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An ti ox i dant vi ta mins, be ing effective free rad i cal scav en gers, can pro tect cel lu lar
DNA from ox i da tive dam age. Therefore, in the pres ent study we re port on the re la -
tion ship be tween basal level of 8-oxo-2′-deoxyguanosine in hu man lym pho cyte DNA
and the concentration of an ti ox i dant vi ta mins (A, C and E). The av er age level of
8-oxo-2′-deoxyguanosine in lym pho cytes of the stud ied group (15 males and 20 fe -
males) was 9.57 per 106 dG mol e cules. The en dog e nous level of ascor bic acid (vi ta min
C) in the plasma was, on av er age, 56.78 µM, while the mean con cen tra tions of retinol
(vi ta min A) and α-tocopherol (vi ta min E) were 1.24 µM and 25.74 µM, re spec tively. No 
cor re la tions were found be tween in di vid ual 8-oxo-2′-deoxyguanosine lev els in
lymphocyte DNA and en dog e nous con cen tra tion of the vi ta mins.

8-Oxo-2′-deoxyguanosine, one of the ox i da -
tively mod i fied DNA bases, is a typ i cal
biomarker of ox i da tive stress. The pres ence of 
8-oxoGua res i dues in DNA leads to GC to TA
transversion un less re paired prior to DNA

rep li ca tion [1]. There fore, the pres ence of
8-oxoGua may lead to mu ta gen e sis. Fur ther -
more, many ob ser va tions in di cate a di rect
correlation between in vivo 8-oxoGua for ma -
tion and carcinogenesis [2, 3].
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Many ep i de mi o log i cal stud ies have re ported
an in verse as so ci a tion be tween veg e ta ble and
fruit con sump tion and the oc cur rence of can -
cer and other de gen er a tive dis eases [4]. One
of the pos si ble mech a nisms of this ap par ent
pro tec tive ef fect could be due to the anti -
oxidative ac tiv i ties of such plant food con stit -
u ents as vi ta mins A, C and E. These an ti ox i -
dant vi ta mins are ef fec tive free rad i cal scav -
en gers, there fore they should pro tect bio -
molecules such as pro teins, lipids and nu cleic
ac ids from ox i da tive dam age.
Al though vi ta min C, E and A are ef fec tive an -

ti ox i dants in vi tro, there is only a lim ited num -
ber of stud ies in hu mans that have ad dressed
the ef fi cacy of these com pounds as an ti ox i -
dants in vivo. Most of these stud ies were fo -
cused on the mea sure ment of ox i da tive DNA
dam age af ter supplementation with an ti ox i -
dant vi ta mins [5]. More over, it has been dem -
on strated that the ex tent of ox i da tive DNA
dam age mea sured in hu man lym pho cytes
showed large dif fer ences be tween pop u la tions 
of var i ous coun tries [6]. Also di etary hab its
may dif fer be tween coun tries. There fore, in
the pres ent study we re port on the re la tion -
ship be tween the basal level of 8-oxodGuo in
lym pho cytes and en dog e nous con cen tra tion
of an ti ox i dant vi ta mins in the blood se rum of
the Pol ish pop u la tion.

MA TE RIALS AND METHODS

Pa tients. The study was con ducted in a
group of 35 healthy vol un teers (15 males and
20 fe males) with an age range of 26 to 87
years. None had a his tory of smok ing, di a be -
tes or other dis eases connencted with ox i da -
tive stress. The pa tients were asked to ab stain
from vi ta min supplementation for at least a
month be fore the blood sam ples were col -
lected. 
Plasma prep a ra tion for vi ta mins anal y -

ses. Blood sam ples were col lected in
heparinized Vacuette® tubes and cen tri fuged
for 10 min, at 1800 × g, at 4°C to ob tain

plasma. The hep a rin-plasma sam ples were
stored at –85°C for a max i mum of 3 months.
De ter mi na tion of plasma vi ta min E

(α-tocopherol) and vi ta min A (retinol) the
vi ta mins were an a lyzed by HPLC as de scribed 
by Shuep et al. [7] with some mod i fi ca tions: 
Sam ple prep a ra tion. To pre cip i tate pro -

teins aliquots (200 µl) of freshly pre pared or
freshly thawed plasma sam ples were mixed
with 200 µl of HPLC-grade wa ter and 400 µl of 
eth a nol. For the vitamins ex trac tion, 800 µl of 
hex ane was added, and mixed for 30 min.
Then, 600 µl of the up per layer (hex ane) was
col lected, dried in a Speed-Vac sys tem and dis -
solved in 150 µl of mo bile phase with 0.5%
butylated hydroxytoluene (BHT) for sta bi li za -
tion of the vi ta mins. Twenty µl of this so lu tion 
was in jected into the HPLC sys tem.
Stan dard se rum sam ples, with known vi ta -

min E (α-tocopherol) and vitamin A (retinol)
con cen tra tions, were pur chased from BIO-
RAD and pre pared as plasma samples.
Chro ma tog ra phy. A HPLC sys tem with a

fluorimetric de tec tor was used. Sam ples were
sep a rated in an isocratic sys tem nor mal phase 
col umn (LC-NH2-NP, 5 µm, 250 mm × 4.6
mm) with an LC-NH2-NP guard col umn (40
µm, 20 mm × 4.6 mm), both from Supelco [7]. 
The mo bile phase, con tain ing hex ane with 4%
of ethyl ac e tate and 5% of 1,4-dioxane was
used, at a flow rate of 1.5 ml/min. The ef flu ent 
was mon i tored with fluorimetric de tec tion
(λex = 340 nm, λem = 472 nm for retinol and λex
= 290 nm, λem = 330 nm for α-tocopherol) and
an a lyzed by Dionex Peak Net 4.3 soft ware.
De ter mi na tion of plasma vi ta min C

(ascor bic acid) by HPLC. Vi ta min C was an -
a lyzed as de scribed by Hultqvist et al. [8] with
some mod i fi ca tions:
Stan dard so lu tions. A stan dard stock so lu -

tion (1 mM ascor bic acid) was made by dis -
solv ing ascor bic acid in 5% metaphosphoric
acid. Aliquots of this so lu tion were im me di -
ately frozen at –85°C and stored no lon ger
than 1 month. Working stan dards (in the
range 1–60 µM) were freshly pre pared for
each anal y sis. All so lu tions were care fully pro -

536 D. Gackowski and oth ers 2001



tected from light during prep a ra tion and anal -
y sis.
Sam ple prep a ra tion. Aliquots (200 µl) of

freshly pre pared or freshly thawed plasma
sam ples were mixed with 200 µl of 10% meta -
phosphoric acid for pro tein pre cip i ta tion and
ascor bic acid stabilization. Af ter centri fu -
gation (10 min, 3000 × g, 4°C), super natants
were col lected and fil tered through a Millipore 
micro cen tri fuge fil ter (NMWL 5000). Twenty
µl of these fil trates was injected into the
HPLC sys tem.
Chro ma tog ra phy. A HPLC sys tem with a

di ode-array de tec tor was used. Sam ples were
sep a rated in an isocratic sys tem C18 re versed
phase column (5 µm, 250 mm × 4.6 mm) with
a C18 guard col umn (40 µm, 20 mm × 4.6
mm), both from Supelco, at a flow rate of 1
ml/min. The mo bile phase con tain ing 5 mM
KH2PO4, 1 mM Na2EDTA was ad justed to pH
3.0 with phos pho ric acid. The ef flu ent was
mon i tored with a UV de tec tor at 245 nm and
ana lysed by Class soft ware.
Iso la tion of lym pho cytes from ve nous

blood. Lym pho cytes were iso lated on Histo -
paque 1077 so lu tion (Sigma), ac cord ing to the
pro ce dure laid down by the man u fac turer.
Lym pho cytes were stored at –85°C.
DNA iso la tion and de ter mi na tion of

8-oxo-2′-deoxyguanosine. DNA iso la tion
from lym pho cytes and quan ti fi ca tion of 8-oxo -
dGuo by the use of HPLC with elec tro chem i -
cal de tec tion were as de scribed pre viously [9].

RE SULTS AND DIS CUS SION

The 8-oxodGuo lev els in lym pho cytes of the
stud ied group ranged from 2.86 to 20.46 per
106 dG mol e cules (mean value ±S.D.: 9.57 ±
3.95), in the range of val ues re ported by oth -
ers [10, 11]. The mean en dog e nous level of
ascor bic acid in the plasma was 56.78 µM
(range 9.88–139.03 µM), while the mean con -
cen tra tions of retinol and α-tocopherol were
1.24 ± 0.63 and 25.74 ±  16.02 µM, re spec tively 
(range 0.19–2.69 µM and 2.47–65.70 µM, re -

spec tively). No cor re la tions were found be -
tween 8-oxodGuo level in lym pho cyte DNA
and any of the in ves ti gated vi ta mins (Fig. 1).
Most of the stud ies con cern ing the as so ci a -

tion of an ti ox i dant vi ta mins with the
background level of ox i da tive DNA dam age
were supplementation stud ies [12–15].
Duthie et al. [15] us ing sin gle cell gel elec tro -
pho re sis (comet as say) found that
supplementation of healthy volunteers with
vi ta min C (100 mg/day), vi ta min E (280
mg/day) and β-car o tene (25 mg/day)
significantly re duced base dam age in lym pho -
cyte DNA. The study of Rehman et al. [12] sug -
gested that supplementation of vol un teers
with an ini tial high en dog e nous level of vi ta -
min C (71.7 µM) (co-supplemented with iron)
may re sult in an increase of to tal ox i da tive
DNA base dam age. How ever, when vol un teers 
with lower endogenous level of vi ta min C
(50.4 µM) were stud ied, vi ta min C and iron
co-supplementation sup pressed to tal ox i da -
tive DNA base dam age.
Col lins et al. [16] dem on strated a sig nif i cant

neg a tive cor re la tion be tween basal concen -
tration of se rum ca rot en oids and ox i da tively
mod i fied py rimi dines. Supplemen tation of pa -
tients with ca rot en oids did not in flu ence ox i -
da tive DNA dam age. The au thors did not find
any cor re la tion be tween the dam age and the
con cen tra tion of vi ta mins E and C, ei ther.
Ox i da tive DNA dam age, as mea sured by uri -

nary ex cre tion of 8-oxodGuo, is not signi -
ficantly in flu enced by plasma con cen tra tion
of an ti ox i dants (ascor bic acid, α-tocopherol
and β-car o tene) [17].
As men tioned above, our re sults sug gest

that there is no cor re la tion be tween the en -
dog e nous con cen tra tion of the in ves ti gated vi -
ta mins and the mod i fied gua nine level in
DNA.
The re sults of our study are in good agree -

ment with the hy poth e sis which as sumes that
8-oxodGuo mainly arises due to the re ac tion of 
hydroxyl rad i cal (OH•) with cel lu lar DNA
[18]. Be cause of its high re ac tiv ity hydroxyl
rad i cal must be formed in close prox im ity to
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Figure1. Re la tion ship be tween level of 8-oxodG in lym pho cytes DNA and plasma concentrations of
retinol (A), α-tocopherol (B) and ascor bic acid (C).



the base to pro duce the dam age (half-life of
OH• in cells is 10–9 s). Most likely OH• is pro -
duced dur ing Fenton re ac tion be tween H2O2
(which can eas ily pen e trate cell mem branes)
and tran si tion metal ions (Fe2+ and/or Cu+),
which may form com plexes with cel lu lar DNA
[19]. In this case it is rather un likely that vi ta -
min C (or the other vi ta mins) can scav enge
the rad i cals and pro tect DNA. How ever,
8-oxoguanine may also arise as a prod uct of
gua nine re ac tion with sev eral dif fer ent re ac -
tive ox y gen spe cies (ROS) (most likely with
sin glet ox y gen with the half-life time about
10–5 s [18, 19]). There fore, we can not ex clude
the pos si bil ity that un der such cir cum stances
an ti ox i dant vi ta mins can pro tect DNA from
ox i da tive dam age. 
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