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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the relationship between the
superoxide dismutase (SOD), malondialdehyde (MDA)
metabolic changes and the gastric carcinogenesis.

METHODS: The SOD activity and MDA content were
measured in the gastric tissues from the focus center,
peripheral and far-end areas of gastric carcinoma (n = 52)
and gastric ulcer (n = 10). All the tissues were subjected
to routine histological examinations and classifications.

RESULTS: The SOD activity was greatly reduced but the
MDA content was markedly increased in the center areas
of the non-mucous gastric carcinoma (non-MGC); and
the poorly differentiated gastric carcinoma varied. The
SOD activity was gradually decreased and the MDA content
was gradually increased in the tissues from the focus
far-end, peripheral to center areas of non-MGC. Both of
the SOD activity and the MDA content were significantly
declined and were respectively at same low level in the
tissues from the focus center, peripheral, and far-end
area with the mucous gastric carcinoma (MGC). In contrast
to the gastric ulcer and grade I or II of non-MGC, the
same level of the SOD activity and the MDA content were
found in the focus center areas. Between non-MGC (groups
A-D) and gastric ulcer (group F), the differences of SOD
activity and MDA content were very noticeable in the
gastric tissues from the focus peripheral and far-end
areas, in which the SOD activity showed noticeable
increase and the MDA content showed noticeable decrease
in the gastric ulcer.

CONCLUSION: The active free radical reaction in the
gastric tissues can induce the carcinogenesis of non-MGC.
The utmost low ability of antioxidation in the gastric tissues
can induce the carcinogenesis of MGC. The metabolic

change of the free radicals centralized mostly in the center
of ulcerated lesions only, which suggested the ability of
antioxidation was declined only in these lesions. However,
the metabolism of free radicals varied significantly and
the ability of antioxidation declined not only in the local
focus area but also in the abroad gastric tissues with
gastric carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Free radical is the middle product during the phase of the
biochemical metabolism in the body[1], and it is the intense
toxicant because of being very active in the biochemical
nature and oxidizing ability[2-5]. Although recent work has
shown that free radical is related to the causing and
development of many digestive system diseases[6-8], it did
not distinct the relationship between the free radical and
the gastric carcinogenesis[9,10]. In the investigation, it was
researched that metabolic changes of the free radical play
a role in the gastric carcinogenesis, development of gastric
carcinoma by investigating the metabolism condition and
regularity of the free radicals in the fresh samples of the
gastric carcinoma tissues.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients and tissues
From 1998 to 2002, 52 cases of gastric carcinoma and 10
cases of gastric ulcer were obtained from the Central
Hospital of Shantou City. All fresh stomach samples were
surgically removed from these patients and regular routine
histological examination and classification were made. The
patients with gastric carcinoma were 11 women and 41 men.
The mean age was 59.83 years, ranging from 34 to 76 years.
The patients with gastric ulcer were 1 woman and 9 men and
the mean age was 53.30 years, ranging from 19 to 69 years.

Measurement of SOD activity and MDA content
Stomach samples were obtained, the tissues at the center,
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peripheral (2 cm away from focus lesion) and far-end areas
(8-10 cm away from focus lesion) sampled respectively.
The fresh tissues were made into 10% tissue homogenate
for measurement of the superoxide dismutase (SOD) activity
and malondialdehyde (MDA) content. The SOD activity
was examined with xanthine oxidase method and the MDA
content was examined with sulfur barbituric acid method[11].
SOD and MDA detection kits were purchased from Nanjing
Jiancheng Bioengineering Institute.

Statistical analysis
All data were disposed by SPSS9.0 statistical software.
Statistical comparisons between interior groups were
analyzed with ANOVA followed by Student’s t-test. Statistical
comparisons between different groups were analyzed with
one-way ANOVA followed by q-test. Experimental results
were finally expressed as mean±SD. P value less than 0.05
was considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

Histological examination
Fifty-two patients with gastric carcinoma were confirmed
by histological examination. Among the 52 cases, 44 were
non-mucous gastric carcinoma (non-MGC) including
papillary, tubular, poorly differentiated, undifferentiated
carcinoma, and were graded into four groups: grade I, 12
cases (group A, Figure 1A); grade II, 15 cases (group B,
Figure 1B); grade III, 11 cases (group C, Figure 1C);
grade IV, 6 cases (group D, Figure 1D). Eight cases were
mucous gastric carcinoma (MGC) including mucinous
adenocarcinoma and signet-ring cell carcinoma (group E,
Figure 1E). Another 10 patients who were confirmed had
gastric ulcer (group F, Figure 1F).

Detection of SOD activity (Table 1 and Figure 2)
The SOD activity was declined gradually in the tissues from
the focus far-end, peripheral, to center areas in non-MGC
(groups A-D). The SOD activity in the focus center areas
was the lowest in the measured gastric tissue. SOD activity
reduction was correlated with the grade and differentiation
of gastric carcinoma in the focus center areas, in which
the level of the SOD activity in groups A and B (grades I
and II) was higher than that in groups C and D (grades III
and IV). There was no significant difference of the SOD
activity in the tissues from the focus far-end areas between
groups A-D.

The level of SOD activity was extremely low in the
focus center areas in MGC (group E). The level of SOD
activity was noticeably low in the focus peripheral and
far-end areas. Although reduction tendency was minimized,
there were no significant differences of the SOD activity
in the tissues from the focus far-end, peripheral to center
areas; suggesting that the SOD activity in these areas was at
the same low level.

The level of SOD activity was low in the focus center
area with gastric ulcer (group F). Notable reduction tendency
about SOD activity was shown in the tissues from the focus
far-end, peripheral to center areas. The common metabolic
characteristics were found in gastric ulcer (group F) and
non-MGC (groups A-D). The SOD activity was gradually
declined from the focus far-end, peripheral to center areas.
The SOD activity was at the same level in the tissues from
the focus center areas between gastric ulcer (group F) and
non-MGC (grades I and II, groups A and B). Importantly,
the SOD activity was noticeably higher in the tissues from
the focus peripheral and far-end areas in the gastric ulcer
(group F) than non-MGC (groups A-D). To compare the
gastric ulcer (group F) and the MGC (group E), the level

Table 1  SOD activity detection in the gastric tissue with gastric carcinoma and gastric ulcer (mean±SD) NU/mg Pr

Group  n  Focus center area (1)            Focus peripheral area (2)      Focus far-end area (3)

Non-MGC

     I (A) 12            85.88±8.97      122.79±12.08               135.33±14.74

     II (B) 15            81.26±8.68      104.73±11.24               123.13±14.46

     III (C) 11            49.01±4.97         93.35±8.32               109.59±11.45

     IV (D)   6            52.05±5.13         70.71±6.01               102.25±10.34

MGC (E)   8            23.64±2.31         31.34±3.79                  33.47±4.78

Gastric ulcer (F) 10            95.63±8.01      162.88±12.26               186.22±11.74

P: (Statistical comparisons interior group)

A1:A2<0.05             A1:A3<0.01            A2:A3>0.05 B1:B2>0.05    B1:B3<0.05 B2:B3>0.05

C1:C2<0.01             C1:C3<0.01            C2:C3>0.05 D1:D2<0.05    D1:D3<0.01 D2:D3<0.05

E1:E2>0.05             E1:E3>0.05            E2:E3>0.05 F1:F2<0.01    F1:F3<0.01 F2:F3>0.05

P: (Statistical comparisons between different groups)

A1:B1>0.05             A1:C1<0.01            A1:D1<0.05 A1:E1<0.01    A1:F1>0.05 B1:C1<0.01

      B1:D1<0.05             B1:E1<0.05            B1:F1>0.05 C1:D1>0.05    C1:E1<0.05 C1:F1<0.01

      D1:E1<0.05             D1:F1<0.01            E1:F1<0.01

A2:B2>0.05             A2:C2<0.05            A2:D2<0.01 A2:E2<0.01    A2:F2<0.05 B2:C2<0.05

      B2:D2:<0.05             B2:E2<0.01            B2:F2<0.01 C2:D2<0.05    C2:E2<0.01 C2:F2<0.01

      D2:E2<0.05             D2:F2<0.01            E2:F2<0.01

A3:B3>0.05             A3:C3>0.05            A3:D3>0.05 A3:E3<0.01    A3:F3<0.01 B3:C3>0.05

      B3:D3>0.05             B3:E3<0.01            B3:F3<0.01 C3:D3>0.05    C3:E3<0.01 C3:F3<0.01

     D3:E3<0.01             D3:F3<0.01            E3:F3<0.01
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of SOD activity was noticeably higher in all the tissues
in the former than the later, and the SOD activity showed
a gradual reduction tendency in the former, same low
level in the later from the focus far-end, peripheral to
center areas.

Detection of MDA content (Table 2 and Figure 3)
The MDA content increased gradually in the tissues from
the focus far-end, peripheral to center areas in non-MGC

(groups A-D). The MDA content in the focus center areas
was the highest in the measured gastric tissue. The level of
MDA content correlated with the grade and differentiation
of gastric carcinoma in the tissues from the center areas.
The study showed that the level of  the MDA content in the
groups A and B (grades I and II) was lower than groups C
and D (grades III and IV). There were significant differences
of  the MDA content in the tissues from far-end areas, in
which the level of  MDA content was noticeably lower in

Figure 1  Non-mucous gastric carcinoma. A: non-mucous gastric carcinoma,
grade I HE ×100; B: non-mucous gastric carcinoma, grade II HE ×100; C: non-

mucous gastric carcinoma, grade III HE ×200; D: non-mucous gastric carcinoma,
grade IV HE ×200; E: mucous gastric carcinoma HE ×100; F: gastric ulcer HE ×100.

Figure 2  SOD activity detection in the gastric tissue with gastric carcinoma and
gastric ulcer.

Figure 3  MDA content detection in the gastric tissue with gastric carcinoma and
gastric ulcer.
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the groups A and B than the groups C and D.
The level of  MDA content was extremely low in the

center, peripheral, and far-end areas in MGC (group E).
There was no significant difference of  the MDA content; it
was at the same low level, although a minimum gradual
increase tendency was found in the tissues from the focus
far-end, peripheral to center areas.

The level of  MDA content was noticeably high in the
tissues from the focus center areas in the gastric ulcer
(group F). The gradual increase tendency also showed in
the tissues from the focus far-end, peripheral to center areas.
The common metabolic characteristics were that the MDA
content showed a gradual increase tendency in the tissues
from the focus far-end, peripheral to center areas between
gastric ulcer (group F) and non-MGC (groups A-D). And
both in the group F and groups A and B, the MDA content
was at the same level in the tissues from the focus center
areas. However, when the gastric ulcer (group F) compared
to the non-MGC (groups A-D), there was a significant
difference: the MDA content declined markedly and varied
in the tissues from the focus peripheral and far-end areas.
The MDA content was noticeably higher in the tissues from
the focus center areas in the gastric ulcer (group F) than
the MGC (group E). But, the MDA content was at the
same level in the tissues from the peripheral and focus far-
end. And in the gastric ulcer (group F) compared to the
MGC (group E), it showed a gradual increase tendency in
the former, the later was at same low level in the tissues
from the focus far-end, peripheral to center areas.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

SOD is the most important substance that eliminated free
radical system in the cell; it makes superoxide anion free
radical (O2

–), dismutates into H2O2 and protects the cells
from the focus damage by cleaning up O2

–. The level of

SOD activity represents the intracellular antioxidation
ability [8,10,12]. MDA is the main metabolite in the lipid
peroxidation reaction. The free radicals affect on the
membrane structures of the cells, including the membranes
of the cell, mitochondrion, lysosome, endoplasmic
reticulum, etc., then injury of  the cells. The level of  MDA
content represents the extent of the intracellular lipid
peroxidation reaction[13-15]. The SOD activity and the MDA
content are the main index of the metabolic condition of
the free radicals. We acquired the new knowledge that the
free radicals play a key role in the mechanism of the gastric
carcinogenesis from our experimental data.

Active free radical reaction in gastric tissue advances the
arising of non-MGC
The gastric mucosa from the focus far-end, peripheral to
center area in non-MGC showed a pathological change from
normal, atypical hyperplasia to carcinoma, by morphological
observation. The SOD activity also showed a gradual
reduction and the MDA content a gradual increase in gastric
tissues from the focus far-end, peripheral to center areas.
These results showed that the intracellular antioxidation
ability in the gastric tissue was gradually reduced and the
free radical reaction was gradually active, resulting in the
injury of cells by the lipid peroxidation reaction, which
stimulated the pathological changes from normal gastric
mucous membrane to carcinoma[16-18].

The results further showed that the lower the
differentiation degree of the gastric carcinoma, the more
prominent the change of the free radicals metabolism. The
SOD activity was lower and the MDA content higher in the
groups C and D (gastric carcinoma grades III and IV) than
the groups A and B (gastric carcinoma grades I and II).
These results suggest two possible mechanisms: the first
one was that the active free radical reaction severely damages
the gastric mucous membrane cells, resulting in malignant

Table 2  MDA content detection in the gastric tissue with gastric carcinoma and gastric ulcer (mean±SD)  nmol/mg Pr

Group  n Focus center area   (1)     Focus peripheral area (2)      Focus far-end area (3)

Non-MGC
     I (A) 12              5.37±0.61           3.28±0.23                     2.56±0.18
     II (B) 15              6.07±0.62           3.85±0.31                     2.96±0.25
     III (C) 11            12.75±1.52           6.46±0.65                     4.65±0.52
     IV (D)   6            11.41±1.91           6.10±0.71                     5.20±0.45
     MGC (E)   8              1.55±0.23           1.43±0.18                     1.12±0.12
Gastric ulcer (F) 10              4.89±0.56           2.06±0.22                     1.68±0.16

P: (Statistical comparisons interior group)
A1:A2<0.01             A1:A3<0.01            A2:A3<0.05 B1:B2<0.01    B1:B3<0.01 B2:B3<0.01
C1:C2<0.01             C1:C3<0.01            C2:C3<0.05 D1:D2<0.05    D1:D3<0.05 D2:D3>0.05
E1:E2>0.05             E1:E3>0.05            E2:E3>0.05 F1:F2<0.01    F1:F3<0.01 F2:F3>0.05

P: (Statistical comparisons between different groups)
A1:B1>0.05             A1:C1<0.01            A1:D1<0.01 A1:E1<0.01    A1:F1>0.05 B1:C1<0.01

      B1:D1<0.05             B1:E1<0.01            B1:F1>0.05 C1:D1>0.05    C1:E1<0.01 C1:F1<0.01
      D1:E1<0.01             D1:F1<0.01            E1:F1<0.05

A2:B2>0.05             A2:C2<0.01            A2:D2<0.01 A2:E2<0.01    A2:F2<0.05 B2:C2<0.01
      B2:D2<0.01             B2:E2<0.01            B2:F2<0.01 C2:D2>0.05    C2:E2<0.01 C2:F2<0.01
      D2:E2<0.01             D2:F2<0.01            E2:F2>0.05

A3:B3>0.05             A3:C3<0.01            A3:D3<0.01 A3:E3<0.01    A3:F3<0.05 B3:C3<0.01
      B3:D3>0.01             B3:E3<0.01            B3:F3<0.01 C3:D3>0.05    C3:E3<0.01 C3:F3<0.01
      D3:E3<0.01             D3:F3<0.01            E3:F3>0.05
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change in the gastric mucous membrane from the normal
cell to poorly differentiated and undifferentiated carcinomas.
The second was that the carcinoma cells with poorly
differentiated, undifferentiated need to produce an amount
of the active free radicals for cells blooming division and
breeding for themselves[15,19].

Interestingly, our results showed that there was no
significant difference of the SOD activity in the far-end
area between groups A, B, C, and D. However, the
differences of  the MDA content were very noticeable, i.e.,
the MDA content of  the groups C and D (gastric carcinoma
grades III and IV) were very much higher than groups A
and B (gastric carcinoma grades I and II), indicated that
abnormal lipid peroxidation reaction of  the gastric tissue in
far-end areas in groups C and D was not regulated by the
SOD activity, and the reduction of the ability of the
antioxidation was correlated with the widespread infiltration
of the gastric carcinoma tissue (gastric carcinoma grades
III and IV).

The tendency changes of  the SOD activity and the MDA
content of gastric tissues in non-MGC (groups A-D) were
consistent with that in gastric ulcer (group F) from the focus
center, peripheral to far-end areas. Between groups A, B
and group F, the same level of the SOD activity and the
MDA content were found in the gastric tissues from the
focus center areas. Importantly, between the non-MGC
(groups A-D) and the gastric ulcer (group F), the differences
of  the SOD activity and the MDA content were highly
noticeable in the gastric tissues from the focus peripheral
and far-end areas, which the SOD activity showed noticeable
increase and the MDA content showed noticeable decrease
in the gastric ulcer. It was suggested that there was high
ability of the antioxidation for protecting itself against
damage by the free radicals and could balance free radical
metabolism in the gastric tissue from the focus peripheral
and far-end areas in the gastric ulcer (group F). Meantime,
it was suggested that the changes of  the free radicals
metabolism centralized mostly in the center area of gastric
ulcer, where the ability of the antioxidation was reduced
only in the local focus. Compared to the gastric ulcer
(group F), the variation of  the SOD activity and the MDA
content were very small in the peripheral area and far-end
area in the non-MGC (groups A-D), suggested that the
ability of the antioxidation was reduced not only in the
local focus area but also in the abroad gastric tissues. This
imbalance of the free radical metabolism occurs in
whole gastric tissue, resulting in the reduction of the
protection itself of the gastric tissue and inducing the gastric
carcinogenesis, i.e., the arising of non-MGC[20,21].

Extreme reduction of the antioxidation ability in the gastric
tissue contributes to the arising of MGC
The mucinous adenocarcinoma and the signet-ring cell
carcinoma arising from the gastric mucosa possess large
quantity of mucus, inside or/and around the cancer cells.
And because of that characteristic nature, the cancer cells
have strong ability of infiltration and widespread distribution
in the gastric tissue. There were obvious differences of the
SOD activity and the MDA content in gastric mucinous
adenocarcinoma and signet-ring cell carcinoma, and classified

as a special group (group E), compared to other type gastric
carcinoma. The obvious reduction and the same low level
of  the SOD activity and the MDA content were found in
the tissues of the focus center, peripheral and far-end areas
in the MGC, where the free radical metabolism changed
obviously. The data in previous experiments showed an
inverse relationship between the SOD activity and the MDA
content in the tissues[13,15]. The low SOD activity induced
the reduction of the antioxidation ability and the increase
of the lipid peroxidation reaction, the metabolic product,
MDA, in the tissues. On the contrary, the increase of  the
SOD activity inhibited the reaction of the lipid peroxidation,
resulting in the reduction of  the metabolic product, MDA,
in the tissues. But in this study, the SOD activity decreased
greatly in the gastric tissue in the MGC, and the MDA
content as well. Interestingly, the SOD activity and the MDA
content decreased markedly to the same low level in the
tissues wherever focus center, peripheral and far-end areas
in the MGC. This condition of the free radicals metabolism
maybe related with the special pathological changes, where
there was an abundance of mucus in the tissues. The SOD
is the most important substance to eliminate free radical
system in cells and tissues and the level of SOD activity
represents the intracellular antioxidation ability[12,22]. The
utmost low level of the SOD activity represents the utmost
low level of the intracellular antioxidation ability in gastric
tissue with the MGC. It was considered accordingly that
the antioxidation ability was the base and precondition in
maintaining the normal physiological function, differentiation,
division, multiplication of the cells[20,23]. The loss of the
antioxidation ability may contribute to make the normal
cells become carcinoma cells[9,24-26] and the gastric tissues
cannot resist the infiltration of the cancer cells, resulting in
cancer cells spreading extensively in stomach wall.

Compared to gastric ulcer, there was a very low level of
the SOD activity in gastric tissues of center, peripheral and
far-end areas with the MGC and the low antioxidation
ability and the low defense function by themselves. The
MDA content, in the tissues from the focus peripheral and
far-end areas with the MGC and the ulcer, both were at the
same low level. But the SOD activity was increased greatly
in the tissues from the focus peripheral and far-end area
with gastric ulcer (group F). It suggested that there was still
a very strong antioxidation and protecting ability in the gastric
tissues from the peripheral and far-end areas with the gastric
ulcer (group F). It also confirmed that the extreme low
antioxidation ability and the low SOD activity in the gastric
tissues in the MGC (group E) were related to the causing
and development of the MGC, and can induce the
formation of  the MGC. On the other hand, the very low
level of  the MDA suggests the lipid peroxidation reaction
was inactive, which indicated that the arising of the MGC
was not related with the lipid peroxidation reaction to damage
of the tissues.
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