scientific correspondence
4. Bolton, D. M. & Eaton, L. G. in The MERCK Index, 8th edn (eds
Stecher, P. G., Windholz, M. & Leahy, D. S.) 713 (MERCK,
Rahway, New Jersey, 1968).
5. Higa, S. Y. Flight, colony foundation and development of the
gonads of the primary reproductives of the Formosan
subterranean termite, Coptotermes formosanus Shiraki. (Thesis,
Univ. Hawaii, 1981).
6. Wilson, E. O. in The Insect Societies 27–74 (Belknap, Harvard
Univ. Press, Cambridge, Massachusetts, 1971).
7. Kaib, M. in Chemistry and Biology of Social Insects (eds Eder, J.
& Rembold, H.) 406–407 (Peperny, Munich, 1987).
8. Naphthalene BUA Report 39 (ed. GDCH Advisory Committee
on Existing Chemicals of Environmental Relevance) 11–23
(VCH, New York, 1989).
9. Azuma, H., Toyata, M. A., Asakawa, Y. & Kawanos, S.
Phytochemistry 42, 999–1004 (1995).
10. Gassett, J. W. et al. Volatile compounds from the forehead
region of male white-tailed deer (Odocoileus virginianus). J.
Chem. Ecol. 23, 569–578 (1997).

Vitamin C exhibits
pro-oxidant properties
Vitamin C is marketed as a dietary supplement, partly because of its ‘antioxidant’
properties. However, we report here that
vitamin C administered as a dietary supplement to healthy humans exhibits a prooxidant, as well as an antioxidant, effect in
vivo.
We conducted a study1 involving 30
healthy volunteers (16 females and 14 males
aged between 17 and 49) whose diets were
supplemented with 500 milligrams per day
of vitamin C (ascorbic acid) for 6 weeks. We
assessed the levels of oxidative damage to
peripheral blood lymphocytes in terms of
modified DNA bases. The level of 8oxoguanine was found to decrease on supplementation relative to both placebo
(calcium carbonate; 500 mg per day for 6
weeks) and baseline measurements, whereas the level of 8-oxoadenine increased.
For each volunteer, blood was collected
at 3-weekly intervals for up to 12 weeks (6
weeks on placebo, 6 weeks on vitamin C)

and then another sample was taken 7
weeks after completion of the vitamin C
course (washout period). In each case,
levels of plasma ascorbate were determined, lymphocytes were isolated and
their DNA extracted before analysing
oxidative damage.
Supplementation of diets with 500 mg
per day of vitamin C resulted in a significant increase in ascorbate levels in the plasma (about 60%) compared with both
pre-supplementation and placebo (data not
shown). Following the washout period, vitamin C levels returned to the concentrations observed at baseline and in the
placebo. In contrast, there was no change in
ascorbate concentrations during oral placebo treatment in comparison with the baseline value.
We used gas chromatography–mass
spectrometry (GC–MS)2–4 to assess the levels of 8-oxoguanine and 8-oxoadenine,
which are markers for DNA damage mediated by oxygen radicals. Supplementation
of diets with 500 mg per day of vitamin C
resulted in a significant decrease (P<0.01 by
ANOVA compared with both baseline and
placebo) in 8-oxoguanine levels (Fig. 1). No
significant differences from baseline damage to DNA bases was observed during the
placebo treatment. Furthermore, following
the 7-week ‘washout’ period, levels of 8oxoguanine returned to those observed at
baseline and during placebo treatment.
In contrast, supplementation with vitamin C resulted in a significant increase
(P<0.01 by ANOVA compared with baseline and with placebo values) in 8-oxoadenine levels in DNA isolated from
lymphocytes. Again, there were no significant differences during the placebo treatment. During the washout, the mean level
of 8-oxoadenine returned to that observed
at baseline or during placebo, such that
there was a statistically significant decrease
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in 8-oxoadenine compared with the vitamin C supplementation period (P<0.01).
There were no changes in either lymphocytes or neutrophil counts during either
placebo or vitamin C treatments (data not
shown), confirming that the alterations
noted in 8-oxopurine levels in lymphocyte
DNA were not due to gross changes in cell
type.
We established baseline values for the 8oxoguanine and 8-oxoadenine lesions in
human lymphocyte DNA. Mean values
obtained for 8-oxoguanine (30 lesions per
105 guanine bases) and 8-oxoadenine (8
lesions per 105 adenine bases) were remarkably similar to those found in other in vivo
systems5–7. These results re-emphasize that
GC–MS is a powerful technique for measuring oxidative DNA damage as it can
simultaneously quantify more than one
modified DNA base.
Endogenous oxygen radicals are capable of damaging cellular biomolecules such
as DNA8. Most of these species produced
in vivo are quenched by antioxidant
defences. However, a fine balance exists
that may be disrupted in favour of oxidants (oxidative stress), giving rise to an
accumulation of biomolecular damage,
which in turn may play a role in major diseases such as cancer, rheumatoid arthritis
and atherosclerosis9. It has been postulated
that dietary intervention with vitamin C
may reduce oxidative stress and thereby
prevent such diseases.
Although the antioxidant nature in vivo
of vitamin C has been questioned10, it is
nonetheless marketed as supplements in
doses of 500 mg or more per day as an
‘antioxidant’. Our discovery of an increase
in a potentially mutagenic lesion, 8-oxoadenine11,12, following a typical vitamin C
supplementation should therefore be of
some concern, although at doses of less
than 500 mg per day the antioxidant effect
may predominate.
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Figure 1 Levels of 8-oxoguanine and 8-oxoadenine in lymphocyte DNA from healthy subjects during vitamin
C supplementation as measured by gas chromatography–mass spectrometry. Values represent the mean
plus 1 s.d. Data were analysed by general linear model analysis of variance (ANOVA), with subsequent
comparison between means using either Tukey one-way ANOVA, or Fisher’s least significant difference test
if there was a significant subject effect. One nanomol of 8-oxoguanine (8-oxoadenine) per mg DNA is equivalent to about 124 8-oxoguanines (8-oxoadenines) per 105 guanines (adenines).
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