8. Nickel content of 20 breast cancer and 8 control human biopsies. 

Antioxidants can modify cellular oxidative 
balance resulting in stimulation of proliferation 
(increased viability) or protect damaged cells from 
oxidative-stress induced suicide (apoptosis), and 
thereby accelerate cancer progression in higher 

eukaryotes. Antioxidants can sometimes suppress 
apoptosis, and sometimes facilitate it (Hampton and 
Orrenius 1998; Clement and Pervais 1999, Halliwell 
2000). Apoptosis is accompanied by an intracellular 
shift towards increased oxidation, but too much 
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oxidation will stop apoptosis by oxidising and 
inactivating the caspase enzymes (Hampton and 
Orrenius 1998). On the other hand, low quantities of 

reactive oxygen species often stimulate cell 
proliferation (Burdon 1995). 

 

 

Figure 9. Chromium content of 20 breast cancer and 8 control human biopsies. 

In addition, when an inappropriate pro-oxidant 
activity develops in normal cells, the reactive oxygen 
metabolites generated could damage the DNA and 
cellular membranes. The initiation of programmed 
cell  death  in  tumor  cells  could  result  in  the  loss  of  
malignant cellular integrity. In contrast, (reducing 
agents) antioxidants that quench free radicals or 
reactive oxygen products in transforming tumor cells 
may allow these selected cells to proliferate, enhance 
DNA repair and become therapeutically more 
resistant to treatment. Cancer cells are known to 
accumulate large amounts of antioxidants, such as 
glutathione, which, in turn, render these cells resistant 
to classic anticancer therapies (Luisini 2001, Yeh 
2006). According to Schwartz (1996) when an 
antioxidant activity occurs in transformed cells an 
enhanced growth may result. The result of this 
modification of the tumor population would be the 
inadvertent enhanced survival and selection of tumor 
cell clones. 

As a powerful antioxidant vitamin C may help to 
fight cancer by protecting healthy cells from free-

radical damage and inhibiting the proliferation of 
metal-rich cancer cells. Vitamin C can affect cell 
growth by altering cell proliferation and/or inducing 
cell death in various cell systems (Brigelius-Flohe and 
Flohe 1996; Sakagami et al. (1997). 

Increasing cellular viability with ascorbic acid 
pretreatment in Cr(VI)-induced toxicity was reported 
by Poljsak et al. (2002; 2005) in yeast cells. This 
might not always be beneficial. Chromium-induced 
growth-arrest and apoptosis are at the molecular 
decision point between chromium toxicity and 
chromium carcinogenesis (Singh et al 1998; Carlisle 
et al. 2000). When normal growing cells come in 
contact with carcinogenic forms of chromium, they 
may respond by undergoing growth arrest, apoptosis 
and necrosis. A population of genetically damaged 
cells may also emerge, which exhibits either intrinsic 
or induced resistance to apoptosis (Carlisle et al. 
2000). Such cells may be predisposed to neoplasia as 
a result of their altered growth/death ratio, disrupted 
cell cycle control, or genomic instability. This, 
however, raises the question of whether ascorbic 
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acid-decreased Cr(VI) toxicity may actually increase 
the incidence of cancer (in higher eukaryotes) by 
allowing the inappropriate survival of genetically 
damaged cells. Besides, cells have their own 
endogenous antioxidants (superoxide dismutase, 
catalase, glutathion) and the addition of one single 
synthetic antioxidant could interfere with the 
complex antioxidant (redox) network and decrease 
the activity of endogenous defense. Because vitamin 
C is essential for collagen maturation and 
stabilization, it has been suggested that ascorbic acid 
may reduce tumor spreading by potentiating the 
stability of the extracellular matrix, especially since 
neoplastic invasion exhibits similar pathological 
manifestations as vitamin C deficiency (Gonzales et 
al. 2005). Unfortunately, the effects of vitamin C 
deficiency on metastasis caused by reduced collagen 
stabilization have not yet been examined in vivo due 
to the lack of appropriate animal models (Li and 
Schellhorn 2007). Though not fully understood, there 
are two opposing views on the role of the collagen-
stabilizing function of vitamin C on tumor growth. 
First, by stabilizing collagen, ascorbic acid fortifies 
the extracellular matrix and stromal structures, 
leading to better confinement of neoplastic cells to 
their primary sites and preventing tumor growth and 
metastasis (Gonzales et al. 2005). Second, the same 
function may also facilitate the formation of new 
blood vessels, providing the prerequisite for 
malignant tumor growth (Telang et al. 2007). The 
interplay of these effects in vivo, especially under 
pharmacological levels of vitamin C, is far from clear 
(Li and Schellhorn 2007). In addition to angiogenesis, 
cancer cells can also modify their energy metabolic 
pathways to adapt to the low oxygen 
microenvironment in the interior of a solid tumor 
(Leo et al. 2004; Vaupel 2004). This is achieved by 
activation of hypoxia-responsive gene expression 
networks controlled by hypoxia-inducible factor-1a 
(HIF-1a) (Harris 2002; Schofield and Ratcliffe 2004). 
The negative impact of ascorbate on HIF-1a 
expression raises the question of whether intracellular 
vitamin C can inhibit the hypoxia-induced adaptation 
of solid tumor and thus restrict tumor growth and 
metastasis (Li and Schellhorn 2007). In high doses, 
ascorbic acid can trigger hemolysis in glucose-6-
phosphate dehydrogenase deficient subjects, 
especially in the presence of infection and fever 

(Levine et al. 1999). Because oxalic acid is a major 
end metabolite of ascorbic acid oxidation, even 
limited oxidation of a large i.v. dose of ascorbic acid 
to oxalic acid could be dangerous. Acute tumor 
hemorrhage and necrosis have been reported within 
days after starting i.v. ascorbic acid in patients with 
advanced cancer (Cameron and Campbell 1974). 

In previous studies, ascorbic acid inhibited the 
growth of various human melanoma cells (Bram et al. 
1980); and induced apoptosis in human premyelocytic 
leukemia HL-60 cells (Satoh et al. 1998), and in 
fibroblasts (Denk and Knorr 1998; Peterkofsky and 
Prather 1977). 

Uncontrolled studies reported clinical benefit 
from oral and intravenous vitamin C administered to 
patients with terminal cancer at dosage of 10 g daily 
(Cameron and Campbell 1974; Cameron and Pauling 
1978). Similar results were also seen in a similarly 
designed Japanese study (Murata et al. 1982). Placebo 
controlled trials in patients with cancer reported no 
benefit from oral vitamin C at dosage 10 g daily 
(Creagan et al. 1979; Moertel et al. 1985). However, 
in vitro evidence showed that vitamin C killed cancer 
cells at extracellular concentrations higher than 
1mM/L (Leung et al. 1993; Sakagami et al. 2000; 
Witte 1985), and thus its clinical use by some 
practitioners continues. 

In 1997 the World Cancer Research Fund and the 
American Institute for Cancer Research issued an 
authoritative statement: "Food, nutrition and the 
prevention of cancer: a global perspective". They rated the 
anti-cancer effects of ascorbate as "probable" only for 
stomach cancer (its role is in its inhibitory effects on 
nitrosamine formation (Mirvish et al. 1998; Halliwell B. 
2000) rather than antioxidant effects), "possible" for 
prostate, mouth, pharynx, oesophagus, lung, pancreas and 
cervical cancers and "insufficient data" for cancers of the 
colon, rectum, larynx, breast and bladder (Halliwell B. 
2000). The controversy in beneficial vs. harmful vitamin 
C properties may also reflect a misinterpretation of 
epidemiology. Fruits, grains and vegetables contain 
multiple components that might exert protective effects 
against disease. It could be any, or any combination of 
those factors that is a true protective agent. High plasma 
ascorbate levels or high ascorbate intake could simply be 
a marker of a good diet rather than a true protective factor 
(Rietjens et al. 2001). However, the direct inverse 
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relationship between serum vitamin C levels and mortality 
cannot be neglected. 

 
 

3.3. The Use of Vitamin C in Cancer Treatment 
 
The use of vitamin C in different pathogenies is 

based on its role in collagen synthesis, protein 
hydroxylation, drug detoxification, phagocytosis, and 
bactericidal activities (Tsao 1997). However, in view 
of its redox cycling associated with antioxidant and 
prooxidant activities, (Halliwell and Whiteman 1997; 
Podmore et al. 1998; Ionescu et al. 2007a; Ionescu et 
al. 2007b) the appropriate decision pro or contra the 
high dose vitamin C drip remains a permanent 
challenge for the physician. Cancer treatment is one 
of the more controversial proposed uses of vitamin C 
although the antioxidant most widely used for treating 
cancer is perhaps vitamin C. 

In biological systems, the concentration of redox-
active transition metals capable of catalysing and/or 
generating free radicals such as superoxide, hydrogen 
peroxide, and the hydroxyl radical appears to be 
relatively low. However, under certain pathological 
conditions (e.g. different malignancies), transition 
metals and their transport proteins may accumulate in 
different target organs and induce cellular lipid 
peroxidation and DNA-attack. 

In this respect, the ability of excess iron in 
mediating the formation of hydroxyl radicals, 
suppressing cellular immune functions, and 
promoting tumour growth is well established (Mello 
1984; Liu and Okada 1996; Okada 1996; Weinberg 
1996) and increased copper concentrations have also 
been found in human lung cancer biopsies (Adachi et 
al. 1991) and in other tumours (Ebadi and Swanson 
1988). 

The higher heavy metal concentration 
encountered in various tumours may be used for 
therapeutic intervention with ascorbic acid or 
substituted phenolic mixtures (Ionescu 2005a, 2007a). 

The autoxidation of vitamin C and phenolic 
compounds in the presence of heavy metals strongly 
increase superoxide and H2O2 generation at the 
tumour site, resulting in a fast depletion of the 
malignant cell reducing equivalents with oxidosis 
shift and apoptosis induction. Reduction and 
mobilization of transition metals from their storage or 

transport proteins renders them extremely reactive in 
catalysing free radical reactions according to Fenton 
like and Haber-Weiss reactions. These reactions are 
strong generators of the hydroxyl radical, leading to 
lipid peroxidation, DNA strand breaks, and apoptosis 
((Mello 1984; Okada 1996; Baader et al. 1994). The 
autoxidation of vitamin C with superoxide generation 
in the presence of transition metals like Fe3+, Cu2+ or 
Hg2+ can  be  easily  demonstrated  with  the  
chemiluminescence methodology in human serum 
[Figure 5]. 

In  an  acidic  milieu  (H+ excess) the superoxide 
radical is further converted to H2O2. We therefore 
believe that the clinical improvement in cancer 
patients treated with high doses of ascorbate (Chen et 
al. 2005; Cameron and Pauling 1975) is based on the 
mechanism described above. 

 
3.3.1. Vitamin C and Radioprotection 

In recent years, more and more patients with 
cancer have been treated with radiation therapy. The 
destructive action of ionizing radiation is mainly due 
to ROS formation, including superoxide anion radical, 
hydroxyl radical and hydrogen peroxide (Ertekin and 
Sezen, 2007). Moreover, tissue irradiation results in a 
strong release of transition metals from the protein 
matrix. It is well known that radiotherapy not only 
increases the production of ROS but also reduces 
significantly natural antioxidants, such as vitamin A, 
C, E, selenium, and the activities of antioxidant 
enzymes in plasma and tissue (Ertekin et al. 2004; 
Borek 2004). Because radiotherapy leads to the 
generation of free radicals in excessive amounts, the 
endogenous antioxidant pool cannot offer optimal 
protection to protect body organs or healthy tissues. In 
this respect, to decrease radiotherapy-induced toxicity 
to the healthy cells, exogenous antioxidants may be 
supplemented after radiotherapy. On the other hand 
antioxidants could reduce the oxidizing free radicals 
created by radiation therapy, and thereby decrease the 
effectiveness of this treatment. An ideal 
radioprotectant is thus one that protects normal tissue 
while maintaining antitumor effectiveness, and is 
itself without moderate or severe toxicity (Ertekin and 
Sezen 2007). There are considerable in vitro and 
animal data showing that vitamin C can protect cells 
against radiation and chemotherapy (Lamson and 
Brignall 1999; Tewfik et al. 1982; Taper et al. 1996; 
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Okunieff 1991; Kurbacher et al. 1996; Chiang et al. 
1994). Vitamin C is an antioxidant that can be used to 
reduce DNA damage and diminish lipid peroxidation 
and increase tissue radioresistance (Frei 1994; Sies 
and Stahl 1995). The administration of vitamin C 
through drinking water before and after x-irradiation 
decreased the survival of tumor cells in mice without 
causing a similar effect on normal cells (Tewfik et al. 
1982). Vitamin C protected against radiation-induced 
chromosomal damage in mice even when 
administered after irradiation (Sarma and Kesavan 
1993). On the other hand, some studies demonstrated 
that vitamin C at low doses may have protected 
cancer cells against free radical damage produced by 
chemotherapeutic agents or x-irradiation, and vitamin 
C, when given in a single low dose shortly before x-
irradiation, reduced the effectiveness of irradiation on 
cancer cells in in vitro and in vivo models (Salganik 
2001; Labriola and Livingston 1999; Witenberg et al. 
1999). No in vivo evidence suggests that vitamin C 
decreases the effect of chemotherapy (Ertekin and 
Sezen 2007). 

For further reading on radioprotective effects of 
other antioxidants see review done by Ertekin and 
Sezen (2007). 

 
 

4. Conclusion 
 
There will be continuous interest in the use of 

vitamin C for the treatment of human diseases, as well 
as in the vitamin C induced prevention of disease 
development. Herbert (1994) suggests that vitamin C 
(and other antioxidants) are mischaracterized by 
describing them solely as “antioxidants”. They in fact 
are redox agents, antioxidants in some circumstances 
(like the physiological quantities found in food), and 
pro-oxidants (producing billions of harmful free 
radicals) in other circumstances (often so in the 
pharmacologic quantities found in ill-designed 
supplements). However, epidemiological studies and 
clinical trials examining the ability of antioxidant 
vitamins (either individually or in combination) to 
affect disease outcome, rarely address possible 
underlying mechanisms. Thus, in these studies it is 
often assumed that antioxidant vitamins act by 
lowering oxidative damage, but evidence in support 
of this contention is not provided (DRI for vitamin C, 

Food and Nutrition Board, Institute of Medicine 
2000). Whereas fruit and vegetable consumption 
decreases the amount of free-radical damage to DNA 
and the human body, supplements of vitamin C alone 
do not decrease the oxidative damage in some of the 
studies. Results from most intervention trials with 
single antioxidant in pharmacological doses do not 
support a protective effect. Recent studies suggest that 
well-known antioxidants (vitamin E, C, beta carotene) 
contribute a relatively small part of the total 
antioxidants. It should be noted that the protective 
effect of certain diet is not equivalent to the protective 
effect of antioxidants in the diet. Positive effects of 
the protective substances that originate from food are 
greater because of the synergistic activity between 
individual antioxidant substances (Rietjens et al., 
2001), nutritional fibers and secondary vegetal 
substances. Dr. Bjelakovic's team (2007) evaluated 67 
randomized clinical trials with 232,550 subjects. The 
evidence suggests it would be safer to obtain the 
compounds not as supplements, but by eating plenty 
of fruit and vegetables. Fruits and vegetable contain at 
least several hundred different types of antioxidants 
(i.e., electron or hydrogen donating reductants) which 
may directly react with free radicals. Another 
mechanism involves activation of genes encoding 
proteins involved in the antioxidant defense. 

The outcome of latest epidemiologic studies is 
contradictory. Many studies show an inverse 
relationship between mortality and vitamin C intake. 
However, several studies show no relationship at all 
or no significant relationship after controlling for 
confounding variables. Several reports suggest a pro-
oxidant or adverse effect from vitamin C in vitro and 
in vivo. It is well established by in vitro experiments 
that vitamin C is reactive with free iron and produces 
the ascorbate radical, while causing oxidative damage 
to biomolecules (DRI for vitamin C, Food and 
Nutrition Board, Institute of Medicine 2000). 
Scientists have claimed increases in DNA damage in 
healthy humans supplemented with vitamin C and 
iron salts, as well as ascorbyl radical formation in 
subjects with sepsis following ascorbate loading. 
However, other studies show vitamin C as protective 
antioxidant that can prevent oxidative stress. Whether 
vitamin C functions as an antioxidant or prooxidant is 
determined by at least 3 factors: 1) the redox potential 
of the cellular environment; 2) the presence/absence 
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of transition metals; and 3) the local concentrations of 
ascorbate (Ionescu 1998; Gonzales et al. 2005; 
Ionescu 2006). 

Ascorbic acid has been described as “of all the 
paradoxical compounds, ascorbic acid probably tops 
the  list.  It  is  truly  a  two-headed  Janus,  a  Dr.  Jekyll-
Mr. Hyde, an oxymoron of antioxidants” (Porter 
1993). As already Paracelsus realized that “Sola dosis 
facit venenum”, similar is the fact that intakes of 
vitamin C below the recommended daily allowance 
are associated with increased free radical damage to 
DNA (Rehman et al. 1998; Fraga et al. 1996) due to 
its ability to react with the “free” metal ions in the 
Fenton-like chemical reactions. However, these 
properties might have beneficial role in cancer 
treatment. 

The thesis that pro-oxidant effect of vitamin C 
depends on its unbalance with other antioxidants, 
minerals and other nutrients, among them many still 
unknown, opens many questions regarding the best 
way to minimize the oxidative damage through food 
intake. Enough fruits and vegetables seem to be just 

the first step to this goal. Experiments on pigs show 
that supplementation of diet with different types of 
fruits  and  vegetables  (apples,  strawberries  and  
tomatoes) have different effects on lowering the level 
of oxidative stress; so does their combinations (Pajk 
Žontar et al; 2006). Which combination of fruits and 
vegetable is best for humans? A controlled 
intervention should take into account the subject’s 
blood redox potential and its total antioxidant activity, 
as already described (Ionescu 2007b), Figure 10. 

According to well known biologists thesis, no 
animal species is optimally adapted to environment 
(Dawkins, 1999), especially in changeable 
environment. Despite the new finding on speeding up 
of genetic changes in humans (Hawkes, 2007), human 
genes didn’t change much during last 10,000 years, 
but all produced food does due to normal selection 
that agriculture does (Watson, Berry 2007). Moreover 
todays fruits and vegetables are depleted of some 
essential micronutrients because of intensified type of 
production (Poljšak, 2006) or because of post harvest 
processes - transport, storage etc (Tijskens, 2004).  

 

 

Figure 10. Effects of 8.5 g intravenous vitamin C administration on serum redox potential in a MCS patient (male, 42 yrs). 
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What is  the content  of  nutrients  of  specific  fruits  
and vegetables we eat? How to measure with non 
invasive methods the specific needs of vitamin C and 
other nutrients of each individual? The path of food 
supplements seems to be at the present time even 
more uncertain. However there is a general trend to 
increase of processed food and food supplements. In 
most countries of the world the consumption of fruit 
and vegetables is below the minimal level of 400 g 
per  day  advised  by  WHO  and  FAO  (FAO/WHO  
2004). Even in countries that had in the past high 
consumption of fruit and vegetables their 
consumption has been lowering (López-Torres, Barja, 
2008). The addition of different food supplements to 
the diet seems to be, besides consumption of fruit and 
vegetables, for different reasons, and especially in 
different clinical conditions, a need as well. But more 
research is needed to find solutions that are closer to 
optimal human diet. 
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