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Eradication of Helicobacter pylori Restores Glutathione S-Transferase Activity and 
Glutathione Levels in Antral Mucosa
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Peters,1 Wink A. de Boer and Jan B. M. J. Jansen
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Glutathione S-transferases (GST) and glutathione peroxidases (GPO) are important in detoxifica-
tion. GST activity in the mucosa of the gastrointestinal tract is inversely correlated with the devel-
opment of gastrointestinal cancer. Helicobacter pylori (H. pylori) infection has been associated with
gastric cancer. We studied GST activity and the substrate glutathione (GSH) in patients with H.
pylori-associated gastritis. GST activity and isoenzyme levels, GPO activity and GSH levels were
studied in antral biopsies of 38 H. pylori-positive patients, before and after eradication treatment.
In 31 patients in whom H. pylori was successfully eradicated, antral GST enzyme activity before
therapy was 532 (465–598) nmol/mg protein ⋅⋅⋅⋅ min (mean and 95% confidence interval) and that
after therapy was 759 (682–836) nmol/mg protein ⋅⋅⋅⋅ min (P<<<<0.0001). Correspondingly, levels of
GST αααα and GST-P1 were higher after eradication (P<<<<0.001). GSH concentration significantly
increased: 21.2 (16.2–26.2) nmol/mg protein before and 27.1 (23.6–30.6) nmol/mg protein after
therapy (P<<<<0.05). In 7 patients in whom H. pylori was not eradicated, GST activity was 671 (520–
823) nmol/mg protein ⋅⋅⋅⋅ min and 599 (348–850) nmol/mg protein before and after treatment respec-
tively (P====0.32). GSH levels were 17.4 (9.0–25.7) nmol/mg protein and 18.2 (9.1–27.3) nmol/mg
protein, respectively (P====0.84). No differences in antral GPO enzyme activity, both of selenium (Se)-
dependent and total GPO, before and after successful treatment were found. Eradication of H.
pylori infection increases GST activity and GSH levels in antral mucosa. Low GST activity and
GSH concentration due to H. pylori infection might play a role in gastric carcinogenesis.
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Although our knowledge about the role of infection
with Helicobacter pylori in the pathogenesis of peptic
ulceration and gastric carcinoma and lymphoma is increas-
ing, the mechanisms responsible are only partially under-
stood. An important role in the pathogenesis seems to be
played by reactive oxygen species (free radicals produced
by the reduction of oxygen to water).1–5) Production of
these species by neutrophiles is greatly increased in H.
pylori infection.6, 7) The lifespan of these free radicals in
vivo is very short, due to their high reactivity, which has a
detrimental effect on biological molecules and structures,
including cellular membranes and DNA.8) Free radicals
have also been linked to activation of oncogenes and deac-
tivation of tumor suppressor genes.9, 10)

The human body utilizes several lines of defense. These
defenses include non-enzymatic compounds such as vita-
mins A, E and C, and enzymatic pathways such as super-
oxide dismutase, glutathione peroxidase (GPO) and gluta-
thione S-transferase (GST), the latter two enzymes using
glutathione (GSH) as a cofactor. GSH is a tripeptide (gluta-

mine-cysteine-glycine) and is the most important source
of intracellular thiol molecules.11) It is a very effective
radical scavenger, readily reacting with reactive oxygen
species and free radicals, and rendering them less toxic.
Thus, GSH is involved in both enzymatic and non-enzy-
matic reactions to counter oxidative stress and many other
toxic or carcinogenic compounds.

Two types of GPO enzymes exist, non-seleno- and sele-
noproteins, but both use GSH as a cofactor. The non-sele-
nium (Se)-dependent GPO enzyme activity occurring in
the gastrointestinal tract originates mainly from GST
enzymes. The family of human GST enzymes includes
four main classes; α, π, µ and θ, each consisting of one or
more isoenzymes with different substrate specificity.
These enzymes utilize GSH to detoxify reactive oxygen
species, but also to detoxify various other compounds with
known mutagenic and carcinogenic properties, including
polycyclic aromatic hydrocarbons and N-nitroso com-
pounds.11, 12) In the past, we have shown that low activ-
ity of GST enzymes in the mucosa of the human diges-
tive tract correlates highly with cancer incidence, possi-
bly reflecting decreased capacity of the involved mucosa
to detoxify toxins and carcinogens.13)
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Partial deficiency of GST isoenzymes has been linked
to the development of various malignancies, including
gastric and colorectal carcinoma.14–20) In lymphocytes defi-
cient in GST M1, increased cytogenetic damage has been
shown.21, 22) In a former study we demonstrated that H.
pylori infection was associated with a low GSH content
and GST activity in the antral mucosa.23) In this controlled
study we have investigated the effect of H. pylori eradica-
tion on gastric mucosal GSH concentration, GST and GPO
enzyme activity, as well as GST isoenzyme levels.

PATIENTS AND METHODS  

Patients  Thirty-eight Helicobacter-positive patients [15
men, 23 women, mean age 44 (range 22–75) years)] with
non-ulcer dyspepsia were studied. At gastroscopy 4 biop-
sies each were taken from antrum and corpus, for histolog-
ical and bacteriological examination to assess H. pylori
status. For GSH, GPO and GST determination 3 additional
biopsies were taken from the antral mucosa, within 2 cm
of the pyloric ring. Patients who had used proton pump
inhibitors, H2 receptor antagonists, antibiotics, NSAID’s or
bismuth preparations within 4 weeks prior to endoscopic
examination were excluded from the study.

After confirmation of H. pylori infection, all patients
were treated with a proton pump inhibitor (either omepra-
zole 20 mg bid or lansoprazole 30 mg bid) and antibiotics
(amoxycillin 1 g bid and metronidazole 500 mg bid) for a
period of 2 weeks. Thereafter, treatment was stopped and
patients did not receive any other medication until endo-
scopic re-evaluation, 6 weeks after the end of treatment.
Biopsies were taken according to the aforementioned
method. Treatment was considered to be successful if both
bacteriological and histological assessment did not show
the presence of H. pylori.

Written informed consent was obtained from all patients
prior to inclusion. The study was approved by the local
ethical committees.
GSH, GST and GPO determinations  Biopsies from
antral mucosa for GSH and GST/GPO determination were
immediately frozen in liquid nitrogen and stored at −80°C
until further analysis. For preparation of cytosolic frac-
tions, biopsies were quickly thawed in cold running water
and homogenized in 0.25 M saccharose, 20 mM Tris/HCl
and 1 mM dithiothreitol pH 7.4 using disposable polypro-
pylene pestles and micro tubes (Kontes, van Oortmerssen,
Rijswijk, The Netherlands). The homogenate was centri-
fuged at 150 000g at 4°C for 1 h. Aliquots of post centrif-
ugation supernatant cytosolic fraction were frozen in
liquid nitrogen and stored at −80°C until use. For determi-
nation of GSH content, cytosol was immediately diluted
(1/10) with a solution of 10% trichloroacetic acid. GST
enzyme and isoenzyme activity were determined as
described before.13) Se-dependent GPO activity with hydro-

gen peroxide as a substrate and non Se-dependent activ-
ity with t-butyl hydroperoxide as a substrate were mea-
sured essentially as described by Howie et al.,24) as fol-
lows: reduction in absorption at 340 nm (37°C) was
recorded on a Lambda 12 spectrophotometer (Perkin
Elmer, Langen, Germany) at intervals of 1 min for a total
analysis time of 5 min. The assay solution contained 60
mM Tris/HCl buffer pH 7.6, 0.12 mM EDTA, 1 mM
sodium azide, 0.33 mM NADPH, 1.3 mM reduced GSH
and 1.3 U GSH reductase. The reaction was started with
the addition of substrate and the final concentrations of the
substrates were 1.2 mM for t-butyl hydroperoxide and 0.6
mM for hydrogen peroxide. All measurements were per-
formed in triplicate. GSH content was assayed by high-
performance liquid chromatography after reaction with
monobromobimane as described in detail before.25)

Statistical analysis  All results are given as means (±95%
confidence interval) unless otherwise specified. Graphical
data are displayed as Box-Whisker plots, showing median,
25th and 75th percentile and range. Statistical analysis was
performed using the t test for paired samples after log
transformation of the data. Differences with a P value
<0.05 were considered to be statistically significant in all
analyses.

RESULTS

Of the 38 patients included in the study, in 31 patients
H. pylori was eradicated (group A) and 7 patients
remained H. pylori-positive (group B).
GST  Before treatment there was no significant difference
in GST activity between the two patient groups A and B.
In group A antral GST activity was 532 (466–599) nmol/

Fig. 1. Glutathione S-transferase activity in antral mucosa
before and after H. pylori eradication treatment. Box-Whisker
plots showing range, 25th and 75th percentile and median.
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mg protein ⋅min before and 759 (682–836) after eradica-
tion (P<0.001). For group B these values were 671 (520–
823) nmol/mg protein and 599 (348–850) nmol/mg pro-
tein⋅min, respectively (P=0.32). Data are depicted in Fig. 1.
GST isoenzymes GST isoenzyme analyses were per-
formed in 22 patients of group A, for whom sufficient
mucosal material was available after initial determination
of GSH and GST. GST α isoenzymes were undetectable in
one patient and GST µ isoenzymes were undetectable in
thirteen patients. GST α isoenzyme levels increased from
2.1 (1.4–2.9) µg/mg protein before to 3.80 (2.7–4.9) µg/
mg after eradication treatment (P<0.001). The data are
depicted in Fig. 2. GST π isoenzyme levels increased from
7.0 (5.8–8.1) µg/mg protein to 8.4 (7.6–9.2) µg/mg pro-
tein (P<0.001). GST µ concentration was 2.6 (1.2–3.9)
µg/mg protein before and 3.0 (1.6–4.4) µg/mg protein
after eradication therapy (P=0.31).
GPO  Total GPO activity was assessed in 17 patients of
group A, for whom sufficient mucosal material was avail-
able after initial determination of GSH, GST and GST
isoenzymes. Total GPO activity was 143 (109–177) nmol/
mg protein before and 164 (113–216) nmol/mg protein
after treatment (P=0.28). Se-dependent GPO activity was
assessed in 18 patients, in all of whom H. pylori was erad-
icated. Se-dependent GPO activity was 379 (333–424)
nmol/mg protein ⋅min before and 335 (287–383) nmol/
mg protein after treatment (P=0.39).
GSH  There was no significant difference in GSH concen-
tration between the two patient groups before eradication
treatment. In group A antral GSH concentration was 21.2
(16.2–26.2) nmol/mg protein before and 27.1 (23.6–30.6)

nmol/mg protein after eradication treatment (P<0.05, Fig.
3). In group B these values were 17.4 (9.0–25.7) nmol/mg
protein and 18.2 (9.1–27.3) nmol/mg protein, respectively
(P=0.84).

DISCUSSION

In a former paper, we studied two different groups of
patients, either infected or not infected with H. pylori. We
showed that H. pylori infection was associated with low
GST enzyme activity and low GSH concentration in the
infected antral mucosa.23) In the present study, we demon-
strate that successful eradication of H. pylori restores GST
activity and tissue GSH concentration, whereas unsuccess-
ful treatment does not. In addition we studied which isoen-
zymes are responsible for the increase in GST activity
after H. pylori eradication.

The reason for the low GSH concentration in H. pylori-
infected antral mucosa is not clear. The following mecha-
nisms might play a role. First, H. pylori infection is asso-
ciated with a strongly increased local production of
reactive oxygen species by neutrophil granulocytes.6, 7)

These reactive oxygen species may be actively scavenged
by GSH, resulting in the formation of the oxidized form of
GSH, GSSG. This oxidized form of GSH is rapidly con-
verted back to GSH, catalyzed by GSH reductase, thereby
consuming NADPH. A greatly increased production of
reactive oxygen metabolites, however, might overpower
the capacity of the tissue to synthesize or regenerate suffi-
cient amounts of GSH, resulting in a decrease in tissue
GSH concentration.26) This hypothesis is in line with the

Fig. 2. Glutathione S-transferase isoenzyme levels in antral
mucosa before and after successful eradication of H. pylori. Box-
Whisker plots showing range, 25th and 75th percentile and
median.

Fig. 3. Glutathione levels in antral mucosa before and after H.
pylori eradication treatment. Box-Whisker plots showing range,
25th and 75th percentile and median.
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findings of Farinati et al., who found increased concentra-
tions of GSSG in infected mucosa, signaling increased
oxidation of GSH.5) Secondly, local factors or changes in
the micro-environment, either produced by the bacterium
or generated in the mucosa as a consequence of infection,
might impair GSH synthesis.

GSH plays an important role in gastric mucosal cyto-
protection. This effect has mainly been attributed to its
scavenging capabilities. GSH is a highly effective scaven-
ger of free radicals, including the reactive oxygen species
generated by neutrophiles. These free radicals can cause
severe cellular damage. For example, peroxidation of the
cellular lipid membrane is caused by a chain reaction,
which can be initiated by a single radical.8) Also, extensive
damage to DNA can be caused by free radicals, including
point mutations, strand breaks and sister chromatid
exchange.9) This genetic damage might lead to activation
of oncogenes, or inactivation of tumor suppressor genes.10)

So free radicals are able to induce not only direct tissue
injury, but also genetic damage, which could lead to
malignant transformation.

Production of these chemical species by neutrophiles is
greatly increased in H. pylori infection.6, 7) Interestingly,
the increase of reactive oxygen species in the H. pylori-
infected mucosa is dependent on the strain: CagA-positive
strains, with a high ulcerogenic potential cause a greater
increase than CagA-negative strains, implicating that free
radicals might play a role in peptic ulceration.7, 27, 28) CagA-
positive strains have also been associated with an
increased risk of gastric cancer,29) implicating a possible
role in carcinogenesis.

There is also more direct proof that increased concentra-
tion of reactive oxygen species as a consequence of H.
pylori infection is indeed directly responsible for tissue
damage. Subjects with H. pylori infection show signifi-
cantly higher concentrations of malondialdehyde, a by-
product of lipid peroxidation2) and 8-hydroxyguanosine, a
marker for free radical damage to DNA.30) Leakage of lac-
tate dehydrogenase, a marker of cell damage, is greatly
increased in experiments in which H. pylori is co-incu-
bated with gastric cells. This leakage is sharply reduced by
adding free radical scavengers to the experiment.31) In
accordance with this, treatment of patients with the radical
scavengers does prevent H. pylori-induced tissue damage
to a certain extent. A study by Salim showed that treat-
ment of duodenal ulcer patients with the radical scaven-
gers allopurinol or dimethyl sulfoxide was able to prevent
ulcer recurrence at least as effectively as ranitidine.32)

Vitamin C, a scavenger of free radicals has attracted
considerable attention after the finding of a decreased con-
centration of the active ascorbate molecule in the gastric
juice of H. pylori-infected patients.33, 34) This phenomenon
is accounted for by infection of the antral mucosa with
CagA-positive H. pylori strains.35, 36) Like H. pylori infec-

tion,37, 38) a diet deficient in vitamin C has been associated
with an increased incidence of gastric malignancies.39)

GSH also plays a key role in vitamin C metabolism,
since it regenerates the biochemically inactive dehydro-
ascorbate, formed by reaction of vitamin C with free
radicals, into the active ascorbate.40)

In addition, GSH has other important functions. Various
substances present in our diet, which have strong
mutagenic potential, can be conjugated with GSH. This
reaction is catalyzed by GST enzymes.11, 41) Conjugation
with GSH decreases their biological activity and increases
their water solubility, thus allowing more rapid excretion.
Earlier results from our group showed a highly significant
inverse relationship between GST activity and incidence
of malignancy in different parts of the digestive tract.13)

Decrease of tissue GST activity has also been associated
with a variety of malignant tumors.14–20) This might be
caused by a diminished clearance of mutagens or carcino-
gens. It is of interest that many such substances exert their
effect by generating free radicals.41) In a quantitative sense
the most important GST in antral mucosa is GST-P1, fol-
lowed by GST α and GST-M1.13) GST-P1 is expressed
mainly in mucous cells, incidentally in parietal cells and
not at all in chief cells, whereas GST α is equally
expressed in mucous and parietal cells and is hardly seen
in chief cells.42) Restoration of GST α and GST-P1 levels
after eradication of H. pylori infection may therefore result
in better protection of the gastric cells that express these
GST isoenzymes.

However, both Se- and non-Se-dependent antral GPO
activity did not change after eradication of H. pylori. This
is in accordance with in vivo experiments by Suzuki et al.,
who inoculated Mongolian gerbils with H. pylori and only
found an initial increase in gastric GPO activity.43) GPO
levels were normalized after 12 weeks.

Besides transferase activity, GST enzymes may also
have non-Se-dependent peroxidase activity, which has
been associated with repair of damage to lipid and DNA
structures caused by free radicals. This peroxidase activity
is mainly confined to the α and θ isoenzyme sub-
classes.12, 44) Our results show the α subclass to be
reduced in active H. pylori infection, though GPO activity
was not lower.

In conclusion, we find that antral GSH concentration
and GST activity are enhanced after eradication of H.
pylori infection. The low levels of GSH and GST activity
in H. pylori-infected individuals may result in a dimin-
ished scavenging capacity for free radicals, which are gen-
erated in abundance in active infection and can cause
significant damage to cellular structures, including DNA.
In addition, the ability of the tissue to inactivate poten-
tially mutagenic or carcinogenic substances might be
impaired. These effects might play an important role in
tissue damage and carcinogenesis during H. pylori infec-
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tion. Eradication of the infection restores GSH and GST
levels.

(Received June 1, 2001/Revised September 12, 2001/Accepted
September 19, 2001)
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