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Summary: It has been suggested that oxidative stress
defined as a shift in antioxidant/oxidant balance towards
oxidants is associated with the pathogenesis of many
diseases, including carcinogenesis. Reactive oxygen species can induce carcinogenesis via injury to macromolecules such as DNA, carbohydrates and proteins. Forty primary gastric carcinoma patients and 40 healthy controls
were included in the study. Advanced oxidation protein
products, total thiols, total protein, albumin in plasma, %
hemolysis in RBC suspension and glutathione in both
whole blood and plasma were estimated. Our studies demonstrated a significant increase in advanced oxidation
protein products, % hemolysis (p=0.033), A:G ratio
(p=0.003) and a highly significant decrease in blood
glutathione (p=0.036), total thiols (p=0.001), plasma
thiols other than glutathione and total antioxidant activity.
The findings suggest that gastric carcinoma is associated
with oxygen derived free radicals accumulation, and
depletion of total antioxidant activity has lead to oxidative
stress and advancement of oxidative-antioxidative disorders
followed by progression of gastric cancer.
Keywords: gastric cancer, oxidative stress, advanced
oxidation protein products, total thiols, total protein,
albumin, total antioxidant activity

Kratak sadr`aj: Postoje podaci o tome da je oksidativni
stres, koji se defini{e kao promena u ravnote`i izme|u antioksidanata i oksidanata u korist oksidanata, povezan sa
patogenezom mnogih bolesti, uklju~uju}i karcinome. Reaktivne vrste kiseonika mogu izazvati nastanak karcinoma
putem o{te}ivanja makromolekula kao {to su DNK, ugljeni
hidrati i proteini. Studija je obuhvatila ~etrdeset pacijenata
sa primarnim gastri~nim karcinomom i 40 zdravih osoba.
Odre|eni su proizvodi uznapredovale oksidacije proteina,
ukupni tiol, ukupni protein, albumin u plazmi, procenat
hemolize u suspenziji eritrocita i glutation u punoj krvi i
plazmi. Istra`ivanje je ukazalo na zna~ajan porast proizvoda
uznapredovale oksidacije proteina, procenta hemolize
(p=0,033), odnosa A:G (p=0,033) i veoma zna~ajan pad
glutationa u krvi (p=0,036), ukupnih tiola (p=0,001), tiola
u plazmi osim glutationa i ukupne antioksidantne aktivnosti. Na osnovu rezultata se mo`e zaklju~iti da postoji veza
izme|u gastri~nog karcinoma i akumulacije slobodnih radikala iz kiseonika i da smanjenje ukupne antioksidantne
aktivnosti dovodi do oksidativnog stresa i napredovanja
oksidativnih/antioksidativnih poreme}aja koje prati progresija gastri~nog kancera.
Klju~ne re~i: gastri~ni karcinom, oksidativni stres, proizvodi uznapredovale oksidacije proteina, ukupni tioli,
ukupni protein, albumin, ukupna antioksidantna aktivnost
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Gastric cancer is a multifactorial disease and has
multietiopathogenic factors. It is widely accepted that
a major underlying factor of this disorder is the
generation of free radicals. There is substantial
evidence that oxygen derived free radicals play an
important role in the pathogenesis of various tissues.
Potential sources of free radicals may be the activated
inflammatory cells, the hypoxanthine-xanthine oxida-
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se system, disrupted electron transport system,
metabolism of arachidonate via lipoxygenase pathway
or vascular endothelial cells. The lipoxygenase
pathway and the activated inflammatory cells could
be involved in the pathogenesis of mucosal damage.
Inflammation could be activated by Helicobacter
pylori. In H. pylori infected gastric mucosa and duodenal gastric metaplasia, active inflammation with
infiltration of neutrophils in the acute stage of the
infection and of macrophages/monocytes, lymphocytes and plasma cells in the chronic stage is observed
in the lamina propria of the stomach. These may act
as a source of a large quantity of oxygen derived free
radicals that could cause cell damage and ultimately
lead to mucosal injury (1).
Since free radicals cause damage to lipids, proteins and DNA, their oxidative products level in the
plasma or serum may be increased in diseased conditions. The generation of superoxide anion as a
mechanism of damage is well established in different
models of acute and chronic injury, which in turn
might lead to gastric mucosal damage. The chronic
inflammation again leads to proliferation of the
epithelial cells of the stomach. Much of the chemistry
of the products of protein oxidation has detected that
formation of carbonyls and the »peptide alpha-amidation« scheme for oxidative breakage of polypeptide
back bones, seems to be a common component of
chain fragmentation reactions (2).
Several studies suggest that the pathogenesis of
disease is increased due to the oxidation or nitration
of plasma proteins. Hence we made an attempt to
study the oxidant-antioxidant relationship by estimating the levels of protein oxidation products and a few
antioxidant parameters in gastric cancer subjects.
Subjects and Methods
Blood samples were collected from 40 subjects,
both male and female diagnosed with gastric carcinoma on clinical basis, who have not undergone surgery, chemotherapy or radiotherapy and age and sex
matched 40 healthy individuals devoid of disease
conditions like hypertension, diabetes mellitus, epilepsy and psychiatric disorders.
Five mL of venous blood was collected in heparinised tubes, from which 0.2 mL of whole blood was
used for the estimation of reduced glutathione by the
method of Ernest Beutler (3). The remaining volume of
blood was centrifuged at 3000 rpm and the plasma
was separated into sterile containers and refrigerated
until use. Plasma advanced oxidation protein products
(AOPP) was quantitated by a modified Witko’s method
(4), where an aliquot of suitably diluted plasma was
made to react with 1.16 mol/L KI followed by the
addition of acetic acid. Optical density was read at 340
nm against a blank containing KI and acetic acid. Total
thiols of the plasma were measured by the reaction of
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sulfhydryl groups with dithionitro benzoic acid, by
Ellman’s procedure (5). The method adopted to measure total antioxidants of plasma was developed by
Koracevic (6) based on the measurement of thiobarbituric acid reactive substances and reduced glutathione
by the method of Ernest Beutler (3).
Statistical analysis was done by Mann Whitney U
test.
The work has been approved by the Human
Ethics Committee of the institution, consent was
obtained from each patient/subject after full explanation of the purpose.
Result
In the gastric cancer subjects, whole blood GSH
was decreased very significantly and plasma GSH levels
remained in the normal range as indicated in Table I.
Total thiol in plasma, another antioxidant group of
plasma, was highly significantly decreased in the study
group. The decrease in the plasma thiols (total thiols –
plasma GSH) was highly significant (p = 0.008) compared to the normal group, as represented in Table I.
The total antioxidant activity also showed a significant
decrease in the study group compared to the control
group. Statistical analysis showed a significant decrease
in total protein along with albumin levels, however the
Table I Comparison of antioxidants (Mean ± SD).
Control
(n=40)

Gastric cancer p
value
(n=40)

Blood GSH
(mmol/L)
Plasma GSH
(mmol/L)

1.35 ± 0.38 1.00 ± 0.39 0.003

Total thiols
(mmol/L)

0.45 ± 0.05 0.24 ± 0.09 0.001

Plasma thiols
(mmol/L)
(Total thiols – GSH)

0.28 ± 0.12 0.15 ± 0.11 0.008

TAO (mmol/L)

1.00 ± 0.24 0.84 ± 0.23 0.014

Total protein (g/L)

8.19 ± 1.43 6.91 ± 2.31 0.014

0.21 ± 0.16 0.19 ± 0.20 0.789

Albumin (g/L)

4.84 ± 1.07 3.37 ± 1.29 0.001

Globulin (g/L)

3.35 ± 1.39 3.53 ± 1.59 0.946

A:G

1.77 ± 1.01 1.06 ± 0.47 0.003

Table II Markers of oxidative damage (Mean ± SD)
Control
(n=40)

Gastric cancer p value
(n=40)

AOPP (mmol/L) 0.074 ± 0.022 0.097 ± 0.041 0.033
% Hemolysis

0.31 ± 0.19

1.36 ± 0.54

0.001
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mean value remained in the normal range. A
significant increase in AOPP (p=0.033) was observed
in the study group when compared with controls. The
% hemolysis showed a highly significant increase in
gastric cancer (p=0.001) subjects compared to normal
group (see Table II).
Discussion
Several recent studies done by Ebubekir et al.
(7) and Batcioglu et al. (8), point out the role of
oxidative stress in gastric cancer. It is known that free
radicals cause protein damage and degradation (2).
Until recently radical-induced damage to proteins was
considered to be mainly a chain terminating process
and it was thought that the products of damage
produced on the protein were relatively inert. It has
been demonstrated that two types of protein bound
reducing moieties (3, 4) such as dihydrophenylalanine and protein peroxide are capable of initiating
further chemical reactions. The protein bound reducing moieties have been shown to be able to reduce
transition metals resulting in redox cycling of these
species. The protein peroxides have been demonstrated to consume important cellular reductants such
as ascorbate and GSH.
Advanced oxidation protein products (AOPP)
were proposed as one of the possible markers of
oxidative injury, which originates under oxidative and
carbonyl stress and increases the inflammatory activity. Recent studies done on acute coronary syndrome
suggest that AOPP is not only a mediator of oxidative
stress, but also acts as an inflammatory mediator (9).
The free radicals cause oxidation or nitration of
plasma proteins such as ceruloplasmin, transferrin,
fibrinogen and albumin which explains the biochemical basis of pathogenesis (10). The myeloperoxidase (MPO) catalysed reactions could contribute to
AOPP generation in plasma (11, 12). The importance
of neutrophil activation, as the main source of
oxidative stress through protein oxidation (AOPP) was
also found to be responsible for the pathogenesis of
the disease (12) and may be one of the underlying
causes for the observed increase in the levels of
plasma AOPP in the present study. Percentage
hemolysis showed a highly significant increase in the
patients compared to the controls, indicative of
membrane damage secondary to membrane lipid
peroxidation and serves as a marker of lipid peroxidation. Lipid peroxidation induces an efflux of oxidized glutathione, decreasing the erythrocyte reduced glutathione and in turn the lifespan of RBC (13).
Thiols such as glutathione interfere with the
complex carcinogenic process. Under stress conditions, they scavenge harmful molecules. Glutathione conjugation of electrophilic carcinogens may
prevent tumor initiation and reduced thiols defend
against oxidative stress. The studies on erythrocyte
GSH conducted in various conditions showed a

significant decrease (1, 14) compared to the controls.
Depletion in the levels of GSH either in plasma or
gastrointestinal mucosa may result in the accumulation of free radicals that can initiate membrane
damage due to oxidation, which may be a causative
factor for ulcer, chronic gastritis and in turn gastric
cancer (15). The sulfhydryl group of GSH can be
used to reduce peroxides formed during oxygen
transport. Many conditions alter the GSH level via
changes in GCS activity (gamma - glutamyl cysteine
synthetase, rate-limiting enzyme of GSH synthesis)
GCS gene expression. Both transcriptional and posttranscriptional mechanisms modulate the activity of
this critical cellular enzyme (17). This may be the
cause for the observed decrease in the erythrocyte
GSH levels.
Thiols are extraordinarily efficient antioxidants
and the redox states of thiols play a critical role in the
reactions such as catalysis, regulation, electron
transport and those preserving the correct structure
of proteins. The levels and mutual relations between
different redox forms of thiols in plasma are decisive
for the plasma redox capacity which determines its
proper function. The present study also shows a
significant decrease in total thiols as compared to
studies done on colon cancer (18), liver and renal
diseases (19). This may be due to the autooxidation
or formation of mixed disulphides (20).
The present study is in agreement with the studies done on gastric cancer antioxidant status by Batciogluk et al (8), Arivazhagan et al. (10), Dincer (21,
22) and also studies done on inflammatory bowel
disease (23), colorectal cancer (24, 25) and bladder
cancer (26). Thus, the results of the present study are
in accord with those of previous studies. Therefore it
can be understood that antioxidants are often described as »mopping up« free radicals, meaning they
neutralize the electrical charge, preventing free
radical from taking electrons from other molecules.
Evidence is provided for the generation of a wide
variety of protein derived reactive radical species,
which may play an important role in the initiation and
propagation of radical chain reactions in vivo and the
occurrence of a novel chain fragmentation process of
glutamate derived radicals, which are suggested to be
of importance in modifying protein structure and
recognition (27).
Total protein (TP) and albumin (TA) showed a
significant decrease compared to the controls. The
main role in the evolution of hypoproteinemia was
played by albumin. Albumin, which is considered a
»sacrificial« antioxidant, via its thiol groups, provides
quantitatively almost tenfold greater antioxidant
protection against hypochlorous acid in human plasma
(28) and is responsible for capturing free radicals (29).
The population with carcinoma of GIT showed an
incidence of hypoproteiemia suggesting malnutrition,
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hemorrhage and the GIT protein losing phenomenon.
The hypoproteinemia in cancer may be an expression
of cachexia, representing homeostatic derangement in
which the utilization and destruction of albumin by the
tumor cannot be compensated by the organism, especially by the liver. A significant positive correlation is
also seen between total thiols and albumin which are
effective antioxidants in the plasma. The observed negative correlation between total thiols and % hemolysis,
and blood glutathione and AOPP indicates the antioxidant activity of thiols. This shows an imbalance between antioxidants and oxidative markers with a shift
towards oxidative markers.
From the above data we can come to the conclusion that increased free radical production causes
oxidative stress, which shifts the oxidant/antioxidant
balance towards oxidants leading to pathogenesis of
the disease. Direct damage to DNA is probably one of
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the key events but alone is insufficient to produce
cancer, suggesting the ability of reactive species to
suppress apoptosis and to promote proliferation, invasiveness and metastasis. Thus, cancer preventive strategies involve enhancement of the antioxidant or
conjugating capacity by increasing the levels of thiols,
particularly glutathione through precursor application
or synthesis stimulation and by inducing the
corresponding enzymes. The antioxidant potential of
thiols is, however, a part of a more general capacity to
regulate redox status even in the absence of unequivocal stress conditions. Redox status controls the
activities of various cellular signalling proteins
through oxidation or reduction of particular sensor
structures that are also mostly thiols. The development of feasible chemotherapeutic strategies on the
basis of this complex system of redox-sensitive
messenger proteins can be a goal in future research.
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