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Abstract
Background—Gastric carcinogenesis is a
multifactorial, multistep process, in
which chronic inflammation plays a major
role.
Aims—In order to ascertain whether free
radical mediated oxidative DNA damage is
involved in such a process, concentrations
of 8-hydroxydeoxyguanosine (8OHdG), a
mutagenic/carcinogenic adduct, and thio-
barbituric acid reactive substances
(TBARS), as an indirect measure of free
radical mediated damage, were deter-
mined in biopsy specimens from patients
undergoing endoscopy.
Patients—Eighty eight patients were di-
vided into histological subgroups as fol-
lows: 27 with chronic non-atrophic
gastritis, 41 with atrophic gastritis, six
with gastric cancer, and 14 unaVected
controls.
Methods—Intestinal metaplasia, Helico-
bacter pylori infection, and disease activity
were semiquantitatively scored. 8OHdG
concentrations were assessed by HPLC
with electrochemical detection, and
TBARS concentrations were fluorimetri-
cally assayed.
Results—8OHdG concentrations (mean
number of adducts/105 dG residues) were
significantly higher in chronic atrophic
gastritis (p=0.0009). Significantly higher
concentrations were also detected in the
presence of severe disease activity
(p=0.02), intestinal metaplasia (p=0.035),
and H pylori infection (p=0.001). TBARS
concentrations were also higher in
atrophic gastritis, though not significantly
so. In a multiple logistic regression analy-
sis, 8OHdG concentrations correlated
best with the presence and severity of H
pylori infection (r=0.53, p=0.002).
Conclusions—Chronic gastritis is charac-
terised by the accumulation of oxidative
DNA damage with mutagenic and carci-
nogenic potential.H pylori infection is the
major determinant for DNA adduct for-
mation.
(Gut 1998;42:351–356)
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Gastric carcinogenesis is a complex, multistep,
and multifactorial event1 in which the role of
Helicobacter pylori infection, the major aetio-
pathogenic factor for chronic antral gastritis
and duodenal ulcer, has been established in the

past few years.2–5 Current knowledge of the
biological mechanisms underlying the lesions
induced by this microorganism is still incom-
plete, however. For instance, the damage could
be caused directly by H pylori, through the
release of cytotoxins, lipase, or phospholipase,
or the urease mediated release of toxic
ammonia.6 7 Alternatively, the damage could be
due to the inflammatory reaction elicited by the
microorganism.8 In the latter case, tissue dam-
age and cell destruction by reactive oxygen
species released by polymorphonuclear leuco-
cytes might be involved.9 10 This mechanism
would also be important in terms of carcino-
genesis, as free radical production may play a
part in the multistep pathogenesis of both
chronic gastric lesions and cancer.11 12

Free radicals (or reactive oxygen species,
ROS) are low molecular weight metabolites
reactive enough to damage essential biological
molecules, including nucleic acids.13 Indeed,
many observations indicate that ROS have a
causative role in carcinogenesis. During this
process, ROS are known to interact directly
with genomic DNA14; damage specific genes
that control cell growth and diVerentiation
during the initiation/promotion phase15; in-
crease the activity of carcinogenic xenobiotics16;
and stimulate faster growth of malignant
cells.17

A number of base modifications characteris-
tic of hydroxyl radical injury have been
confirmed, including thymine glycol, thymi-
dine glycol,18 5-hydroxyl-methyluracil,19 and
8-hydroxydeoxyguanosine (8OHdG).20 All
may cause point mutations in DNA by base
substitution and can accumulate, but 8OHdG
is considered to be the main DNAmodification
produced by ROS21; it is therefore used as an
index of damage to the base sequence of
DNA.22

H pylori related gastritis is characterised by
increased free radical production and peroxida-
tive damage.9 23 24 We therefore investigated
whether H pylori infection was also related to a
progressive accumulation of oxidative muta-
genic/carcinogenic events that could play a
major role in gastric carcinogenesis.

Materials and methods
PATIENT SELECTION AND ENDOSCOPIC

PROCEDURES

The study involved 88 consecutive outpatients
undergoing endoscopy for upper gastrointesti-
nal symptoms. After giving their informed con-
sent, patients provided information on their
drinking and smoking habits and completed a
food frequency questionnaire on their diet.
Patients taking drugs capable of interfering
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with free radical production, such as non-
steroidal anti-inflammatory drugs, were ex-
cluded from the study.
Vitamin C intake was assessed on the basis of

a record of the weighed weekly food intake, an
accepted technique for assessing intake in
population studies, which gives high correla-
tions for vitamin C intake (expressed in
mg/day) when all food is weighed for at least
four days.25

At endoscopy, a 5 ml gastric juice sample was
aspirated for vitamin C determination. Routine
endoscopy was then performed. Before with-
drawal, biopsy specimens were taken from the
antrum, incisura, and fundus (2+2+2) for his-
tological tests, and from the antrum (2+1
specimens) for 8OHdG and thiobarbituric acid
reactive substances (TBARS) determination.
Further biopsy specimens were also taken from
any focal lesion.

HISTOPATHOLOGY

The biopsy specimens were examined for the
presence of atrophy,26 disease activity (accord-
ing to a semiquantitative score considering the
extent of polymorphonuclear leucocyte and
lymphocytic infiltration: 0 = absent; + = mod-
erate activity; ++ = severe activity26), presence
and extent of intestinal metaplasia (0 = absent;
+ = mild, ranging from a few tubules to one
third of the total area biopsied; ++ =
moderate/severe, ranging from one third to
more than two thirds of the total area
biopsied), presence and degree of epithelial
dysplasia (according to Morson et al’s
criteria27), and presence and extent of H pylori
colonisation (haematoxylin and eosin, modi-
fied Giemsa, immunostaining with monoclonal
(Dako, Milan, Italy) antibody with a peroxi-
dase antiperoxidase technique). Serum anti-H
pylori antibodies were not tested as the aim of
the study was to assess the role of active infec-
tion.
The patients were grouped as follows: 27

with chronic non-atrophic gastritis26 (16 men,
11 women; mean age 53, range 25–83 years);
41 with chronic atrophic gastritis (30 men, 11
women; mean age 60, range 41–78 years); six
with gastric cancer (five men, one woman,
mean age 65, range 44–81 years); and 14 unaf-
fected controls with no major or minor
endoscopic or histological changes (eight men,
six women; mean age 46, range 25–74 years).
Twelve of the 41 patients with chronic atrophic
gastritis also had mild epithelial dysplastic
changes (seven men, five women; mean age 62,
range 37–74 years). Intestinal metaplasia was
mild in 21/88 patients and moderate/severe in
33/88. The number and percentage of H pylori
positive patients in the four groups were as fol-
lows: controls 0/14, chronic non-atrophic
gastritis 16/27 (59%), chronic atrophic gastritis
24/41 (58.5%), and gastric cancer 4/6 (66%).
A significant diVerence with respect to mean
age (p=0.01) was only found between controls
and patients with chronic atrophic gastritis.

BIOCHEMICAL ANALYSES

Vitamin C
Immediately after sampling, aliquots of gastric
juice were frozen in liquid nitrogen and
analysed within three weeks, as vitamin C
remains stable for this period of time.28 In order
to measure total ascorbic acid, any dehy-
droascorbic acid in the gastric juice samples
was reduced to ascorbic acid using mercap-
toethanol. After incubation for one hour at
20°C the reduction was nearly 100% and sam-
ples were prepared for HPLC by passing them
through Sephadex G-100 columns (Pharma-
cia, Uppsala, Sweden). The recovery after
purification was higher than 95%. The purified
samples were then analysed by ion pair
chromatography in a 3 µm C-18 analytical col-
umn connected to a C-18 guard column
(Supelco, Bellafonte, Pennsylvania, USA). De-
tection was by ultraviolet absorption at 267
nm. Vitamin C concentrations were expressed
in µmol/l.

Thiobarbituric acid reactive substances tissue
concentrations
Antral biopsy specimens were taken from
within 5 cm of the pylorus and were snap fro-
zen in liquid nitrogen. Within two weeks, the
samples were processed for TBARS, measured
according to Masugi and Nakamura.29 In brief,
substances reacting with thiobarbituric acid
were fluorimetrically quantified after homog-
enising the biopsy specimens in 50 mM phos-
phate buVer at pH 7.4. TBARS tissue concen-
trations were expressed in nmol/g tissue.

Quantification of 8OHdG in gastric mucosa
DNA
Gastric biopsy specimens obtained at endos-
copy were stored at −80°C for up to three
weeks, as we had previously obtained data (not
shown) showing that storage under these
conditions was unrelated to any alteration in
results. After thawing, the specimens were
homogenised in separation buVer (75 mM
NaCl; 10 mM Tris/Cl pH 7.5; 5 mM EDTA
pH 6; 0.5% sodium dodecyl sulphate) and
proteinase K at 55°C overnight. After treat-
ment with ribonuclease A, the DNA was puri-
fied according to Fraga et al.30 Following
nuclease P1 and alkaline phosphatase hydroly-
sis, samples were filtered through cellulose
acetate Centricon filter units, 0.22 µm, and
approximately 20 µg DNA per sample was
injected onto the HPLC column (Shimadzu,
Kyoto, Japan).
The separation of 8OHdG and normal

deoxynucleosides was performed in an LC-
18-DB (Supelco) column equipped with an
LC-18-DB guard column cartridge. The sol-
vent system consisted of an isocratic mixture of
90% 50 mM potassium phosphate, pH 5.5,
and 10% methanol at a flow rate of 1 ml/min.
UV detection was accomplished at 254 nm and
electrochemical analysis was done with a
pulsed electrochemical detector (Dionex, Sun-
nyvale, California) in amperometric mode,
with a glass-carbon electrode using an Ag/AgCl
reference electrode, at a voltage of 0.6 V. The
concentrations of 8OHdG were determined by
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the amount of deoxyguanosine (dG) detected
by UV absorbency at 254 nm. The amount of
DNA was determined by a calibration curve
constructed following measurement of known
amounts of calf thymus DNA. The concentra-
tions of 8OHdG were expressed as the number
of 8OHdG adducts per 105 dG bases. The
8OHdG standard used throughout the study
was prepared according to Degan et al,31 and
compared with an authentic 8OHdG sample
kindly provided by Dr B N Ames. CoeYcients
of variation were always lower than 15%.

STATISTICS

The data were examined using one way analy-
sis of variance and Student’s t test, the
Kruskal-Wallis H test for non-parametric data
where appropriate (Kolmogorov-Smirnov),
and linear regression analysis. Stepwise multi-
ple regression analysis was also used by includ-
ing the following variables: 8OHdG DNA con-
centrations, TBARS tissue concentrations,
gastric juice vitamin C concentrations, vitamin
C intake, diagnosis (as a score: controls = l,
chronic non-atrophic gastritis = 2, chronic
atrophic gastritis = 3, gastric cancer = 4), pres-
ence and extent of H pylori infection, presence
and extent of intestinal metaplasia, disease
activity, age, cigarette consumption, and daily
alcohol intake. The results were considered to
be statistically significant when p was less than
0.05.

Results
Figure 1 presents the concentrations of
8OHdG in gastric mucosal biopsy specimens
from patients with diVerent degrees of damage.
By one way analysis of variance, the patients
with chronic atrophic gastritis had significantly
higher 8OHdG tissue concentrations
(p=0.009). In particular, a significant diVer-
ence was found between chronic active gastritis
and controls (p=0.003). The presence of mild
dysplastic changes, evident in 12/41 patients,
did not correlate with any further significant
increase in 8OHdG tissue concentrations
(table 1). Patients with no or mild intestinal
metaplasia had significantly lower concentra-
tions of 8OHdG than patients with moderate
or severe changes (p=0.035; table 1). The
highest concentrations of 8OHdG were ob-
served (35.3 (31.6) adducts per 105 dG
residues, p=0.039) when patients presenting
with chronic atrophic gastritis associated with
high grade intestinal metaplasia were consid-
ered separately.

Table 2 presents the results with respect to
disease activity and H pylori infection. Patients
with moderate or severe disease activity had
significantly higher concentrations of oxidative
DNA adducts (p=0.02). The same situation
was observed with respect to severity of H
pylori infection—that is, patients with moderate
or severe H pylori infection had significantly
higher 8OHdG concentrations (p=0.001).
Only 13/88 patients smoked, and only three

of these smoked more than 10 cigarettes per
day. Only 25 patients drank alcoholic bever-
ages, and only nine of these misused alcohol
(more than 60 g alcohol/day in men and more
than 40 g in women). Neither smoking habit
nor alcohol consumption correlated with any
change in 8OHdG mucosal concentrations
(21.6 (11.5) adducts per 105 dG residues in
smokers versus 23.6 (23.4) in non-smokers,
NS; 20.6 (19.4) in drinkers versus 24.6 (23.4)
in non-drinkers). This analysis was based on
the classification of any patient who smoked at
all as a smoker and of any patient who drank
any alcohol as a drinker, but no diVerence was
observed, either for smoking or drinking, in the
very small group of misusers (data not
reported).
No significant diVerence was observed in

TBARS concentrations in the four groups of
patients (fig 1), nor was there any diVerence in
patients with no, mild, moderate, or severe
intestinal metaplasia (no or mild: 25.7 (4.4),
moderate: 30.1 (5.5), severe: 25.4 (4.3)
nmol/g). However, patients with high grade
intestinal metaplasia (moderate and severe
cases considered together) showed a trend
towards higher TBARS concentrations (28.1
(12.8) versus 24.3 (11.1) nmol/g). Similarly, no
diVerence in TBARS concentrations was de-
tected in patients with no versus moderate or
severe disease activity (20.8 (8.6) versus 26.0

Figure 1 Mean (SEM) concentrations of 80HdG and TBARS in gastric mucosa.
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Table 1 8OHdG tissue concentrations in patients with
epithelial dysplasia or intestinal metaplasia

8OHdG

Chronic active gastritis
With epithelial dysplasia (12) 28.9 (21.3)
No epithelial dysplasia (29) 29.6 (26.1)

Intestinal metaplasia
No intestinal metaplasia (34) 15.4 (2.2)*
Mild intestinal metaplasia (21) 16.5 (7.8)*
Moderate/severe intestinal metaplasia (33) 32.2 (6.7)*

Values are expressed as mean (SD) number of adducts/105 dG
residues.
*p = 0.035 by one-way ANOVA.

Table 2 8OHdG tissue concentrations according to disease
activity and H pylori infection

8OHdG

Disease activity
Absent (29) 7.2 (5.4)*
Moderate (28) 17.2 (4.6)*
Severe (31) 25.6 (24.4)*

H pylori infection
Absent (44) 17.3 (14.2)†
Moderate (10) 19.4 (13.0)†
Severe (34) 53.1 (43.8)†

Values expressed as mean (SD) number of adducts/105 dG resi-
dues.
* p = 0.02 by Kruskal-Wallis.
† p = 0.001 by one-way ANOVA.
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(12.9) and 26.8 (12.3) nmol/g, respectively) or
in patients with no,moderate, or severeH pylori
infection (no: 23.5 (7.8), moderate: 29.4
(14.4), severe: 27.8 (8.8) nmol/g; NS). How-
ever,H pylori positive patients had significantly
higher TBARS concentrations overall (29.1
(13.4) versus 21.5 (8.7) nmol/g, p=0.04).
Gastric juice vitamin C concentrations were

lower in patients with chronic atrophic gastritis
(controls: 201.8 (153), chronic non-atrophic
gastritis: 154.3 (33), chronic atrophic gastritis:
88.1 (21) nmol/1; p=0.04, chronic atrophic
gastritis versus chronic non-atrophic gastritis).
Vitamin C intake was similar in the three
groups (controls: 36.2 (11.4), chronic non-
atrophic gastritis: 34.3 (16.5), chronic atrophic
gastritis: 37.5 (25.5) mg/day). No correlation
was detected between vitamin C intake (or
smoking) and age.
Table 3 presents the correlation matrix of

some of the variables introduced in the
stepwise multiple regression analysis. As there
was such a small number of smokers and
drinkers, the variables smoking and drinking
were not considered for this analysis. By linear
regression analysis, significant correlations
were observed between: 8OHdG concentra-
tions and H pylori infection; histological
diagnosis and disease activity; intestinal meta-
plasia, age, and histological diagnosis; and H
pylori infection, age, histological diagnosis, and
disease activity. In the analysis for prediction of
the multiple logistic regression, H pylori infec-
tion (p=0.008) was selected as a single
independent predictor of mucosal concentra-
tions of 8OHdG.

Discussion
8OHdG MUCOSAL CONCENTRATIONS

The importance of oxidative damage in chronic
gastritis, either correlated with H pylori or not,
has been confirmed in various studies.9 23 24 As it
is known that free radicals may also be involved
in carcinogenesis, the above studies have posed
the question whether the free radical produc-
tion underlying all such changes is also a possi-
ble cause of the accumulation of oxidative
DNA damage in chronic gastritis. The method
adopted in this study30 enables determination
of the concentrations of a single adduct that has
a known mutagenic and carcinogenic
potential,22 and is related to free radical
mediated damage which may indeed increase
concentrations of physiological production of
oxidised DNA.32 It has indeed been shown that
oxidative DNA damage is a continous and
ubiquitous process resulting from the produc-
tion of oxygen radicals due to the unavoidable
error rate of electron addition to oxygen in the
electron transport chain of mitochondria and

other endogenous metabolic processes that
utilise oxygen.l6

The extent of DNA damage in the gastric
mucosa had been investigated previously by
using 32P postlabelling33 or O-6-methyl guanos-
ine radioimmunoassay detection.34 These stud-
ies reported an increase in DNA damage,
which failed to reach statistically significant
concentrations, even in gastric cancer; the
authors concluded that there was no direct
indication of any relation between cancer risk
and extent of DNA damage.
In our experience, there is a significant accu-

mulation of oxidative DNA damage in patients
with simple chronic gastritis; this is more
clearly apparent in patients with gastric cancer
precursors in the gastric mucosa, such as
atrophic gastritis and intestinal metaplasia. To
our mind, the diVerence between the presented
data and the previously reported results is due
to the method adopted, which specifically
detected oxidative DNA lesions that may be
more relevant to the type of damage peculiar to
H pylori mediated gastritis.
A question arises as to whether this damage

is an early or late occurrence. As the develop-
ment of precancerous lesions,35 such as dyspla-
sia (which can progress to cancer even when it
is low grade36), was not associated with any fur-
ther increase in oxidative DNA damage, and
the same was true for gastric cancer, this accu-
mulation is presumably an early event. On the
other hand, as it takes a long time for chronic
atrophic gastritis to develop in the stomach,
this accumulation might equally be seen as a
late event. The development of this DNA
damage in the gastric mucosa seems to occur
later than in the case of chronic liver disease, in
which a significant accumulation can be
detected in patients without cirrhosis.37 How-
ever, even low amounts of DNA oxidative
damage may be important, as high concentra-
tions can lead to cell death while low
concentrations can easily be repaired.38

All the variables indicating more severe
damage—presence of extensive intestinal
metaplasia, severe disease activity, or intensive
H pylori colonisation of the mucosal surface—
were associated with a further increase in con-
centrations of 8OHdG in the gastric mucosa.
This was to be expected, at least for disease
activity and H pylori infection,39 as free radical
production is due to polymorphonuclear cell
activation and recruitment,12 which are both
increased in the presence of H pylori and more
severe gastritis. An intriguing finding was that a
greater amount of DNA damage was also
detectable in patients with diVuse and severe
intestinal metaplasia, which can also be re-
garded as a precancerous condition.Moreover,
patients with chronic atrophic gastritis and

Table 3 Significant correlations among the studied variables in all 88 patients

Disease activity Histology Intestinal metaplasia H pylori infection Age 8OHdG

Disease activity – 0.61 (0.0002) – 0.73 (0.00001) 0.49 (0.1) –
Histology 0.61 (0.0002) – 0.86 (0.00001) 0.49 (0.005) 0.55 (0.0007) –
Intestinal metaplasia – 0.86 (0.00001) – – 0.49 (0.02) –
H pylori infection 0.73 (0.00001) – – – 0.41 (0.03) 0.53 (0.002)
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severe intestinal metaplasia were characterised
by very high 8OHdG concentrations. It is pos-
sible that, beyond the hypothesis of an
accumulation of damage due to 8OHdG
formation overwhelming the capacity for re-
pair, the increased extent of DNA damage
found in specific subgroups of patients could
also be due to the presence of cagA/vacA pro-
ducing H pylori strains which, at least in some
studies,40–42 have been found to be associated
with more severe damage and a higher risk of
gastric cancer.
Finally, by regression analysis, the accumula-

tion of oxidative DNA damage was found to be
unrelated to age (though controls had both a
lower age and lower 8OHdG concentrations),
or to smoking and drinking habits. Both linear
and non-linear correlations of 8OHdG tissue
concentrations with age have been
reported.43 44 The lack of any such correlation
in this study might be explained by the
presence of a relatively small group of younger
subjects in the sample, or by the fact that the
study contained not “healthy” controls, but
patients, defined as unaVected controls, with a
chronic pathology clearly related to free radical
production. Any correlation with age is there-
fore probably masked by the more relevant
influence of damage.

TBARS MUCOSAL CONCENTRATIONS AND GASTRIC

JUICE VITAMIN C

TBARS mucosal concentrations proved a less
accurate indicator of free radical mediated tis-
sue damage. Concentrations were higher in
chronic atrophic gastritis, but not significantly
so, and the only parameter that was signifi-
cantly correlated with a clear cut increase in
TBARS was the presence of H pylori infection.
These results provide only partial confirmation
of previously published findings.23 24 No corre-
lation was detectable between TBARS and
8OHdG concentrations. This suggests that the
two parameters probably indicate diVerent
pathways of damage. Furthermore, damage to
DNA, lipids, proteins, or carbohydrates de-
pends on the type of cell under oxidative stress
and on the mechanisms involved.45

Gastric juice vitamin C concentrations were
relatively low in chronic atrophic gastritis
patients with a comparable vitamin C intake, as
in several previous studies,23 24 46 and they
showed no correlation with either TBARS or
8OHdG concentrations. These findings are in
partial conflict with results previously reported
by Dyke et al,47 in whose study vitamin C sup-
plementation led to a reduction in gastric
mucosal DNA damage. However, the type of
DNA adducts determined in their study by the
32P postlabelling method was diVerent, as they
formed following exposure to diVerent types of
genotoxic chemicals. The authors also found
no correlation between baseline vitamin C in
the gastric juice and DNA adduct concentra-
tions, and this confirms our own data. These
observations imply that gastric juice vitamin C
concentrations may vary in relation to different
factors and that a specific correlation with the
extent of mucosal DNA oxidative damage can-
not be confirmed.

A number of significant correlations were
found in our study, generally concerning the
degree of histological damage, in terms of
chronic atrophic gastritis and intestinal meta-
plasia, the patients’ age, and the presence of H
pylori infection. These correlations were, to
some extent, expected. More interesting was
the finding that, in stepwise multiple linear
regression analysis (which enables the identifi-
cation of single or paired independent predic-
tors for a given variable), the presence and
extent of H pylori infection emerged as a single
independent predictor of gastric mucosal con-
centrations of 8OHdG, with a very high degree
of significance. This indicates that H pylori
infection is the most important factor in caus-
ing accumulation of oxidative DNA mutations.
As H pylori infection is also correlated with an
increase in the proliferative activity of the gas-
tric epithelia,48 it can be concluded that the
bacterium may act as both a potential initiator
and as a promoter of gastric carcinogenesis.

CONCLUSIONS

In conclusion, this study shows that: specific
oxidative DNA damage is detectable in the
gastric mucosa in chronic gastritis. This
damage correlates with the development of
precancerous mucosal changes and specifically
with the onset of atrophy and extensive intesti-
nal metaplasia. H pylori infection is the single
most important factor in determining the con-
centrations of 8OHdG, thus indicating that the
chronic inflammatory reaction caused by the
bacterium is directly involved in gastric car-
cinogenesis through its potential for causing
excess production of reactive oxygen species
and consequent mutagenic and carcinogenic
changes in DNA.

This work was carried out under the auspices of the R Farini
Foundation for Research in Gastroenterology and was sup-
ported in part by a grant from the Italian National Research
Council (CNR).
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