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■ Summary Background Antioxi-
dants are believed to prevent many
types of disease. Some previous
studies suggest that dietary supple-
mentation with vitamin C results in
a decrease in the level of one of the
markers of oxidative damage – 8-
oxoguanine in the DNA of peri-
pheral blood mononuclear cells
(PBMC). Aim of trial To investigate
the effect of different dose levels of
dietary supplementation with vita-
min C on oxidative DNA damage.
Methods A randomised double-
blind placebo-controlled trial was
carried out using three different
levels (80, 200 and 400 mg) of di-
etary vitamin C supplementation
in a healthy population of 160 vol-
unteers; supplementation was for a
period of 15 weeks followed by a 10
week washout period. Peripheral
blood samples were obtained every
5 weeks from baseline to 25 weeks.

Results An increase in PBMC vita-
min C levels was not observed fol-
lowing supplementation in healthy
volunteers. There was no effect
found on 8-oxoguanine measured
using HPLC with electrochemical
detection for any of the three sup-
plemented groups compared to
placebo. 8-oxoadenine levels were
below the limit of detection of the
HPLC system used here. Conclu-
sions Supplementation with vita-
min C had little effect on cellular
levels in this group of healthy indi-
viduals, suggesting their diets were
replete in vitamin C. The dose
range of vitamin C used did not
affect oxidative damage in PBMC
DNA.

■ Key words vitamin C –
antioxidant – double-blind
placebo-controlled trial – DNA
damage
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Introduction

■ Background

Reactive oxygen species (ROS) are believed to account
for much of the damage to biomolecules, such as DNA,
proteins and lipids during oxidative stress in human
cells and tissues. Excessive formation of ROS, therefore,
may be responsible for the pathology of chronic disor-
ders, e.g. neurodegenerative diseases, connective tissue
diseases, atherosclerosis and cancer [1], these being as-
sociated with an ageing population where oxidative

stress is hypothesised to be a factor in pathogenesis.Pro-
tection against oxidative stress and importantly against
the deleterious effects of ROS on biomolecules may be
afforded by supplementing diets with nutrient antioxi-
dants such as vitamins C and E [2]. However, the precise
amounts of dietary antioxidant vitamins are largely a
matter of conjecture.

Previous studies [3, 4] on vitamin C supplementation
of diets have yielded conflicting results with respect to
the antioxidant properties towards DNA. In 1991 Ames
and colleagues suggested that vitamin C had a strong
protective effect on oxidative DNA damage in sperm [5].
However, a later study reported that although pyrimi-

EJN
 569

097_104_Herbert_EJN_569  28.02.2006  12:22 Uhr  Seite 97



98 European Journal of Nutrition (2006) Vol. 45, Number 2
© Steinkopff Verlag 2005

dine damage was reduced following supplementation
with a mixture of vitamins, vitamin C was not thought
to be responsible for this potentially beneficial effect [6].
Recently, using the comet assay Moller et al. [7] showed
vitamin C in slow-release formulation was associated
with lower levels of oxidative DNA damage, whereas
plain-release formulation had no effect.

8-oxoG is a pre-mutagenic lesion in DNA and the
most widely accepted and measured marker of oxidative
DNA damage in human cells and tissues, as measured in
peripheral blood mononuclear cells (PBMC). Over the
last four years in particular, the European Standards
Committee on Oxidative DNA Damage (ESCODD) has
worked towards a consensus on the absolute or ‘back-
ground’ level of 8-oxoG in human cells [8–11].

■ Aims and objectives

In order to provide evidence for the merits of taking vi-
tamin C supplements, this study investigated the poten-
tial for three different doses of vitamin C supplement to
reduce oxidative DNA damage in PBMC from healthy
subjects on their usual diet. By measuring vitamin C
within the PBMC fraction following supplementation,
any changes in oxidative DNA damage could then be re-
lated to actual changes in cellular concentration of this
antioxidant.

Subjects and methods

■ Trial population

A randomised, double-blind-placebo-controlled trial
was conducted on the effect of three different doses of
vitamin C on oxidative DNA damage in PBMC in healthy
subjects. Local Ethical Committee approval was ob-
tained. Subjects were recruited following poster adver-
tisement throughout the Leicester Royal Infirmary and
the University of Leicester in order to have a broad based
trial group from both staff and general public. The char-
acteristics of the trial group showed 127/160 (79 %) of

those recruited were female, which is typical of such vol-
unteer studies. Overall the age range was 18 to 64 years.
The mean ages ranged from 34 in the 400 mg group to 38
in both the placebo and 80 mg groups. The overall mean
age was 40 for females and 31 for males. The groups had
similar female to male ratios (see Table 1). The subjects’
General Practitioners were informed of their patients’
recruitment and the background to the trial.

■ Inclusion criteria

Inclusion criteria were: healthy males and females on a
normal diet, ages 18–65, written consent which followed
GCP guidelines, having been given 48 hours to read the
information sheet and consent forms.

■ Exclusion criteria

Pregnancy, smoking, already taking vitamin supple-
ments, in another trial within 6 months, relatives of, stu-
dents of and researchers dependent upon Principal In-
vestigator for funding.

■ Randomisation

Subjects (n = 160) were randomly allocated to one of
three vitamin C groups (80, 200 or 400 mg/day) or
placebo; there were 40 subjects in each of the four
groups (Table 1). The placebo contained calcium car-
bonate and was manufactured to look and taste like a vit-
amin C tablet (with citrus fruit flavouring). The vitamin
C and placebo capsules were prepared by Nova Labora-
tories Ltd. Leicestershire; they also prepared the ran-
domisation codes. The four preparations were provided
to us in number coded bottles. Allocation of the num-
bered bottles was sequential at the first/baseline trial
visit. The randomisation codes were kept by Nova until
after processing of the last final visit ‘washout’ blood
sample. Recruitment took place over a period of 3
months from the end of August to November 2000.

80 mg 200 mg 400 mg placebo Total

Numbers 40 40 40 40 160

Females 32 31 30 34 127 (79%)

Males 8 9 10 6 33 (21%)

Mean age (range) 38 (21–62) 38 (21–64) 36 (18–55) 37 (18–64) 40 (18–64)

Weeks between visits* 5 5 5 5 5

Capsules returned* 7 7 7 7 7

Trial withdrawals 1 2 0 3 6 (0.4%)

* medians

Table 1 Characteristics of the trial groups
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Tablets, one per day, were to be taken first thing in the
morning. Normal dietary habits were to be maintained.
The doses used were chosen since previous work [3] had
shown changes to DNA oxidation markers at
500 mg/day; use of doses above 500 mg would involve
additional consideration of ethics. Furthermore these
relatively low doses of vitamin C would not involve pos-
sible gastrointestinal disturbance as a side effect.

■ Blood sampling

Peripheral blood (40 ml) was taken from subjects at
weeks 0, 5, 10, 15, 20 and 25 weeks of the trial, weeks 15,
20 and 25 being the so-called ‘washout’ period. Blood
samples were taken between 08.00 and 10.30h, a mini-
mum of 0.5h and maximum of 3h following ingestion of
the tablet. Volunteers were not asked to fast. The blood
samples were obtained by venepuncture of an antecu-
bital vein. The 40 ml of blood was collected at each visit
in lithium heparin vacutainer syringes, and used to pre-
pare a mononuclear cell fraction by density centrifuga-
tion. Processing and analysis of the blood samples were
undertaken in batches as the trial progressed; thus from
week 5 onwards a mixture of timeframes was collected,
processed and analysed at the same time. Samples from
weeks 20 and 25 were combined for the DNA damage
analysis.

■ Compliance

Subjects were provided at weeks 0, 5 and 10 with suffi-
cient capsules for 6 weeks’ supplementation. They were
instructed to take one capsule each morning. Counting
of returned capsules at 5, 10 and 15 weeks was used to
check compliance.A diary was kept of visit dates and the
number of capsules returned at each time period.

■ Statistical analysis

In most cases data were determined to be non-normally
distributed using the Kolmogorov-Smirnov test. There-
fore data were log10 transformed prior to analysis by
ANOVA. Post-test analysis was performed using the
Tukey test.

Analytical methods

■ Isolation of PBMC

Forty ml of heparinised blood was diluted 1:1 with PBS
and layered carefully over Histopaque 1077 (Sigma).
Following centrifugation at 400 g for 30 minutes at room

temperature PBMC were collected. The cells were then
washed twice in PBS (10 ml) by centrifugation at 250 g
for 15min at 4°C and finally resuspended in 2 ml PBS on
ice. One ml was used for 8-oxodG analysis and 0.5 ml for
ascorbic acid determination.

■ Measurement of ascorbic acid

Ascorbic acid was extracted from approximately 10�106

PBMC using 6 % (w/v) metaphosphoric acid containing
100 µM isoascorbic acid internal standard (MPA-IAA).
Cells were homogenized on ice and the supernatants
collected following centrifugation at 8000 g for 10 min at
4 °C. Samples were stored at –80 °C for no more than two
weeks pending analysis. The protein concentration of
the extracts was measured by the Bradford assay [12].

Ascorbic acid and isoascorbic acid were separated on
a fused silica capillary of 50 µm internal diameter and
47 cm length. The capillary was conditioned prior to use
with 10 min washes with 0.1 M NaOH and then water fol-
lowed by 0.1 M tricine (pH 8.5). Samples were intro-
duced into the capillary by applying positive pressure
over 10 s. Ascorbic acid and isoascorbic acid were re-
solved under a constant voltage of +30 kV over 8 min at
a constant temperature of 25 °C and detected by ab-
sorbance at 254 nm UV. Between each sample analysis
the capillary was rinsed for 20 s in 0.1 M NaOH and 20 s
water followed by 30 s 0.1 M tricine (pH 8.5). Each sam-
ple was analysed in duplicate. Verification of the ascor-
bic acid peak involved migration time and treatment of
some samples with ascorbate oxidase. This enzyme oxi-
dises ascorbic acid leading to a reduction of the ascorbic
acid peak on the electrophorogram.

Peak areas of ascorbic acid measured in cell lysate
samples were integrated using System Gold Software
(Beckman), and the values were normalised to the inter-
nal standard, isoascorbic acid. Concentrations of ascor-
bic acid in cell extracts were calculated from an ascorbic
acid standard curve ranging 0–1000 µM prepared in the
MPA-IAA stock solutions specific to each daily run of
samples.The final concentration of ascorbic acid in each
cellular sample was expressed as µmol ascorbic acid per
g of protein.

■ Sodium iodide DNA extraction method

DNA for 8-oxodG analyses was extracted using a
method modified from that described for whole blood
by Wang et al. [13]. For each sample, approximately
20�106 PBMC were washed twice in PBS and trans-
ferred into an Eppendorf tube. The cell pellets were dis-
persed prior to the addition of 0.5 mL lysis solution
[10 mM Trizma®-HCL, 5 mM magnesium chloride,
320 mM sucrose, pH 7.5, 1 % (w/v) Triton-X-100 with
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0.1 mM desferrioxamine (DFO) added on the day of
use]. The cells were vortex mixed for 30 s and pelleted at
8000 g for 20 s. The supernatant was discarded and the
process repeated with 1 mL of lysis solution. To each pel-
let 0.2 mL of enzyme reaction solution (20 mM Trizma®-
HCl, 5 mM DTPA, 10 mM NaCl, pH 6.0 with 0.1 mM DFO
added on the day of use) was added and mixed, followed
by heat inactivated RNase A (0.1 mL equal to 16 Kunitz
units ribonuclease type III-A from bovine pancreas in
enzyme reaction solution). The samples were incubated
at 37 °C for 15 min, then 0.1 mL (equal to 50 Kunitz units)
Proteinase K (in enzyme reaction solution) was added
and the samples further incubated at 37 °C for 60 min.

Following incubation, 0.3 mL sodium iodide solution
(7.6 M sodium iodide, 5 mM DTPA and 40 mM Trizma®-
HCL, pH 8.0) and 0.5 mL ice-cold isopropanol were
added and the sample inverted several times. Once the
DNA precipitate was visible the samples were cen-
trifuged at 8000 g for 20 s and the supernatants removed.
The DNA was subsequently washed with 40 % (v/v) ice-
cold isopropanol and then 70 % (v/v) ice-cold ethanol.
The DNA pellets were allowed to dry before being re-
constituted in 300–400 µL 20 mM sodium acetate (pH
4.8) and dissolved overnight at room temperature on a
rotating mixer.DNA purity and quantity was assessed by
measuring absorbance at 260 nm and at 280 nm.

■ Digestion of DNA to deoxynucleosides

DNA extracted by the sodium iodide method was di-
gested prior to analysis of 8-oxodG by HPLC with elec-
trochemical detection. To each minimum 50 µg aliquot
of DNA in 190 µL, 20 mM sodium acetate was added
10 µL 2 mM DFO, 5 µL 1 M sodium acetate containing
45 mM zinc chloride (pH 4.8) and 0.1 Kunitz units/µg
DNA Nuclease P1 in 20 mM sodium acetate.The samples
were incubated at 37 °C for 60 min, then 20 µL 1.5 M
Trizma®-HCl, pH 8.0 and 0.07 Kunitz units/µg DNA al-
kaline phosphatase in 100 mM Trizma®-HCl, pH 8.0
were added and the samples further incubated at 37 °C
for 30 min and stored on ice pending analysis.

■ HPLC measurement of 8-oxodG

In order to determine the concentration of 8-oxodG in
DNA samples, standards were prepared using stock
solutions of 1 mM dG and 100 µM 8-oxodG in water.
To determine the exact concentration of these stocks,
spectrophotometric absorbance measurements at
253 nm for dG and 245 nm for 8-oxodG were taken.
The concentrations were then determined using their
extinction coefficients, where E253 = 13.0 mM–1cm–1 and
E245 = 12.3 mM–1cm–1 for dG and 8-oxodG respectively.
The stock solutions of standards were further diluted in

20 mM sodium acetate containing 100 µM DFO to pro-
vide a range of standards from 0–100 µM dG and from
0–10 nM 8-oxodG.A 190 µL aliquot of each standard was
processed through the DNA digestion procedure to pro-
vide the estimation of 8-oxodG in DNA samples.

Duplicate 50 µL injections of deoxynucleoside stan-
dards or samples were separated by reversed-phase
HPLC using a 3 µm Hypersil® ODS column [octadecyl
silane (C18) bonded to silica, 15 cm � 4.6 mm internal
diameter] and mobile phase consisting of 75 mM
sodium acetate (pH 5.5) with 8 % (v/v) methanol,
pumped at a flow rate of 1 mL/min. 2-deoxyguanosine
was detected by its UV absorbance at 254 nm and 8-ox-
odG by coulometric detection at 375 mV (Guard cell
output 700 mV). Peaks were integrated using a Beckman
32 karat software package and the levels of 8-oxodG ex-
pressed per 106 dG.

Results

■ General

Initially, 160 healthy volunteers were recruited into the
trial; of these, 154 completed the full trial consisting of a
single daily dose of vitamin C for 15 weeks, followed by
a ‘washout’period of ten weeks.The 6 subjects who with-
drew took no further part and samples were not
analysed. No adverse effects of vitamin supplements
were reported during this study. Characteristics of the
trial are shown in Table 1.

Compliance was excellent; the median number of
capsules returned for any one period was 7 and the me-
dian time between visits was 5 weeks (Table 1). Six sub-
jects (0.4 %) withdrew from the trial. Four withdrew by
week 5, one by week 10 and one by week 15. Three with-
drawals were from group 4 (although one did complete
15 weeks), two from group 2 and one from group 1 (who
completed 10 weeks).

■ Vitamin C levels in PBMC

No statistically significant differences were observed in
the level of vitamin C in PBMC between the four groups
of volunteers, at any stage of the trial (Fig. 1). The varia-
tion in ‘n’ value, for cellular vitamin C levels, was due to
loss of samples to analysis.

Each individual trial group was then assessed for any
statistically significant changes in PBMC vitamin C be-
fore and following supplementation and during the
washout period (Fig. 1). Analysis of the placebo group
by ANOVA showed that the differences between trans-
formed means were not statistically significant.

Analysis of the transformed data from the 80 mg/day
vitamin C group revealed a significantly lower level of
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vitamin C in PBMC at week 20 (washout week) com-
pared to the weeks representing the supplementation
period (weeks 5 and 15; p < 0.05 for both). A significant
washout effect was noted in the individuals provided
with 200 mg/day vitamin C (p < 0.05) with lower values
at week 25 compared with week 15.

No statistically significant trends were observed in
the data from the group receiving the highest level of vit-
amin C supplement (400 mg/day) (Fig. 1).

■ Oxidative DNA damage in PBMC

Analytical work performed as part of this study showed
that 8-oxodA could be detected by coulometric detec-
tion (at 650 mV) at a limit of detection of approximately
1 nmol/l (50 fmol on column). Importantly however, this
limit of detection was not sufficient to detect levels pres-

ent in DNA extracted, using our protocol optimised for
detection of 8-oxodG, from the PBMC of human volun-
teers.

It was possible, however, to detect and quantify 8-ox-
odG by HPLC with electrochemical detection; values
were obtained for each study group at baseline, during
and after vitamin C supplementation (Fig. 2). Impor-
tantly, there were no statistically significant differences
between any of the four subject groups on comparison
of values obtained during vitamin C supplementation or
during washout. A significant difference between the
baseline values of 8-oxodG content of the placebo and
80 mg groups was noted (p < 0.05; Fig. 2). There was no
correlation between baseline values of 8-oxodG and
baseline vitamin C levels (r2 < 0.001).

Fig. 1 Effect of vitamin C supplementation on PBMC ascorbate levels. Bars indicate the median ( ) and mean ( ) values
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Discussion

The main finding of this study is that 8-oxodG levels
measured by HPLC in PBMC DNA were not altered at
any of the doses of vitamin C used. There has been con-
siderable controversy associated with reports investi-
gating the ability of dietary vitamin C to modulate ox-
idative stress in humans. Initial data suggested oxidative
DNA damage could be attenuated in sperm from human
volunteers by such dietary augmentation [5].Later it was
reported that supplementation of diets of healthy volun-
teers with 500 mg/day ascorbic acid resulted in a reduc-
tion in 8-oxoguanine in DNA yet an increase in 8-oxoad-
enine, as measured by GC-MS [3]. The latter study was
not strictly placebo-controlled and analytical measures

of the oxidised purines were made by GC-MS, which was
heavily criticised at the time and subsequently due to the
potential formation of adventitious 8-oxodG in the sam-
ple work-up procedure [4]. The present study aimed to
address these issues in a double-blind placebo-con-
trolled trial investigating three vitamin C doses (and a
placebo) with 8-oxopurines, as markers of oxidative
DNA damage, being measured by HPLC with electro-
chemical detection.

The levels of 8-oxodG reported here are in the order
of ten-fold less than those reported by Podmore et al.
[3]. Several improvements to analytical procedures, over
the intervening years, include optimised and validated
DNA extraction [14] with much reduced adventitious
oxidative DNA damage and the formation of some de-
gree of consensus between individual laboratories by

Fig. 2 Effect of vitamin C supplementation on 8-oxodG levels in PBMC. Bars indicate the median ( ) and mean ( ) values
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collaborative studies, in particular by ESCODD partici-
pants [8–11]. Nevertheless it is possible that the HPLC
assay still lacks the sensitivity to detect the possibly
small changes induced by vitamin C supplementation
due to remaining yet unidentified problems with spuri-
ous oxidation during analysis [11]. Currently perhaps
the most widely accepted markers of oxidative stress are
the isoprostanes [15]. Levine et al. [16] used urinary iso-
prostane levels to demonstrate that vitamin C does not
appear to cause a pro-oxidant effect in vivo. A recent re-
port claims a pro-oxidant effect of dietary ascorbate
[17]; however the study used different and less widely
investigated markers than those used here and more-
over a less rigorous trial format.

Our initial aim was to investigate changes in the DNA
content of both 8-oxodG and 8-oxodA in PBMC from
people supplemented with vitamin C, in order to inves-
tigate mechanisms for the changes reported previously
[3]. The assay was, indeed, capable of detecting 8-oxodA
but importantly only at relatively high levels, for exam-
ple as present in heavily oxidised DNA. For example,
8-oxodA could be detected when calf thymus DNA was
incubated with 2,2’-diazobis(2-amidinopropane) dihy-
drochloride, a peroxyl radical generator, in a dose-de-
pendent manner (unpublished observations). However,
8-oxodA was not detected in untreated calf thymus
DNA, nor calf thymus DNA irradiated with 5 or 20 Gy γ
irradiation, iron/peroxide, nor importantly was it ob-
served in untreated PBMC DNA from human volunteers
(unpublished observations). Other workers, using LC-
MS/MS analysis, have arrived at the same conclusion
[18]. The measurement of 8-oxodA in human cellular
DNA awaits more sensitive mass spectrometric and/or
electrochemical detection systems. However, we can
conclude with some certainty that previous reports of
levels of 8-oxoA in human PBMC DNA by GC-MS [3, 19]
and, indeed, modulations thereof induced by vitamin C,
are questionable. Possible explanations for the data in
previous reports include adventitious oxidation of DNA
during sample work-up, for example, during DNA ex-
traction from cells; or alternatively during derivatisa-
tion of bases prior to GC-MS analysis, or both.

This study aimed to relate any changes in PBMC DNA
oxidation to actual changes in the level of vitamin C
within the cells; previously plasma vitamin C had been
used as a surrogate marker of cellular levels. Previous
studies have demonstrated that the level of ascorbic acid
in plasma may be increased significantly following di-
etary supplementation with vitamin C in healthy indi-
viduals.This is the case for healthy subjects on their nor-
mal diet [3, 17, 20] and for subjects depleted of ascorbate
[21, 22]. Naturally the daily dose of ascorbate is impor-
tant in determining the amount and possibly rate of in-
crease in plasma ascorbate. We have previously shown
that doses of 400–500 mg ascorbate/day caused an ap-
proximate 50 % increase in measured plasma levels in

three weeks [17, 20]. In these previous studies the sig-
nificant rise in plasma ascorbate was believed to account
for changes observed in DNA damage in PBMC obtained
from the same volunteers. The assumption was that if
plasma levels of vitamin C could be increased then so
could cellular levels of the vitamin. Although this was
demonstrated clearly for seven healthy individuals who
were depleted of vitamin C to levels near those which
would result in ‘scurvy’ [21], this is an extreme set of
circumstances and there are few data on the effect of
increasing plasma ascorbate on cellular levels in indi-
viduals with more usual plasma levels at onset of sup-
plementation. However, Levine et al. [21] also imply that
when plasma levels saturate (at around 65–75 µmol/l)
then so do cellular levels, suggesting that supplementing
individuals with vitamin C would have little effect on
cellular levels if those individuals entered the study 
with plasma concentrations approaching the 65 µmol/l
plateau. The data obtained in this study represent the
first confirmation of this in a cross-section of healthy
subjects on a ‘normal’ diet. If we assume that, as in pre-
vious studies, the subjects here possessed plasma vita-
min C levels at or around 50–60 µmol/l, then any supple-
mentation would have only a small effect on cellular
levels – entirely consistent with our current observa-
tions. However, this does not imply that the increased
availability/flux of vitamin C would not have some ef-
fect(s) on cellular metabolism.

The limited data in the literature on ascorbic acid lev-
els in human cells concur with the data presented here.
The overall data for all 4 groups: baseline median, 20.5
(13.5–33.3; 25th–75th percentile) µmol ascorbate/g pro-
tein, are in good agreement with other reports on levels
in PBMC (20–30 µmol ascorbate/g protein [23–25]; and
leukaemia cell lines following in vitro supplementation
with ascorbate (~40 µmol ascorbate/g protein [26]).

For the placebo group, over the duration of the trial
period, the level of ascorbic acid in PBMC was un-
changed. The use of such a placebo group was aimed at
accounting for any seasonal (or other) variations in in-
take of ascorbic acid and hence potentially in cellular
levels that could lead to changes in levels of markers of
oxidative damage such as 8-oxodG. These data on the
placebo group allows us to confidently assert that sup-
plementation of diets with vitamin C did not increase
the ascorbate content within PBMC.

In conclusion, supplementation with vitamin C
(80–400 mg/day) had little effect on ascorbate levels in
PBMC in this group of individuals suggesting their diets
were replete with vitamin C. The dose range of vitamin
C used did not affect levels of oxidative damage mea-
sured by HPLC in DNA extracted from PBMC.
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