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GC-MS is a widely used tool to measure oxidative
DNA damage because of its ability to identify a
wide range of base modification products. However,
it has been suggested that the derivatization proce-
dures required to form volatile products prior to
GC-MS analysis can sometimes produce artifactual
formation of certain base oxidation products, although
these studies did not replicate previously-used reac-
tion conditions, e.g. they failed to remove air from
the derivatization vials. A systematic examination of
this problem revealed that levels of 8-hydroxyguanine,
8-hydroxyadenine, 5-hydroxycytosine and 5-(hydroxy-
methyluracil) in commercial calf thymus DNA
determined by GC-MS are elevated by increasing
the temperature at which derivatization is performed
in our laboratory. In particular, 8-hydroxyguanine
levels after silylation at 140°C were raised 8-fold
compared to derivatization at 23°C. Experiments on
the derivatization of each undamaged base revealed
that the artifactual oxidation of guanine, adenine,
cytosine and thymine respectively was responsible.
Formation of the above products was potentiated by

not purging with nitrogen prior to derivatization.
Increasing the temperature to 140°C or allowing air
to be present during derivatization did not signifi-
cantly increase levels of the other oxidized bases

measured.

This work suggests that artifactual oxidation
during derivatization is restricted to certain products
(8-hydroxyguanine, 8-hydroxyadenine, 5-hydroxy-
cytosine and 5-[hydroxymethyluracill) and can be
decreased by reducing the temperature of the deriva-
tization reaction to 23°C and excluding as much air
possible. Despite some recent reports, we were easily
able to detect formamidopyrimidines in acid-hydro-
lyzed DNA. Artifacts of derivatization are less marked
than has been claimed in some papers and may vary
between laboratories, depending on the experimental
procedures used, in particular the efficiency of exclu-

sion of O, during the derivatization process.
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Abbreviations: GS-MS, gas chromatography-mass spectrom-
etry; HPLC-ECD, HPLC with electrochemical detection;
FAPy-adenine, 4,6-diamino-5-formamido-pyrimidine;
FAPy-guanine, 2,6-diamino-4-hydroxy-5-formamido-
pyrimidine; 8-OH guanine, 8-hydroxyguanine;

2-OH adenine, 2-hydroxyadenine; 8-OH adenine,
8-hydroxyadenine; 5-(OH,Me)-uracil, 5-(hydroxymethyl)-
uracil; 5-(OH,Me)-hydantoin, 5-hydroxy-5-methylhydantoin;
5-OH hydantoin, 5-hydroxyhydantoin; 5-OH uracil, 5-hydro-
xy;uracil; 5-OH cytosine, 5-hydroxycytosine

INTRODUCTION

Reactive oxygen, nitrogen and chlorine species
(ROS/RNS/RCS) are generated in vivo by vari-
ous mechanisms including aerobic metabolism,
inflammatory responses and exposure to toxins
or ionizing radiation (reviewed in Refs. [1-3]).
Several such species are capable of causing
damage to DNA leading to a variety of DNA
lesions such as single and double strand breaks,
abasic sites, DNA-protein cross links, sugar
modification and chemical changes to both
pyrimidine and purine bases.”® The frequency
of these lesions and the effectiveness of repair
systems could therefore be an important factor
in the development of mutagenic and carcino-
genic states as well as other degenerative dis-
eases.’”° Therefore, the accurate assessment of
oxidative DNA damage in human samples may
be a valuable marker of both the risk of occur-
rence of pre-carcinogenic events in vivo and how
such events may be influenced by diet.””! How-
ever, the steady-state levels of base oxidation

products in DNA from healthy individuals have -

yet to be unequivocally established, since the
various methodological approaches employed
have produced widely differing values between
different laboratories.'>**2,

Methods that have been used include HPLC-
ECD measurement of 8-hydroxydeoxyguano-
sine!*'? or 8-hydroxyguanine (8-OH guanine)**
after enzymic or acidic hydrolysis of DNA
respectively. Gas chromatography coupled with
mass spectrometry is a sensitive method which
permits structural identification and mea-
surement of a wide range of base damage

products.[#1914716] The pattern of base damage
can sometimes be used to identify the ROS/RNS
that has attacked DNA, e.g. '0,, *OH, ONOO™
and HOCI give different DNA base damage
products.*1%77-21) Levels of hydroxylated gua-
nine measured in cellular DNA by GC-MS are
often, but not always, greater than those mea-
sured by other methods such as HPLC-ECD
(reviewed in Refs. [10,11]).

In order for GC-MS to be carried out, DNA is
hydrolyzed either by enzymatic means or acid in
order to release nucleosides or free bases respec-
tively. Derivatization is subsequently needed to
convert the polar nucleosides/bases and internal
standards to volatile, thermally stable derivatives
which possess characteristic mass spectra.2**!
The most common derivatization reaction used
for analysis of acid hydrolyzed DNA is trimethyl-
silylation."#*523 This reaction is often per-
formed at a high temperature (such as 120°C,
although values in certain papers range from 90—
140°C) to ensure that the reaction is complete, and
air is excluded as far as possible to prevent
unnecessary oxidation of samples.*1%1>241 [f
attempts to exclude air are not made and
derivatization is carried out at high temperatures,
levels of 8-OH guanine and some other oxidized
bases can be elevated, apparently due to artifac-
tual oxidation of undamaged base.>>®! This has
led to the suggestion that the higher levels of
8-OH guanine and a few other base modification
products detected in DNA by GC-MS are an
artifact of the derivatization process.>> How-
ever, these studies did not follow usual DNA
hydrolysis and derivatization procedures, e.g.
they did not exclude air from the derivatization.
Thus they are not comparable with previous
GC-MS studies which performed derivatization
under a nitrogen atmosphere.*'>?*! The objec-
tive of this study was to examine the effect of
different derivatization conditions on the analy-
sis of several oxidized DNA bases by GC-MS,
to see how far the alleged artifacts could affect
the more commonly used derivatization methods
as applied in our laboratory.
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METHODS

Calf thymus DNA, 6-azathymine, 2,6-diamino-
purine,  8-bromoadenine,  5-hydroxyuracil
(isobarbituric acid), 4,6-diamino-5-formamido-
pyrimidine (FAPy-adenine), 5-(hydroxymethyl)
uracil (5-(OH,Me)-uracil), and 2,5,6-triamino-4-
hydroxy-pyrimidine were of the highest quality
available from Sigma Chemical Company (Poole,
Dorset, UK). 8-OH guanine was purchased from
Aldrich (Poole, Dorset, UK). 8-Hydroxyadenine
(8-OH  adenine), 2,6-diamino-4-hydroxy-5-
formamidopyrimidine (FAPy-guanine) and thy-
mine glycol were synthesized as previously
describe d.[16:20,22,24,29] 2—Hydroxyadenine (2-OH
adenine), 5-hydroxycytosine (5-OH cytosine),
5-hydroxyhydantoin (5-OH hydantoin) and
5-hydroxy-5-methyl-hydantoin (5-(OH, Me)-
hydantoin) were gifts from Dr. M. Dizdaroglu of
the National Institute of Standards and Technol-
ogy, Maryland, USA. Cellu.Sep dialysis mem-
branes with a relative molecular mass cut off of
3500, silylation grade acetonitrile, and bis(tri-
methylsilyDtrifluoracetamide (BSTFA) (contain-
ing 1% trimethylchlorosilane, TMCS) were
obtained from Pierce Chemical Co. (Rockford,
IL). Distilled water passed through a purification
system (Elga, High Wycombe, Bucks, UK) was
used to make up all solutions.

Acid Hydrolysis

Calf thymus DNA (100 ug) containing the inter-
nal standards 6-azathymine and 2,6-diaminopur-
ine (0.5nmol) was hydrolyzed by addition of
0.5ml of 60% v/v formic acid and heating at
140°C for 45min in an evacuated, sealed hydro-
lysis tube. Samples were cooled, lyophilized and
then derivatized in poly(tetrafluoroethylene)-
capped hypovials (Pierce). One hundred pl of a
BSTFA (+1% TMCS)/acetonitrile (4:1 v/v)
mixture was added to all samples. Despite some
suggestions that hydrolysis with 60% formic acid
can completely destroy formamidopyrimidines,
we were easily able to measure FAPy-adenine

and -guanine in our studies, in agreement with
previous literature./*12%

Efficiency of Derivatization and
Derivatization Stability

In preliminary experiments individual aliquots of
normal base (100 nmol), damaged base product
(1nmol) or internal standard i.e. 6-azathymine
and 2,6-diaminopurine (0.5 nmol), all containing
octadecane (100nmol) were lyophilized from
solution. One hundred nmol of normal base is
comparable to the level of each base in 100 pg
DNA, the amount of DNA used for GC-MS
analysis. Samples were derivatized for 1h at
either 140°C, 90°C or 23°C. For each temperature,
samples were derivatized under a reduced oxy-
gen concentration using nitrogen gas to displace
air prior to capping, otherwise hypovials were
capped while open to the air. Octadecane is stable
at high temperatures and does not undergo
trimethylsilylation. It was therefore used as an
inert reference in derivatized samples in order to
follow the efficiency of base product derivatiza-
tion.!?®! For each base product only the most
complete derivative was monitored e.g. the
tetrasilyl derivative of 8-OH guanine.”>?!

Artifact Formation During Derivatization of
Hydrolyzed DNA and Individual Bases

Further investigation of the time course of
derivatization showed that formation of deriva-
tives had ceased after 1h at 90°C and 140°C, but
at 23°C 2h was required. Therefore in separate
experiments individual aliquots of hydrolyzed
DNA (100 pg), normal base (100 nmol) or dam-
aged base product (1nmol) were lyophilized
from solution and derivatized at different tem-
peratures, 140°C, 90°C and 23°C, with or without
nitrogen, for 1h. Subsequently all samples
were analyzed by GC-MS after a further 1h at
23°C. In order to measure levels of oxidized bases
and assess the formation of any artifacts, two
different internal standards 6-azathymine and
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2,6 diaminopurine were added to all samples as
well as calibration mixtures of authentic stan-
dards. Calibration mixtures were made in tripli-
cate (containing 1, 0.5, 0.2, 0.1, 0.02 nmol). Both
internal standards are stable during hydrolysis
and derivatization. By performing exactly the
same derivatization conditions (also hydrolysis
conditions for DNA) on the calibration mixtures,
the relative molar response factor of each oxi-
dized base to its internal standard can be
obtained and used to determine the levels of
oxidized bases in different samples under differ-
ent conditions. 6-Azathymine was used to quan-
titate the pyrimidine-derived base products,
while 2,6-diaminopurine was used for  those
derived from the purines.

Analysis of DNA Base Derivatives by
Gas Chromatography-Mass Spectrometry

Derivatized samples were analyzed by GC-MS
(Hewlett-Packard 58901 gas chromatograph
interfaced with a Hewlett-Packard 5971A mass
selective detector). The injection port and the
GC-MS interface were kept at 250°C and 290°C,
respectively. Separations were carried out on a
fused silica capillary column (12m x 0.2mm i.d.)
coated with cross-linked 5% phenylmethylsil-
oxane (film thickness 0.33 um) (Hewlett-Packard).
Helium was the carrier gas with a flow rate of
0.93 mL/min. Derivatized samples (2.0 uL) were
injected into the GC port using a split ratio of
8:1. Column temperature was increased from
125°C to 175°C at 8°C/min after 2 min at 125°C,
then from 175°C to 220°C at 30°C/min and held at
220°C for 1 min, and finally from 220°C to 290°C
at 40°C/min and held at 290°C for 2min.
Selected-ion monitoring was performed using
the electron-ionization mode at 70eV with the
ion source maintained at 189°C. The ions used
for quantification for each trimethylsilylated
base/damaged base have been previously re-
ported®?! and correspond to the molecular
ion (M*) and the characteristic (M—15)* frag-
ment (Table I).

TABLE I Target ions used for GC-MS selected ion moni-
toring

Base product (trimethylsilyl derivative)  Target ion (m/z)

Thymine 255
5-(OH,Me) hydantoin 331
5-OH hydantoin 317
5-OH uracil 329
5-(OH,Me)-uracil 358
5-OH cytosine 328
Thymine glycol 259
Hypoxanthine 265
FAPy adenine 354
8-OH adenine 352
Xanthine 353
2-OH adenine 352
FAPy guanine 442
Guanine 367
8-OH guanine 440
Azathymine 256
Diaminopurine 351

Quantification of modified bases was achieved
by relating the peak area of the compound with
the internal standard peak area and applying the
following formula:

Concentration (nmol/mg DNA)
= A/At % [IST] x (1/K)

where K = relative molar response factor for each
damaged base, A=peak area of product,
Aist =the peak area of the internal standard,
and [IST]=concentration of internal standard
(5nmol/mg DNA). K constants were calculated
from the slopes of the calibration curves con-
structed using known concentrations of internal
standards and authentic compounds.!**!

Statistical Analysis

Data points are mean +standard deviation of

5 or more experiments. ANOVA and Student’s

t-test were carried out as appropriate. Dif-
ferences of p < 0.05 were considered statistically
significant.
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RESULTS

Efficiency of Derivatization and
Derivatization Stability

[28]

the extent of derivatization of several normal
DNA bases and base oxidation products was
examined. After incubation for 1h all bases and
both internal standards were derivatized to a
lesser degree at lower derivatization tempera-
tures as shown in Figure 1A-C. Generation of
derivatives had ceased after 1h at 90°C or 140°C,
but at 23°C their formation did not finish until
2h. No difference in the extent of derivatization
was detected between samples derivatized under
air or under a nitrogen atmosphere.

Mixtures of 6-azathymine and 2,6-diaminopu-
rine derivatized alone did not form any other
oxidized base derivative and produced highly
reproducible, concentration-dependent chroma-
tographic peak areas under constant derivatiza-
tion conditions. Thus both internal standards
fulfilled suitable criteria to act as internal stan-
dards, 6-azathymine standardizing the pyrimi-
dines and 2,6-diaminopurine standardizing the
purines owing to their respective similar chemi-
cal structures.

The time course of the derivatization reaction
at 23°C showed that the trimethylsilylation reac-
tion had not finished after 1h. The maximal
formation of silylated base derivatives obtainable
at23°C was achieved after 2 h, suggesting that the
reaction was finished, whether the samples had
been purged with nitrogen or not.

Artifact Formation During Derivatization
of Individual Bases

During derivatization of each oxidized base no
other base product was detected at any of the
different temperatures, with or without nitrogen
purging.™® For all derivatization conditions,
calibration samples exhibited good concentra-
tion linearity (r>0.97, range 0.02-1.0nmol).
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FIGURE 1 Influence of derivatization reaction temperature
on extent of derivatization. Compounds were derivatized
for 1h and levels of derivative were calculated by compar-
ison with octadecane. Values at 23°C=1.0. Data points are
means =S5.D. of 5 or more experiments.
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TABLE II Levels of oxidized bases detected by GC-MS (23°C derivatization) in commercial undamaged

DNA bases

DNA damaged base (%) Guanine Adenine Cytosine Thymine
5-(OH Me) hydantoin N.D. N.D. 0.005 +0.003 0.004 £0.001
5-OH hydantoin 0.38+0.12 N.D. 0.005 = 0.002 0.005 £ 0.002
5-OH uracil N.D. N.D 0.009 +0.002 N.D.
5-(OH,Me)-uracil -N.D. N.D. N.D. 0.002 +£0.001*
5-OH cytosine 0.04+0.01 N.D. 0.025+ 0.012* N.D.
Thymine glycol (cis} N.D. N.D. N.D. 0.007 +0.001
FAPy adenine ND. N.D. N.D. N.D.
8-OH adenine 0.11 +£0.02 0.010 +0.05* N.D. N.D.
2-OH adenine N.D. N.D. N.D. N.D.
FAPy guanine 0.06 = 0.002 N.D. N.D. N.D.
8-OH guanine 0.11 +0.03* N.D. N.D. N.D.

N.D.=not detected. Data points are means +S.D. of 5 or more experiments. Bases marked with (*) are

affected by derivatization conditions.

Commercial guanine, adenine, cytosine and
thymine derivatized at room temperature contain
trace, but detectable levels of some oxidized bases
(Table II). This is probably due to impurities in
the commercial products, in particular guanine,
since only traces of these oxidized products were
detected.

Knowledge of the temperature effects on
derivatization (Figure 1) allows correction for
such effects when examining how temperature
and air alter the amount of base oxidation prod-
ucts detected. Theoretically therefore, analysis
of DNA bases under any derivatization condi-
tions with the appropriate calibration should give
the same values for levels of oxidized bases.
Indeed this was observed for FAPy-guanine,
xanthine, 5-OH hydantoin, 2-OH adenine,
FAPy-adenine, hypoxanthine, thymine glycol,
5-(OH,Me)-hydantoinand 5-hydroxyuracil. How-
ever, increasing the derivatization temperature
under our reaction conditions led to significant
increases in the levels of 8-OH guanine
(Figure 2A), 8-OH adenine (Figure 2B), 5-OH
cytosine (Figure 2C) and 5-(OH,Me)-uracil
(Figure 2D) from guanine, adenine, cytosine and
thymine respectively, but not the other products
listed above.

Increased formation of the above four oxidized
bases at high derivatization temperatures was

pmoles 8-OH guanine

pmoles 8-OH adenine
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FIGURE 2A and B
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FIGURE 2 Influence of derivatization reaction temperature
and gaseous atmosphere on levels of 8-OH guanine (A),
8-OH adenine (B), 5-OH cytosine (C) and 5-(OH,Me)-uracil
(D) detected in 100 nmol of guanine, adenine, cytosine and
thymine respectively. Samples were derivatized at each
temperature for 1h and then kept at 23°C for 1h prior to
GC-MS analysis. Data points are means +5.D. of 5 or more
experiments.

potentiated if samples were not purged with
nitrogen prior to derivatization (Figure 2). Nitro-
gen purging had no effect on the amounts of
oxidized bases measured at 23°C.

Artifact Formation During Derivatization of
Hydrolysed Calf Thymus DNA

Several oxidized base products could be mea-
sured in hydrolyzed calf thymus DNA (Table III).
Increasing derivatization temperature resulted

TABLE I Levels of oxidized bases detected by GC-MS at
various derivatization temperatures in hydrolyzed calf thy-
mus DNA

DNA damaged base 23°C 90°C 140°C
(pmolmg~! DNA)

5-(0OH,Me) hydantoin 39+6 46+8 52+12
5-OH hydantoin 2945 29+2 444+ 11
5-OH uracil 51+6 73+6 77+7
5-(OH,Me)-uracil* 22+4 42+13 105433
5-OH cytosine* 124+3 201+18 491 £ 51
Thymine glycol (cis) ~ 141£19  161+21  160+25
FAPy adenine 88+ 12 126 £22 111+24
8-OH adenine* 93411 195 £ 45 497 + 81
2-OH adenine 5548 6116 68+19
FAPy guanine 124+ 15 158 £ 32 149+ 28
8-OH guanine* 94 127 256 +75 852+153

Data points are means +5.D. of 5 or more experiments. Bases
marked with (*) are affected by derivatization conditions.

1000 ]

750 4 /0°C
o 140°C

o23c

250 4

DNA base damage (pmoles.mg*' DNA)

|

8-OH guanine 8-OH adenine 5-OH cytosine 5-{OH,Me} uracil

FIGURE 3 Influence of derivatization reaction temperature
on the level of 8-OH guanine, 8-OH adenine, 5-OH cytosine
and 5-(OHMe)-uracil detected in hydrolyzed calf thymus
DNA by GC-MS. Samples were purged with nitrogen
before derivatization at each temperature for 1h and then
kept at 23°C for 1h prior to GC-MS analysis. Data points
are means +S.D. of 5 or more experiments.

in increasing levels of 8-OH guanine, 8-OH
adenine, 5-OH cytosine and (5-OH Me)-uracil
but not of any other base product (Figure 3).
These increases were not caused by differences in
derivatization efficiency, since calibration mix-
tures of oxidized bases were derivatized under
each of the 3 different conditions as explained
above. At 140°C with nitrogen purging, 8-OH
guanine was increased to 850% that of the 23°C
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(nitrogen gassed) level and at 90°C even under
nitrogen, levels were twice those of 23°C values.
Statistically-significant changes were observed
for 8-OH adenine, 5-OH cytosine and 5-
(OH,Me)-uracil (Figure 3).

DISCUSSION

Quantitation of pure base oxidation products
following trimethylsilylation by GC-MS (SIM)
analysis was found to be highly sensitive and
reliable in agreement with much previous
work, ¥ 15161924 Bioyre 4 shows a profile of the
ion at m/z 440 for 8-OH guanine. For all
derivatization conditions, calibration samples
exhibited good concentration linearity (r >0.97,
range 0.02—-1.0 nmol) and no other products were
generated during derivatization.

The larger chromatographic peaks at higher
temperatures of derivatization would usually
encourage the use of heat to promote the reaction.
Indeed, the optimal incubation time of 2h at
23°C contrasts with that of 20min required for
the same reaction at 130°C."*! Even after 2h at
23°C, derivatization may well be incomplete,
although formation of further base derivatives
had stopped. Although the derivatized samples
are exposed to 250°C during sample injection, the

Abund :
undance lon 440,00

8001
7001
600
600
400
300
200
1001  Time (min) —>

[

1180 1200 1210 12.20 12.30

FIGURE 4 Typical selective ion chromatogram of 8-OH
guanine (tetrakis-Me;Si derivative) in calf thymus DNA
(100 pg). After acid hydrolysis the sample was derivatized
at 23°C for 2h and approximately 0.25% was injected (2 pL;
1:8 split) for GC-MS analysis.

possibility of further oxidation is minimal since
dwell time is only a few seconds and the injec-
tion port is constantly purged with helium that
has passed through chemical filters to remove
oxygen.

This study shows that 8-OH guanine, 8-OH
adenine, 5-OH cytosine and to a lesser extent,
(5-OH,Me)-uracil (Figure 3) can be artifactually
increased during derivatization of individual
DNA bases or hydrolyzed DNA, at high tem-
peratures under the conditions used in our
laboratory. Previous studies reporting artifacts
failed to exclude air,”>%" although heating DNA
bases in the presence of oxygen is obviously
likely to cause oxidation.”” Indeed the highest
level of 8-OH guanine detected in calf thymus
DNA by GC-MS (2426 pmol/mg DNA) was
obtained when air was not excluded from
derivatization at 130°C for 30 min.”*!

However, our data show that artifacts can
occur even with N, purging, a technique widely
used to exclude air during derivatization. Differ-
ences in terms of the magnitude of artifact
between this and previous studies,”>? particu-
larly with 8-OH guanine, are probably due to
differences in the amount and types of derivati-
zation solvents used, as well as the time, temper-
ature and/or failure to even attempt to remove
air as in some earlier studies.

The observation that the levels of 8-OH
guanine, 8-OH adenine, 5-OH cytosine and
5-(OH,Me)-uracil were still elevated by tempera-
ture when samples were purged with nitrogen
suggests that oxygen was not completely
removed. Of course, more rigorous removal of
O,, e.g. evacuation and/or purging with helium
might have achieved still lower results, but it
may prove difficult to completely and reprodu-
cibly exclude air from samples. In addition, it
is unlikely that artefactual oxidation is comple-
tely prevented even using derivatization at 23°C
under N,.B% This is perhaps suggested by the
fact that our numbers for levels of base damage
products in calf thymus DNA are not the lowest
of those in the literature. Levels of 5-OH cytosine,
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8-OH adenine and 8-OH guanine in some pre-
vious studies (for example Refs. [31-34]) using
high-temperature derivatization are comparable
to values obtained at room temperature in our
studies (indicating that effectiveness of artifact
prevention may vary between laboratories).

The data in this paper suggest that artefactual
product formation applies only to a few base
products and can be minimized by derivatization
of hydrolyzed DNA at room temperature after
N, flushing. This paper also shows ‘that most
bases, including 8-OH guanine, 8-OH adenine
and thymine glycol, take longer to be derivat-
ized at room temperature and for maximal
sensitivity samples ought to be incubated for at
least 2 h. Although trifluoroacetic acid (TFA) has
been reported to improve room temperature
derivatization of guanine and 8-OH guanine,'?*)
we have found that TFA causes inconsistent
derivatization of some pyrimidine oxidation
products, which adversely affects their accurate
quantitation.

Recent developments in the application of
GC/MS to the measurement of oxidized DNA
bases have included the use of isotope dilution
(GC/IDMS),[15283536] 4 yaluable technique for
establishing absolute levels of base damage
products in DNA. This technique was not used
in the work described in this paper to save
costs and because inclusion of isotope dilution
will not affect comparative studies of hydrolysis
and derivatization conditions, nor would any
changes during the acidic hydrolysis stage.
Nevertheless, improvement of assay conditions
for GC-MS is warranted because of the ability of
this technique to measure a range of DNA
damage products.**?% Indeed several cases are
now known where measurement of a single DNA
base product can give misleading results.*7!}
For example, rises in 8-OH guanine in
Parkinson’s disease may not have been reflective
of rises in total DNA oxidative damage.*”!
Supplementation of healthy human subjects
with excess vitamin C can raise levels of certain
oxidative DNA damage products in white

cells,®84% 3 effect that would have been missed

from measurements of 8-OH guanine alone.
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