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Introduction

Chronic Helicobacter pylori infection represents 
a significant health burden affecting approximately 
half of the world’s population [1]. This pathogen is 
mainly implicated in the pathophysiology of diverse 
gastrointestinal conditions including gastritis, peptic ulcer 
disease, gastric adenocarcinoma, and mucosa-associated 
lymphoma [2]. 

Gastric cancer is the second leading cause of 
cancer-related mortality worldwide, with an estimate 
mortality of about 1 in 12 of all oncological deaths [3]. 
The Correa et al. model hypothesizes that normal gastric 
mucosa can develop gastritis, a continuous process which 
progresses to atrophic gastritis, intestinal metaplasia, 
dysplasia, and leading finally to gastric adenocarcinoma 
[4]. There are many factors that contribute to the initiation 
of gastritis and the progression to cancer such as host gene 
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polymorphisms, dietary factors, and H. pylori infection 
among others. 

H. pylori exerts exponential chemotaxis on immune 
cells, particularly on neutrophils [5]. In response to this 
stimulation, neutrophils become active and release into the 
inflammatory tissue of the gastrointestinal tract large and 
excessive amounts of oxidizing agents such as hydrogen 
peroxide (H2O2), hydroxyl radical (-OH), and superoxide 
anions (O2-), as well as peroxynitrite (OONO-) and 
nitric oxide (NO) respectively known as reactive oxygen 
species (ROS) and reactive nitrogen species (RNS) [6]. 
Despite the well-established association between chronic 
H. pylori infection and gastric adenocarcinoma, there 
is a contradictory observation referring as the “African 
enigma” illustrating that in sub-Saharan Africa where 
H. pylori infection prevalence is high, gastric cancer 
incidence is lower [7].

Physiologically, free radicals are produced from 
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oxygen molecules in normal cell’s metabolic pathways, 
notably in redox-dependent transcriptions, ion channels, 
and enzymes activation [8]. However, they accumulate 
when produced in high quantities. The imbalance between 
the production and accumulation of ROS in cells and 
tissues and the ability of the biological system to detoxify 
these reactive products is termed oxidative stress [9]. 

The first line of defense against oxidative agents 
consists of antioxidant enzymes such as superoxide 
dismutase (SOD), catalase (CAT), glutathione peroxidase, 
peroxiredoxins, and paraoxonase. Their role is to prevent 
the formation of free radicals and to neutralize those 
already formed. The second line consists of free radical 
scavengers, which neutralize free radicals by donating 
electrons, including glutathione (GSH), uric acid, cysteine, 
bilirubin, carotenoids, and vitamins A, E, and C [10, 11]. 

Overproduction of ROS can indirectly induce 
changes in cellular macromolecules through signaling 
pathway cascades that eventually target DNA damage 
[12]. In addition, hydrogen peroxide (H2O2), can diffuse 
throughout mitochondrial and other cell membranes to 
produce cell injury, including lipid peroxidation [13, 14]. 

Some investigators have shown that the enhanced 
production of ROS in peripheral blood significantly 
decreased after the eradication of H. pylori, while the 
eradication of H. pylori caused a significant decrease in 
catalase level in asymptomatic patients [15]. Conversely, 
others have found that 4-hydroxynonenal-protein, a 
marker of lipid oxidative damage remain elevated in spite 
of H. pylori eradication [16].

Reactive oxygen species (ROS) can induce oxidative 
damage in biological molecules and yield various 
primary and secondary reaction products or markers. 
These markers included, malondialdehyde (MAD) and 
4-hydroxynonenal as indicators of lipid oxidative damage 
[17, 18]; 8-oxoguanine and thymine diol as marker 
of DNA oxidative damage [19, 20]; hydroxybutyrin, 
carbokyl protein, hydrovaline, and nitrotyrosine as 
oxidative products of protein and amino acid [21, 22].

The study aimed to determine the host’s response 
to generating oxidative stress in H pylori infection 
and the relation with the dynamism of neoplastic 
transformation within the gastric mucosa. Thus, 
antioxidant protective enzymes such as superoxide 
dismutase (SOD), catalase (CAT), free radical scavengers 
including glutathione (GSH), and one product of lipid 
peroxidation, malondialdehyde were chosen as biomarkers 
for the oxidative stress evaluation in blood sample of 
dyspeptic patients from Cameroon. Knowledge on the 
degree of oxidative stress related to H. pylori infection in 
dyspeptic patients and their roles in the progression from 
H. pylori infection to premalignant state and gastric cancer 
in the Cameroon context of low gastric cancer incidence 
and high H pylori prevalence may bring new insights into 
the African enigma. 

Materials and Methods

Selection of participants
The patients were selected among those seen at the 

gastroenterology unit at three reference hospitals in 

Cameroon; the General Hospital of Yaoundé, the Centre 
Medicale la Cathedrale of Yaoundé and the Regional 
Hospital of Bafoussam. The study recruited all dyspeptic 
patients aged from 15 years and above who underwent 
an upper gastrointestinal endoscopy, obtaining gastric 
biopsies for investigation of their dyspepsia and who 
accepted to partake in the study. A structural questionnaire 
was used to collect socio-demographic data (age, sex), life 
style (alcohol consumption, tobacco use, level income) and 
medication history (antibiotics consumption, proton pump 
inhibitors or bismuth salts consumption, non-steroidal 
anti-inflammatory drugs (NSAIDs) consumption) from 
participants. All patients were interviewed face-to-face 
and all of them answered the questionnaire. Patients 
with history of NSAIDs consumption, those who took 
antibiotics for 6 to 8 weeks, and those who took proton 
pump inhibitors or bismuth salts six weeks before the 
present consultation were not included in the study. 
Information related to medical history of patients (Chronic 
disease, history of gastric surgery, active gastrointestinal 
bleeding…) were collected from their medical reports 
(patient file), and patients with chronic disease of various 
organs/systems, those with history of gastric surgery, 
and those with active gastrointestinal bleeding were not 
included. We also excluded patients with misidentification 
or those who had errors during analysis. 

H. pylori detection was performed among all the 
recruited subjects using both histological examination 
and rapid urease test and only H. pylori-positive patients 
were included in the study. 

Controls were H. pylori-positive dyspeptic patients 
without histological detected injury in the gastric mucosa 
(gastric normal mucosa). All participants with histological 
detected gastric mucosa injury were classified as patients 
with chronic gastritis, atrophic body gastritis, intestinal 
metaplasia, dysplasia and gastric cancer.

H. pylori Detection
H. pylori detection was performed from the biopsies 

specimen using both histological examination and rapid 
urease test (RUT). A patient was considered as H. pylori 
positive if both the two tests were positive. Only H. pylori-
positive patients were included in the study.

H. pylori detection using rapid urease test (RUT)
Helicobacter pylori AMA Rapid Urease Test 1 kit 

(AMAT RUT 1, Association of Medicine and Analytics, 
Saint Petersburg, Russia) was used to detect the present 
of the bacterium in biopsies. 

H. pylori detection using histological examination
The gastric biopsies from the 10% formaldehyde 

solution were transferred into an accessioned cassette for 
dehydration, clearing and impregnation with paraffin and 
cut into tiny microscopic sections samples (4 µm thick). 
These paraffin sections were stained with Giemsa for 
histological evaluation of H. pylori presence.

Histological examination
Paraffin sections from biopsies sample prepared as 

indicated above were stained with Hematein and Eosin 
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solution was prepared with 250 µl of serum, 125 μl of 20% 
trichloroacetic acid and 250 μl of 0.67% thiobarbituric 
acid in test tubes. The tubes were then covered using 
glass beads, heated to 90°C in a water bath for 10 
minutes and the contain was centrifuged at 3000 rpm in 
room temperature for 15 minutes. The supernatant was 
collected and the absorbance read at 530 nm against the 
blank. Total serum concentration of MAD was expressed 
in mol/g of protein.

Determination of Serum Superoxide Dismutase (SOD) 
Activity

The activity of superoxide dismutase was determined 
based on its ability to inhibit the conversion of adrenaline 
to adrenochrome [27]. A volume of 1666 μl of carbonate 
buffer (0.05 M, pH 10.2) was added to 134 µl of serum 
sample in the test tube. The reaction was triggered by 
adding 200 μl of adrenaline (0.3 mM) in each test tube and 
the absorbance read at 480 nm. The results were expressed 
as number of units of SOD per milligram of protein (U/
mg de protein). 
Statistical analysis

Statistical data processing was carried out using 
the SPSS software (version 22.0). Agostino & Pearson 
omnibus normality test was used to see if the values of the 
studied parameters come from Gaussian distribution. The 
levels of GHS, CAT, SOD, and MAD were expressed in 
range, mean + standard deviation, median and interquartile 
range (IQR). Student’s two-tailed t-test was used for 
pairwise comparison of groups. The level of significance 
was set at a P value ≤ 0.05. 

Results

Characteristics of the sample population
We examined 191 H. pylori-positive patients aged 

15 to 88 years old (Mean 48.11 ±17.42 years), among 
which 14 were with normal mucosa (Control group), 40 
were patients with chronic gastritis, 69 were patients with 
atrophic body gastritis, 22 were patients with intestinal 

for the histologic examination of the gastric mucosa 
features. The histological features encountered among 
participants were classified as normal mucosal (mucosal 
without injury), chronic gastritis, atrophic body gastritis, 
intestinal metaplasia, dysplasia and gastric cancer.

Study of oxidative stress
Determination of serum catalase activity (CAT)
Initially, the total protein content in the serum was 

determined according to the method described by Gornall 
using the bovine serum albumin as the standard [23]. The 
absorbance was read at 540 nm. 

The enzymatic activity of catalase was assessed by 
the decrease of the hydrogen peroxide concentration 
in the spectrophotometer absorbance at 240 nm [24]. A 
hydrogen peroxide substrate solution 50 Mm was prepared 
with 0.1 mM phosphate buffer, pH 7.4 (750 µl). Then 50 
µl of serum was mixed with 200 µl of substrate solution 
and incubated at 25°C for 1 minute. The potassium 
dichromate in glacial acetic acid was added at the end and 
the absorbance was read at 240 nm in a spectrophotometer. 
The catalase activity was expressed in mM of hydrogen 
peroxide/min/ mg of total protein.

Determination of Serum Glutathione (GSH)
Glutathione (GSH) concentration in the samples was 

determined using the Ellman’s reagent [25]. 80 μl of 
distilled water and 20 μl of 50% trichloroacetic acid were 
added into 100 μl of serum for protein precipitation. After 
that, the sample was centrifuged 30 rpm for 15 min at 4°C. 
Then, 200 μl aliquots of the supernatant were mixed with 
200 μl of 0.1M phosphate buffer, pH 6.5 and with 5 μl of 
DTNB (5,5-dithiobis-2-nitro-benzoic acid). The mixture 
was homogenised for 40s and incubated for 60 minutes. 
The absorbance was read at 412 nm. The concentration 
of GSH was expressed in mol/g of protein.

Determination of serum level of malondialdehyde (MDA)
Malondialdehyde (MDA) concentration was 

determined by means of lipid peroxidation [26]. A mixture 
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Figure 1. Content of Malondialdehyde (MAD) in the Blood Serum of Patients According to Precancerous Lesions. 
P-value for pairwise comparison within groups 1: Control, 2: Chronic gastritis, 3: Atrophic gastritis, 4: Intestinal 
metaplasia, 5: Dysplasia, *: significant.
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Variable
N

um
ber

C
ontrol n=14

C
hronic gastritis n=40

A
trophic gastritis n=69

Intestinal m
etaplasia n=22

D
ysplasia n=46

P-value
A

ge (years), M
ean ± SD

48.11 ±17.42
45.43±14.11

49.55±20.26
47.19±17.23

50.91±17.28
49.09±17.46

0.93
     ≤ 50 years n(%

)
102(53.40)

6 (5.88)
22 (21.57)

38 (37.25)
10 (9.80)

26 (25.49)
     > 50 years n(%

)
89 (46.60)

8 (8.99)
18 (20.22)

31 (34.83)
12 (13.48)

20 (22.47)
     p-value

0.68
0.7

1
0.67

G
ender n(%

)
     M

ale 
96(50.26)

10 (71.43)
20 (50.00)

32 (43.38)
8 (36.36)

26 (56.52)
     Fem

ale 
95(49.74)

4 (28.57)
20 (50.00)

37 (56.62)
14 (63.64)

20 (43.48)
     p-value

0.16
0.09

0.04*
0.32

A
lcohol consum

ption n(%
)

     Yes 
106 (55.50)

10 (71.43)
22 (55.00)

36 (52.17)
16 (72.73)

28 (60.87)
     N

o 
85 (44.50)

4 (28.57)
18 (45.00)

33 (47.84)
6 (27.27)

18 (39.13)
     p-value

0.28
0.19

0.93
0.12

Sm
oking n(%

)
     Yes 

15 (7.85)
2 (14.29)

2 (5.00)
7 (10.14)

2 (9.09)
2 (4.35)

     N
o 

176(92.15)
12 (85.71)

38 (95.00)
62 (89.86)

20 (90.91)
44 (95.65)

     p-value
0.25

0.65
0.63

0.19
Incom

e level n(%
)

     Low
 

91 (47.64)
8 (57.14)

16 (40.00)
31 (44.92)

12 (54.55)
22 (47.83)

     H
igh 

100 (53.36)
6 (42.86)

24 (60.00)
38 (55.08)

10 (45.45)
24 (52.13)

     p-value
0.27

0.4
0.7

0.54

Table 1. R
epartition of the Study Population in D

ifferent H
istological Features G

roup according to Sociodem
ographic and Lifestyle C

haracteristics

N
, n: N

um
ber, p-value com

paring the frequency of individual from
 each prem

alignant state to those from
 the control group, *, significant
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Figure 3. Dynamic MAD/GHS Ratio in the Studied Precancerous Groups

metaplasia, 46 were patients with dysplasia.
Approximately 54 percent (53.40) of our sample 

population were aged less than fifty years old, 50.26% 
were male, 55.50% used to consume alcohol frequently, 
53.36% were with high level income, few of them were 
smokers (7.85%) (Table 1).

Distribution of oxidative stress indicators according to 
the characteristics of the population

The highest MDA contents were noticed among 
participants with low income and smokers with a 
significant difference (P = 0.03) and a marginal one (P = 
0.05) respectively (Table 2).

Median (25th percentile-75th percentile) value of oxidative 
indicators according to the precancerous lesions

The higher level of GSH were among patients with 
gastric mucosa injury in comparison with patients from 
the control group with a significant p-value regarding 
chronic gastritis (P = 0.03), atrophic gastritis (P = 0.04), 
and dysplasia (P = 0.01). We also noticed a significant 

lower GSH level among patients with chronic gastritis 
compared to those with metaplasia (P = 0.04), and those 
with dysplasia (P = 0.01) (Table 3). Compared to patients 
in the control group, SOD activity was significantly 
higher only among patients with intestinal metaplasia 
P = 0.049), (Table 3). Catalase activity increase within 
patients with gastric injury compared to those in the 
control group although the difference were not significant 
(P > 0.05). Activities of catalase and SOD showed a 
similar dynamism pattern with the progression in gastric 
malignancy (Table 3). 

The content of lipid peroxidation products in the 
serum was significantly increased in patients with gastric 
premalignant state in comparison with the control group (P 
˂ 0.0001). Among patients with gastric pre-malignancies, 
patients with dysplasia had a significant higher level of 
MDA in the serum in comparison with patient in chronic 
gastritis (P = 0.01) or atrophic gastritis group (P = 0.01) 
(Figure 1). 

The lowest ratio of MDA/SOD and MDA/CAT was 
noticed in patients with metaplasia compared to patients 
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Variables 
SO

D
C

AT
G

H
S

M
A

D
A

ge ≤ 50 years 
     Yes 

22.34 (12.25- 33.65)
1019 (763.7- 1215)

0.07220(0.05572-0.1091)
0.1788 (0.1537- 0.2343)

     N
o 

26.57 (15.03- 41.00)
  1011 (825.9- 1260)

0.08071 (0.06095- 0.1220)
0.1819(0.1512- 0.2173)

     t-value (p-value)
1.775 (0.0782)

0.2787 (0.7809)
0.1995(0.8422)

0.8303 (0.4079)
G

ender 
     M

ale 
24.76 (15.97- 37.34)

985.5 (796.3- 1190)
0.08499 (0.06482- 0.1139)

0.1852 (0.1510- 0.2271)
     Fem

ale 
24.52 (9.879- 37.95)

1055 (804.2- 1291)
0.06842 (0.05041- 0.1211)

0.1720 (0.1520- 0.2144)
     t-value (p-value)

0.5914(0.5553)
0.9829 (0.3275)

0.8104 (0.4192)
0.1908(0.8490)

A
lcohol consum

ption 
     Yes 

25.24 (15.49- 37.58)
1052 (770.5- 1351)

0.07719 (0.05511- 0.1132)
0.1786 (0.1490- 0.2126)

     N
o 

23.31 (9.758- 37.58)
1001 (827.8- 1171)

0.07786 (0.06154- 0.1225)
0.1799 (0.1538- 0.2318)

     t-value (p-value)
0.8075 (0.4209)

1.338 (0.1833)
0.4205 (0.6748)

1.098 (0.2741)
Sm

oking 
     Yes 

24.64 (15.49-35.78 )
1178 (935.4- 1278)

0.06514 (0.04032- 0.1015)
0.1551 (0.1434- 0.1713)

     N
o 

21.41 (13.02- 38.63)
1011 (796.3- 1236)

0.07752 (0.05736- 0.1146)
0.1833 (0.1536- 0.2221)

     t-value (p-value)
0.4203 (0.6749)

0.09563 (0.9240)
0.6055 (0.5459)

1.973 (0.0506)
Incom

e level
     Low

 
24.76 (14.86- 40.85)

1056 (853.1- 1277)
0.08499 (0.06258- 0.1153)

0.1904 (0.1567- 0.2293)
     H

igh 
24.52 (12.90- 35.89)

993.5 (764.7- 1206)
0.07099 (0.05418- 0.1099)

0.1689 (0.1472- 0.2020)
     t-value (p-value)

0.7136(0.4767)
1.268 (0.2072)

0.8789 (0.3811)
2.205 (0.029*)

Table 2. D
istribution of Serum

 G
H

S C
oncentration, M

A
D

 C
oncentration, C

AT A
ctivity, and SO

D
 A

ctivity A
ccording to the C

haracteristic of the Study Population  

D
ata presented as m

edian (25th percentile-75th percentile), SO
D

, Superoxide dism
utase; G

H
S, G

lutathione reductase; C
AT, C

atalase; M
A

D
, M

alondialdehyde; *, significant.
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Variables
Total value

C
ontrol n=14

C
hronic gastritis n=40

A
trophic gastritis n= 69

Intestinal m
etaplasia n= 22

D
ysplasia n=46

SO
D

24.76(14.11-38.31)
21.20(19.09-38.84)

23.16(10.61-33.57)
25.24(10.00-37.58)

40.42(23.06-55.00)
24.76(16.29-37.10)

P1-2:0.39
P1-3:0.65

P1-4:0.04*
P1-5: 0.87

P2-3: 0.61
P2-4:0.004*

P2-5:0.43
P3-4 :0.006*

P3-5:0.73
P4-5: 0.02*

C
AT

1023(823.12-1264)
983.9(859.6-1315)

1032.74(722.50-1280.73)
1029.85(870.85-1198.47)

1110.3(941.83-1277.89)
985.5(737.37-1241.88)

P1-2:0.65
P1-3:0.61

P1-4:0.95
P1-5: 0.73

P2-3:0.82
P2-4:0.78

P2-5:0.83
P3-4:0.77

P3-5:0.94
P4-5:0.86

G
H

S
0.081180(0.05911-0.1180)

0.06074(0.05070-0.07462)
0.0823(0.06444-0.1192)

0.07786(0.06212-0.1215)
0.05575(0.04122-0.07254)

0.0918(0.05571-0.1148)
P1-2: 0.03*

P1-3:0.045*
P1-4: 0.82

P1-5: 0.006*
P2-3: 0.72

P2-4: 0.045*
P2-5: 0.76

 P3-4: 0.06
P3-5: 0.51

P4-5: 0.015*

Table 3. C
om

parison of Serum
 G

H
S C

oncentration, C
AT A

ctivity, and SO
D

 A
ctivity betw

een Studied Precancerous G
roups 

D
ata presented as m

edian (25th percentile-75th percentile), p-value for pairw
ise com

parison w
ithin groups 1: C

ontrol, 2: C
hronic gastritis, 3: A

trophic gastritis, 4: Intestinal m
etaplasia, 5: D

ysplasia, SO
D

: Superoxide dism
utase, 

G
H

S: G
lutathione reductase, C

AT,  C
atalase; M

A
D

, M
alondialdehyde; *, significant.
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in the others pre-malignancies groups, and this ratio was 
similar to the ratio from the controls (Figure 2). In contrast 
to MDA/SOD and MDA/CAT, the highest ratio of MDA/
GSH was recorded in patients with metaplasia compared 
to those in the others pre-malignancies groups, and this 
ratio was 2 to 3 time high than the ratio value in control 
and atrophic groups (Figure 3). 

Discussion

In this study, we evaluated the activity of two 
antioxidant protective enzymes (SOD and CAT), the levels 
of a free radical scavenger named glutathione (GSH), and 
the levels of malondialdehyde (MDA), a product of lipid 
peroxidation, in gastric precancerous lesions among H. 
pylori infected patients. 

Our finding showed that, GSH levels were significantly 
higher among patients with chronic gastritis (P = 0.03), 
atrophic gastritis (P = 0.04), and dysplasia (P = 0.01) 
compared to those in the control group. Such observation 
indicate that the production of ROS and oxidative stress 
surges with gastric injury, as illustrated by the elevated 
level of GSH. Farinati et al. [28] reported an increased 
turnover of glutathione in patients with H. pylori 
infection. However, our finding regarding GSH levels is 
not in agreement with the studies of others, reporting a 
significant lower GSH levels (P = 0.001) in patients with 
gastric mucosa injury than in controls [29, 30], or among 
H. pylori infected patients than in uninfected patients [31]. 
The authors suggested that this depletion in gastric GSH 
may be due to the failure of antioxidant defense system. 

SOD activity increase with gastric mucosa injury and 
reach a peak among patients with intestinal metaplasia 
(P = 0.05). A similar profile was noticed regarding 
catalase activity within patients with gastric mucosa 
injury compared to those in the control group. Since 
these enzymes are produced to neutralize or prevent free 
radicals formation, their higher activity is indicative of the 
excessive ROS formation and oxidative stress in relation 
to gastric injury. Similarly, catalase and superoxide 
dismutase activities were significantly higher among first-
degree relatives of gastric cancer patients [30]. Morishita 
et al., found in their study that the levels of catalase, and 
superoxide dismutase were higher in H. pylori infected 
patients compared to uninfected ones [31].

The concentration of MDA significantly increase in 
patients with gastric mucosa injury compared to those of 
the control group (P ˂ 0.0001 for all). Such observation 
indicate a high production of ROS and oxidative stress in 
patients with gastric injury. Our finding is in accordance 
with previous studies showing a significant higher 
concentration of MDA (P = 0.04) among patients with 
duodenitis associated to H. pylori infection compared to 
those without H. pylori infection [29]. Also, a significant 
higher tissue level of malondialdehyde was reported 
in patients with H. pylori infection than in uninfected 
patients [28, 31].

H. pylori infection lead to a condition of continuously 
overproduction of ROS and oxidative stress, which induce 
changes in cellular macromolecules such as DNA strand 
breaks thereby contributing to genomic instability and 

carcinogenesis [32, 33]. In agreement, oxidative stress and 
DNA damage mostly occur in H. pylori infected cell with 
DNA repair mechanisms deficiencies [32, 33]. Similarly, 
studies have shown an increase of a marker of repair for 
double-strand DNA breaks, after H. pylori infection [34]. 
Also, H. pylori infected mice with deficiency in base 
excision repair mechanism were more prone to develop 
gastric lesions [35].

In conclusion, our findings showed that oxidative 
stress status is higher in H. pylori positive patients with 
precancerous lesions and that the degree of oxidative 
stress increase with the progression of gastric mucosal 
injury to malignancy.
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